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PREFACE 

Eastern oil shale has long been recognized as d larg~ energy resource , but little has been done to develop a functioning in
dustry_ Recent research, coupled with steadily increasing oil I-'rices, hav:! increased the interest in eastern shale_ 

The Kentucky Department of Energy and the University of Kentucky recognized that the growing interest in eastern 
!;hale and the numerous research activities m this resource created a need for a technical symposium to disseminate informa
tion, create discussion, and generally advance the knowledge about eastern oil shale. 

The University of Kentucky's Institute for Mining nd Mineral ::. Research (IMMR) , which conducts much of the Common
wealth of Kentucky's energy research program for the Kentucky Department of Energy, was asked to tak2 the lead in organiz
ing the 1981 Eastern Oil Shale Symposium. The IMMR Office for Informational Services and Technical Liaison (OISTL) se
cured a volunteer Advisory Committee to oversee the planning of the symposium while OISTL made all of the procedural ar
rangements. 

The 1981 Eastern Oil Shale Symposium attracted a large, diverse, and senior-level audience_ This attendance, coupled 
with the favorable reaction of most attendees, confirms our judgment that the time was right for an eastern oil shale program. 

I want to express my appreciation again te. the Advisory Committee and the employees of OISTL who made the 1981 
sy:nposium possible. As with any venture of this type, the first year is the most difficult. I believe that future years will see the 
Eastern Oil Shale Syr,lposium gro v into one of the nation's finest and most popular energy symposia. 

These proceedings provide d written record of the p"pers presented between November 15 and 17, 1981. I hope you find 
them beneficial. 

Ronald L. Sanders 
Engineering Resources, Inc. 
Chairman, 1981 Eastern O il Shale Symposium 

Advisory Committee 
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Keynote Address 
Energy and Eastern U.S. Oil Shale 

Good Morning, Ladies and Gentlemen, 

James E. Funk 
Director 

Advanced Technology Center 
Allis-Chalmers, Inc_ 

Milwaukee, Wisconsin 

I! is a great pleasure for me to be with you to b gin this 1981 Eastern 011 Shale Symposium. You are dealing with a subject 
which has r c ived relalively little at ten lion in the past. The vast majority of interest and work on oil shale in the United States 
ha heen focused on western United States shales. Kentucky has taken an active interest in eastel n U.S. oil shale develop
ment and is in a leadership position in the dev Jopment of this imrlOrtant energy resource . 

Any discussion of energy in the United States should begin with oil. Oil is the driving force in the very dynamic and chang
ing energy picture in the United States, and it has been the driver since 1973. The predommant feature of the oil situation has 
to do with the great decrease in oil imports that we have seen m the past two years. 

In 1980 crude ot! and refined petroleum product imports w re down 21 percen t over 1979 and they are down another 20 
percent so far in 1981 . Our total energy consumption is also dropping. I! was down 3.5 percent in 1980 over 1979 and was down 
about 4 percPllt during the first six months of 1981. Not only did domestic energy production decline during the first SIX 
mon ths of 19 I, but the porhon of domestic en Igy consumption supplied by imports also decreased for the fourth year in a 
row. The level of U .S. net imports ot energy also decreased f, r the fourth successive year. During the first half of 1981 , petro
leum consumption dropped by almost 7 percent and natural gas use decredsed 3.6 percent. 

The reasons for this turn of events are vaned. Price·induced conservation is surely playing a major role. Prices al e high, 
but have been holding steady during the past few months. Oil price stability, in my opinion, may be attributed to two major fac · 
1L'rs: the first is the depressed condition of the Ul1Ited States economy and the second is the strengt h of the United tates dol
lar We are both ausmg and paying for these cOlldilions III the form of high interest rates. High interest rates depress the pace 
of eronomi activity and keep the United States dollar strong relativ to other currencies. A strong dollar and weak demand 
have kept the price of oil from rismg , but what is going to happen when, or perhaps I should say if, the economy of the United 
States and west rn Europe strengthens? We are having a temporary respite in our energy problems, but we have bought it 
dearly C'nd th price IS not yet fully paid . 

Exploration for petroleum and natural gas increased to record levels during the first half of 1981. In June of 1981 almost 
4,000 d-illing 1 Igs were in operation, the highest U.S. rig count to that date. This is a 38 percent increase over the June 1980 lev· 
el. The total footag of wells completed was 158 million feet 25 percent higher than the same period during 1980 Total do
mestic production of crude oil is holding constant at about 8.6 million barrels per day and, in fact, the averag production dur
ing the first six month~ of 1981 was slightly lower than the average production figures for 1980. There is, as you all know, a 
great deal of talk about an oil glut and there has been some slight reiief lately in the price of ga oline at the pump. The fact that 
the greatly increas d exploration activity has not yet produced substantially increased petroleum re erves is ommous how
ever. Recent action by OPEC are also ominou~. OPEC has agreed on a unified price of $34 a barrel, which caused some 
OPEC producers to drop their pn es and caused Saudi Arabid to increase its price $2 per barrel. Saudi Arabia also cut her oil 
production by 500,000 barrels per day, and OPEC is now in a pOSition to index the price of oil to the rate of inflation of the U .S. 
dollar. In addition to being vulnerable to price increases wh n the world oil glut is worked off, ware in a precanous posilion in 
the Middle East 'n general. Recent events m Iran and Egypt have not 5t rpngthen d the U .S. position in that part of the world, 
and it is not di.ilCUit to believe that some unforeseen event might 0 cur wh,.:h would put in jeopardy the 3.4 mllhon barrels per 
day of oil we import from OPE . While our import figures are down substantially, we still bring II~to this country 3.8 million bar
rels per day of CI ude oil and 1.2 milhon barrels P'I day of refined petroleum products at a cost of at least $170 million p r day or 
$62 billicn pel y ar. The point of all this is that while we are in a temporary hiatus, the situa~ion is not a good one and 
is one in which we remain vulnerabl . Both the United States and the balance of the western world are in a recession. If, and 
when, growth begins agaIn, the demand for petroleum will increas dramatically. Oil fuels the economy of developed countries 
and provides the means by which less-d velop d countnes can improve their conomic position. We are not out of the woods 
with our energy problems; we have just found a small cl aring in whi h to rest for a little while. 



But this is not th time to rest. This is the time for us to concentrate on developing alternative sources of energy, and the 
development of eastern oil shale is certainly an important pa rt of that effort. 

But what about ynfuels? Under the previous administration. and with congressional support, a crash synthetic fuels pro
gram to replace imported oil was started. This effort , along with conservation , was to augment our declining oil and gas 
production sufficiently to maintain present end-use patterns until renewable energy resources could fill the gap. The govern
ment was to playa major role in the development of a synfuels indus try by attemrAing to take some of the financial risk early in 
the commercialization phase It is now clear that the present administration does not envision such an aggressive role for gov· 
ernment. Their view is outlined at the beginning vi the national energy policy plan submit ted by the U.S. D partment of Energy 
to the Congress and dated July 1981. Quoting from this report : "The federal government has one overriding concern in en
ergy during the years ahead . That is to establish sound, stable public policies that will encourage individuals and groups in the 
private sector to produce and use energy resources wisely and efficiently." 

"Sound public policies must be based on recognitiorl of the government 's and the private sector's resoective roles in en 
ergy production. The federal government's most direct impact on America's energy future arises from its position as the stew
ard of the outer continental shelf and of 762 million acres of publicly controlled land, one-third of the land area of the United 
States. These lands contain an estimated 85 percent of the mllion's oil , 40 percent of our natural gas, 40 percent of our ura
nium, 35 percent of our coal, 85 percent of our tar sands, 80 percent of our oil shale, and 50 percent of our geothermal re
sources. The federal role in national energy production is to bring these resources into the energy marketplace, while simulta
neously protecting the environment." 

"The President's ac tion to end oil pric~ controls and to dismantle the burdensome regulatory apparatus associa ted with 
those controls was a major step in implement ing an energy policy focused on market reali ties. The challenge ahead is to pro
vide a healthy economy and policy environment that enables citizens, businesses, and state and local governments to make 
rational energy product ion and consumption deciSions - decisions that reflect the true value, in every sense, of a ll the na 
tion's resources " 

As far as synthetic fuels are concerned, the program has been restruct ured to rely more heavily on private investment ini
tiatives and less on public funds. The task of commercializing synfuels technologies is being assigned to the priva te sector, 
\/.lith support possibly coming from the Synthetic Fuel Corporation. The private sector may have some problems financing 
synthetic fuel facilities due to high capital and production costs . Recent cost estimates (Balzhiser, "EPR! Journal. " July/ Au
gust 1981 ) are shown below for a plant producing 50,000 bbl/day fuel oil equivalent in 1980 dollars. 

Direct Liquefaction 
Methanol 
Medium Btu gas 
High Btu gas 
Shale Oil 

Capital Cost 
billion $ 

l.6 
1.7 
1.1 
1.5 

0 .9 

First Year 
Product Cost 

$/ mm Btu 

5.5 
6.3 
3.8 
5.5 

4 .1 

Shale oil is an at tractive alternative in this comparison. 

The U.S. Geological Survey estimates that the to
tal known resources of Devonian oil shale in the east
ern United States are approximately 400 billion barrels 
and the probable extension of known resources at an 
additional 2600 billion barrels. These estimates are 
based on Fischer Assay results and mJY well be in
creased if retorting conditions can be found which will 
deliver yielrls greater than the Fischer Assay Re
search and Development work aimed a t finding such 
operating retort conditions is now ongoing in a num
ber of organizations. 

While the resource of eastern oil shale is not as extensive as that in the west. a number of factors tend to favor the devel-
opment of eastern shal over western . Thes in lude such factors as 

l. Water is much more plentiful. 

2. Proximity to large markets and the ability to ship by barge. 

3. A greater dispersal of facilities is possible, yielding environmental advantilges. Smaller plants may be more eaSily just 
ified in the .east than in the west. 

4. Mining costs may be lower. 

There are o ther important differences between eastern and western oil shale. rhe hydrogen to carbon ratio is som what 
higher for western shales and the sulfur con tent IS considerably higher in eastern shales. Tbz amount of a rbon cltoxide pro
duced when processing shale in to oil followed by the burning of that oil is important and substantially lower for eastern than 
western oil shales. The carbon dio ide content of western ot! shale is about 16 percent whereas for ea tern ot! shale it is about 
1'2 percent. During re to rt ing of western U.S. oil shales carbonate materials are calcined releasing significant amounts of carbon 
dioxide . Addit ional carbon dioxide is produced when r sldual c,,-bon in the shale is burned in order to improve th process en 
ergy balance. Retorting of oil shales from the Green River fOI mation and burning of the product oil could release l.5to 5 tim s 
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more carbon dioxide than the burning of conventional oil to obtain the same amount of usable energy. On the basis of carbon 
dioxide production, therefore, eastern shales would be preferred over western. 

There is generally more gas produced from eastern shales when they are retorted than from western shales, and there is a 
good deal more hydrogen sulfide in this gas. This means that additional gas· handling equipment will be required, but commer· 
cial technology is available to accomplish this task. In addition, spent eastern shale might be less leachable than western oil 
shales alter all the combustible carbon is burned. There are less alkali carbonat?s in the eastern shales, and they may also tend 
to produce a glassy prodl.:t upon combustion, depending on the process used. All in all, there are certain advantages as· 
soc.dted with the development of eastern oil shales, not the least of which are the existence of an infrastructure, availability of 
water, and the potential ability to operate on a smaller scale . 

Cost will be a very important factor in the development of oil shale. The Pioneer Colony Project, being done 60 percent by 
Exxon and 40 r:-ercent by Tosco, is designed for a sustained production of 43,500 barrels of shale oil per day. This shale oil will 
be partially refined at the plant site using coking and hydrotreating technologies. Upgrading will remove sulfur, nitrogen , and 
arsenic impurities, and otherwise improve the quality of the shale oil. The end product from the Colony Project will be a hydro· 
treated , partially refined liqUid which could serve as nigh quality refined feedstock for processing directly into gasoline, jet fuel 
and diesel or be used direct ly, for example, as high quality turbine fuel for power generahon. It will be readily compatible with 
the nation 's existing network of refineries , distribution systems, and markets. The June 1980 estimated project cost includi'lg 
interest during construction, inflation at 16 percent annually, actual cost of mineral reserves , and a contingency allowance 
consistent with Pioneer Plant requirements, is $3.4 billion. Of that sum, Tosco's share would be $1.5 billion. Federally guar· 
anteed loans cover 75 percent of Tosco's share, and Exxon is handling its investment directly. Ther~ has been a good deal of 
development of this process, including bench·scale wcrk, a 25·ton·per·day pilot plant, and a 1,OOO· ton·per-day semi-works 
plant. I think it is fair to say tha t the cost estimates for the Colony Project are in substantially better shape than cost estimates 
for plants to produce oil from eastern U.S. shale. There remains a great ci '?dl of process development and engineering cost· 
estimating to be done before a comfortable estimate of total cost requi:'ements is available. One of the few currently available 
cost estimates for oil from eastern shale was prepared under cont ract to the Kentucky Buffalo Trace Area Developmen t Dis· 
tric t in which a number of processes were compared. Some questions have arisen, as would be expected , a lt er the study was 
published and I am looking forward to hearing more about this during the symposium. A great deal of process development 
work remains to be done for eastern oil shale processes. and until that phase of the work is comple ted , there will always be 
questions concerning assumptions made for the design basis, yields, quality of oil, et cetera. It is of utmost importance that 
processing plants be developed which operate at maximum efficiency and minimum cost, and the substantial effort required 
to accomplish this for eastern oil shale has juS! started. 

A recent report to the Congress dealing with cost effective R&D strategies has listed seven potential obstacles to the im
plementation of oil shale technology. S ince the neo>d for oil is clear, the obstacles to obtaining it must be considered carefully. 
These obstacles apply to both eastern and western oil shale and include: 

1. Technical Obstacles - A major barri r to above·ground retorting is that the processes have not yet been 
scaled up to the commercial module level. A major problem with some in situ prol..esses is that they do not yet consls· 
tently yield a high return of product. 

2. Economic Obs tacles - Major economic uncertainties facing an emerging oil shale industry include: 

a. Future production costs which may increas ubstantially. 

b . Future competi tive price of oil in int rnational markets. 

c. Huge capital requirements to construct commercial plants. 

d . Risk of major proj ct delays which could al 0 ullstantially increase product co t. Given the current economic 
conditions nd federal policies affecting synfuels commercialization, many companies are continuing to be cau· 
tious toward investment in oil shale facilities . 

3. Environmental Obstacles - High quality U.S. oil $hales are often located in emi·arid, pristine regions of the 
country . The~e is concern that a large·scale industry might adversely affect hum"n health and safety, fauna and flora, 
grazing and agricultural activities, and water and air quality. In addition, there xists a complex array of federal. state 
and local environm ntallaws and tandards which must be met . In the press and before various governmental hear· 
ings, environmental groups, representatives of western states, and others have expressed concern over the poten· 
tial environmental impacts of the large·scale development of oil shale. Adverse public redction to the e impacts, 
whether jushfied or not, has served as a constraint to the development of oil shale. 

4. Social Obs tacles - A crash commercialization program could cause adverse social and economic problem for 
small towns that do not have the infrastructure to support a large influx of construction and operation worker and 
their families . The other side of that coin is that d shale indu try would provide new job opportunities and increase 
the tax base of the community. 
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S. Political Ohstacles - As we h:lve seen recently, the political winds can blow hard and they can chan.3e direc. 
tions quickly. The federal role in the commercialization of synfuels is still not clear. The potential exists through the 
Synthetic Fuel Corporation to clarify the role of the federal government in this area. The SFC has the potential to reo 
duce many of the uncertainties associated with oil shale development. Whether this will in fact happen, however, reo 
mains to be seen. 

6. Legal Ohstacles - A number of legal problems have arisen including lawsuits ill which states seek title to feder
ally owned land and contested ownership of certain mining claims on oil shale properties. Furthermore, many, and 
sometimes unforeseen, ramifications of state regulations of the development of oil shale may also present serious 
barriers to the development of this industry. 

7. Water Supply Constraints Ohstacles - Th re is an ongoing controversy in the west concerning water re
quirements and water availability for oil shale development. This situation is not likely to ease in the future and is cer
tainly one area in which the development of eastern oil shale would be favored over western shales. 

This symposium addresses many of the problem areas just mentioned which must be dealt with before eastern oil shale 
can be developed into a contributor to the energy requirements of the United States. 

The International Institute for Applied System Analysis in Vienna , Austria, recently completed a seven-year study which 
in\tulved over 140 scientists from 20 countries. The objective of the study was to provide new and critical jnsights into the inter
national long-term dimensions of the energy problem. An executive summary of this study, entitled "Energy in a Finite 
World," was published in May 1981 and contains the following conclusions: 

1. The difficulties associated with supplying and using energy are not temporary; they will continue and we must learn 
to deal with them. 

2. The energy problem is inherently global; no nation is untouched nor can any ac t in isolation. 

3. Despite the strains on the world's physical resources, on its institutions, and on human ingenuity, the re ources and 
potential exist for a world fifty years from now that is more prosperous (han the world today while supporting a popu
lation double that of 1975. 

4. If resources are developed judiciously and strategically, fifty years from now the world could be at the threshold of a 
critical and ultimately necessary transition from a global energy system based on depletable fossil fuels to one ba ed 
on nondepletable, sustainable resources. 

I would say (hat , on balance, thC'c;e conclusions give us cause to be optimistic, and on that note I will close this address and 
let you get on with your work . Thank you very much. 
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Evening Address 
Ken L. Smalley 

Vice President 
Minerals Group 

Phillips Petroleum Company 
Bartlesville, Oklahoma 

It 's a pleasure to be here this evening. I've always felt a special warmth and fondness for Kentucky. This is a s tate whose 
people emphasize the things dearest to my heart: agriculture, mining, petroleum, horses, tobacco, and bourbon. 

There are few places I've seen as lovely as the Bluegrass area surrounding Lexington, home of some of the world's finest 
race horses. The people of Kentucky are proud of their Thoroughbreds, and well they should be. I didn't realize how proud 
they were until I tried to book a room here at the Hyatt. 

I was startled to hear all the rooms were taken by buyers and sellers attending the Keeneland Fall Horse Sale . I was ad
vised to try the plush new Marriott across town . And so I did, but upon calling the hotel I received a rude awakening. The re
ceptionist said: "I'm terribly sorry. Mr. Smalley, ~ut we just assigned our last room - to a three-year-old named Lucky 
Prancer. 

Well, I did finally get to stay at the Marriott . I'm just not accustomed to paying my bill in hay and sugar cubes. But just the 
same, I'm excited to be here talking about a subject close to all of us - energy. There are three topics I'd like to discuss to
night. First , I'm going to present an overall view of the energy and pertroleum situation. Second, I'll address the tOle of alter· 
nate sources of energy in the present and future . And third, I'm going to talk about oil shale , specifically eastern oil shale. 

Right now, the world market for oil is soft. Some prefer to use the term "glut" when describing the situation. World pro
duction has remained high while demand has eased. Fuel prices have stabilized and even declined in many areas. 

But how long can we rely on conditions to remain as they are? I don't know. My colleagues in the oil industry don 't know. 
Economists don 't know. Bankers don't know. Politicians don't know. Even OPEC doesn 't know. That, ladies and gentlemen, 
is a rare consensus of ignorance. 

If any of you out there has the unique ability to forese the future, 10 answer that baffling question of how long the status 
quo will continue, then you may have an illustrious career ahead in energy - or in picking (he daily double at Keeneland Race 
Track. 

I'm sorry to say I will not venture a guess as to how long we'll enjoy stable prices. I've never been very good at predictions, 
anyway. A year or so ago when everybody was asking, "Who shot J .R.?" I was dumbfounded . I didn't know anybody had any
thing against Jane Russell. 

The truth is this: the world 's energy situation teeters precariously between deficit and surplus. Right now, a number of in
ter-rela ted factors are holding the line on demand and pri es. I'm referring to conservation, sluggish economic activity and an 
ostensibly generous Saudi Arabian production schedule. 

But the glut could literally vanish tomon ow. All of you are familiar with the events that have brought sudden change in the 
Middle East over the last decade - revolutions, assassinations, and anti-American sentiment. Add to those the Soviet ambi
tions in the Persian Gulf, and the oil glut could end with a single rifle shot or the twist of a valve. 

Let's not kid ourselves. In the next twenty years, this balance is going to remain so delicate that a minor Mideast political 
uprising or a Western economic backlash - or the promise of newly developed energy sources - could tip the scales in either 
direction. 

Total world d mand for em,rgy is projected to grow about 2 1'2 percent each year until the turn of the century - less than 
half the 1965 to 1973 rate. In the United States, the growth rate will be the lowest, averaging less than 1 percent per year. Even 
at this low worldwide growth rate , energy demand is projec ted to inc rease from almost 140 million barrels of oil equiva:ent per 
day in 1979 to 225 million barrels equivalent per day by the year 2000. 
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Conventional oil s upply is on the downswing. It is expected to Hrow less than 1 percent per year through 2000, result ing in 
a decline in oil 's share of energy supply from one half in 1979 to one third by the year 2000. 

OPEC's most recent action, on October 29, did not deal with this key issue of r;roduction, even though the Saudis 
announced they are going to cut back produc tion by one million barrels a day. But, the OPEC meeting October 29 did bring on 
the fi rst price cut in OPEC's 21-year his tory. Libya and Algeria dropped their prices from $40 to$38 a barrel. At the same time, 
Saudi Arabia increased its price from $32 to $34. This agreement may very well mean a two- to three-cent price inc cease in U.S . 
pe troleum products. But if OPEC keeps its vow not to hike prices next year, the real, infla tion-adjusted prices could act ually 
decrease in 1982. 

OPEC's price unification is aimed more at strengthening OPEC than at giving Western oil consumers a break - Sheik 
Yamani's comments notwithstanding. The Saudi Arabian Oil Minister has claimed responsibility for engineering the current 
glut , which is, to a large extent, true. He also claims to have engineered the OPEC price agreement last month because - and 
these are his words - "the Western economies need a rest" Well , yes and no. Yes, the Western economies do need a rest. But 
no, that's not why Yamani negotiated the OPEC price unification. 

Yamani and other Saudi off:cials have admitted they are worried that the price of oil , which in the past decade has risen 
from $3 to $35 a barrel, is prompting major consuming nations to look for alternatives at a much faster pace than OPEC would 
like. In other words - Yamani is worried that traditional crude oil will be driven out of tile market long before the Kingdom's 
reserves run out. 

All of which leads me to point number two - the role of alternate sources of energy in the present and fut'Jre. Though our 
dependence on imported oil has left the industrialized West vulnerable, the situa:ion is far from hopeless . 

The United States has tremendous energy potential. Proven and potential oil and natural gas reserves in this country 
could las t 40 years a t the current rates of produ tion and consumption. 

Coal reserves are vast, extensive enough to last for centuries. The United States is the OPEC of coal, with 28 percent of 
the world's recoverable reserves. Coal is projected to be a major source of energy supply growth . It is expected not only to 
meet a substantial share of new energy demand, but also to replace oil and gas in major indust rial and electric utility markets. 
By the year 2000 coal will rival oil as the single largest source of energy. 

In addition, the U.S . has huge quantities of other fuels - oii ~hale , tar sands and uranium - that could contribute to the 
energy mix. We also expect to receive a small but increasing amount of energy from renewable sources such as solar, 
geothermal and biomnss. 

We may not have to wait for OPEC prices to spiral farther upwnrd before alternate energy sources become price 
competitive. Technological advances are joining hands with economic feasibility - and doing it now. 

Do the American people favor development of alternate energy sources such as coal, nuclear, oil shale and tnr sands? 
According to a recent Opinion Research Corporation study, the answer is a staunch yes. More than 80 percent of the 
American people polled said they would encourage major oil companies to speed up the developmpnt of alternate sources of 
energy. 

In that same study, more than 80 percent claim to have heard or read <' t least a fair amount about synthetic fuels , ~ :Jch as 
oil from coal and shale rock. Of those people , 88 percent felt the production of synfuel:; IS very important to the solution for 0ur 
energy problems. Phillips and many other companies are working to develop these alternate fuels . Though the main thrust of 
our activities for the next few decades will be in oil and gas, we feel in the meantime it is crucIal to explore fully the opportuniti s 
presented by alternate fuels . 

Remember that shifts in the energy supply/ demand scale may cause these projects to speed up or slow down, but be 
assured that our goals are based on the conviction :hat all fuel sources will be ssential for the continued prosperity of our 
nation and its people . O il shale, coal, geothermal , solar, nuclear power, and oil '1nd gas are th collective skeletal ecprgy 
structure for the years ahead. A fracture toany payt will hamper growth and development. Our body of energy will be weak in a 
world that increasingly cries for s trength . 

The energy is here. But we cannot allow ourselves to scour the land and then leave it fallow. We cannot prOVIde a 
comfortable living environment for ourselves while making the air w~ breathe unbreatheabl and the water IN drink 
undrinkable. We cannot relax the safety and reliability standards of our generating plants while professing to create a more 
stable world. 

A blacker mark could not be stamped against us than to have it accurately said that OPEC s t the cost while the 
American people paid the price. 
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Let me now focus my comments en oil shale. Oil shale development has been talked about, agOl~ized over, studied, 
planned for , promised, abandoned and resurrected in a seemingly endless series since aroL!nd the turn of the century. 

There are, I am told , several thousand inventors' patents on the subject. but in the U.s. we have yet to produce our first 
barrel of shale oil on a commercial basis . I' is ironic thdt while few American industries have been studied in such extraordinary 
detail before they were born, few suffer from such widespread misunderstandings as oil shale. And so it is that people can say 
almost anything at all about oil shale and never encounter doubt or disbelief. 

I suppose a good place to begin in discussing oil shale is to try to clear up the misconceptions embodied in these three 
words: oil shale industry . Actually, today we are not really an industry, we are more of an idea, a group of companies working 
hard to become an industry. 

The most obvious featL!re of this fledgling industry is the sheer magnitude of the resource. An estimated 600 billion barrels, 
of recoverable reserves are locked in western oil shale alone. That's more than the combined crude oil reserves of all the OPEC 
nations, and it approaches the amount of oil in the world's proven conventional reserves. 

The U.S. Geological Survey has estimated th total "known reserves" of Devonian eastern oil shale at 400 billion barrels, 
and the "probable extension of known resources" at an additional 2,600 billion barrels, including both deep, and surface de· 
posits. 

A thriving oil shale industry has been predicted a number of times during this century. But each time , the optimism 
evaporated as the discovery of new sources of cheap and easily produced conventional oil and gas made production of oil from 
shale uneconomic . 

Today, most experts believe the large, cheap and easy discoveries of conventional oil and gas have been made. That 
simple fact , combined with the events of the past decade makes development of a U.S . shale industry appear to be a realistic 
prospect. 

The total of eastern and western oil shale energy potential is staggering. It's enough to fill and then overflow the banks of 
Lake Erie, enough to supply the world's energy needs for the next 70 years at current rate of consumption . 

Companies involved in 011 shale have begun development programs. And, while development is slow and methodical, 
make no mistake - development is under way and progressing. 

Before we focu.; our attention specifically on eastern oil shale, I want to share with you the progress that is being made in 
making oil shale a commercial reality . Let 's take a brief look at what's happening on Colorado's western slope and in eastern 
Utah . 

An impressive who's·who of companies is involved in 14 planned oil shale development projects. Exxon, Tosco, Union Oil 
of California, Chevron , Conoco, Occidental , Phillips , and many others are working to supply a combined total of about half a 
million barrels of oil a day by the mid ·1990s. 

Let's now talk more specifically about eastern oil shale . As you know, eastern and western shales differ in their yields of 
oil. Eastern shales have a yield of about 10·20 gallons per ton and the western shales yield 20·30 gallons per ton . However, it is 
important to recognize that the overall energy content of both the shales is similar; therefore an opportunity exists to use the 
residual energy content of eastern shale to narrow the gap between eastern and western shales . 

Though eastern shales will produce comparatively larger amounts of byproducts , that's not a deterrerrt to developing 
them. There 'are a number of overriding factors that make eastern oil shale attractive . Eastern oil shale deposits ar much 
closer to the markets than westen I oil shale. The supply of eastern oil shale is vast . Mining, operating and ::onstruction labor is 
readily available. There are abundant water resources. The shale is located in an industrialized arra. 

The eastern shales which outcrop in I<entucky, Ohio , Indiana , and other sta tes are located on privately held land and can 
be mined economically. All these add significantly to the commercial feasibility of developing this resource. 

As I said earlier, the U.S . Geological Survey has estimated the total "known resources" of Devonian eastern oil shale at 
400 billion barrels and the "probable extensions of known resources" a t an additional 2,600 billion barrels, including both deep 
and surface deposits . These estimates are very encouraging. But , eastern oil shale development is still in its infancy. 

My own company has done ex tensive studies and is now leasing land for possible development 111 Indiana , Ohio and 
Kentucky. We are anticipating the construction of a demonstration plant in four to five years and a commerCial plant in about 
10 years. This demonstration plant will be a scaled down version of a commercial plant , but we will be processing shale and 
researching the processing techniques, mining techniques, and environmental impact. 
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Although we are keeping an open mind about several types of processing techniques to be used on the eastern oil shale, we ar~ 
doing some research jointly with the Institute of Gas Technology in Chicago on their process. The process is based on 
controlled heating of the oil shale in a hydrogen atmosphere at elevated pressure. Although the process can be applied to any 
oil shale, it seems to be uniquely suited to improving the yields of oil from eastern Devonian shales. 

We will be conducting studies on several environmental matters. I want to state emphatically that we fezl "!astern oil shale 
must be developed in an environmentally acceptable manner. We realize that people are concerned about how oil shale 
development will affect the quality of the air, water and land. Each of these areas is being studied and examined by Phillips a~ 
well as other companies and institutions. 

We are optimistic about environmental matters relating to oil shale. Let me tell you why. The commercial plant will 
comply with all pertinent state and federal air· pollution con trols. The sulfur content of the eastern shale _ about six percent 
- will not pollute the air because we won't give the vast majority of it the chance to reach the air. ThE; sulfur in the oil will be 
removed through a hydrotreating process. The sulfur in the gas will be scrubbed out so that less than one percent remains. 
The sul fur recovered will be sold to industrirtl user!:. Emissions of other air pollutants will meet the EPA standards. 

At the same time that we're mining, using the moving pit method , we'll be reclaiming the land. In other words, we'll begin 
filling one hole the minute we start digging Ihe next. And not just filling. First we'l: retuYn the spent shale to its original location. 
Next , we'll cover the shale with the various strata of rock and earth thai were there from the bE;ginning. Then _ and this is very 
important - we'll restore the shapes and contours of the land, plant grass and trees and other vegeta!ion, and leave the 
precious landscape of this area in as good as or better shape than we found it. This reclaimed land may be used for farming, 
recreational lakes, wildlife refuges , or forest ry. 

Well , I realize I'm sounding rather like a salesman today. But we in the energy business, in the political arena, and in the 
public's eye need to realize that the American p!::ople in general and the people living in oil shale-rich areas in particular are 
concern~d abou t their land, their homes, their air and water, and their eco:lomic well -being. 

These concerns are genuine and should not be taken lightly. They are not likely to vanish overnight. On the other hand, it 
is necessary for all of us to convince the public that oil shale can be a very important part of this nation 's energy future, and that 
the industry will not be developed at their expense. 

Oil shale is a long·term proposition. In the meantime, other steps are necessary to bolster the nation 's energy situation 
now and over the next few years. 

First , we must continue to conserve energy. The petro!eum industry re earch foundation SilyS the demand for petroleum 
in the non·communist world fell 5 percent in 1980, and it's projected to drop another 4 12 percent this year. We need to maintain 
that pace. 

Second, we must step up our search for domes tic oil and gas reserves even though tremendous strides are already being 
made. It's estimated that the industry will drill 77 thousand wells this year. That's 23 percent more than last year. And it's 20 
Ihousand more wells than in the last grea t oil boom in the 19SCs. 

Third. we've got to make better use of the alternate energy sources at hand and strive to develop new ones. We should 
double the use of ollr vast ('oal reserves. We should increase the use of nuclear power. By taking these steps, this nation will 
reduce it s dependence on foreign oil. As long as we have that dependence. our energy future will be in doubt. 

I'm very pleased to see that there are so many of you interested in our energy situation and specifically in eastern oil shale . 
Thank you again for the opportunity to visi t with you . 
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Abstract. The effects of ceiling temperatu r e , heating rate 
(ramp) and pyro lysis interval on both th~ pyrolysis yield and 
relativ e product distribution fo r two eastern oil shales 
(Sunbury and Cl eveland member of the Ohio Sha le) were studied. 
The technique of analytical pyrolysis (pyrolysis - gas chrom
atography) was employed. Carefully controlled pyrolysis of the 
shale by this t~chnique allows separation into high and low 
volatile componE1ts and measurement of the relative peak areas 
in the pyrogram gives the yield of the high volatile and low 
volatile components. Linear temperature ramps of 500°,200° 
and 100°C per second were employed . Ceiling temperatures of 
450°C to 950°C and pyrolysis intervals of up to 20 seconds were 
investigated. Samples were also repeatedly pulsed to obtain 
intervals of up to 120 seconds. Carbon-hydrogen-nitrogen and 
thermal gravimetric analyses were also performed on the spent 
sha l e. 

Our preliminary data suggest the following. 

1 . The total amount of pyrolysis product (organic 1 iquids 
and gases) increases with increasing ceiling temper
ature. 

2. The pooduct mo lecular weight di stribution decreases 
with increas ing ceiling temperature and with increased 
rates of h ~ating. 

3. The effect of inc r eased heat-up rates on yiel d 
enhancement s ec~s to ma ximize in the 650° to 750°C 
region. 

4. The lower ceiling temperatures require significantly 
longer pyrolysis intervals in order to obtain optimum 
yi elds . 

Introduction 

It is genera ll y conceded that shale oil is one 
of our most promi si ng and abundar lt alternative 
energy resources. It is, therefore, essential to 
investigate those parameters that will influence 
the overall yield of product derived from oil sha l e 
retorting and will affect the distri bution of pro
duct between gases, li ght oils and heavy oils. The 
object of this study wa s to investigate the effects 
of cei1in9 temperature, heating rate and pyrolysis 
interval (total heating tinre) on the product dis
tribution and overall yield from two eastern oil 
sha 1 es. 

The oil yield from shale is presently measured 
by techniques s im il ar t9 the U.S. Bureau of Mines 
modified Fischer Assay . This technique specifies 
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that the sample be heated under static conditions 
~ t a rate of 12°C per minu t e until a final tem
perature of 50QoC is attained. This ceiling 
temperature is then maintained for 20 minutes and 
the yields of oil and water are meas ured. A Fischer 
Assay type retort does not readily lend itself to 
exploratory studies where very high heating rates 
are employed. The techniqu e of analytical pyrolysi s 
(pyrolysis - gas chromatogt'aphy) seems ideally 
suited to applications of th ;; type. 

The technique of analytical pyrolysis has been 
applied to a number of interesting problems 
involving organic materials of high molecular 
weight . The analysis of lignites, the determination 
of tryptophan in protein, the analysis of carbon 
residues i n spent catalysts and the analysis of 



rubber and other high polymers are but a few 
examples. 2- 5 It has also been applied to the 
analysis of organic materfal in sediments, petro
leum source rocks and shales. 6-12 

Experimental 

Oil Shales 

Two eastern oil shales were employed in this 
study. Specimens of the Sunbury Shale (of the 
Mississippian Age) and Cleveland Member of the Ohio 
Shale (of the Devoniaro Age) from Lewis County in 
northeas tern Kentucky 'i/ere studi ed. ReI evant 
analytical information on the raw sha l es is given 
in Table 1. The Sunbury and Cleveland Shales are 
reported to yield 16 .4 and 14.0 gal/ton respective
lyon Fischer Assay.13 Samples of both shales used 
in ~his study were in t he 60/100 mesh size range 
and were prepared in the laboratories of the 
Kentucky Center for Energy Research Labora tory. 

Instrumentation 

A Chemical Data Systems model 100 Pyroprobp 
(coil probe) interfaced with a Varian model 3700 
gas chromatograph (dual flame ionization detectors) 
and a Laboratory Data Control model 308 computing 
integrator were employed in these studies. A 50 
cm. x 1/8 inch stainless steel 5% OV-10l column 
was used and a flow rate of nitrogen (carrier gas) 
of approximately 30 mL per minute was employed. 
The injector temperature was main:ained at 270°C 
and the interface uait at 200°C. The Chemical Data 
Systems basic instrument allows I "lear temperature 
ramps of 100°C/second, 200°C/second and 500 °C/ 
second to be employed in the sha le pyrolys is . In 
addition, the final pyrolysis temperature (ceil ing 
temperature) is continuously adjustable up to 
1000°C and can be maintained for intervals of up to 
20 seconds. This technique eas ily allows one to 
employ very high temperature ramps and still 
res tr i c t the fi na 1 pyro 1 ys i s tempera ture in order 
to minimize the degree of carbonization of the 
s ha 1 e 0 il produc t . Thi s techn i que thj'!n permits a 
carefully controlled pyrolysis of the shale in an 
inert atmosphere, gas chromatographic separation 
of the product into "high volatil e" (iower 
molecular we,ght) and "low volatile" (higher 
molecular weight) products and the measurement 
of the relative peak areas in the high and low 
volatile portions of the pyrogram. Non-hydrocar
bon products (eg . H20, H2' C02, H2S, etc.) from 
the shale pyrolysis are not detected by the F.I . D. 
and are therefore not represented in the pyrogram . 

Procedure 

Quartz tubes 2.4 mm od x 2.5 cm long were 
fitted with quartz wool plugs and heated to 1000°C 
for 10 seconds in order to burn away any organic 
contaminates present. The tubes were then weighed 

Table 1 . Ana 1 ys i s of 

SHALE % Carbon % Hydrogen % Nitrogen 

Sunbury 15.98 1.84 0.59 

Cl eveland 12.4 2.03 0.56 
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on a Mettl er model H-20T analytical balance, 
loaded with 4 to 5 milligrams of the 60/100 mesh 
shale and weighed again in order to obtain the 
actual weight of the shale being subjected to 
pyrolysis. The loaded and weighed tubes were then 
placed inside the coil of the COS Pyroprobe 
heater unit and placed inside the interface unit 
attached to the injectior port of the gas 
chromatograph. The samples were heated to 200°C 
(the equilibrium temperature of t he CDS Pyroprobe -
Varian gas chromatograph interface unit) and 
allowed to equilibrate for 20 minutes. The 
samples were then pyrolyzed at the specified 
temperature ramp , ceiling temperature and time 
interval. Pyrograms were obtained for each run 
afld electronically integrated to determine the 
relative pro ... uct ratios for the initial warm-up 
("distillate") and for the high volatile and low 
volatile products from the actual pyrolys is. 
Analyses were carried out in replicate (4 to 10 
runs) and average values and sta~dard deviations 
ca l culated. 

The pyrograms were divided into three regions 
fer the purposes of this study as shown in Figure 
1. The material that is evolved during the in
itial warm-up of the interface unit and that 
passes through the gas chromatograrhy column 
(isothermal at 60°C) between 0 and 15 minutes 
during the equilibration is called the "distil
late" fraction and is largely derived from the 
nonkerogen organic materials in the shale. This 
is essentially the same material that is extracted 
from the shale with organic solvents. Since each 
sample of a given shale is subjected to exactly 
the same equilibration conditions, the magnitude 
of the dis tillate fraction should be relatively 
constant and se, ve as a quasi-internal standard. 
Appare~t changes in the distillate fra ct ion should 
actually reflect changes in the amounts of material 
in the high and low volatile portions of the pyro
gram. The materia l i~dfcated on the pyrogram from 
o to 5 minut ~s after the probe is fired (20 to 25 
minutes after turn-on) is called the "high ~ola
tile" fraction . This material passes through the 
co l t:'TIn at 60 °C (isothermal) and is made up of the 
organic gases and more volatile organic materials 
evolved during the oil shal e pyrolysis. Fina11y, 
the materi?l collected from 30 to 45 minutes ~fter 
tur n-on (l~ to 25 minutes) after firing the probe 
is called the "low volatile" fraction. This 
material pa~ses through the column with a program 
of 60°C to 250°C at a rate of 20 0

( per minute . 
This material is the less volatile higher molecular 
weight organic material derived from the oil shale. 
The temperature i s held at 250°C for a total of 40 
minutes to drive off as much of t he organic materi
al from the column as possible. 

In addition to the ratio of material in the 
distillate, high and low volatile portions of the 
pyrogram, the overall product yield may be esti-

the Raw Shale 

% Moi sture % Vola tile ,; Fixed ,; A.sh 
Matter Carbon 

0.90 15 .6 7.10 76 .4 

2.3 15. 1 6.6 76.0 



f----·----W- A-AM-UP-----------l1 FIRE PROBE 
OC COlUMN PROGRAMMED 

AT 20 C/ MINUTE TO 250"C - HOlD 

OC COlUMN ISOTHERMAL AT eo·c 

o 
X:1~-----

I I I I I -.- I I 

0 5 10 15 20 25 30 35 40 45 50 
TIllIE (...uTES) 

"DISTILLATE· "HIGH 
I - - I 

"LOW VOLATIlE' 
VOLATIlE' 

Figure 1. Pyrogram of Sunbury Shale (Typical) 

mated in J number of different ways. The spent 
shale samples are weighed and the percent weight 
loss is determined. The weight loss for each 
sample is due, however, not only to the organic 
material being volatilized, but also due to loss 
of water, hydroqen, hydrogen sulfide, carbon di
oxide and other materials which are not reflected 
in the pyrogram, The sum of the integrator counts 
obtained in the distillate, high ano low volatile 
fractions Can be divided by the sample weight to 
obtain a measure of the total product yield in 
terms of the num~er of produ .. t counts per milligram 
of oil shale pyrolyzed. Finally, the samples of 
spent shale are subjected to carbon-hydrogen-nitro
gen and thermal gl"avimetric analyses . The differ
ence in carbon content before and after pyroly ~ is 
as well as the difference between the volatile 
matter in the raw and spent shale can be used as 
estimates or measures of the total product yield. 

The pyroly~is system, the control ur.it and the 
probe it,elf, have been calibrated to provide 
accurate heating rates and temperatures. Tllere are, 
however, potential discrepancies between the 
temperature of the probe element itself and the 
instantaneous temperature experienced by the shal e 
sample fo r the duration of the probe firing. 

The data presented here have not been cor
rected for these differences. Therefore, these 
data may be approximately 100-lSO°C greater'than 
those actually experienced by the sample. The 
reported trends, however, are independent of this 
phenomenon. 

Work is presentlv underway co accurately 
detel.·line the true tem~erature elt ' erienced by the 
probe's sample. 
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Results and Discussion 

Ceiling Temperature 

The results obtained for both Sunbury and 
Cleveland oil shales in terms of the effect of 
ceiling temperature are given in Ta~les 2 and 3. 
There are a :lumber of observation~ that can be 
made with regard to ceiling temperature. At a 
heating rate of SOO°C/seco nd and a pyrolysis 
interval of 10 seconds, the overall yield of total 
pyrolysis product from Sunbury shale increases 
rather dramatically as the ceiling temperature 
increases from 650 ° to 7S0°C. A very similar 
effect is noted for the Cleveland shale as the 
temperature is increased from 550' to 6S0°C. In 
addition, both shales show a general increase in 
overall product yield with increasing ceiling 
temperature. This trend can be noted from the 
percent weight loss (Figure 2), from the number of 
i nteo',"ator counts per mil l igram of shal e pyrolyzed 
(Figure 3) and from the extent of the loss of 
volatile matter (as compared to Fischer Assay) in 
the spent shal '. as measured by thermal gri.vimetric 
analysis (Fi~ure 4). 

It should a"o be noted that both shales show 
a shift in the molecular weiQht distribution 
(degree of volatil ity) as a function of tempera .. 
ture. The quantity of na5es and high volatile 
(lower molecular weight) material increases with 
increasing ceiling temperJture (Figure 5). This 
strongly suggests that kerogen pyrolysis becomes 
extensive between 600° and 700'C under the 
conditions of this experiment. In addition to the 
increased rat/' of kerogen pyrolysis we are also 
apparently r Jserving an increase in the extent of 
cracking o~ the higher molecular weight (lo'~ 
volatile) material at the higher ceiling ~emper-
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Table 2. Product Yield and Distribution as a 
Function of Ceiling Temperature 

Cei 1 i ng % Distillate % High Volatile % low Volatile % Weight Integrator Counts 
Temperature Fracti on Fraction Fraction Loss per Milligram (x1D3) 

Su nbury Shale 
450°C 36.1 1.1 62.9 5.9 23.1 
550°C 33.0 (3.4)* 11 .7 (2,2) 55.3 (5.2) 7.2 (3.8) 25.3 (3.9) 
650°C 22.7 (5.4) 14.5 (2.2) 62.8 (6 .3) 5.6 (3.1 ) 26.7 (A.7) 
750 °C 7.0 (4.3 ) 27.7 (3 . 5) 65.3 ( 5.0) 11.3 (5.7) 126.2 (49.9) 
850°C 5.3 (2.3) 39.7 (4.6) 55.0 (4.3) 14.6 (2 . 5) 144.1 (51 .5) 
950°C 5.4 (2.2) 44.1 (10.1) 50.6 (7 .9 ) 12.7 (2.2) 188.4 (91 .1 ) 

Cleveland Shale 
450°C 18 .3 (1.0) 8.0 (0.1 ) 73 .7 (1.0) 22.5 (4.0) 
550°C 11 .9 (2.3) 23.1 (2.8) 65.0 (3.0) 9.8 (5.7 ) 25.0 (7.0) 
650°C 4.4 (3 .5 ) 30.6 (3,0) 65.0 (2.3) 14.8 (1 .5) 90.1 (27.3) 
750°C 3.5 (2.0) 39.7 (2.9) 56.8 (1.9) 11.1 (2.3) 84 .7 (50.4) 
%u ' C 3.7 (3.2) 43,6 (3.8) 52.7 (3 .6) 15,0 (6.0) 102.0(47.6) 
950°C 2.4 (0.4) 42 '.6 (4.7) 55.0 (4.3) 16.2 (0.0) 155 .0(27.3) 

Temperature Ramp = 500°C/second Pyrolysi s Interval 10 secunds 

*Based on the average of 4 to 10 runs. Standard deviation (1 s igma) is given in ( ) beside 
each value. 

Table 3. Analysis of the Spent Shale as a Function 
of the Ceiling Tsnperature 

Cei 1 i ng " Vol at i1 e % Fi xed 
1 empera ture % Carbon % Hyuroqen % Nitroqen % Moi sture Matter Carbon 

Sunbury Sha 1 e 

Raw Shale 16.3 1 .9 0.6 0.90 15.5 7.10 
450 °C 15.4 1.69 O. 6~ 
550°C 15.8 1 .70 0.63 0.66 15 .0 7 .30 
650°C 15.6 1. 80 0.60 
750°C 12.7 1.17 0.54 
850°C 11 .8 1.06 0. 50 0.32 8.15 7 .86 
950°C 8.62 0.42 ,1.38 
Fischer As say g 0.6 0,5 

C1 eve 1 a nd S ha 1 e 

Raw Shale 14.7 1.9 0.55 2.3 15.1 5.6 
450 °C 2.02 14 . 67 6.08 
550°C 0 .72 14.10 5.74 
650°C 0.79 9.24 7.10 
750°C O,f:) 11 .25 6.59 
85D oC O. ~i4 8.86 6 .92 
950°C 8.39 0.42 0.35 0.46 5.85 6.85 
Fischer Assay 9 0.6 0 .5 0 .36 4.9 9.1 

Temperature Ramp = 500°C/Second Pyrolysis Interval 10 seconds 
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% Ash 

76.4 

77 .04 

83.67 

76.0 
78.34 
79.44 
II I .32 
81.56 
84.00 
86.84 
85.6 
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Figure 2. Wei ght Loss on Shale Pyrolysi s as 
a Function of Ceiling Tem!lerature 

I 
I 

~ 
~ 

(:) 

.) 
.-

r~ 

r. 
[b 

b ¢ /0 SUNBIJRY ~ 
., -I E] CLEVELAND 

450 550 8!0 I 
10 

o 
50 

TEMPERATUREOC 

Figure 3. Yield Based on Integrator Counts Product 
per Milligram of Oil Shale Pyrolyzed as 
a ru-nction of Ceil ing Tem perature 

0 

15 

> c 
II) 
II) 
C 
II: 

!I! 
~ 

I 
II: 

~ c :. 

~ 
~ 
> 
~ 
II) 
It) 
0 
...J 

100 

80 

80 

70 

50 

50 

40 

30 

20 

10 

0 

I [J- CLEVELAND I 

[ . 

0 

? T 
4~ 5~ 5~ 7~ 8~ 8~ 

TEMPERA TURE (· C) 

Figure 4. Yield Based pn the Loss of Volatile 
Matter on Pyrolysis 

100 

80 

80 

~ 
70 0 

...J 
W 
>: 
~ 80 

a 
II: 50 A. 
W 
.J. 
~ 
C 40 5 :. 
:z: 
(!) 30 % 

20 

10 

0 

or-

~ 0 - SUNBURy 
[J - CLEVELAND 

I 

I 

I I , I rp (.j .. 
;.1" 

I 
~ , 

0 

l ( . 

4~ 5~ 5~ 7~ 8~ 8~ 

TEMPERATURE (·C) 

Fi gure 5. Yield of Material i n the High Vo latile 
Fraction as a Fu ncti on of Ce ili ng 
Temperature 



'. ,'.~.-. . '. 

ature . This is in very good agreement with 
earlier observations by Leventhal on the s tep
wise pyrolysis uf kerogen in sedimentary rocks. 14 

HCll:ing Rate 

The e'ffect of heating rate (ramp) on overall 
yield and on product distribution i s summarized in 

Tables 4 and 5. It appears that bo t h the overall 
yield and product distribution are at least 
somewhat sensitive to the heating rate employed . 
The most notable difference occurs between 50Q·C 
and lOO·C/second ramps. One mu s t exercise caution 
however, as the differences are small in many 
cases. In addition, the effect observed may be 
at least in part du~ to differences in residence 

Tabl e 4. Product Yield and Distribution as a 
Function of Heating Rate 

Heati ng 
Rate 

Su nbury Sha le 

'!: Disti llate 
Fr actio n 

Ce iling Temperature = 550·C 

500·C/sec. 33.0 (3.4)* 
200·C/sec. 36.5 (3.4) 
100·C/sec. 34.8 (6.4) 

Av erage 34 .8 (4.8) 

Ce il i ng Tempera tu r e = 650 · C 

500·C/sec. 22. 7 (5.4) 
200·C/sec. 23.8 (4.5) 
100·C/sec. 25.4( 1.3) 

Average 23.9 (4.3) 

Ceili ng Temperature = 750· C 

500· C/sec. 7.0 (4.3) 
200· C/ s ec . 9.8 (3.1) 
100·C /sec. 12,9 (2 . 5) 

Average 9.4 (3.6) 

Ceiling Temperature = 850·C 

500·e/sec. 5.3 (2.3) 
200·C/sec. 5.5 (3 . 5) 
100·C/sec. 6.1 (5 . 3) 

Average 5.6 (3.7) 

Clevel and Shal e 

Ceili ng Temperature = 550·C 

500·e/sec. 11 .9(2.3 ) 
200 · C/sec. 15.9 (3.4) 
1 00·C/~ec. 19.6 (5.0) 

Average 15.8 (3 .7 ) 

Ce iling Temperatu r e = 650 · C 

500·C/sec. 4.4 (3 .5) 
200·C/sec. 3.8 (2.8) 
100· e/sec . 4.8 (4.6) 

Avera ge 4 ,3 (3.7)' 

Ceiling Temperature = 750·C 

500· C/sec. 3.5 (2.0) 
200·C/sec. 5.4 (1 . 9) 
100·C/sec . 10 .2 (5 .8 ) 

Av er age 6.1 (3.5) 

Ceiling Temperature = 850·C 

500·C/sec. 3.7 (3.2) 
200·C / sec. 2.8 (1.0) 
100·e/sec. Fi.l (4.0) 

Average 4 .3 (3.1) 

'I'. High Volatile 
Fraction 

11.7(2.2) 
7.9(1.9) 
7.3(1.4~ 
8.9 (1.8 

14.5 (2.2) 
13.5 (3.8) 
13 .1 (2.9) 
13.7 (3.0) 

27.7 (3.5) 
24. 3 (1.6) 
18.0 (4.7) 
24 .3 (3.4) 

39.7 (4 . 6) 
37 .9 (4.9) 
35 .6 (4,9) 
31. 0 (4.8) 

23. 1 ( l.::) 
23.6 (2.2) 
19.0 (3.3) 
21. 9 (2 .8 ) 

30.6 (3 .0 ) 
27.9 (4.6) 
27 .6 (3 . 7) 
28.8 (3.8) 

39.7 (2 .9 ) 
33.3 (3.1) 
24.8 (8.7) 
34.9 (5 .2 ) 

43.6 (3 .8) 
44.8 (1.1) 
37.6 (4 . 5) 
41.8 (3.6) 

, Low Vo 1 a tile 
Fraction 

55.3 (5.2) 
55.5 (2 . 3) 
57.9 (5.6~ 
56.4 (4.2 

62. 8 (6.3) 
62.8 (5.4) 
60.6 (4.2) 
62.2 (5.5) 

65.3 (5.0) 
65.9 (2.0) 
69.6 (5.8) 
66.5 (4.5) 

55.0 (4 . 3) 
56.5 (4.7) 
5R.3 (5 . 0) 
56.4 (4.6) 

65 . 0 (3 . 0) 
60 . 5 (1.9) 
61.5 (2 .8 ) 
62.3 (2.6) 

65 .0 (2.3) 
68 . 3 (2.4) 
67.7 (6.3) 
66 . 9 (4 .0) 

56 .8 (1.9) 
56 .3 (1.7) 
65.0 (3 .0) 
59.0 (2 .2 ) 

52 . 7 (3.6) 
52.4 (0 . 9) 
56 . 3 (2.0) 
53 .9 (2 . 5) 

Weight 
Loss 

7.2 (3.8) 
5.2 (2.3) 
6.7 (2.2~ 
6.5 (2.8 

5.6 (3 .1) 
7.0 (? 9) 
7.1 (1. 5) 
6.6 (2.7) 

11.3 (5 .7) 
15 . 1i (2 . 1) 

9.8 (4.8) 
12.2 (4 .8) 

14.6 (2.5) 
13.5 (3.5) 
12.1 (3.9) 
13 . 6 (3 .2 ) 

9.8 (5.7) 
9.4 (3.8) 
8.4 (2 . 6) 
9.2 (4.2) 

14 .8 (1 .5 ) 
9 . 6 (2 .7) 
9.9 (3.6) 

11 .7(2 .7) 

11 . I (2.3) 
9.2 (2 . 1) 

10.1 (4.7) 
10.3 (3 .3 ) 

15.0 (6.0) 
12.2 (3.2) 
11.7 (5. 8 ) 
12.9 (5.2) 

Integrator Counts 
per Milligram (xl03) 

25.3 (3 . 9) 
18. 7 (4. 1) 
19.6 ! 4 .4l 
21.1 4 .2 

26.7 (8.7) 
26. 1 (10.5) 
23.6 (3.6) 
25.6 (8 . 4) 

126.2 (49.9) 
95.3 (49.8) 
40.3 (27 .4) 
92.0 (45.0) 

144.1 (51.5) 
142 .8 (75.0) 
113 . 3 (55.9) 
134.7 (60.3) 

25.0 (7 .0 ) 
22.1 (4 .9) 
18.9 (5.0) 
22.0 (5.7) 

90.1 (27.3) 
79 .2 (25.1) 
55.0 (16.8) 
74 .8 (23 .5) 

84 .7 (50.4) 
55.7 (29.4) 
41 .9 (32 . 3) 
62 .1 (39.0) 

102 . 2 (47.6) 
108 .8 (32.1) 
88,7 (32.5) 
97. 1 (37.6) 

*Based on the average of 4 to 10 runs, Standard deviation (1 s igma) is given in ( ) beside 
each value. 

Pyrol ysis interval z 10 seconds 
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time at the ceiling temperature. The oil shale 
will spend more time at the ceiling temperature 
when a ramp of 500°C/second is employed than when 
a ramp of 100°C/second is employed. For a give" 
ceiling temperature both Sunbury and Cleveland 
shales tend to give higher yields of product at 
the higher ramp. In addition, it appears that 
the higher ramps also favor the lighter (high 
volatiie) materials. It should also be noted that 
the largest ramp effect observed for both Sunbury 

Table 5. Analysis 
Function 

of 
of 

and Cl evel and occurred at a temperature of 750°C 
for the 10 second pyrolysis interval. 

It would be most interesting to compare 
results obtained at these extremely htgh ramps 
(30,0000C/minute) with those o~tained under 
typical Fischer Assay conditions (12°C/minute) . 
Our equipment is currently being modified to allow 
mu~h lower ramps and longer pyrolysis intervals to 
be employed. 

the Spent Shale as a 
the Heating Race. 

Heating % Carbon % Hydrogen ~ Nitrogen t Moisture % Volatil e % Fixed % Ash 
Ra te Matter Carbon 

Sunbury Shale 

Ceiling Temperature = 550°C 
500°C /s ec. 15.8 1. 70 0.63 0.66 15.00 7.30 77 .04 
200°C/sec. 15.9 1. 72 0.62 0.49 15 .23 7.37 76.91 
100°C/s ec . 15.6 1.68 0.60 0.56 15.17 6.74 77 .53 

Ceiling Temperature = 650°C 
500°C/sec. 15 .4 1. 74 0.59 
200°C/sec. 15 .4 1. 79 0.58 
100°C/sec. 16 .0 1.85 0.60 

Ceiling Temperature = 750 °C 
500°C/sec. 12 .7 1.17 0.54 
200°C/sec. 13 .8 1.39 0.56 
100°C/sec. 15.0 1.68 0.59 

Ceiling Temperature = 850°C 
500°C/s ec. 11. 2 0.94 0.48 0 .3 2 8.15 7.86 83.67 
200 ~ C/sec . 10 .5 0.79 0.45 0.34 10.93 7.48 81.25 
100°C/sec. 11 .8 1.04 0.53 0.52 12.15 7.14 80.19 

Cleveland Shale 

Ceil i ng Temperature = 550°C 

500° C/ s ec . 0.72 14 .10 5.74 79 .44 
200°C/sec. 0.81 13.76 6.58 78.84 
100°C/s ec. 0.77 13.90 6.20 79.19 

Ceiling Temperature = 650°C 
501)° C/ s ec . 0.79 9. 24 7.10 81 .32 
200°C/s ec . 0.64 10. 21 6.55 82.61 
100°C/sec. 0.64 11 .80 6.39 81 .33 

Ceiling Temperature = 750°C 

500°C/s ec. 0.61 11 .35 5.49 81 .56 
200°C/sec. 0.61 12 .28 6.58 80.53 
100°C/s ec. 1.07 14. 82 5.54 78.56 

Ceiling Temperature = 850°C 

500°C/sec. 0.54 8.86 6.92 84.00 
200°C/sec. 11 .25 1. 03 0.48 0.57 10.62 6.82 82.00 
100°C/sec. 12 .30 1. 22 0.47 0.63 13.02 6.64 79.71 

Pyrolysi s Interval 10 seconds. 
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Pyrolysis Interval 

The effect of pyrolysis interval (to tal 
heating time during pyrolysis) is summarized in 
Tabl es ~ and 7. A ceiling temperature of 750°C 
and a ramp of 500°C per second was employed for 
these studies. Under thrse conditions the overall 
product yield tends to increase rapidly with in
cre~sing interval up to approximately 20 seconds. 
Carbon-hydrogen-nitrogen and thermal gravimetric 
analyses of botn shales (Table 7) indicate that 
both generate product yields approximately equiva
lent to the Fischer Assay when a pyrolysis interv~l 
of 20 seconds or greater is employed at the 750°C 
temperature cei1in~. Extension of the interval 
beyond 30 seconds (by the use of a number of 10 
second or 20 second pulses) shows only a marginal 
increu se tn product yield at the 750°C cei ling . 

The situation is quite different for the 550°C 
ceiling temperature. Samples of both Sunbury and 
C1evehnd shale were repeatedly pulsed at ceiling 
temperatures of 750'C and 550°C and the integrator 
counts per ~i1ligram of shale pyro1yzed were 
measured (Table 8). This indicated that after 20 
seconds at the 750'C ceiling both shales had 
evolved in excess of 90% of the total product 
measured. After 20 seconds at the 550'C ceiling 
the Cleveland shale had evolved less than 50% of 
the total product evolved. After 120 seconds (6 
x 20 seconds) the total product yield as measured 
in terms of total number of integrator counts per 
milligram of shale pyrolyzed was still less than 
that obtained at the 750'C ceiling tenperature 
(Figure 6). 

This observation is consistent with the view 
that facile breakdown of the kerogen occurs above 

Table 6. Product Yield and Distribution as a 
Func t ion of Pyrolysis Interval. 

Pyrolysis 
Interval 

Sunbury Sha1 e 

60 sec. (3x20) 
20 sec. 
10 sec. 

5 sec. 
2 sec. 

% Distillate 
Fract ion 

2.0 
2.9 (1.9)* 
7.0 (4.3) 
4.7 (2.0) 

27 .4 (1.5) 

Cl eve I and Sha 1 e 
30 sec. (3x10) 1 .3 
20 sec . 1.8 (0.9) 
10 sec. 3.5 (2.0) 

5 sec. 6.2 (4.5) 
2 sec . 24.2 (4.6) 

Ceil i n9 Temperature = 750°C 

*Based on the avera ge of 4 to 
value. 

% High Volatil e 
Fraction 

36.5 
39.2 (3.4) 
27.7 (3.5) 
29.1 (2.7) 
8.5 (1 .3) 

39.3 
43.6 (4.2) 
39.7 (2 .9) 
26.9 (2.2) 
7.2 (3.5) 

Hea t i ng 

% Low Volatile % Weight 
Fraction Loss 

61. 5 18.6 
57.9 (2.6) 17. 1 (1.9) 
55.3 (5.2) 11 .3 (5.7) 
66.2 (3.3) 8.6 (1.9) 
64.2 (1 .6) 7.6 (3 .7) 

59.4 14.8 
54.6 (3.8) 20.2 (:l.0) 
56.8 (1 .9) 11 .1 (2.3) 
66.9 (3.1) 7. 8 (1 .7) 
68.5 (4 . 5) 4.9 (3.0) 

Rate = 500°C/second 

10 runs. Standard deviation (1 sigma) is given 

Integrator Counts 
per Milligram (x103) 

206.7 
181.2 (27.6) 
126 .2 (49.9) 
129.7 (13.6) 

27 .8 (5.4 ) 

162.0 
173 .3 (26 .0 ) 
84.7 (50.3) 

103.2 (32 .6) 
18 .1 (4.2) 

in ( ) beside each 

Table 7 . J\.na1ysis of the Spent Shale as a 
Funct i on of the Pyrolysis Interval. 

Pyrolysis % Ca rbon % Hydrogen % Nitrogen % Moisture % Volatil e % Fixed % Ash 
Interval Ma tter Ca rbon 

Sunbury Shal e 

60 sec. ( 3x20) 8.8 0. 49 0.42 
30 sec. (3x10) 9. 1 0.69 0.42 
20 sec. 10 .3 0.75 0.45 0.50 5.84 9.10 84.56 
10 sec. 12.7 1.17 0.54 

Cleveland Shale 
60 sec. (3x20) 8.7 0.49 0.40 
30 sec. (3x10) 9.1 0.69 0.44 
20 sec. 8.6 0. 36 0.37 0.44 4.58 7.41 87.57 
10 sec. 13 . 2 1.34 0.51 0.60 11 .35 6.49 81.56 

Ceil i ng Tempera ture = 750°C Heating Rate 500°C/seco nd 
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Table 8. Total Product Yield (Integrator Counts per Milligram 
of Shale) and Low Volatile Yield as a Fu nction of 
Pyrolysis Interval (Pulse Experiment). 

Pul se 
Number 

Accumulated 
Time 

" Low Vo 1 at il e 
Fracti on 

Sunbury Shale 
Ceiling Temperature = 750°C 
Heating Rate = 500°C/second 

1 20 seconds 
2 40 seconds 
3 60 seconds 

C 1 eve 1 a nd S ha 1 e 
Ceiling Temperdture = 750°C 
Heating Rate = 500°C/second 

1 '10 seconds 
2 20 seconds 
3 30 seconds 

Cl eve 1 a nd S ha 1 e 
Cei l ing Temperat!!re = 550°C 
Heating Rate = 500°C/second 

1 20 seconds 
2 40 seconds 
3 60 seconds 
4 80 seconds 
5 100 seconds 
6 120 seconds 

60.1 
89.2 
90.4 

57 .4 
7l.9 
74.3 

66.8 
69.0 
79.2 
66.1 
7l. 6 
69.3 
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Figure 6. 

40 80 120 
TIME(SECONDS) 

Total Product (Integrator Count~ per Milli
gram of Shale) as a Function of Time 

Total Integrator 
Counts/milligram (xl03) 

Accumulated C~unts/ 
mill igram (xlO ) 
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197.0 
6.9 
2 .8 

140.7 
14.2 
7.1 

6l.l 
22.2 
13.3 
12.9 
7.4 
5.4 

197.0 
203.9 
206.7 

140.7 
154.9 
162.0 

61.1 
83.3 
96.6 

109.5 
116.9 
122.3 

the 550°C temperature ceiling. Kerogen pyrolysis 
below 550°C appears to occur at a significantly 
slower rate. The pulse experiments have also shown 
that the major portion of the material evolved 
beyond t.he initial pul se at the 750 °C ceil ing 
temperature was in the higher molecular weight 
range (low volatile fraction). In the first 20 
secolld pulse for the Sunbury shale the low volatile 
fraction accounted for approximately 60% of the 
total product. The second 20 second pulse gave 
much less material and approximately 89% of this 
was in the low volatile fraction . Cleveland gave 
similar results at the 750°C ceiling. 

Summary 

The purpose of this exploratory study wa s to 
attempt to utilize the technique of analytical 
pyrol ysis to in''''!stigate the effect of ceiling 
temperature, h~ating rate and pyrolysis on the 
overall yield and product distribution for two 
eastern shales. Our results indicate that under 
the conditions employed the overall yield of 
pyro lysi s product increases with ceiling tempera
ture. In addition, the product mo lecular weight 
a pears to decrease with increasing cei ling 
temperature and with increased heating rates. 
This effect seems to maximize for both shales in 
the 650 to 750°C region. The pyrolysis interval 
i s also very important, especially at the lower 
ceiling temperatures. While only 20 to 30 seconds 
may be required to maximize the yield at 750°C 
and above (under the conditions of this experi-



ment), the interval may be several times as long 
to produce an equivalent yield at ceiling tempera
tures of 550°C and below. This suggests that 
both the ceiling t~nperature and residence time 
must be carefully considered in the design of 
shale pyrolysis experiments. 

In this study the effect of each individual 
parameter was investigated holding the other two 
constant. It shoul d be noted, however, that they 
are interdependent and all of these must be care
fully considered in order to o~timize the yield 
and/or product ratio in oil shale pyrolysis. 
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Influence of Retorting Parameters on 
Oil Yield from Sunbury & Ohio Shales 
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Abstract. A comprehensive survey of retorting conditions and 
their effects on oi l yield from master batches of two eastern 
oil shales (Sunbury Shale and the Cleveland Member of the Ohio 
Shale) has been undertaken. A small bench scale retort was 
used to study the fol lowing retorting parameters: upper tem
peratures from 500 to 1000 C; heating rates from 0.1 to 550C/ 
min; preheated inert (N2) gas sweeps; and vacuum and steam 
retorting. 

Both Sunbury and Cleveland shales behave similarly when 
subjected to the variations in retorting parameters studied. 
Oil yields from both shales were not appreciably affected by 
changes in upper temperature limits between 5000C and 10000C. 
Rapid removal of volatiles from the retort chamber during re
torting with a preheated N2 gas sweep, or by retorting under 
vacuum, enhances yield as does rapid heating. A heating rate of 
550 C/min results in increased yields of 110-116% Fischer Assay. 
Retorting with steam also significantly increases oil yield. At 
a heating rate of 40C/min with a 0.7 l/min steam flow, in
creases in oil yield were 125% Fischer Assay (Sunbury) and 123% 
Fischer Assay (Cleveland). Information gathered to date on 
Sunbury and Cleveland shales indicates that the optimum re
torting technology will involve rapid heating coupled with 
rapid removal of volatiles from the retort chamber. For both 
shales the utilization of steam as a sweep gas should also 
be beneficial. 

Introduction 

The infl uence of different rp.torting conditions 
on oil yield has been thoroughly studied using 
western shales but little work has been performed 
on eastern shales. Several studies have addressed 
the basic differences between eastern and western 
sha1~s and provide evidence that eastern shales 
will not pyro1yze in an identical manner to western 
shales. Kentucky $hales have been shown to have a 
higher C:H ratio than western shales. The average 
C:H ratio for three composite N~w A1hany Shale 
cores taken from either side of the Cincinnati Arch 
in south central Kentucky \~as 11.1 compared to 7. a 
for thp. Green River rormation. 1The Sunhury and Ohio 
(Cleveland) shales have an average C:H ratio of 
9.6 and 9.1, respective1y.2 Thel"r'la1 treatment of 
New Albany Shale yields only 1/3 conversion of or
ganic matter to oi l as com~ared to 2/3 for Colorado 
sha1e~.3 Other studies have confirmed lower than 
expected Fischer Assay oil yields for eastern shales 
based on organic C content./l,5 Significant dif
ferences are also evident in the composition of 
kerogen from eastern Devonian and the Green River 
Formation. Several studies have indicated that the 
higher C:H ratio characteristic of Kentucky shales 
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is cau~eg by the increased aroiTIC!ticity of eastern 
shales ' in comparison to the aliphatic nature 
of kerogen fl"Om the Green River Formation. 

These differences between easter~ and western 
shales indicate that optimum retorting conJitions 
for eastern shales will not be the same as for 
western shales. Comoarison studies which have been 
cnnducted under cond~tions optimum for oil gener
ation from western shale are far from ideal condi
tions for eastern shale ret0rt.in~. This is partic
ularly true of early work 0n the shales of 
Kentucky.? However, a nur'''Jer of recent reports 
allow interestin~ and useful direct comparisons. a, 
9,10 ,11 

These direct comparisons often give little 
indication of how oil yield varies in response to 
chan~es in retortinp conditions . The IGT work is 
a notati1e exception. A systematic evaluation of 
the effects of changes in retorting conditions on 
process oil yield from eastern shales under a hy
drogen pressure has been reported. 10,12,13 We have 
recently reported our systematic laboratory study 
on how a number of retorting conditions affect 



Sunbury Shale thermo1ysis. 14 Oil yield from Sunbury 
Shale was found to be particularly sensitive to 
heat-up rate. Poor results from previous retorting 
studies oi eastern shales could be the effect of 
slow hea ti ng a lone. For ins tance, retorti ng of 
Antrim Shale in a controlled state retort at 10C/ 
min resu~ted in an oil yield of 81% Fischer Assay 
as compared to 100% Fischer Assay for Colorado and 
Utah sha1es. 8 At a heating rate of 10C/min for 
Sunbury Shale, our results would predict an 82% 
Fischer Assay yield. 

For the purpose of this study, two Kentucky 
shales (Sunbury and the Cleveland Member of the 
Ohio) were chosen for evaluation of the effects 
of ch~nges in retorting conditions on oil yields. 
They are from t\~O different ages, Mississippian 
(Sunbury) and Devonian (Cleveland Member of the 
Ohio Shale). If differences in response to changes 
in retorting conditions exist between different 
eastern shales, they should be seen by studying 
these two shales. It is uncertain whether optimum 
retorting conditions for eastern shales will vary 
with lateral or vertical variations even thouoh 
Cook15 suggests that optimum retorting conditions 
for western shales are similar regardless of source 
rock depth. Additionally, there is some evidence 
to indicate that Sunbury Shale may respond dif
ferently from 0ther Kentucky shales under Fischer 
Assay conditions. Sunbury Shale produces less ~i1 
per unit carbon than Cleveland Shale by approx
imately 10%.2 The discrepancy between the response 
of Sunbury and New Albany Shale in the work by 
Miknis and Macie116 might, furthermore, reflect a 
difference between the Sunbury and Ohio shales. 

It has been suggested that the processing of 
shale to synthetic crude products is far more sen
sitive to herma1 efficiency than coal conversion 
processes. Thi ~ is especially evident for lean 
shales. If the shale contains 17% organic material, 
Larson and Wen17 have asses sed that each 1% change 
in thermal efficiency results in a 4.78% change in 
product cost. This would imply that the need for 
an optimum technology is far more essential to the 
development of an oil shale industry for the East 
than for the Hest. Therefore, a thorou gh study of 
the effect of changes in retorting parameters on 
oil yield from the Kentucky sha les was undertaken. 

_Experimenta 1 

Oil Shale. Three large master batches of 
shale, two from the Sunbury Shale and the other 
from the Cleveland Member of the Ohio Shale, ~ere 
obtained by a bulldozer from subsurface outcrops in 
northeastern Kentucky (Lewis County). The Sunbury 
samples came fron two locations. The collection 
and processing of ~he first Sunbury sample (Fischpr 
Assay = 68.4 l/Mg; 16.4 gal/ton) has been previous
ly described. 14 The second Sunbury sample (Fischer 
Assay = 59.2 l/Mg; 14.2 gal/ton) was du g fr'om a 
location, latitude 380-30'-40" north, longitude 830-
22'-00" west. The Cleveland sample (Fischer Assay = 
58.4 l/Mg; 14.0 gal/ton) was collected from a site, 
latitude 380-36'-25" north. longitude 830-27'-30" 
west. The samples were crushed, blended, sieved, 
and riffled to produce unifOrM samples of approxi 
mately retort charge size (100-150 grams). Samples 
were -16 to +60 mesh. 

The Retort. A bench scale batch retort based 
on the design of Stout, Koskinas, and Santor18 with 
several modifications was used in this study . The 
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design of the retort bomb was modified to allow 
for easy charging by welding half of a 1" stainless 
Steel Swage10k union to the top of the retort vessel 
which allowed use of a 1" Swage10k end cap for a 
complete leak proof closure of the bomb which was 
capable of withstanding pressures far in excess of 
1000 psi. A porous stainless steel filter with an 
avera~e pore diameter of 100 ~m was pOSitioned 2-4 
mm from the bottom of the cans t~ allow use of the 
entire surface of the disc for escape of volatiles 
from the retort. These retort cans had an extended 
life since free volatile flow through the frit 
occurred without development of back pressure due to 
dust clogging the filter. Figure 1 illustrates the 
retort vessel with ~odification. 

The retort assembly was also designed to 
accommodate several accessories. The end cap of 
the retort bo~b could be real aced with a similar 
cap containin~ an additionai port for the attach
~ent of an inert gas preheater coil or a steam 
generator. The in~rt gas preheater has teen pre
viously described.13 The steam generator consisted 
of a Laboratory Data Control slow speed minipump, 
12 feet of coi1eo 1/8" stainless steel tubing, plus 
a 1/2" dia~eter by 6" heat exchanger filled with 
stainless steel shavings. This gave complete 
vaporization of the water entering the steam gen
erator. 

One or, when necessary, two stacked 2" x 12" 
Li ndburg vertical split tube furnaces were used to 
heat the entire assembled retort. The upper fur
nace, used to heat preheater coils, was controlled 
by a P.oneywe11 Di gita l Con'~ol Programmer, and the 
lower furnace where retorting was accomp1ished,was 
controlled by a Lindberg ~ode1 59344-E1 temperature 
programmer. 

Procedures used for collection of oil and 
retort water and for oil yield determinations were 
as described previous1y.14 Modifications to the 
product collection apparatus were required for two 
studies. Fer steam retorting 100 m1 oil collection 
centri fuge tubes (ASTM D91) were routinely used to 
allow fo r the additional volume of condensates. 

These tubes were also used for the inert gas 
flow experiments with Cleveland shales. In this 
case , the second tube of the collection system wdS 
completely filled with stainless steel balls for 
efficient hea t transfer. For inert gas flow ex
periments, both collection traps were immersed in 
dry ice-isoprop3nol baths rather than one trap in 
an ice bath as i n all other experiments . 

Retorting Conditions. Retorting conditions 
were varied in a systematic way. At a heating 
rate of 130C/min the fOllowing upper retorting 
temperatures were used: 500, 600, 700, 800, and 
10000C. Heating rates were then varied from 0.1 
to 550C/min with a 20 minute soak at 5000 C. At 
a heating rate of 40C/mif\ nitrogen, preheated to 
retort temperatures, was used as a sweep gas at 
the following flow rates : 5, 10, 15, 18, 25, 35, 
50, 75, and 90 cc/min . Retorting under vacuum was 
acco~p1ished with a Sargent Welsh Duo Seal high 
vacuum pump attached to the outlet tube of the 
collection apparatus and left running continous1y 
(pressure of< O. lmm of Hg). Heating rates of 40C/ 
min and 220C/min were used for vacuum retorting 
experiments. The heating rate for all steam ex
periments was 40 C/min and wa t er f low rates from 
thL micropump were 0.1, 0.2, and 0.3 cc/min. 
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Figure 1. Retort Vessel and Assembled Bench Retort Apparatus 

Additional Analyses. Densities of product 
oils were determined using a Mettler DMA4D density 
meter. CHN analysis of the spent shale was per
formed on a Car1o-Erba model 1106 elemental an
alyzer by standard procedures. Simulated disti1-
!ation was performed on a ¥~w1ett-Packar~ Sys~em 
33S1B by standard methods . . Thermogravlmetnc 
analysis was performed on a Perkin Elmer TGS2. 

Results and Discussion 

Liguid Product Collection. Efficient and 
reproducible trapping of oil vapors as a ccnden-
5ate was essenti"l for this study. Simulated 
distillations performed at the IMMR shows that 
both Sunbury and Cleveland oils are higher in 
naphtha and light fuel oil fraction (by about 6%) 
than a typical western shale oil. Additionally, 
Cleveland oil is 8% higher in the naphtha fraction 
than Sunbury oil. Initial work demonstrated that 
complete oil collection from eastern shales re-

-~ 

qui red two condensation traps under Fischer Assay 
conditions and that the second trap required cool
ing with dry ice-isopropanol (-l80 C). With a dry 
ice trap, approximately 6% more oil is t rapped 
than with DoC trapping (see Table 1). Western 
shale oils are trapped satisfactorily at i ce bath 
temperatures. 

Upper Retort Temperatures. 1he effect of 
upper retort teQperatures on oil yield fro~ Sun
bury and Cleveland sha l es was studied at a con
stant heating rate of 130+ 10C. Oil yields from 
both shales were ,ot sig nl ficant1y affected by 
increases in upper temperatures up to 10000 C (Table 
2A). It is interesting to note that the reported 
deterimental effect of temperatures above SOOoC on 
western shales 20 ~s not observed with the Kentucky 
shales studied. It shou ld also be noted that re
torting Sunbury and Cleveland shales to 10000 C 
produces a substantial increase in the amount of 

Table 1 

Liquid Product Collection Under Fischer Assay Conditions 
(13 ± 1 DC/ min; Sunbury shale) 

Number of 
Experiments 

3 

3 

Collection 
Method 

two O°C traps 

one O°C trap & 
one -7S0C trap 

% Oil 

6.3 ± 0.02% 

6.7 ± 0.06% 

23 

Oil Yield l/ Mg 
(gal/ton) 

65.5 ± 0.4 (15.7) 

69.7 ± 0.1 (16.7) 

./ 



non-condensable gas produced (although no signif
icant additional oil formation is observed) . Re
sults from thermogravimetric analysis provlde 
evidence in support of high temper;! ture volatile 
matter release (Table 2B). Percent volatil e mat
ter remaining in spent Cleveland shale decreases 
from 5.09% for 5000C spent shale to 0.30% for 
10000 C spent shale as a result of more complete 
conversion of residual organic matter to char as 
the upper retorting temperature is increased. 

Heat-Up Rate. The effect of the heat-up rate 
on oil yield for Kentucky Su nbury Shale and Cleve
land shale was studied using a 5000 C, 20 min soak. 
Maximum temperature at the fastest heating rate ap
proached 750oC. The 1aroe overshoot is due to 
thermal inertia of the furnace but the effect of 
upper temperatures has been previously shown to 
playa minor role (Figure 2) 

Oil yield from Kentucky shales is significant
ly affected by the heat-up rate. Both shales re
sponded similarly to changes in heating rate . Using 

a rate of 550C/min, oil yield was enhanced an av
erage of 12% over Fischer Assay. It is possible 
that even higher yields could have been realized 
at the fastest heating rate had more efficient 
trapping been possible. Oil vapors "explode" from 
the retort vessel during fast heating, 1i~iting 
collection efficiency. As noted previously, slow 
heating has a detrimental effect on oil yields 
from Sunbury Sha1e. 14 At a heating rate of 20 C/min 
the oil yield from western shales is 96% Fischer 
Assay.21 Whereas, at 20 C/min, Sunbury Shale yields 
only 85% Fischer Assay and 78% of the oil yield 
attainable at a 550C/min heat-up rate; Cleveland 
shale at 20C/min heat-up rate yields 84% Fischer 
Assay and 75% of the yield at 550C/min. This sug
gests that an in situ process which may involve 
an even slower heating rate will not be a viable 
technology for retorting Kentucky shales. 

Inert gas sweeps. At a heating rate of 40 C/ 
min, preheated N2 gas sweep was used to rapidly re
move oil vapors from the retort chamber in order to 

Table 2A 

Soak 
Tempera· 

ture ·c 

500 

600 

700 

SOO 

1000 

Effect of Upper Retort Temperature on Oil Yield 
(Sunbury and Cleveland Shale; heating rate = 13° ± 1°C/ min) 

SUNBURY OHIO (CLEVELAND) 

Oil Yield Oil Yield 

% Resi· gms gas/ % Resi· 
I/ Mg gal/ ton I/gm C dual C gms C I/Mg gal/ton I/gm C dual C 

68.4 ± O.S* 16.4 4.14 x 10" 10.2 0.17 5S.4 14.0 4.01 x 10" 9.9 

67.6 16.2 4.09 x 10" 10.3 0.16 

67.2 16.1 4.07 x 10" 10.1 O. IS 59.1 \4.2 4.06 x 10" 10.4 

69.7 16.7 4.22 x 10" 10.4 0.23 

70.9 ± 0.4t 17.0 4.29 x 10" 9.S ± O.l t 0.30 59.0 14.1 4.05 x 10" S.6 

• 4 replicate runs 
t duplicate runs 

Table 2B 

Thermogravimetric Analysis of Spent Cleveland Shales From Upper Retort 
Temperature Study 

Soak 
Tempera- % 

ture °C Moisture % VM %FC % Ash 

500 0.42 ± 0.08t 5.09 ± 0.24t 9.04 ± 0.06t 85.46 ± 0.26t 

700 0.37 2.15 9.01 88.47 

1000 0.10 ± 0.06t 0.30 ± O.Olt 8.49 ± 0.20t 91.l0 ± 0.15t 

t duplicate runs 

24 

gms gas/ 
gms C 

0.12 

0.20 

0.29 
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Figure 2. Semi-log Plot of Heat-up Rate 
vs. Oil Yield 

minimize oil losses due to coking and cracking. 
Figure 3 shows the effect of var ious flow rates of 
N2 through the retort. For both shales rapid re
moval of volatiles resulted in an increased oil 
yield. The yield increased from 88-89% Fischer 
Assay with no sweep gas (heating rate of 40C/min) 
to 101% Fischer Assay for Sunbury and 96% for 
Clevela nd with a sweep gas. At high flow rates of 
N2, again, the trapping of volatiles becomes more 
difficult, espe~ially for the Cleveland oil which 
is higher in the naphtha fraction. Aerosols are 
particularly difficult to break under these ex
perimental conditions . The observed decrease ojn 
oil yield with flow rates above 25 ml/min for 
Cleveland shale probably results from inefficient 
condensing of oil vapors and aerosols . 

Vacuum Retorting. We have shown previously 
for Sunbury Shale retorting that variations in re
tort design which permit rapid removal of oil vapors 
from the retort chamber are beneficial.14 Vacuum 
retorting is an alternative method for rapid product 
removal. Complete product isolation is more readily 
accomplished than under nitrogen flow conditions. 
Figure 4 presents the results of retorting Kentucky 
shales under vacuum. At 40 C/min retorting under 
vacuum resulted an increase of 26% and 14% over ex
pected yields at that heating rate for Cleveland 
sh~le and Sunbury Shale, respectively. This repre
sents an increase of 113% Fischer Assay for Cleve
land and 105% Fischer Assay for Sunbury Shale. In
creasing the heating rate from 40C/min to 220C/min 
did not significantly increase the oil yield from 
Cl evel and s ha 1 e retorted under vacuum. U ementa 1 
analysis and TGA of spend sha le from the N2 f10~1 
and from the vacuum retorting experiments support 
the suggestion th~t lower than expected yields ob
tained during the N2 flow experiments on Cleveland 
shale may have been due mainly to poor trapping 
(Table 3) . The spent shales have similar volatile 
matter, fixed carbrn, and percent C analyses from 
N2 flow retorting and from vacuum retorting . 
However, oil yield based on trapped condensables is 
higher , 66.0 + 1.2 l/Mg (15.8 gal/ton), for vacuum 
r~torting than for inert gas sweep experiments, 
55.4 l/Mg (13.3 gal/ton) . For comparison, data for 
Cleveland spent shale from Fischer Assay and a heat
ing rate of 4° C/min are also presented in Table 3. 

25 

• 0 

. " .. 
o , • 

17 

18 

15 

~ 
5 
~ 

14 

13 

12 

20 

15 

Z 
0 
t:: 
oJ c 

" 10 
Q 
oJ 
11/ 
>-

! 
5 

oL 

... ~y - FISCHER ASSAy : ee .'/Mg (18 ... gellfon) 

• ClEVElAND - FISCHER ASSAY: 58411tAg(t4 o gallIon) 

70 

",--"y 
~E~~tD~ ... F .... ot. YIELD ....,..., 

,""" (gaII.on) ''''''' (...,.on) • o •• (1.7) 51 .8 (12.) 

• 82 3!O." (148) ::~!~O~ •• 03 • (162) 

•• ... (t5 4) 50 • (13.) 

•• "3 (154) 

~85 .. 
~ 
>- •• 015 (UI2) 55. (133) 3. ... (Itl4) 

50 ... (t85) 551!04 (132) 

7' .3. (128) 
~80 .. 882 (lee) .-

t-EAT'HG RATE : .. '1":'''''" to 5(X"C 

55 • 

5O~ ______ ~ ________ -L ________ ~ __ ~ 

o 25 50 75 

FLOW OF N2 (mi/ mIn) 

Figure 3. 011 Yield vs. N2 Gas Flow Rate 

mHO VAC&AM 

o VACI.JI..IiI (- 30 NCHES Ho) 

Of«) (ClEYEUKO) 

FISCHER ASSAY : 5141""0. 14 0 VAllton 

75 I I 

50 

110 

~ --. 

4'C/ mIn 22'C/mIn 

~y 

aa 4"IM9 . 18" oal/tOft 

I I ,.. 

4'C/ ,,*, 

- FISCHER 
ASSAY 

HEA T1NO RA 11:5 

Figure 4. Oil Yield vs. Vacuum Retorting 



z o 

Table 3 

TGA and %C for Ohio (Cleveland) Spent Shale From Inert Gas Flow and Vacuum 
Retorting Experiments 

Conditions % VM % FC 

50 cc Nl/ min; 
4°C/ min 3.76 9.25 

Vacuum; 4°C/ min 3.45 ± 0.48 8.36 ± 0.09 

4°C/ min 5.20 9.42 

Fischer Assay 5.09 ± 0.24 9.04 ± 0.06 

St~am Retorting . Stea"- flow experiments were 
also carried out at a heating rate of 40 C/min. Oil 
yie lds from both Sunbury and Cleveland shales were 
substantia l ly improved over Fischer Assay oil 
yields, 23% for Cleveland and 25% for Sunbury (Fig
ure 5). These yields represent a 36% and a 42% in
crease over oil yields expected at 40 C/min for 
Cl evel and and Su nbury, respectively. Table 4 .pre
sents some representative el emental analysis and 
TGA of the spent shale from steam retorting exoer
iments. Increasing steam throughput decreases the 
percent C and percent volatile matter remaining on 
the retorted shale. Coking also appears to be re
duced by increasing the amount of steam used since 
fixed carbon is decreased from 9.42 without steam 
to 8.40 at 0.7 l/min steam flow. Another signifi
cant effect of steam appears to be a more efficient 
ijtilization of hydrogen. When using fast heating 
alone to increase oil yields all detectable hydro
gen is removed from the shale. Therefore, increas
ing yields further by this method requires addi-

HEATING RATE: "·C/MtN TO 500· C 

• SUNBURY (FISCI-'ER ASSAY = 58 2 1l Mg, 14 2 gallton) 

• CLEVELAND (FISCHER ASSAY = 58" IIMg, 14 0 gal/ton) 

• 0 .. : ICLO STE AM FLOW 01... YIELD STE AM FLOW 
I , .... 1 1M" (g.II lon) J. /mrn .t / Mg (~IJton) 

0 520!02 (125) 0 62 .8 (12 tI) 
02 513 ( 14 2) 02 58 4 ! 11 (1 4 2) 

o. 85a(ISI' os 828t07 (150) 
07 74 0 (17 7) 07 71~ (17 2) 

18 

/ r 
• 

75 

17 
70 

16 
01 
:I 

I/ Mg 
% C (gal/ ton) 

9.75 55.4 (13.3) 

8.98 ± 0.10 66.0 ± 1.2 (15.8) 

10.75 52.6 (12.6) 

9.9 58.4 (14.0) 

tional hydrogen . Whe reas at the hiQhest steam f l ow 
rate tested, 1/3 of the hydroqen initia ll y avai l 
ab l e in raw Cleveland shale remai ned in the spen t 
shale. This l eaves the potential for realizi ng 
even better yields. Higher throughputs of steam 
will be tested in the future. The maximum steam 
flow rate possible in our system at present is 
0.7 l/min and the data indicates that optimum s t eam 
f l ow has yet to be achieved. 

Summarj 

It is clear from the results of our bench 
scale re ~orting of Sunbury and Cleveland shales, 
that oil yields in excess of Fischer Assay are 
attainable by optimizing retorting conditions. 
Fast heating, rapid removal of oil vapors f rom the 
retort vessel , and the use of steam substantially 
increased oil yields for both shales. The experi 
ments performed to date have been designed to 
s ingle out and test individual retorting conditions. 
It remains to be ascertained if various combina
tions of beneficial conditions might produce p.ven 
better oil yields. For instance, a fluidized - bed 
retort with steam used as some portion or all of 
the fluidizi~g gas would couple fast heating with 
the reduced coking and effi cient hydrogen utili
zation provided by steam. The data suggest that 
while the limits of our currently available re
torting apparatus have been reached, optimum heating 
and steam flow condi tions remain to be realized. 
Since the Sunbury and Cleveland Shales ar e of com
mercial interest in northeastern Kentucky, and they 
respond similarily to variations in the retorting 
parameters studied, further optimization of re
torting conditions rates a high priority . Since 
shale oil economics are more sensitive to yield 
factor~ than other synfuel technologies, our 
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studies aimed at developing a retorting technology 
specifically adapted for eastern shales is con
tinuing . " 14 
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Table 4 

TGA Analysis and Residual CHNS for Spent Shale Steam Retorting 
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Abstract . Many of the potential environmental problems faced 
by an emerging oil shale indu"try in eastern Kentucky are 
similar .0 those presently faced by the coal industry. One 
~'~c.; . problem is planning for water supplies for the associated 
mineral processing or preparation plants. Since shale oil 
retorts will require large volumes of water, the need for 
water supply evaluation is important when planning long term 
mining operations. 

In o _ ~er to evaluate streamfJow potentials. flow duration 
curves were analyzed for streams in the Licking. Red. and 
Kentucky River basins. 

Large rivers suc~ as the Licking . Red. and the North Fork 
Kentuc~y have good low flow indeces which range f 20m .038 
cfs/mi on the Red River at Clay City t o .024 cfs/mi on the 
Licking Rive r at Farmers. Flow regulation on the Licking and 
Kentucky rivers have caused increases in the low flow indeces 
and have increased the amount of water available in the 
streams at all durations of time. Small tributaries and 
head~ater streams have much lower low flow indeces. The lack 
of alluvium along these streams and their small drainage area 
reduces the amount of groundwater storage. 

The Licking River and Kentucky River have sufficient flow 
to supply shale r e torting wa ter needs. However. a s mining 
progresses away from these rivers and towards upland areas . 
water eistribution systems will have t o b~ constructed. 

Introduction 

The presence of large reserves . of oil 
contained in the Upper Devonian and Lower 
Mississippian age shales of the eastern U.S. ha s 
been known for many decades . As the crude oil 
availability and cost intensifies . the economics 
of shale oil development will become mor e 
competitive with natural oil development. Major 
deposits of oil shale are located in the western 
and eastern United States. The two areas have 
different locational advantages which may 
influence the marketability of the resource . 
Although the western oil shales yield roughly 
twice the volumes of oil per ton (36 gal/t) than 
eastern shales. the eastern reserves might have an 
advantage by being situa t ed closer to dense 
populations, industries. and more readily 
available water supplies. 

1 
Farly shale oil analyses reported by McFarlan 

of the Kentucky oil shales yielded 21 gallons of 
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oil per ton and 3 to 4 thousand cubic feet of 
natural 3gas with a net heating value of 337 
BTU ' s/ft. These early analyses compare favorably 
with r esul ts obtained by the ~stitute for Mining 
and Minerals Research (IMMR) on shale samples 
from Lewis and Fleming Counties. The IMMR 
reported conservative values of 15 gallons per ton 
of shale. Some early studies reported that the 
byproducts of shale oil development could include 
raw materials for the brick or cement industry and 
ammonium sulfate (approximately 377 lbs/t) for 
fertilizer. Recent IMMR analysis indicate that 
other metals or minerals are obtainable from the 
resource such as Copper. Chromium. Molybdenum. 
Uranium. and Zinc but these substances do not seem 
to occur in economic amounts. 

Many of the environmental problems or issues 
faCing the new oil shale indur-t ry are similar to 
those experienced by the coal industry . Water 
supply and the allocation of this water for 
i ndustrial. municipal and private use is onr such 
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issue. For example, surface water is the primary 
source of process water for coal cleaning and 
preparation plants. Before a coal preparation 
plant site is selected streamflow studies should 
be completed to assess the capacity of the stream 
to provide a year round supply for the plant , as 
well as the problem of meeting stream standards 
with the discharge from the plant. The oil shale 
industry will need even larger volumes of water 
for the surface retorts in order to p 'ocess the 

raw mined oil shale . Surface water systems will 
probably s upply the majority of this water. 

The ability of streams in the shale oil region 
to provide adequate water supplies to the industry 
as well as t o provide for present consumptive uses 
deserves further study. This report is a 
preliminary discussion of the flow characteristics 
of gaged streams in three river basins, the Red, 
Licking, and Kentucky which contain port1f~s sog 
the oil shale region. Flow duration curves ' , , 
are used to compare the frequency of flow of 
streams within each basin . Particular attention 
is directed towards identifying s treams which have 
sufficient base flow to provide shale ~etorts with 
adequate amounts of water. The results of the 
study should be useful to those groups involved in 
planning for the eventual development of the oil 
shale resource in Kentucky . 

PhYSical Environment 

The rocks which make up the oil shale region 
have evolved iato a characteristic topography 
known as the Knobs. The Knobs is a narrow belt of 
country which encircles the Outer Bluegrass region 
on the west, south, and east. Escarpments fo rmed 
from more resistant l imestones and sandstones form 
the outer limit of the Knobs region. These 
escarpments are known as the Mi.ssissippian age 
Muldraugh Hill in the west and south part and the 
Upper Mississippian/Lower Pennsylvanian age 
Pottsville escarpment on the east . 

The Knobs are erosion remnants of the uplands 
located behind the escarpments. Conical forms are 
normal but where a cap ro ck remains they become 
flat-topped as the escarpments are approached . 
Near the larger drainage ways such as the Licking 
River and Red River, broad shale floored valleys 
are developed . 

Rocks containing the oil shales were deposited 
in a marine environment as the Ohio or Chattanooga 
shale in Upper Devonian time. Deposition of shale 
and sandstone continued into lower Mississippian 
time with the accumulation of deposits now known 
as the Bedford shale , Berea sandstone, and 
Sunbury shale. Above these shales, predominan tly 
calcareous Upper MiSSissippian sediments were 
deposited as alternating beds of limestone, mud, 
and silt. These alternating beds represe nt a 
transi tion from dominantly marine deposition to 
dominantly non-marine deposition which 
characterizes the rocks of the eastern coal 
fields. 

Two high grade o~l sha le zones have been 
identified by the IMMR in a study of Lewis and 
Fleming Counties . The two zones are the Upper 
Devonian Cleveland Member and the Lower 
Mississippian age Sunbury shale . These zones a r e 
separated by the Bedford shale and Berea 
sandstone . The areal extent of this high grade 
zone is undetermined. More core drilling will be 
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needed to define it ' s limits. The high grade 
zones in Lewis and Fleming Counties outcrop on the 
upper slopes of the hills. The thickness of the 
intervening2Bedford and Berea units ranges from 30 
to 100 feet . 

The boundary between the Knobs and the Eastern 
Kentucky Coal Fields as marked by the outcrop of 
Upper MiSSissippian and Lower Pennsylvanian 
limestones and sandstones . These rocks form the 
PottsvilJ e escarpment. Further east the 
topography becomes more rugged as the upland area 
is attained. The headwaters of the major rivers 
traversing the Knobs, the Kentucky, Red and 
Licking, are located in the uplands represented by 
the coal fields. The river valleys have been the 
center of industry and cOllunerce since the region 
was settled. Several municipalities and 
industries along the drainage ways use the water 
from these streams . If shale oil is to be 
processed in the Knobs region, careful attention 
will have to be paid t o the ability of the area to 
provide the water that would be needed by the 
retorts. 

Analysis of Low Flows in Three River Basins 

In order to assess the overall availability of 
water in the shale region, flow duration curves 
were constructed for streams in the Licking River, 
Red River, and Kentucky River basins. Three gaged 
sites were selected in each river basin in order 
to determine the variability of flow in large and 
small catchment areas within the river basin. 
Comparisons we re also made between catchmen ts 
entirely wi thin the coal fields with those 
entirely within the s hale regions to assess the 
effects of geology on the low flow of s treams. 

Licking River Basin 

The Licking River rises in Magoftin County and 
flows northwesterly across the coal bearing 
Breathitt Formation for approximately 49 miles. 
Below this point the river cuts into the Lower 
Pennslyvanian Lee sands tone formation near West 
Liberty. Mississippian rocks are ex pos ed 16 miles 
below West Liberty and the Upper Devonian/Lower 
MiSSissippian oil shales are trave rsed within a 
few miles near Farmers. Alluvium filled valleys 
occur throughou t the main valley except in the 
upper 12 miles. Discharge information was 
obtained for three con tinuous gaging s tations 
loca ted on Triplett Creek at Morehead, the licking 
River near Saylorsv1lle and the Licking River at 
Farmers . Data used to const ruct the curves was 
obtained from th'7 U.S . Geolcgical Survey, Open 
File Repor t series . 

Figure shows the flow duration curves of 
Triplett Creek at Morehead , the Licking River near 
Saylorsville in the headwaters , and at FarMers in 
the outcrop a rea of the oil shale deposits. Flow 
occurring at, or greater than, 90 percent of the 
time represents the dry weather or ba se flow of a 
stream. The shape of the lower end of the 
duration curve is indicative of average 
gro~ndwater storage available t o the stream to 
supply surface runoff . Differences in the lower 
ends of curves reflect the effects of geology of a 
basin on dry weathe r flow. The curves can be used 
to assess the reliahility of a surface water 
supply. 

The curves are similar in shape and magnitude 
at percenta&es of time less than 70 percen t. 
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Greater differences occur however at percentages 
of time above 90 percen t. At greater percentages 
of time the curves diverge . Triplett Creek at 
Morehead has the lowest discharge at all 
percentages of time. The s teep slope indicates a 
highly variable s tream whos e flow is largely from 
direct runoff. Alluvium along a stream may store 
significant amoun t s of groundwater which is 
released and causes the duration curve to flatten . 
Although Triplet t Creek has extensive alluvial 
deposits, their effec t on the low flow of the 
creek is minimal. Since the alluvium is derived 
from fine grained sandstones and shales of 
Mississippian age the effective permeability of 
the alluvium may be reduced . The fine grained 
sands t ones and sha les are probably the r eason for 
such low flow indexes for Triplett Creek. 
Triplet t Creek has a flow of .0035 cfs pe r sq . 
mile at 95 percent duration . This is 
approximately .1 7 cubic feet per second . 

The Licking River near Saylorsville shows 
slightly better low flow characteristics than 
Triplett Creek. The 95 percent duration flow is 
. 011 cfs per sq. mile or 1.54 cfs , indicating 
considerably higher baseflow than that of Triplett 
Creek . The bedrock materials above the gaging 
station are in of the Breathitt Formation and are 
apparently more permeable than the bedrock in the 
Triplett Creek basin . The alluvium may also 
contribute greater quantities of groundwater to 
the stream. 

.01 0.1 1 10 50 90 99.5 99.99 
... TJ.E DISCHARGE EQUAlLED OR EXCEEDED THAT SHOWN 

• LlCKINO ",VE .. MIA ... A'fLO ... VNoU: 140 ",,, 1'~1 -1 111 

• LteK'NO "'VE" AT f ..... E ... 121 ",.' 11~1 - 1.7.(HISTO .. te.U 

A T ..... LETT C"EEK AT MO"EHI'AD 411 ",,, 1'41 _ 1111 

LJC"WO "WE" AT F ..... I' ... ( .. fOULATEDU.E'T£M.£ .. DA'A) 

Figure 1 . Flow Duration of Streams in the Licking 
River Basin. 
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Cons ide able changes in the flow indices of 
the Licking River occur between Saylorsville and 
Farmers as shown 0., Figure I. The curve for the 
gaging station at Farmers is less steep than the 
previously mentioned curves, espeCially at 
dura tion greater than 95 percent. The reduced 
slope at the lower end of the curve indicates that 
a large amount of groundwater storage exists in 
this portion of the Licking River . The unit flow 
at 95 percent duration ar Farmers is . 024 cfs per 
sq . mi., which is approximately 19.8 cfs. or more 
than twice that at Saylorsville. 

Most of the increased flow at Farmers comes 
from the wide alluvial valleys and the sandstones 
and limestones ou~cropping in the Pottsville 
escarpmen t . The Licking River largely drains the 
Breathitt Formation but in the northern part deep 
valleys are incised through the underlying Lee 
Formation and Mississippian rocks as the stream 
breaks through the escarpment. The oil shales are 
present in the low part of the v&lley fur a short 
distance above and below Farmers. 

Since the Licking River at Farmers has a large 
base flow at most durations of time and is close 
to the high grade zones identified in th~ IMMR 
resource study of Lewis and Fleming counties , the 
river should be considered as a source of water 
for shale processing facilities. Construction of 
Cave Run Reservoir has actually increased base 
flows over most durations of time. The reservoir 
has thus increased the available water over that 
which was historically available . 

The effec t of Cave Run Reservoir on the 
Licking River is also shown on Figure I. When 
compared with the historical record of flow, the 
curve is flatter which indicates less variability 
in the fl ow regime. Discharges at the upper end 
are lower while low flows are considerably higher 
than those in the historical record. The 95 
percent duration flo,"' occurring in September is 
.076 cfs per sq . mi. or 62 cfs. This dry weather 
flow is more than adequate to supply a re tort 
which may need between 11 cfs and 20 cfs. 

It is also obvious that only large s treams 
which cut through the shale regions will be able 
to supply the water needed for the retorts. The 
Red River and Kentucky River should also be 
considered as potential water sources for oil 
shale development . Although resource explorations 
have not been made into areas further sou th it is 
likely that similar high grade shale oil zones 
will be found . 

Red River Basin 

The Red River rises in eastern Wolfe County 
and flows in a westerly direction acroso the 
Breathitt formation fo r app r oximately 25 miles. 
The river cut s through Lower Pennsylvanian s trata 
and 1ississippian rocks for the next 23 miles of 
it's course. A few miles east of Stanton the 
valleys become wide as a result of the 
predominance of Mi SSiSSippian shales. The oil 
shale zone begins at St anton and remains with the 
r iver for the next 10 miles to it's confluence 
with the Kentucky River . 

Figure 2 shows the flow duration curves for 
three s treams in the Red River basin; Stillwater 
Creek at Stillwater, Red River at Hazel Green, and 
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the Red River at Clay City. The stee~ slopes for 
Stillwater Creek a nd the Red River at Hazel Green 
are similar to the curves for small streams in the 
Licking River basin. The small headwater areas 
lack significant groundwater storage capaci ty to 
contribute significantly to low flows . Unit base 
flows for these streams are simila r to small 
streams in the Licking River basin, located 
adjacent to the Red River basin on the north. 

The flow duration curve for the Red River at 
Clay City is much flatter than for headwater 
streams and indicates a significant amount of 
groundwater storage some of which is in the wide 
valleys above the gaging sta tion. The flat curve 
can be attributed to the groundwater s torage in 
extensive alluvial deposits and to groundwater 
discharge from the sandstones and limestones of 
the nearby Pot t sville escarpment . The bs.se flow 
charac t eristics of the Red River at Cl ay City are 
similar to those of the Licking River at Farmers . 
In fact , the 95 percent duratio discharge of .038 

cfs per mi
2 

fo r the Red River is greater than that 
of the historical record for the Licking River at 
Farmers (.024) . However, the absolu te di scharge 
cor responding to the 95 perce nt duration is 
smaller a t Clay City by approximately 6 cfs . The 
lower discharge at Clay City is expected because 
the drainage area above Clay Ci ty is approximately 
half that of the Licking River above Farmers. 

Dry wea ther discharge at Clay City is l ow, 
(5.4 cfs in October at 95% duration) which 
indicates potential water supply problems if th e 
river is t o be used as a source of process water 
for retorts. The shallow slope of the flow 
durat ion curve however reflects availability of 
groundwater in storage . Groundwater may therefore 
represent a supplementary source of process water. 
Actual potential well yields are not known but 
wells located near the Red River in alluvium may 
yield significant quantities of wat e r. It is 
apparent however, that lack of sufficient dry 
wea ther streamflows in the Red River basin will 
slow the development of shale oil projec ts in the 
basin . 

Kentucky River Basin 

The upper Kentucky River basin covers over 
2700 square mile s in the wes t-central portion of 
the Eastern Coal Field. Three principal 
tributaries (the North , Middle, and South Forks) 
join within a few miles of each other near 
Beattyville in Lee County to form the Kentucky 
River. Above BeattYVille , the drainage netwo rk is 
cut in to the coal bearing Brea thitt formation. 
Lower Pennsylvanian Lee s and s t ones occur in valley 
walls for eight miles between Beattyville and the 
t own of Willow. Mississippian rocks occur i n the 
area between Willow and Ravenna where the oil 
shale zone begins to crop out . This outcrop area 
is the most extensive of any of the shale oil 
zones discussed so fa r. The area also has the 
most readily available surface water supplies 
discussed up to this point. 

:'igure 3 shows the flow duration for three 
streams in the Kentucky River basin: Troublesome 
Creek at Noble , North Fork Kentucky River at 
Hazard, and the North Fork Kentucky Rivel a t 
Jackson. The lowest unit flows occuc on 
Troublesome Creek . The steepness of the curve is 
similar to those for headwater st reams in the 
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Figure 2 . Flow Duration of Streams in the Red 
River Basin. 

Licking and Red River basins, but the unit flow of 
.012 csm is the highest of all such streams . 

Troublesome Creek compares most closely with the 
Licking River above Saylorsville at 95 percent 
duration. The higher flows of Troublesome Creek 
may be caused by higher rainfall and more 
permeable strata occurring in the coal fields . 
The steepness of the slope shows that there is 
only a small amount of groundwater storage in the 
headwa ter streams. 

Larger amounts of groundwater storage are 
indica t ed by the shallower slopes of the curves 
ior the North Fork Kentucky River at Hazard and at 
Jackson. Alluvial deposits along the main stems 
of the larger streams store this groundwater 
causing increased s',stained flows. It may be 
assumed that unit flows will increase with 
distance downstream. This is generally true ove r 
the entire stretch of a drainage ne twork but local 
reversals can take place. This phenomena occurs 
on thez North ForI< between Hazard (drain~e area 
466 mi and Jackson (drainage area 1101 mi). The 
95 percent duration flows are very close for both 
s treams. However , a t greater "durations , the unit 
flow at Hazard is large r than that at Jackson. 
Overall , the unit flows on the North Fork are 
comparable to the Red River at Clay City . 

After the three forks meet a t Bea ttyville the 
discharge of the Kentucky River is s ufficient to 
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Figure 3. Flow Duration of Stream~ in the Kentucky 
River Basin . 

supply the needs of the shale retorts. Flow 
regulation has effectively increased the discharge 
of the Kentucky River at Heidelberg upstream of 
the shale region to at least 70 cfs, 100 percent 
of the time. After flowing through the shale oil 
region the discharge at Lock 14 near Winchester is 
at least 127 cfs, 100 percent of the time. 

Since potential retorting processes require 
water at a rete between 11 and 20 cfs , it can be 
seen that sha.e oil development along the Ke~tucky 
River in Madison and Estill Counties will not be 
restricted by a lack of water supply or mineable 
oil shale since the outcrop area is large. 

Comparisons Between Coal and 
Oil Shale Hydrology 

Many of the issHes relating to hydrologic 
impacts from shale mining are presently being 
dealt with by the coal industry. Problems 
associated with runoff, sedimentation, water 
quality and recharge are under regulation. Some 
of the methods for dealing with coal mining 
impacts on the hydrologic regime could be 
applicable to shale mining. Although physical 
factors such as slopes, drainage area , land cover, 
and bedrock composi ion will vary between the two 
regions, it ill likely tha t shale hydrologic 
control measures will vary in structural 
dimensions such as size or shape from those for 
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coal opel'ations but they will be s imilar in 
function. 

Runoff from the mine si t e is dependent upon 
land features such as slope , acreage of disturbed 
area , mining method, and permeability of the mine 
spoils. Runoff is controlled by construction of 
dams designed to store the flow from a storm event 
of a particular duration and time. This method 
could be transferred to the shale oil region but 
the dams may have to be larger because shale 
mining will disturb much larger acreages of lells 
pe rmeable material. 

Larger seditrent ponds may also be necessary 
because of a greater erosion potential of shaley 
overburden. Although coal mining overburden 
c'Ontains appreciable amounts of fine gui.ned 
material, shale oil overburden will overwhelmingly 
ccnsist of finc grained shale and siltstone . 
Sediment dams may be prone towards fIlling if 
other control methods are not utilized to 
intercept sediment before reaching the dam . 
Vegetative filters may assume a large role in 
shale mining, a role that is not generally needed 
in coal mining operations. 

Water quality of effluent from the storm 
detention dams is presently monitored under the 
NPDES guidelines. Coal miners must correct any 
violations of standards for parameters such as 
iron, manga~ese, sulfate, and pH. Control 
Measu r es usually consist of neutralizing sediment 
pond water which caus~s some of these constituents 
t o precipitate to the bo ttom of the pond . 

Shale overburden has the potential to release 
large amounts of soluble minerals due to it's fine 
grained characte~ and characteristically high 
mineral content . Effluent s tandards have not been 
established for mine sediment ponds , but the 
problems of maintaining the quality of the 
effluen t from these pond s will probably be more 
difficult than presently encountered in the coal 
fields . Mining may have to be planned in order to 
limit the amount of exposed ~verburden present at 
any on~ time. This will reduce the potential for 
production of , large amounts of mineralized water. 

Mineral processing in the coal fields require s 
transporting the coal to a preparation plant where 
it is crushed and washed. A supply of 
approximately . 2 cfs of water is needed for this 
activity and planning for plant locations must 
consider this facto r. Most areas in the coal 
field can provide this amount of water and site 
location usually presents no major problem. Shale 
processing requires a supply between 11 to 20 cfs . 
This flow is not a common occurrence everywhere in 
the region and ca r eful planning wi ll be required 
in order to secure this water . 

Conclusion 

Table 1 summarizes the 95% duration flows for 
the st r eams discussed above. Large rivers such as 
the Licking, Red, and the North Fork K~ntucky have 
good 20101 flow indeces which range from .038 
cfs/mi2 on the Red River at Clay City to .024 
cfs/mi on the Licking Rive r at Farmers. 
Groundwater storage in bedrock and in alluvium 
along the main stems of these rivers provides 
relatively large amounts of flow during dry 
weather. Flow r gulation on the Kentucky and 
Licking Rivers ha s distorted the unit discharge 



. " " , 
" . . ,,,. ":; . -

characte r istics . The effect of thea dams has 
been t o increase the amount of discharge in the 
streams . The 95 percent duration flows for the 
Licking and Kentucky Rivers appear to be 
sufficient to supply shale oil retorts without 
greatly decreasing the overall flow of the 
streams . 

Smaller tributaries and headwater streams in 
the Ke n tucky. Licking and Red River basins have 
much lower low flow indcces. Smaller drainage 
areas with corresponding smaller alluvial areas 
are unable to store significant quantities of 
groundwater to support high base flows. It is 
apparent that these streams would be unable to 
support shale retorting operations. 

Two of threc major streams (the Licking and 

Kentucky) which traverse the oil shale region have 
'iufficient flow to provide a regular source of 
water to shale retorts. As mining progresses away 
from these rivers and towards upland ar~as . 

transportation costs may b ecome prohibitive and 
mining will cease. Water pipelines may have co be 
constructed to on-site retorts in order to avoid 
the materials transport problem . 

Eastern oil shales certainly are at an 
advantage over western shales a s far as water 
supply is concerned. However . only large rivers 
can supply this water to the retorts and water 
pipelines will have to be considered when planning 
for the development of shale oil areas located in 
uplands away from majo : rivers. Although groDs 
water supply is no problem in development plans 
for eas tern oil shales. water distribution will 
have to be given serious planning attention . 

TABLE 1: 

SUMMARY OF STREAM FLOW DATA 

MAJOR RIVERS 

RIVER 
85,. t.4NMUM FLOW 

RECORO 
e i l/ml.2 cis 

RED RIYER AT CLAY CITY ~ .O38 ~ 13. 7 1831-1878 

NORTH FORK KY. RIYER AT HAZARD ~.029 ~ 13.5 1940-1978 
(HISTORICAL) 

NORTH FORK KY. RIYER AT JACKSON ~ .025 ~ 27.5 1938-1978 
(HISTORICAL) 

LICKING RIYER AT FARMERS ~ .024 ~ 19.8 1938-1878 
(HISTORICAL) 

HEADW ATER STREAMS 

RIVER 85,. Io4INIIo4UIo4 FLOW RECORO 
e l l/ml.2 c ia 

TROUBLESOME CREEK AT NOBLE ~.012 ~2.12 1950-1978 

LICKING RIYER NEAR SA YLORSYILLE 1!..011 1!.1.54 1939-1978 

RED RIYER NEAR HAZEL GREEN ~.008 ~.526 1954-1978 

STILLWATER CREEK AT STILLWATER ~0045 ~. 108 1954-1974 

TRIPLETT CREEK AT MOREHEAD ~00!l5 ~.165 Hl41-1978 

REGULATED STREAMS 

RIVER 95,. _!MUM flOW RECORO 
cis ml 2 cia 

LlCKIt!G RIYER AT FARMERS ~.076 L II2 1975-1978 

KENTUCKY RIYE!R AT HEIDELBERG L.026 (~ 70 
~ 

19112-1978 

KENTUCKY RIYER NEAR WINCHESTER ~.047 t lt I~ 
1962- 1978 

RANGE OF OISCHARGE NEEOEO FOR RETORT OPERATIONS ( 11 c ia to 20 ell) 
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Mining Oil Shale in the Western and 
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Rifle, Colorado 81650 

Abstract. An overview is given of the available open pit and 
underground mining techniques which may be applicable to 
mining oil shale . Specific mining methods are discussed for 
first generation western and eastern underground and eastern 
open pit oil shale mining . Estimated capital and operating 
costs are depicted for the three examples of shale mining 
that are discussed . 

Introduction 

The purpose of thi s discussion is to compare 
conventional mining of wester~ oil shale with how we 
envision the conventional mining of Kentucky shale 
for at least the first generation commercial 
operation. Order of magnitude estimates of capital 
and operating costs for mining, crushing and 
processed shale disposal are also presented for 
eastern surface mining and for western and eastern 
underground mining principally for ranking purposes. 

The various retorting and upgrading 
under consideration tend to overshadow 

schemes 
the 

contribution of mining. crushing and processed shale 
disposal to the overall operating cost of ar oil 
shale project , much less the magnitude and 
complexity of the associated materials handling 
sys tems. According to Robert B. Taylor in the 
September 7. 1981 issue of " Chemical Engineering" . 
mining . crushing and spent shale disposal contribute 
more to the operating cost than either retorting or 
upgrading in western oil shale . 

Open Pit Mining Discussion 

Where overburden depths are favorable. open pit 
or s urface mining Is unquestionably the most cost 
effective mining method. However , in the United 
States the oil shale resources amenable to surface 
mining are limited. Although there have been 
studies undertaken to determine the feasibility of 
surface mining of western oil shale. to our 
knowledge there are no firm current plans to mine 
with this method in the West, although some 
companies are openly discussing the possibility. In 
the East however . the Buffalo Trace Study identified 
resources in northeastern Kentucky of sufficient 
quantity and shallow depth to support at least one 
and possibly two commercial open vit mining 
proj ects. 

Surface mining technology is well established 
and has been developed to a high degree of 
proficiency in coal , copper , iron ore. etc. There 
is a broad range of proven drilling, loading and 
hauling equipment available to choose from. 
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Depending upon economic . physical and other 
conditions the loading and hauling system can be a 
mix of wheeled loaders . conventional ~r hydraulic 
shovels . draglines . bucket-wheel excavators . and 
off-highway trucks and/or conveyors . Total 
resource recovery is generally higher for surface 
mining as compared to underground mining. 

The thickness of overburden and interburdcn 
that can economically be removed to mine a deposit 
by open pit is extremely site specific . Major 
factors to be considered are the grade and 
thickness of the resource. the depth and dip of the 
deposit . and the costs to remove a yard of waste 
and mine a ton of ore . In western oil s hale. 
because of the thickness and higher grade shales it 
may be economic to strip overburden and interburden 
to a depth of 300 feet to 400 feet. In the Eas t 
however , approximately 100 feet would seem to be 
the cut-off thickness for st.ripping overburden and 
interburden. which relates to a maximum stripping 
ratio in the range of 2.5 to 1. 

Because of the continuity of western shale 
deposits the con f1 guration of a western open pit 
shale mine would resemble the vast. contiguous pits 
one sees in copper and iron ore operations . 
However. because of the dendritic pattern of the 
ridges containing oil shale in northeastern 
Kentucky the mining would resemble the ridge-top 
coal mining undertaken in the e~st. 

Open pit mining has distinct environmental 
disadvantages in the areas of ground-water 
disturbance, waste disposal, and reclamation. 
There have been schemes proposeu in the West where 
processed shale is placed back in the pit. The 
mining method described in the Buffalo Trace Study 
included reemplacing all the processed shale and 75 
percent of the barren overburden on top of the 
mined-out ridge. This should be a viable method of 
disposal where all the resource has been recovered. 
However. when the mining depth is dictated by an 
assay cut-off , placing waste on top of lean ore may 
put the lower grade resource beyond the limits of 
ever being economically rec~verable. 
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Unde r ground Mining Discussion 

The pilot underground mining of western shales 
has been underway for decades and has been cover~d 
extensively by numerous papers. In Cameron 
Engineer ' s extensive study for the U. S. Bureau of 
Mines in 1975 , variations of sublevel stoping , room 
and pillar , block caving and l ongwall mining were 
evaluated as they would apply to western oil s ha le . 
The t wo variations on room and pillar, advance entry 
and chamber and pillar, required the lowest capital 
investment and were the most technically feasible . 
Block caving and sublevel s topipg indicated lower 
mining costs and hIgher re source recovery than room 
and pillar mining . The lack of experience in 
applying the two latter methods in oil shale, the 
long preproduction development time and the higher 
capital investmpnt tend to make them l ess attractive 
as firs t generation und e rground mining me thods for 
we s tern oil shale . The longwall mining method ha s 
potential but will requ i r e research anc development 
on mining techniques and equipment; other sys tems 
of fer bette r promi Be for the nea r future . 

Comparison Of Specific Me t hods 

The three min ing sys tems we would like to 
compare for estimated operating and capital costs 
are t ypical western underg r ound room and pillar , 
hypothetical ridge-top mining and underground room 
and pil lar mining in nor theas t ern Kentu cky . All 
three mines are assumed to produce 60 ,000 ton~ per 
day, irrespective of grade or retort yield. 

Western Underground 

Tne western mine is conventional room and 
pillar with r ooms 55 fee t wide by 60 fee t high and 
approximately 60 percent overall resource recovery , 
assumed to be gassy and with no anticipated surface 
s ubsiden ce . The mining is done in two lifts, the 
top cut is a 25- foo t-hi8h full face and the bottom 
naIf is t aken as a 35- foo t-high be~ch . The upper 
cut i s drilled out by two- boom j umbos drilling 
horizontal holes . The lower bench is drill ed 
vertically with electr ic- driven crawler drills . 
The broken o r e is r emoved from the upper cut by 
pe rmissible rubber-tired 6-1/2 cubic yard loaders 
and 35-ton t r ucks. The lower bench is loaded out 
with 15 cubic yard loaders and 75-ton trucks. The 
ore is trucked to a two-stage crusher and conveyed 
by inclined belt t o the surface . Access for men and 
material into the mine is by vertical service shaft 
and additional bored shafts are used for ventilation 
and second out lets . 

Eas t ern Open Pit (Ridge-Top) 

The open pit mini ng po:-tion of the Buffalo 
Tr ace Study was used as the model for developing the 
capi tal and opera ting costs fo r the sur face mining 
me thod . The appropriat scale-up and escalation for 
a 60 ,000 t ons-per-day ope ration in northeastern 
Kentucky is included here . The mining equiplOent 
fleet would be more or less convent ional , consistin8 
of cra~ler-mounted diesel -powered , 7-7/8 - i nch 
diame t er r o t a r y drill rigs, electric and 
diesel-hydraulic shovels , 12 and 11 cubic yard 
capaci ty respec t ively , and 85-ton end-dump trucks. 
Primary c ru shing would take place a t the pit and 
c rushed product would be conveyed t o the plant. A 
r e turn belt would convey the processed shale back to 
the mine for di s posal in the pit bo t tom. The 
s tripping r a tio is estImated at 1.5 to 1 . 
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Eastern Underground 

The site selected f or the eastern hypothetical 
underground mine is in northeastern Kentucky and is 
assumed to lend it self t o access by horizontal adits 
into the mining zone . Shaft req uirements would be 
limited to bored ventilation and seconda ry outlet 
s hafts. 

The eas tern und E" rground mining method is 
envis i oned to be multiple seam room and pillar 
mining with a maximum 400 feet of cover . Although 
this is not a comlnon mining technique, it has been 
s uccessfully employed in coal mining both here and 
in Europe for many yea rs . The rock strengths based 
on very prelimina ry rock mechanics tests indicate 
that bafe roof s pans will be considerably shorter 
than in western shale , but will allow respectable 
extraction ratios wi t hout subsidence . Room sizes in 
the 15-foot-thick Sunbury Shale would consist of a 
28-foot roof span, 29-foot-square pillars wi t h an 
approximate 65 percent overall extraction ratio . 
The site i s assumed to have an intervening layer of 
siltstone and sandstone 50 to 60 fee t thick 
(Be r ea /Bedf ord) . The 30-foot-thick Cleveland high 
grade zone, occurring beneath the Berea/Bedford 
section would be mined with a 24-foot roof s pan and 
29- foo t-square pillars with an overa ll extraction 
ratio of a pproxima t e ly 61 percent . 

The eas t e rn unde rground Thine is assumed t o be 
c l assified as gassy fo r the purposes of equipment 
selection and mi ning method . Mining would be full 
face on both levels . The equipment fleet would 
consist of blasthole drill jumbos, charging 
machines, load-haul-dump vehicles , scaling machines, 
roof bol t ing j umb os , primary portable crushers and 
conveyers . Shale mined on the upper l evel would be 
dropped t o t he lowe r level by ore pass raises. 
Production from both levels would exit the mine on 
the lower level by conveyor be l ts. Processed shale 
disposal would be a separa te operation with disposal 
on surface. 

Operating Cos t Comparison 

An estimated cost compa rison for ,~es tern an<l 
eastern room and pillar mining and eas tern ridge-top 
mining appear s in Table 1. We estimate that these 
costs represent 25 t o 30 pe r cen t of ~.he tot a l 
operating and maintenance cos t s of an oil shale 
operation. The costs in mid- 198l dollars include 
mining, primary and secondary c ru shing , and 
processed shale disposal, but do not include 
royalty, taxes, fee , insurance , final reclamation or 
amortization of capital . As one would suspect the 
open pit operation is by far the lowest cost 
operation per t on . The two underground ope rations 
a r e $0.36 per t on apart with eas t ern underground the 
highest cos t . Some more obvious reasons fo r the 
high eastern underground mining cos t s are : 

- Narrower and lower rooms necessitate smaller, 
less productive mining equipment ; 

- Full face mining requIres a higher powder 
factor ; 

- Multiple seam mining requires twice the scaling 
and roof bolting effort . 

Capital Cos t Comparison 

The estimated capi t al cost for the three 



Table 1. COr"perison of Operating and Maintenance Cost./Ton 
Western Versus Eastern Shale - 60 . 000 Tons-Pet-Day 
Plant Capacity (Pre liminary Estimate) 

WESTERN SI!ALE 
UNDERCROUND 

HID-1981 DOLLARS 
EASTERN SHALE 

OPEN PIT 
EASTERN SHALE 
UNDER~ 

Cost Per Ton $2.80 $2.08 $3.16 

• Costs include mining, primary and seconda ry crutihing 
and processed shale d I s posal , but exclude royal ty, 
taxes , fee, insurance and final reclamation , and 
amorti7.8tion of capi tal. 

Table 2 . Mining Capital Cost Compari son Western Versus las t ern 
Shale - 60 , 000 Tons-Per-Day Plant (PrellmiORry Estimato) 

HlD-1981 DOLLARS ($000) 
WESTERN SHA LE EASTERN SHALE EASTERN SHALE 

UND ERCROUND OPEN PIT UNDERCROUND 

Mine Development 16,600 15,000 18 , 000 
(I) 

Mine Cap1 tal 77 ,400 6 ~ ,000 110 , COO 
( 2) 

Hobile Equipment 54,000 76,000 38 , 000 

TOTAL 148,000 154,000 166,000 

(I) Where applicable includes shaft s , adits , and 
preproduction stripping. 

( 2) Includes crushers , material handling, shop s , 
employee facilities and other ancillaries . 
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operations in the comparison are depicted in 
Table 2 . We e6timate that t he mining capital 
repre8ents approximately 10 percent of the total 
capital r equi r ed for an oil shale project , These 
cos t s include mine capital , development , and mobile 
equipment , but not contingency , Western 
underground requires the least capital and eastern 
underground the mo s t . The total capital for 
eastern ridge-top mining is higher than western 
underground because of larger , more expensive 
mobile equipment required; the payback comes from 
~he lower operating costs in the ridge-top mine . 

Summary 

When considering jest the mining, crushing and 
processed shale disposal cost per ton, open pit 
mining of eas tern s hale is the least expensive of 
the operations in the comparison . However , in our 
opinion, the opportuni t ies for sur face mining , at 
least in Kentu cky , are limited . If t he oil shale 
re ~ources in the East are to be exploited, low cost 
underground mining methods must be developed. 
Public information on the lock strengths and 
drilling , blast i ng , crushing and processed shale 
characteris ti cs of eas t e rn oil shale Is practica lly 
nonexis tent . 0:1 the other hand , western shale 
underground mining has been piloted to the extent 
tha t a t leas t in the conventional room and pillar 
sys tem there is a r easonable degree of conf idence in 
the mining me thod and cos t estimatlng . A pilot 
program in eas t ern oil shales, developed in a n 
orderly manner , in whi ch mini~g, ret orting , 
processed s hale di sposal , re c lamatic'O a nd 
environmental as pects can be thoroughly investigated 
is a must before the full po t ential of eas t e rn oi l 
shales can be realized . 



Evaluation of an Oil Shale Mining and 
Processing Operation in Alabama 
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Abstract. An engineering plan and economic evaluation is 
presented for mining and processing 33,000 tons per day of oil 
shale at a specific site in Madison County, Alabama . The 
proposed plant is designed to produce about 10,000 barrels per 
day of oil from shale containing 10 to 15 gallons of recover
able oil as determined by the Modified Fischer Assay method. 
A mining study including plans for disposal of overburden and 
spent shale is presented. The location and operation of a 
plant to retort the shale using the Paraho process are 
described . Processing plant economics assuming 13 gallons of 
oil per ton of shale are presented . The economic analysis 
indicated that a 13 percent return on equity is possible at 
an oil selling price of $40.00 per barrel. 

Introduction 

In August 1980, the School of Mines and Energy 
Development (SOMED) of The University of Alabama 
and the Geological Survey of Alabama (GSA) in 
cooperation with the Alabama Department of Energy, 
received funds from the U.S . Department of Energy 
to conduct a limited investigation entitled , "A 
Regional Resource Assessment and Feasibility 
Analysis of Fossil Energy Recovery from Chattanooga 
(Devonian) Oil Shal~ in Alabama and Adjacent 
States . " The Survey was responsible for collecting 
and describing surface and core samples obtained 
from selected locations in Alabama and the adjacent 
parts of Georgia and Tennessee. The Mineral 
Resources Institute (MRI) , a division of SOMED, 
was responsible for determin ng the economic and 
technical feasibility of mining and processing 
the shale at a specific site identified by the 
Survey ' s sampling program to be a potential 
resource of adequate size t o support a commercial 
operation. 

This is a preliminary paper which presents 
plans and an economic evaluation of a proposed oil 
shale mining and retorting operation in northeast 
;.labama. The assessment presented here is based 
on analyses of a limtted number of outcrop samples 
obtained from an area in which a substantial 
resource of shale contains about 13 gallons of oil 
per ton. A paper detailing the results of the 
resources assessment inv 2s tigation by K. F. Rheams 
and others of GSA is presented elsewhere in this 
volume. A more detailed report, based on sub
surface core and surface samples, which delineated 
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shale resources containing about 10 gallons of oil 
per ton, will be releas ed at a later date. 

The Survey has estimated that 300 exposed 
sec tions of Devonian shale exist in Alabama with 
the maximum thickness occurring in Madison County 
in northeast Alabama. The shale is well-exposed 
along the east and we3t banks of Hester Creek , 
northeas t of Huntsville , Alabama with an average 
thickness of 15 feet . Based on the regional 
reconnaissance study, this area appears to have 
considerable promise in terms of reserves and oil 
yield. 

Mining Study 

Mine Site 

The site selected for the operation is in 
Township 1 South, Ranges t and 2 East (Huntsville 
Meridian) and is located along Hester Creek about 
three miles northeas t of New Market in Madison 
County, Alabama as shown in Figure 1. The rela
tionship of the area to reported deposits of oil 
shale is illustrated by Figure 2. The principal 
criterion for selection of the site was a projec
tion of extensive mineable reserves of shale oil 
(according to the modified Fischer Assays of 
samples from exposures in the vicilll.ty). Addi
tional consideratIon was given to the adequacy of 
plant site area, water resources, highway and rail
way service, utilities and other factors that 
effect an operation of this type. Property owner
ship was n~t considered as part of this study. 
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Figure 1. Location Map of Potentia] Oil-Shale 
Operation. Madison County . Alabama . 
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Mine Site Geology 

Geologic units present within the confines of 
the proposed mining area are, in descending order, 
the Fort Payne Chert, the Chattanooga Shale, and 
the Brassfield Limestone . General lithologic 
descriptions of these units, provided below, have 
been excerpted from the Geological Survey's 
published data. 

Fort Payne Chert . The Fort Payne generally 
consists of light-gray fossiliferous limestone, 
siliceous and dolomitic limestone and dolomite 
with thin beds of bluish-gray dense nodular 
chert. The thickness of the formation ranges from 
155 to 185 feet. Residual soils derived from this 
unit consists of moderate-red to moderate reddish
orange clay with interbeds of dense chert or 
rectangular blocks of poro~s, fossiliferous chert . 
Underlying the Fort Payne is a very thin shale 
sequence known as the Maury Formati.on. The Maury 
is about 1 foot thick and consists of grayish
grnen fossiliferous shale and claystone commonly 
containing pyrite, glauconite, and small phosphate 
nodules. 

Chattanooga Shale. This unit is a dark-gray to 
black fossiliferous, thinly bedded, partly fissile, 
partly pyri.tic shale with a discontinuous thin bed 
of medium-gray fille-grained sandstone at the base. 
The oil shale within the reserve area is relatively 
flat-lying with apparent dip being less than 10 
feet per mile to the south . The thickness of the 
shale averages 15 feet but varies between 12 and 
18 feet. The thickness of overburden ranges from 
o to 130 feet and consists of up to 40 feet of 
weathered rock and soil (regolith). On the higher 
slopes, the Fort Payne Chert overlies the oil 
shale . The area stratigraphy is shown schemati
cally in Figure 3. 

REGOUTH 

FORT PAYNE 
CHERT 

OL SHALE 

Figure 3. Schematic of Mine Site Stratigraphy 
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Brassfield Limestone (Silurian) . Medium light
gray cherty fossiliferous, partly glauconitic 
limestone, dolomitic limestone, shale , and 
calcareous sandstone . The formation is laterally 
discontinuous and the lhickness in stream valleys 
in the northern part of the county is about 10 
feet. The maximum thickness of the formation is 
about 40 feet. 

Regolith. Another lithologic unit which affects 
mining is the extensive unconsolidated residual 
soils (regolith) which may be up to 40 feet thick 
in the area. The regolith consists generally of 
clay with silt, sand , and scattered rock fragments 
of various sizes. Typically, the concentration of 
rock fragments increases with proximity to bedrock 
but rocky zones may occur well above the base of 
the regolith. 

The nester Creek area has sufficient reserves 
of Chattanooga Shale to supply 30,000 tons per day 
of ore to the processing facility for a minimum of 
twenty years which is the projected life of the 
operation. 

The r eserve is divided by Hester Creek into 
two nearly geometrically equal parts and for 
convenience the two reserve areas are referred to 
as Hester Creek east and west in this report. 

Table 1 provides data relative to tonnages of 
overburden and shale and stripping ratios. Shale 
tonnages given were calculated based on an assumed 
mean shale thickness of 15 feet as indica t ed by 
exposures along Hester Creek. 

Table 1. Overburden and Shale Tonnage Data 

East West Total 

Acres 4,290 3,963 8,172 

Waste 
Tonnage 911 , 220,000 694,830,000 1,606,050,000 

Shale 
Tonnage 192,510,000 181,260,000 373,770,000 

Stripping 
Ratio 4 . 73 3.83 4.30 

Figure 4 shows the study area with surface 
contours on 25 foot intervals. The elevation of 
the top of the shale is approximately 780 feet 
above mean sea level. 

The mine has been designed to produce 33 ,000 
tons per day of run of mine ore which will furnisn 
the Paraho retorting process plant with 30,000 tons 
pe r day of raw feed. Overburden removal will 
continue 24 hours-per-day, seven days-per-week; 
loading, hauling and crushing of ore will be on a 
two-shift basis seven days per week. 



In order to provide the process ing plant with 
30,000 tons per day fe~d, about 3,449 , 000 cubic 
yards of overburden mus t be removed per month and 
1 , 001,000 tons of shale must be mined whi le 
returning the spent shale t o the pit . Materials 
handling data are shown in Table 2. 

- . - '-. 
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Mining Plan 

Because the reserve is divided by Hester 
Creek, it is planned to initiate two box cuts 
approximately 120 feet wide along the south 
boundary of the reserve beginning at Hester Creek 

Figure 4. Proposed Mine Site (ShadeG Area) 
Showing Topography and Drainage 

Cast 
Materials Acres/mo . Yd 3/mf' . 

Overburden 10. 9 658,226 
-

Tons/day Tons /mo. 

Shale 16,446 500,551 
-

T,ble 2. Materials Handiing Data 
Heste r Cr ek Mine 

East 

Drag 
Line Total Cast 

Yd 3/mo . Yd 3/mo. Acres/mo. Yd 3/mo . 

1 , 222,271 1,880 , 537 10 . 9 548,993 

Shale Shale 
Tons/day Tons/mo 'j 

16 ,446 500 , 551 

Yd 3 shown based on 50% swell factor 
Cast Factor: Material moved with explosives and bull dozers = ~5% 
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West 

Drag Grand 
Line Total Total 

Yd 3/mo. Yd 3/mo . Yd 3/mo. 

1,019,557 1 ,568 , 550 3,449 ,087 
-

Total 
East & West --Spent Shale - -

Tons/mo . Yd 3/day Yd 3/ mo . 

1,001 , 102 25 , 265 768 ,050 



Hollow and extending to the east and w~st bound
aries as shown in Figure 5. Figure 6 shows 
typical cross sections of the east box cut with 
minimum and maximum overburden and Figure 7 shows 
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typical ClOS S sections of the east reserve with 
mean apd maximum overburden. The mean and maximum 
overburden for the west reserve are 57 feet and 95 
feet respectively. 

\\ 
\ 
\ 
\ 
I 
I 
I 
I 
I 

,M 
I 
I 

-'~r 
TOeaYDDRA<J....N: 
14K) 11 YO SHOWl. 

Fi gure 5 . Schematic Surface Layout 
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Figure 7 . Typical Cross Sections East Reser.e 

assumed for this operation. Based on current 
practice in surface coal-mining operations in 
Alabama, it is anticipated that approximately 
one-third of the overburden will be moved with 
explosives and bulldozers grading for the drag
lines. One extra mobil drill unit has be n 
included as a backup for drilling operations . 

Drilling and Blasting Shale 

Four drill units, 40 , 000 pounds each, capable 
of drilling holes 6 3/4 inches in diameter at a 
rate of 3095 fee t per day on a 12 foot by 12 foot 
pattern have been selected for drilling blast 
ho les in the shale. Two drills each in the east 
and wes t reserves will be required. Again, a 
combination of slurry Gel and AN/FO has been 
selected for blasting using 1 . 2 pounds of 
explosive ppr yard of shale (0 . 63 pounds per ton) . 

Removal of Overburden 

Draglines we r e selected as the primary units 
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to handle oVP cburden. A 50-yard dragline was 
selected for the west reserve while a 65-yard 
dragline was selected for the east reserve 
because of the thicker overburden. After blast
ing and grading ahead of the draglines , the 
remainder of the overburden will be cast into the 
adjacent pit from which the shale h~ s been removed 
(see Figure 7). 

Loading ani Hauling Shale 

Two 16-yard electric shovels were selected 
for loading shale in both the east and west 
reserves. A rubber-tired dozer will be used as 
an auxilliary unit to work with each shovel. A 
fleet of twerty-five trucks (as-ton capacity) will 
haul the shale to the retort facility and return 
the spent shale to the pit. Two 6-yard loaders 
have been assigned to handle the spent shale and 
undersized (minus 3/8 inch) shale at the plant. 
The material handling procedures will be designed 
to feed the rejected material into a bin or direct 
it to an adjacent stock pile for surge control. 
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Igure 6 - Box Cut Cross Sec tions East Reserve 

The width of the initial cut was selected in 
order to allow subsequent cut widths of between ~OO 
and 120 feet to take maximum advantage of the case 
factor (the amount of material moved with explosive) . 
The overburden from successive parallel cut s will be 
cast with drag lines into the preceeding cut from 
which the shale has bep.n removed. The shale will be 
loaded with electrically powered shovels and hauled 
by truck to the primary crushing station located at 
the retort facility. The trucks will back-haul the 
spe~t shale to the pit for disposal. Maximum 
haulage distance will be 2.5 miles during the mine 
life. 

The power supply for the mining operation will 
be furnished from the retort facility via a 15,000 
kva substation at 44 kv . The power will be distri
buted to two pit substations at 7500 kva each which 
will furnish 7200 volts for the draglines and 
shovels east and west (see Figure 5) . 
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Clearinb, Grubbing and Top Soil Removal 

After the merchantable timber has been 
removed and the s~rub growth cleared, approxi
mately two feet of top soil will be stripved off 
by doze rs and/or scraper pans and either stock
piled for future use or used concurrently in 
reclamation of disturbed land . 

Drilling and Blasting Overburden 

The overburden will be drilled with two 
60 , OOO-pound drill units capable of drilling holes 
10 5/B-inches in diameter on a 24 foot by 32 foot 
spacing at a rate of lB40 feet per day (2 shifts). 
For ~lasting the overburden, it is proposed to 
use a combtnation of slurry ge~ and ~~/FO 
explosive, depending on water conditions. About 
1.5 pounds of explosive per yard of overburden 
will be used. Electric cap detonation has been 
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Land Reclamatinn 

Land reclamation will continue concurrently 
with the stripping and shale removal. The spent 
shale and fines from the retort plant will be 
returned to the pit and, along with the cast over
burden, will be graded to the approximate premining 
contours . At least two reet of topsoil will be 
added to the final grade. Two dozers, two 24-yard 
pans and a heavy duty grader have been assigned to 
grade the spoil banks, including spent shale and 
fines, to bring the area to the desired contours. 
This operation will include the removal and 
replacement of top soil and, from time to time, a 
l2-yard loader and two trucks will be used to 
accomodate the longer haulage distances which 
may be required . Following placement of top soil, 
the surface will be revegetated with a fast growing 
ground cover to minimize erosion. Experimentation 
to determine the best vegetation combination will 
be necessary but many of the same revegetation 
scenarios used in surface coal mine reclamation 
will probably suffice. 

Surface Water Control 

The removal of overburden and its replacement 
in the spoil banks has been designed to minimize 
the effect on the hydrologic balance of the area . 
Run-off from the spoil banks and othe r disturbed 
areas will be directed to sediment ponds strate
gically located for removal of silt and control of 
flow . Premining diversion drainage will be used 
to minimize flow in disturbed areas . Haulage 
roads will be properly graded and adequately 
drained through ditches direc~ed to sediment 
ponds. Along the toe of the spoil banks adjacent 
to Hester Creek, a bench at least 20 feet wide 
will be graded to slope away from the creek. 
Run-off from this drainage will be directed to 
settling bapins down stream from the mining 
operations. This drainage will be mainLained a 
minimum of 300 feet from the creek. Detailed 
surface and groundwater hydrologic and hydraulic 
studies would be necessary peior to and during 
the project in order to provide design data for 
sediment retention structures and to comply with 
environmental quality and surface mining regula
ti!>ns. 

Processing Study 

Introduction 

Of the several currently available oil shale 
retorting technologie s , (Paraho, Union Oil, 
HYTORT , and TOSCO) only the Paraho and the HYTORT 
processes were studied as a preliminary phase of 
the site-specific evaluation. These processes 
were conceived, devp] ,ped, and refined by the 
Paraho Development .:, ' ,)oration and the Institute 
of Gas Technology (IGT), respectively. The Paraho 
and HYTORT processes were chosen for study because 
of similarities between the Union Oil process and 
the Paraho process and because the TOSCO Corpora
tion believes their process is not suited to the 
characteristics of eastern shales. 

These processes are described in great detail 
in other studies and the interested reader is 
referred to the now voluminous technical 
literature on the subject. 
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The preliminary study revealed that , even 
though the HYTORT process gave significantly 
better oil yields , the overall economics favor 
the Paraho process. Thus , Paraho was selected 
for the site-specific study in Madison County. 

Process Description 

Table 3 shows the energy distribution for the 
system and Figure 8 is a schematic flow diagram 
of the Paraho process for oil shale . Oil shale 
is heated in a retort to yield an overhead product 
from which shale oil, sulfur, light oil (C3H6 to 
C6H14)' and high Btu gas are recovered. Retorted 
shale, containing about 8 to 10 percent residual 
carbon, drops into a ~ombustion and cooling section 
in which the residual carbon is burned with air. 
Incoming air is preheated by cooling the spent 
shale. Hot gases from the zone are used to 
produce steam, some of which is used in the 
combustion and the remainder used to generate 
electric power . 

Because of the lower hydrogen content of 
Eastern shales , application of the Paraho process 
re ;ults in a smaller yield of shale oil, sulfur, 
light oil, and high Btu gas relative to Western 
shales. Consequently, more residual carbon 
remains in the retorted shale, which results in 
a higher yield of electricity. 

Table 3. Overall Energy Balance 

SOURCE !-1M Btu/Day Percent 

Plant Input 160,500 100 . 0 

Plant Output 

Shale Oil 58,904 36.7 
Light Oil 12,038 7.5 
High Btu Gas 23,754 14.8 
Export Power 13 , 161 8.2 
Sulfur 1 , 605 1.0 
Spent Shale 12,037 7 . 5 
Stack and Vent 

Gases Cooling 
Tower Losses, 
e tc. 39,001 24.3 

160,500 100.0 

Economic Evaluation 

The site for this resource assessment and 
economic evaluation was selected on the basis of 
shale resources containing the most promising oil 
yields, according to the modified Fischer Assays, 
along with other r ela ted criteria previously 
described. Fischer Assays of surface samples 
taken from the reserve area varied between 10.3 
to 15.0 gallons per ton of shale. Thus an 
average of 13 gallons per ton was aSEumed for 
the study area. 

In order to make an economic evaluation of 
this site-specific oil shale processing operation, 
it was necessary to develop a mining system to 
determine the capital investment required and 



the cost of mining within ± 25 percent accuracy . 
All costs are based on 30,000 tons per day output 
from the mine . All costs shown are in terms of 
fourth quarter 1981 dollars . 
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Mining Economic ~,alysis 

The capital expenditure schedule for the 
mining equipment is shown in Table 4 . The capital 
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Table 4. Capi tal Expenditure Schedule fo r Mining Equ;pment 
(S In LOOO ' .) 

Years 
No. of Avg. Unit 

Produc tion Equipment Units Life Cost -2 -1 +l 

Dr ill 10 5/8" Diesel 450 900 
Track Mounted Drill 

Ri g lO 280 280 
Drill 6 3/4" Diesel 4 5 310 1.240 
08 Dozers 6 5 260 520 520 520 
65 Yd Dragllne 1 LOM 22,250 22,250 
50 Yd Dragline 1 LOfI 20 , 000 20 , 00" 
17 Yd Shovels 2 LOM 1 , 960 3,920 
85 Ton Trucks 25 7 530 1 , 072 8 , 576 3,752 
H.O. Graders 3 6 253 506 253 
12 Yd Loaders 2 5 476 952 
6 Yd Loaders 6 327 327 327 
Rubber Tire Doze r s 5 249 498 
24 Yd Pans 6 485 970 

Serv ice Eguiement 

Water Truck 6 336 672 
Hyd TO. Cr ane 50 Ton LOM 280 280 
Hyd r o Crane 25 Ton 10 157 157 
Hyd ro. Crane 8 Ton 5 67 67 67 
Fork Life 6 , 000 Ib 5 26 28 
Fork Lift 12,000 Ib 5 45 90 
Lowboy dod Tractor 10 78 78 
Fuel Truck 2500 gal 5 36 36 36 
Lube Truck 5 78 78 
Meehan Ie Truck 5 51 51 102 102 
Welder Truck 5 38 38 38 
Flatbed Truck 5 16 16 16 
Powder Truck 4 5 40 200 
Elect Boom Truck 1 7 64 64 
Pickup 41lD 8 3 9 18 27 27 18 27 
Pickup 21lD 17 3 6 16 80 40 16 80 
Pumps 4 7 18 36 36 
Steam Jenny 2 5 4 4 4 
Radio (Set) 1 LOM 102 51 51 

GRAND TOTAL 50 ,904 13 . 863 5 , 222 34 107 
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520 

1.072 
253 

6 72 

67 

102 

16 

27 
80 

2 ,813 

8,576 

327 

64 
27 
40 
36 

9 , 070 
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Table 4--(Continued) 

Production Equipment 8 9 10 11 12 13 14 15 16 17 lij 19 20 

Drill 10 5/8" Diesel 900 900 
Track Hounted Drill 

Rig 280 
Drill 6 3/4" Diesel 1,240 1,240 
DB Dozers 52r 1,520 520 520 520 520 520 
65 Yd Dragl1ne 
50 Yd Dragl1ne 
16 Yd Shove 1& 
85 Ton Trucks 3,752 1,072 8,576 3,752 
H, D, Graders 506 253 506 253 
12 Yd Loaders 952 952 
6 Yd LOdders 327 327 327 327 
Rubber Tire Dozers 498 498 
24 Yd Pans 970 970 

Service ~ui2ment 

Water Truck 672 672 
Hydro. Crane 50 Ton 
Hydro. GrIme 25 Ton 157 
Hydro. Crane 8 Ton 67 67 67 67 
Fork Lift 6.000 1b 28 28 
Fork Lift 12.000 Ib 90 90 
Lowboy and Tractor 78 
Fuel Truck 2500 gal 36 36 36 36 36 
Lube Truck 78 78 
Mechanic Truck 51 102 '02 51 t02 102 51 
Welder Truck 38 38 38 38 38 
Flatbed Truck 16 16 16 16 
Powder Truck 200 200 
Elect 800m Truck 64 
Pickup 4Wll 18 27 27 18 27 27 18 27 27 18 27 27 
Pickup 2Wll 16 80 40 16 80 40 16 80 40 16 80 40 
Pumps 36 36 36 
Steam Jenny 4 
Radio (Set) 

GRAND TOrAL 3,822 1,652 4 . 171 2,826 1,032 1,466 10,255 7,764 776 1,837 1,032 1,039 

cost summary (Table 5) includes capital investment 
costs for the complete mine including the primary 
crushing facility. The initial capital investment 
is $102 million with an additional $57 million 
being requir ed for equipment replacement over the 
life of the mine. 

About 76 salaried employees and 368 hourly 
employees are required for the mining operation. 
Distribution of the work force and annual labor 
cos ts are shown in Table 6. 

The estimated annual operating costs are 
shown in Table 7 . Based on the computed labor 
costs, which represent 47 percent of the total 
operating costs, supplies and other costs represent 
53 percent of the total. 

Processing Economic Analysis 

As previously ci t ed, an oil recovery of 13 
gallons per ton of shale was assumed for the 
process economics calculations. The total and 
residual ca rbon in the raw and retorted shale were 
of the same order of magnitude as those of 
Kentucky samples referred to in "Synthet ic Fuels 
From Eastern Oil Shale," prepared by Davy McKee 
for the Buffalo Trace Area Development District. 
Therefore, certain parameters , such as distribu
tion of by-products from the Alabama shale, were 
extrapolated following thp. Davy McKee rationale. 

Evaluation of the Alabama shale js based on 
treating 30,000 tons of shale per day yielding 13 
gallons of oil per ton to recover 9285 barrels per 
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Table 5. Initial Capital Cost Summary: 
Mining ($1000) 

MOBILE EQUIPMENT 

Drills 
Loading and Hauling 
Service Equipment 

SEDIMENT PONDS 

SERVICE BUILDING 

(Shop and Supply House) 
(Fuel and Lube Station) 

ELECTRICAL EQUIPMENT 

POWDER MAGAZINES 

ENGINEER1NG AND CONSTRUCTION 
MAN!::EMENT 

PRIMARY CRUSHER STATION 

Site Preparation 
Drainage Structures 
Crusher Erection 

SUB TOTAL 

MINE DEVELOPMENT 

TOTAL 

2 , 420 
64,963 

2,606 

656 

7,941 

1,578 
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11,505 

1 ,481 
140 

6,157 

156,517 

2 ,380 

101 ,883 
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Table 6. Distribution of Work Force and Annual Labor Cost: Mining 
------~-----------

Personnel Categories 

Salaried Personnel 
Administrative-Accounting 
Service Department 
Production Supervision 
Maintenance Supervisi on 

Total Salaried 

Plus 40% Fringes 

Hourly Employees 
Four Operating Crews 
Dead Work Crew 
Maintenance Employees 

Hourly 

Vacation. Absentee ism. and 
Training Allowance 

To t al Hourly 

Plus 35 % Fringes 

GRAND TOTAL 

Pers onnel 
Requirements 

12 
13 
26 
25 

76 

154 
44 

132 

330 

3e 

368 

444 

Avg. Salary 
Dollars/Year 

23.921 
25.967 
29.147 
31.488 

20.769 
20.769 
20.769 

20.769 

Total 
Dollars/Year 

287.052 
337.571 
757.822 
787.200 

2.169.645 

867.858 

3.037.503 

3.198.426 
913.836 

2.741.508 

6.853.770 

789. 222 

7.642.992 

2 .675.047 

lO.3l8.039 

13.355 .542 

Note - (A) 
(B) 

Ove rburde n r emoval t o be con t i nuous t hr ee shi f t s per day . seven days per week. 
Dril l i ng of overburde n and shale . loading . hauling and crushing of shale wi ll be on a two 
shif t basis . seven days per week. 

(C ) Dead wor k cr ew scheduled Mo nd ay t hru Frid ay on a t wo shift basis . 

day on a 330 days per yee r opera ting schedule . 
The annual yield f r om this operation would be 
about 3.064.285 barrels . 

The annual pr ocess by-products . the 3s sumed 
unit prices and expec t ed revenues a r e ~ hown in 
Table 8 . The capi t al cost and operating costs 
details of processing ( including mining ) are 
provi ded in Tables 9 and 10 respectively . 

Economic Summary 

Table 11 gives the total initial capital cos t 
of $750 .7 mill i on including Iw r king capital and 
construction i n ter es t. 

A summary of capital char ges . oper ating 
costs and by-prod uct credits expres sed in dollars 
per barrel and in terms of a selling pr ice for 
shale oil of $40 . 00 per barrel is provided in 
Table 12 . 

Table 7 . Annual Op e r a t i ng Cos t: Mining 

Labor (47%) 
Supplied and Ot her (53%) 

Cos t per ton of ore mined 

$13 .355 .500 
15.060.500 

$28. 416.000 

28.416.000 
10.950.000 

Conclusion 

$2. 595 

Within the context of t he quantities of 
hydrocarbons found in t his project and within 
the limitations of the accuracy of exis t i ng 
cost data fo r currently available retorting 
technology. it is appar ent tha t commercializat ion 
of oil shale in the study area is not feasible 
at current wor l d prices fo r conventional c rude . 
The ul timate viabili t y of an oil s hale indust r y 
in Alabama and adiacent stat es may depend upon 
the combined results of oil price escalat ions . 

. , 

The capital cha r ge includes $12 . 25 per 
barrel of oil t o cove r dep reciation of the 
capital inves t ment on a straight line over the 
20- year life of the operation . The r emaining 
$24 . 21 in t he capi t al charge is principally 
pr ofit befo r e t axes . The $40 .00 per barrel 
selling price would pr ovide a 13 percent return 
on equity . 

mo r e exploration and testing to delineate the 
highest quality de posit s . and continued resea r ch 
e n improving hydroca rbon and by-p r oduct recoveries. 
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Table 8 . Annual Process By-Product Revenues 

-

By Product 

High Btu Gas 
Light Oil 
Electrical Energy 
Sulfur 

TOTAL 

Unit Price 

$3 . 00/MM Btu 
$0.60/gal 
$0.0275/kwh 
$60/ton 

Table 9 . Initial Invastment Cost: 30 , 000 Tons/Day 
Oil Shale Mining and Processing Operation 

Process Area 

Mining 
Crushing, Screening and Storage 
Retorting 
Oil Recovery 
Acid Gas and Ammonia 
Light Oil Recovery 
Sulfur Recovery and Tail 
Gas Cleanup 
Steam and Power Generacion 
Waste Water Treatment 
Shale Oil Storage 
&pent Shale Disposal 
Sulfur Dioxide Scrubber 
Utilities and Offsites 

Total Direct Cost 

Professional Services 
Field Indirect Costs 
Insurance 
Start Up Allowance 

Contingency 

Total Plant Investment 

$ Million 

102 
49 

128 
14 
17 
9 

9 
40 

9 
4 
7 

15 
25 

428 

39 
83 

7 
1 

$55B 

27 

$585 

All figures except mining are derived using a 12% 
escalation of those figu res used by Davy McKee (4th 
quarter 1980) SYNTHETIC FUEL FROM EASTERN OIL SHALE, 
Vol. 1. 

Table 10. Annual Operating Cost: 
Mining and Processing 

Cor.sumables 
Catalysts and Chemicals (12% escalation) 
Electricity 4.2¢/kwh 
Untreated Water 50¢/1000 gal 
Limestone $5/ton 
Supplies - O&M (13% escalation) 

SUB TOTAL 

Table 10 continued on next column . 

$(1000) 

1,095 
o 

483 
1 ,759 

23 , 394 

$26,731 
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Units/Day 

23,753 MM Btu 
109,520 gal 
54 . 8 row 
151 t on 

Table 10 Continued . . . 

Labor and Overhead 
Operating and Maintenance Labor 
Payroll Burden, General Admin. 

SUB TOTAL 

Taxes and Insurance 
Ad Valorem Taxes (1.65% Ip) 
Insurance (1.5% Ip) 

SUB TOTAL 

Gross Op e rating Cost 

Total By-Product Credit 

Net Op e rating Cos t 

Annual Revenue 

$23,516,000 
$21,685 ,000 
$11,944 ,000 
$ 2 ,988 , 000 

$60,133,000 

16 ,50 8 
9 , 310 

$25,818 

9,653 
8 , 775 

$18 , 428 

70,977 

(60,133) 

$10 , 844 

Table 11. Summary of Capital and Annual Op~rating 
Costs (millions of dollars) 

Mil'.ing 
Processing 

Subtotal 

Working Capital* 

Construction Interest 

Total 

Capital 

L01.9 
483.0 

584.9 

19 . 9 

145 . 9 

750.7 

Operating 

10.8 

10.8 

*lJ% of annual shale oil rev~nue at $50.00 per barrel 
oil selling price 

Table 12 . Summary of Capital Charges , Op e r ating 
Costs and By-Produc t Credits 

Operating Cost 
By-Products Credit 
Capital Charge 

Selling Price 

Dollars/ bbl 

23.16 
(19 .62) 
36 . 46 

$40.00 



Preliminary Research on Potential 
Reclamation of Oil Shale Mined Lands 

in Kentucky* 
by 

W. Russell Hamon 
Robert R . Kruspe 

Institute for Mining & Minerals Research 
University of Kentucky 

Lexington, Kentucky 40512 

ALstract. The objec tive of this study was to conduct a prelimi
nary investigation of the potential reclamation of oil shale 
mined land In Kentucky. Tests were made to assess the potential 
for establishing an adequate vegetativ~ medium by use of the 
available soil and overburden materials, the potential [or use of 
processed oil shales to improve the physical properties of high 
clay materials, and the potential treatments and vegetative spe
cies that would provide for the establishment of an adequate 
vegetative cover . These tests included the determination of phy
sical and chemical properties of the field sampled and processed 
materials , including information on macronutrients , micronutrients, 
uther pertinent elements and soluble salts , and growth chamber 
tests. Materials for the tests were obtained from five widely 
separated sites in the Knobs region and from one site in the 
Cumberland Saddle area . 

Soils formed in residuum from oil shales and immediate over
burden materials in the ~10bs regIon have typical solums of 15 
to 30 inche3 with topsoil depths of generally less than 6 inches, 
and are medium to extremely acid and of low fertility. Most of 
the materials have rather high erosion factors for the topsoils 
and moderate factors for the subsoils. The immediate overburdens 
were found to be extensive with similar characteristics, to have 
a high clay content, and to have an acid potential near neutral. 

The elemental levels of macro- and micro-nutrients and other 
elements for the raw shales wer~ generally within the limits usu
ally found in soils. The processed oil shales , obtained from 
retorting and retorting-combusting and which were crushed, how
ever, generally showed increases in exchangeable calcium, mag
nesium, and sodium, and marked increases in potassium . the 
HYTORT material was alkaline, but the other oil shale materials 
were found to be acidic. 

Admixtures containing equal parts of soil or ove r burden 
materials and raw or processed oil sh)les, along with soil and 
overburden materials, were used to grow ryegrass in a growth 
chamber to test the assumption that a more desi r able ~hysical 
plant growth medium would result while retaining nutrient , 
pH , soluble sal t s , and o ther factors at desirable or t oJerable 
levels. Yields from the admixtures were about 68 percent of the 
highest yielding soil material. 

* This research was supported i n part by the Kentucky Department for Natural Resources and Environmental 
Protec t io n. 
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Introduction 

LandR disturbed by mining of oil shale should 
be reclaimed as r apidly as possible with proper 
:and forming and placement of surface materials, 
revegetated to minimize the environmental impacts, 
including erosion, sedimentation and water quality . 

Obtaining the desired reclamation could be a 
problem with materials available. The soils in the 
vicinity of Devonian shale outcrops in Kentucky are, 
in general, medium to extremely acid, low in fer til 
lity, shallow to moderately deep and well drained. 
This indicateR the need to explore the possible 
utilization of overburdens and spent shale materials 
to augment the available soil materials . 

Study Objectives 

The objectives of this study, therefore, w~re 
threefold. The quality and quantity of the avail
able soil and overburden materials, as well as 
their potential to Support adequate vegetative 
cover, was determined. The use of oil shale or 
processed oil shale mixed with soil or overburden 
materials (admixtures) to enhance plant growth was 
also explored . In so dOing, the effect of chemical 
constituents in the admixtures on plant production 
and water qualiLY had to be addressed . Finally, a 
vegetative species and the appropriate treatments 
;::: ~ :::;a ry to sustain an adequatc cover had to be 
identified. 

Study Ha te rials 

Residual soils occurring on the oil shales and 
on the overburden formations, in addi tion to th e 
oil shales and ove rb urd ens , we re sampled at five 
separate locations in the Knobs a r ea with sites in 
Lewis, Powell, Lincoln, Nelson and Bullitt Counties. 
Also, samples from a residual soil on the immediate 
overbu r den was obtained , along with the oil sha l e 
and ove rburden samples , from the Cumberland Saddle 
area with rhe site located in Russell County. The 
general site loca tions are shown in Figur e 1 . 

Field sat<lpling of the overburden materials and 
of the oil ahales was accomplished by use of (I back
hoe . Soil samples were obtained from pits with a 
channel sample taken from the entire solum . 

Portions of the raw oil shale samples were re
torted at 700 to 900

0
F and sub-samples ~ombus ted at 

1200 - l300
0

F temperature. In addition, the Insti
tute of Gas Technology supplied New Albany oil 
shale material from the Bullitt County site that 
had been retorted by the HYTORT process. The oil 
shale sampling and processing were accomplished as 
part of a companion stu~y and are discussed in a 
recent research report. 

Experimental Procedures 

Detailed soil surveys are available for only 
about one-half of thelcounties where the oil shale 
outcrops in Kentucky . A number of additional sur
veys have been completed and Dre pending publica
tion. In addition, the (Kentucky) DivIsion of Con
servation is conducting a general soil survey of 
the remaining counties. The soil surveys contain, 
in addition to typical soil profile descriptions 
and soil maps, information on climate, land capabi
lity, crop yields, water management, soil engineer
ing properties, and physical and chemical proper
ties of the Soils. 

Soil surveys, where available, for the six 
selected, widely dispersed, sampling sites (Figurs 
1) were used, along with geologic quadrangle maps 
to determine the soi l s and overburden materials 
that would be aRsocia ted with oil shale mining 
operations at these si te s . Selected residual soils 
associated with the oil s hales and overburdens were 
describ ed and classified by the soil Conservation 
Service and (Kentucky) Division of Conservation 
soil scIentists. The soil descriptions, ~hirh also 
contain information on the exact location, position 
and vegetation, are presented in Appendix A. 

Physical properties determined for the sample 
ma terial3 include particle density, bulk density, 

RUSSELL CO. 

0'---____ -1 
') 

40 

MILES 

Figure 1. Location of Sampli ng Sites . 
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particle size analysis, water holding capacity, 
and permeability (saturated hydraulic conductivity). 
Other laborato~y tests obtained information on pH. 
cation exchange capacity and carbon content. In
formation on the quantities of macronutrients (N, 
P, K, Ca, Ng and S), micronut rients (B, Cu . Mn . Mo, 
Zn and Fe) , heavy metals (Cr. Ni and Pb), other 
elemen t s (Na, Si, Co and AI) and so luble salt2 was 
ob t ah,ed from the geochemistry of the samples and 
f rom other appropriate laboratory tests. 

Finally, to test vegetative response on these 
materials, a growth chamber study was conducted 
using the soils, overburdens, oil shales, processed 
oil shales. and admixtures containing equal parts 
of soils or overburdens in combination with oil 
shales or processed oil shales . The plant species 
used in this test was perennial ryegrass, which is 
commonly used in surface mine reclamation. 

Quantities (\f Materials Available for Reclamati.on 

As an example in assessing the availability of 
soils fo r reclEmation use at a potential oil shale 
mini ng site, a soil map of the Bullitt County si t e 
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is presented as Figure 2 . The geologic cross
section for this si te, indicated by A-A' (Figure 2) 
is found in Figure 3. For comparison , e cross
sec tion of the Lewis Coun t y site is presented i.n 
Figure 4 . 

~ 
1000 tl 

La 

Figure 2. Distrihution of Soils at Bullitt County 
Sampling Site, (Principal Soils Iden
tified in Figure 5 and Section A-A' is 
Shown in Figure 3) • 
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Figu re 3 . Geologic Cross-Spclion for Samp 1 i ng Sitp in BuUttt County. 
( Verlica l to Ilorizontni Scal e 8: 1) . 
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Figure 4. Geo log ic Cross-Section for Sampling Sile in Lewis County . 
(Vertical to Horizon~al Scale 8: I). 
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Soils sampled and analyzed were limited to the 
soils formed in resi~uums derived from oil shale 
and the overburdens. 

The two principal soils formed in residuum de
rived from black (oil) shales are the Colyer and 
Trappist series. The Colyer soil is shallow with 
a typical solum thickness of about 14 inches with a 
topsoil (A-horizon) thickness of generally about 
4 inches. This soil ks located on slopes ranging 
from 6 to 60 percent . The Trappist soil is moder
ately deep with typica l solum and topsoil thick
nesses of about 28 and 6 inches , respectively, ~nd 

located on slopes I'anging from 2 to 60 percent . 
The Colyer soil was sampled at the Lewis County 
site and the Trappis t soil at the Bullitt County 
site . Soil profile descriptions of these sampled 
soils are presented in App oaudix A. 

The principnl residual soils on the immediate 
overburden material& in the Knobs outcrop area are 
the Lenberg and Rockcast l e series. The overburden 
materials consist of the Borden Formation (Farmers
Henley Bed, Nancy, and New Providence n..!mbers) and 
the BedfJrd Shale. The Lenberg is moderately deep 
with a typical solum thickness of 25 inches with a 
topsoil thickness of generally about 4 inches. This 
soil ~s situated on slopes ranging from 6 to 35 per
cent. The similar Rockcastle soil has typical so
lum and topsoil thicknesses of 14 and 6 inches, 
respecti~ely, and is located on slopes of 10 to 55 
percent . The Lenberg soil was sampled at the Bul
litt, Lewi s , llelson and Po,,'ell County sites, and 
the Rockcastle soil at the Lincoln County site . 
Soil profile descriptions of these sampled soils 
are found in Appendix A. 

In the Cumberland Saddle area, the Garmon soil 
was sampled at the Russell County slte. This ex
tensive soil in the area is formed from residuum of 
shaley limestones, calcareou5 shale, and siltstones 
of the Fort Payne formation. The Gartl0n soil is 
moderately deep with a typical solum thickness of 
25 inches with a topsoil thickness of about 8 
iuches. This soil is located on slopes of 2 to 80 
percent. 4 The sampled Garmon soil profile is de
qc~ibed in Appendix A. 

Two other l ess extensive solIs were sampled 
and described at the Lewis County site. The Muse 
soil, formed in residuum or colluvium derived from 
shale and siltstone , has a typical solum thickness 
0: 48 inches with a topsoil of 7 inc~es. It is lo
cated on slopes of 2 to 60 percent. The Cranston 
soil, formed in a colluvial material has a typical 
solum thickness of 50 inches ·~ith a topsoil of 5 4 
inc"es. It is located on slopes of 2 to 60 percent. 
Soil profile descriptions of these sampled soils 
are presented in Appendix A. 

Soil survey interpretation data for the saLI
pled soils and associated soils for the six sample 
sites are listed in Table 1. In most cases, the 
soils formed on the more gentle slopes below the 
oil shale outcrop exhibit considerably deeper so
lurns and topsoils. The sampled sites had topsoil 
depths less than typical (Table 1) because the 
sites were selec t ed on slopes thpt could be theore
tically affected by mining and e~osion so that 
the soils would be truly "residual." Therefore, 
in the samples taken, t!',e depth of the solum 
essentially repr~sents the B-horizon. 

The positioning of the soils at a t ypical 
"Knobs" location (Bullitt County site) is shown in 

Table 1. 
. 1 Soil Survey Interpretat10ns. 

Hori zon 
So 11 s 

2 Thickness I 

(A) (8) 

-8ullftt Co. Site-

(Su rveyed So il s) 

Trappi s t 6 22 
(1) (26) 

Lenberg 4 32 
(1) (28) 

(Associat ed Soils ) 

Garmon 5 24 

Elk 10 42 

Otwell 62 

lawrence 8 46 

No1 in 43 

Newark 25 

Zanesvil le 47 

Carpe"ter 45 

Sens abaugh 26 

( In )3 

(C) 

7 
(0) 

12 
( Cr @27) 

18 

20 

18 

26 

10 

20 

Texture Available Sol1 £rosion
4 

Shrir,k-swe11 
( Typ. Pedon) Water (In/ln) Reaction, pH Penneabil fty Factors Poten ia1 

--------- B-Horizon ---- --- --- ( K) (Tl 

Sil t loam 0. 10- 0. 18 3.6-5.5 Slow u.37 - 0.24 3-2 Low to modera te 

Silt loam 0. 10- 0.18 4 .5- 5.5 ~ol'iera ely 0.4J - 0.28 3-2 Low to modera e 
slow 

Sha1y silt 0.05- 0.16 4 .5-7.3 Moderately 0.32- 0.20 Low 
loam "apid 

Sil ty clay 0 .1 8-0.23 4.5-6.5 "oA~ra e o 32-0.28 Low 
loam 

Sil t loam 0.06- 0.08 4.5-5.5 ; 10 ':01 0 .4 3 Low to modera te 

Silt loam 0.18 - 0.22 4 . 5-5.5 '::lnw 0.43-0.37 Low 

Sil t loam 0 .1 8 - 0.23 5.6-8.4 Hodera te 0.43 Low 

Silt loam 0.18- 0.23 5.6-7.8 Mr,~""'a ",c 0.32 Low 

Silt loa" 0.08-0.22 4 . 5-5.5 ·.!or'erately 0.~1 - 0.28 Low 
s10',1 

Gravell y s11ty 0 .1 0- 0.20 4 5-6 .5 ~cderale 0.32 - 0.28 Low to moderate 
clay loam 

Gravelly cl ay 0.10-0. 1 G 5.6-7.8 Modera tely 0 . 20 Low 
loam rap id 
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Table 1. (cont 1 nued) 1 

Horhon 
Thlckness, (In)3 

Texture 
(Typ. Pedon) 

" • • . '. 

Avallable 
Water (In/ln) 

5011 
React lon, pH Permeabllity 

Eros 10n 
Fo ctors 4 

Shrink-swell 
Potential ----------------------------------------------

-Lincoln Co. Site

(Surveyed 5011) 

(A) (8) (C) 

Rockcastl e G 8 36 Sl1ty clay 
(2) (27) (Cr~29+) loam 

(~ ' soc1ated 50115) 

Colyer 4 

Trappist 

- Lew is Co. 5 ite

(Surveyed Sons) 

Colyer 

Muse 

Lenberg 

Cranston 

22 

4 5 
(3) (12) 

I 41 
(2) (38) 

5 
(0) 

12 
(0) 

4 32 12 
(1) (ll) (25) 

5 45 26 
(6) (54) (0) 

(Associated 50115) 

8erks 10 

Tra ppi 5 t 

81edsoe 

Nol i n 

Newark 

Melvin 

Co taco 

8 

10 

16 

.!2 

47 

44 

23 

13 

31 

- Nel son Ce. Site

(Surveyed ~oil) 

Lenbe r g 4 32 
(1) (26) 

(Associated Soils) 

Markland 7 

Melvin 

Newark 

Rockcastle 

Whitley 

Zanesvl11e 

Lawrence 

Huntl .gton 

Colyer 

8edford 

Trimbl e 

8 

11 

21 

13 

23 

8 

41 

32 

46 

53 

67 

61+ 

18 

13 

28 

40 

25 

12 
(1+) 

12 

40 

28 

36 

12 

21 

18 

10 

o 

o 

-Powell Co. Site

(Surveyed Sol1) 

Lenberg 4 32 12 
(4) (31) (5+) 

Shaly sl1ty 
clay loam 

Silt loam 

Shaly sil ty 
clay loam 

Silt loall' 

511 t loam 

Grlvely silt 
loam 

Shaly loam 

511 t loam 

Sl1t loam 

Sl1t loam 

Sl1t loam 

511 t loam 

Loam 

:11 t loi:.,n 

Silty clay 

Sl1t loam 

Sl1t loam 

511 ty clay 
loam 

Sl1 ty chy 

511 t loam 

511 t loam 

511 t loam 

Sl1tyclay 
loam 

Sl1ty clay 
loam 

Che rty 5 ilty 
cloy loam 

Silt loam 

--------- e-Horizon --------_ 

0.10-0 . 17 

0.03-0.10 

0 . 10-0.18 

0 . 03-0. 10 

0.10-0 . 16 

0.10 .. 0 . 18 

0 . 14-0 . 19 

0.04-0 10 

0 . 10-0 . 18 

0 . 12-0 .19 

0.18-0 . ~J 

0.18-0.23 

0 .18-0.23 

0 . 07-0 . 15 

0 . 10-0.1S 

0.09-0 . 13 

0 . 18-0.23 

0.lS-0 . 23 

0 . 10-0. 17 

0 . 10-0 . 22 

0.08-0 . 22 

0 . 18-0 . 22 

0 . 03-0 . 10 

0 . 18-0.20 

0 . 14-0 .19 

0 . 10-0 . 18 
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4 .0-5.5 

3.6-5.0 

3.6-5.5 

3 . 6-5.0 

4.5-5 . 5 

4 . 5-5.5 

3 . 6-5 . 5 

3.6-6.5 

3.6-5.5 

S. 6-7 .8 

5. 6-S. 4 

5 . 6-7 .8 

~ . 1-7 .8 

3.6-5.5 

4 . 5-5.5 

5 . 1-8 . 4 

6.1-7.8 

5.6-7 .8 

4 .0-5.5 

4.5-5 . 5 

4 . 5-5 . 5 

4 . 5-5 . 5 

3 .6-' .0 

3.6-5.0 

3.6-5.5 

4 . 5-5 . 5 

SlJ~ 

Slow 

Slow 

Slow 

Slow 

Moderately 
slow 

Moderatel y 
rapid 

Modera te 

Slow 

Moderately 
slow 

Moderate 

Modera te 

Moderate 

Moderate 

Modera tely 
slow 

Slow 

Moderate 

Moderate 

Sl ow 

Moderate 

Moderately 
slow 

Slow 

Modera te 

Slow 

Nodera te -
very slow 

t'odera te 

Moderately 
slow 

(K) (T) 

0.43 2-1 

0.37-0 . 17 

0.37-0.24 3-2 

0 . 37-0.17 

0 . 37 3-2 

0.43-0 . 28 3-2 

0 . 28 

0.28-0 . 17 

0 . 37-0 . 24 3-2 

0 . 37 - 0.32 

0. 43 

0 . 43 

0.43 

0 . 37-0 . 28 

0 . 43-0 . 2S 3-2 

0.49-0.32 3-2 

0.43 

0. 43-0 . 37 

0.43 

0.37-0 . 28 . 

0. 43-0 .28 

0 . 43-0 . 37 

0 . 37-0 . 17 

2-1 

0 . 43-0 . 32 3-2 

0 . 28-0.24 

0.43-0 . 28 3-2 

low to PIOdera te 

Low 

Low to modera te 

Low 

"'odera te 

Low to modera te 

Low 

Low 

Low to modera te 

Low to modera te 

Low 

Low 

Low 

Low 

Low to mode ra te 

Low up to high 

Lo .. 

Low 

Low to modera te 

Low 

Low 

Low 

Low 

Low to modera te 

Low 

Low to modera te 





Table 1. (conttrued) 1 

Solls2 
Horizon 

( In)3 
Tex ture Available Soil Eros 10n Shrlnk-swell Thickness. (Typ. Pedon) Water (In/ln) Reaction, pH Permea b Ility factors 4 Potenthl 

(Associated 
(A) 

So Il 5) 
(B) (C) - : - ------ B-Hortzon --- __ ___ __ (K) (T) 

Colyer 4 5 5 Shaly s tl t y 0.03-0.10 3. 6-5.0 Slow 0 . 37-0.17 Low (3) (12) (0) clay loam 

Trappist 6 22 7 Sllt loam O.IO-O.IB 3.6-5.5 Sl ow 0.37-0.24 3-2 Low to moderate ( ) (26) (0) 

-Ru\Sell Co. Slte-

(Surveyed Soil ) 

Ga rmon 5 24 0 Shaly sll ty 0.05-0. 16 4 .5-7. ~ Mod eratel y 0.32 -0 .20 Low ( 5) (9) (26+) loam rapid 

(Associated Sol1 5) 

frederlck 7 63 25 Sl1 ty c lay 
loam 

0.12-0. 1B 4 . 5-6 . 5 Moderate 0 . 32-0 .24 Low to modera te 

Caneyvl1Ie 29 Sl1 t loam 0.20-0.60 4.5-7 . 3 Slow 0 . 43- 0.28 3- 2 Low to mod'! ra te 

lUnlted States Soli ConHrvatlo" Servlce - Sol1 Surv ey Interpretat1ons. 

2So11s 11sted are those described at t he sit., (s ee Appendix Ai and a"ociated sol1s occurrln9 qenerally withln one- half ml1e of sHe . 

3Hor l zon thickness for the typical so l1 serles ex ce pt values In paren theses ,"present the site values as descrlbert ln Aopendh A. 

4factor r is the sol1-erodlbl1ity term In the USDA Universal Sol1 Loss Equat1on; fac to r T Is t he sol1 los, tolerance In tons per year that wi ll allow 
a sustained high l evel of c rop production. Ranges are fo r A- and B- horizons . 

Figure 2 and the soil profile depths are shown in 
Figure 5. Assuming an oil shale eco nomic zone of 
30 feet a nd an ove rburde n t o oi l shale ratio of 
2 . 5 : 1 , the depth of availab le soil (solum) material 
would be in the o rde r of 30 t o 3) inches (see Fig
ure 2 a nd 5). In comparison, the source of soil 

Tr Ek Ot La No 

10 .. ' 
B 

20 

SOIL SERIES , 
I 

Gm-Glrmon \ I ep I 
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Figure 
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, 

Tr-Trlpplat Ot-OtweU 

Ek-Elk 

No-Nolin 

LI-Lawrence 110 

I 
I 

I 
I 

I 

5 . Depth Profiles fo r Soils in the Vicinity 
of Bullit t County Sampling Site (Figur~ 
2). (Ha t ching Indica tes Heavy Clay 
Ma t e r ials ). 
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materials below the outcr op elevation fo r an equally 
disturbed a rea would be 1.5 to 2.0 times greater. 
The availability of such ma t e r ials , inc luding both 
colluvial and all uv ial materials , is highly site 
dependent and a mining/reclama tion pla n would be 
highly dependent en such availabili t y . 

Overburdens and Oil Shales 

In the oil hale ou t c rop area of th e Knobs r e 
gion, the immediate overburden ma t erials a re ex- 2 
tensive and of simila r geochemical cha r ac t e ri s t ics . 
This accounts for the developmen t of aimilar soils 
on these mllt!'rials throughou t the reg ion. Aga in, 
considering t he poss ible mining of 30 fee t of t he 
oil shale with ove rburdens of 2 . 5 times that thick
ness , the quantities of oil shal e and overburden 
mate r ials mined would be only abouL 5 pe ~cent dif
fe rent for slopes of 15 tc 45 percent . Fcr the 
Bullitt County si t e , fi gu r e 3 , ex es~ive ov rburden 
exists while at the Lewis County site the existence 
of th e Sunbury oil shale would probably allow for 
removal of the total overburden . Even fo r the Lewis 
County site . the quantity of Bedford shale is essen
tially equal to the mineable oil sha le. 

Thes .:! overburd n materials weather rapidly5 
and, if oth rwise physically and chemically accept. 
able , they would off~ r a po t ent i al fo r utilization 
in reclamarion. In the Cumbe rland Saddle region, 
the soils a re of h ~ tter quality and the imm diate 
overbJrden mate ri als of the Fort Payne :orma t ion 
contain desirable limestone and calcareous shale 
components . The ran~es in th ickness of the imme
diate overburden materials for the ~eolup,ic quad
ra ngle maps3 on which the 6 study sites a r e l ocated, 
a r e presented in the prelude t o the soils described 
in each count y (Appendix A). The Bedford Shale 
for the Charters Geologic Quad r angle Map (Lewis 
County site) is the thinnest at 10-80 feet whil e 
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the Borden Forma t ion (Nancy member ) for the Clay 
City Geologic Quadrangle Map (Powell County site) 
is t he thickes t a t 290 to 370 feet. 

Characteris t ics of Mater i als 
in Relation to Recla~ 

A number of geochemical determinations on the 
sampled mate r ials , p rtine nt t2 r eclamation, we r e 
obtained by x-ray f luoresence . All samples to be 
used for further dete rmination of physical and 
chemical properties we re crushed by passing through 
a 3/8-inch jaw crus he r . The particle s ize distribu
tions resulting for the sample materials are pre
sen t ed in Figures 6, 7, 8, and 9 . These particle 
sizes are smaller than would be produced in a com
merical operation where they are more similar t o 
gr avels than to soils5 . For special tests, as will 
be i ndica t ed, t he materials were crushed to pass a 
2 mm sieve. I n addition, they appea r to be much 
mo r e durable than the overburden materials and 
pr obably would not weath~r rapidly . 

a: 
w 
l; 
u. 
I
Z 
w 
U 
a: 
w 
Q. 

20 

OIL SHALES 

• New Albany - raw. No. 
o New Albany - retorted. No. 23 
X New Albany - c ombusted , No. 33 
+ New Albany - HYTORT , NO. 5 

O~L-L--L ____ ~LL~-L~ __ ~ __ ~UU~-J 

5 1.0 0 .5 0 . 1 0 .0 5 

PARTICLE SIZE. mm 

Figur e 6 . Par ticle Size Dis tribut ions for the 
Oil Shales After Crushing . (Sample 
Numbers Defined in Table 10). 

OVERBURDENS 

• Borden - New Providence, No 16 
a: X Borden - Nancy, No. 19 w + Bedford - Lower. No. 17 Z 
ir 60 
I-
Z 
W 

"-U 40 a: 

~~~ 
w 
Q. 

20 

+~ '+ 
0 

5 1.0 0 .5 0 . 1 0 .05 

PARTICLE SIZE, mm 

Figure 7 . Particle Size Distributions for Over
burde~s Af t er Crushing . (Sample Numbers 
Defined in Table 10). 
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0
5 1.0 

SOILS 

• COi;;r, No.8 
X Lenberg, No. 10 
+ Garmon, No. 15 

0.5 0 . 1 

PARTICLE SIZE, mm 

0.05 

Figure 8. Particle Size Distributions for the 
Colyer, Lenberg, and Garmon Soils After 
Crushing . (Sample Number s Defined in 
Table 10) . 

20 

1.0 0.5 

SOILS 
• Trappist, No. 9 
X Rockcastle, No. 13 
+ Muse, No. 14 

1.0 0.05 

PARTICLE SIZE, mm 

Figure 9. Particle Size Distributions fer the 
Trappist, Rockcas tle, and Mus e Soils 
After Crushing. (Sample Numbers Defined 
in Table 10). 

Physical Properties 

The labo r a l ory determined physical proper ties 
for the soils , ove rburdens and oi l sha l es a r e tabu
lated in Tables 2 and 1 . Ranges fo r t ypical soils 
of a number of physical properties are given in 
Table 1 . The ca r bon content of mate r ia l s is entered 
on Table 4 . 

Soil s and Overburden Mate rials. The Colyer and 
Trappist soils, r esidual soils on the oil shale 
which occur throughout the outcrop belt, w re signi
ficantly low r in clay content (40 t o 45 percent) 
than the immediate overburdens and th~ ir residual 
soils in the Knobs r egion (55 t o 67 percent). The 
clay content of the Cranston and Garmon soils were 
Significantly lower in c lay content at 38 and 31 
percent, r espec tively (Table 2). 
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Table 2. Physical Properties of Soils, Overburdens and Oil Shales. 

Sample 
Ma terh 1$ No . 

_SoflS_ 6 

Colyer s fl t loam LEW-203 
Trappfst sfl t loam BUl-202 

lenberg sl1t 10am(9ra~) POI/-201 
lenberg s fl t 1 oam( red POW- 202 
lenberg s fl t loam 8Ul-201 
len berg s fl t loam NEl-2Ol 
len berg s 11 t loam lEW-204 

Muse Sllt loam lEW- lOl 
Cra ns ton gr. s fl t loam lEW-205 
Rockcastl. s1l; loam NEl- 20l 
Garmon sflt loom RU~-201 

-Overburdens-

Bedford shale (lower) lEW-lOS 
Borden shale (Nancy) POI/-l 01 
Borden st.ale (New Prov.) BUl-l0l 
Borde" Shale (Henley) lEW-104 
Borden .hal e (Henl ey-red) lEW-l 02 

-Oil Shal es-

New Al bany - retorted POW- 004 
New Albany - combusted POW-005 
New Al bany - HYTOl!T BUl-024 

loeterm1natfcns on 5011 cores. 

2Hydrometer method. 

3Based on partfcle sf ze analysis . 

Growtl. Particl f Bul k 
Cham. No. Dens fly Dens fty 

n (9/om3) n ____ 

2 .64 1.47 
1. 32 

10 2.81 1.44 
11 1. 44 
12 1 . 40 
13 2.77 1.40 

1.46 

14 2.69 1.30 
1.36 
1.61 

15 2.72 1.24 

17-18 2.73 
19-20 2.78 

4-16 

23 2.63 
33 2.50 

5 2.58 

Partfclo sf,,2 
Texture3 Water Holdfng ca~acfll~ 

Cl ay Sflt Sand 1/l Bar \5 Bars Avafl. 

----- I -------- --- ------------- I ------- - -------

39.3 51.0 9.7 SICl (31.61) (8.58) (23 .07) 
45.4 44.0 10.6 SIC (33.71) (11.20) (22.51 ) 

56 . 4 43.0 0.6 SIr (35.65) (16 . 62) (19.02) 
59.4 40 .0 0 . 6 SIC 
55 . 4 42.0 2.6 SIr. 
57 . 4 32.0 0.6 C (24.51 ) (9.99) (14.53) 
63.3 34 . 0 2.7 C 

53.3 43.0 3.7 SIC (34. 18) (11.39) (22.79) 
38.2 42.2 19.6 SICl 
54.6 42.8 2.6 SIC 
31.4 38.4 30.2 Cl 22.85(28 .01 ) 18.71{8.64) 4.14(19.37) 

50.8 34.2 15." C (23.40) (9.73) ( 13.67) 
52.6 42.4 5.0 SIC (24.24) (9.33) (14.91) 

62.6 32 .4 5.0 
58.6 38 .8 2.6 

19 . 48(27 .00) 15.45{7 .45) 4 .03(19.55) 
17 . 19(23 . 15) 11.63{7.00) 5 .56(16 . 15) 

9.74(10.77) 6 . 57(3.34) 3. 18 (7.43) 

4Hater1als passed through 3/8-1nch jaw crusher with values 1ro parenthese~ ff'lr materials crushed to less than 2 l1'li" 

5Hatel"fals passed through 3/8-1nch jaw crusher and used as plant growth medium for two months . 

6Ffeld classlffcatfon. 5011 descrfptfons fn Appendix A. 

Table 3. Water Holding Capacities and Pe rmeabilities for Admixtures. 

"'aterfals 
Sampl e 

No . 
Growth Water Holding Capacityl 

Cham. No . 1/3 Bar 15 Bars Avail. pemeabilit/ 

-Admixtures-

(112 Soil and 1/2 Oil Shaie) 

Trappist soil + New Albany (BUl-202 + 
(oil) shale - retorted POW-104) 34-35 26.51 (33 . 19) 16 .81( 9.25) 9.70(23.94 ) 

lenber~ soil + New Al bany (POW-20l + 
(oil shale - retorted POI/-1M) 26-27 32.58(34.56) 25.53( 12.22) 7.06(22.34) 

Garmon soil + Chattanooga (RUS-201 + 
(oil) sha le - retorted RUS-004 ) 29-30 16.58(24.1 2) 10 .23( 6.58) 6.35(17 . 54 ) 

P.Jckcas tle soil + New Albany (NEl-201 + 
(oil) shale - retorted POW-004) 45 24.53( 32.27) 13.22( 7.59) 11.31(24.68) 

(1/2 Overburden and 1/2 Oil Shal e) 

Bedford shale + Cleveland (LEW-WS + 
(oil) shale - retorted LEW-024 ) 21 2!i.59(26.78) 19 .93( 8.87) 5.66 ( 1 7 . 91 ) 

Borden shale + New fllbany (POW-lOl + 
(oil) shale - retorted POW-004 ) 25 23.45(26.82) 19 .36( B.21) 4 .0q(18.61) 2.10 

Borden shale + New Albany (POW-lOl + 
(oil) shale - charred POW - 005) 42 21.97(26.07) 12.60(12 . 06) 9.36(14.01) 0.26 

:;urden shale + New Albany (RUl-l01 + 
(oil) shale - HYlORT POW-005 6-7 18 .32(26.34) 15 7l( 5.73) 2.62(20.61 ) 

Materials passc~ throu9h 3/8-inch jaw crusher with values fn parentheses for material c ru shed to less 
than 20lIl. 

Platerial s passed through 3/8-inch jaw crus~er and used as plant growth medium fo r two mollths . 
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Permeabfl fly 5 
Undfs. Crushed 

---- cm/hr - -- --

8.91 0.98 

3.38 0.13 
6.18 

1. 24 1.23 
1.62 

12.48 1.24 

2.65 
2.43 
7.25 
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Table 4. Determined pH. Lime Requirement. Cation Exchange Capacity and Carbon Content for SaYlpled 
Materials. 

Sample Water Buffer Lime 1 
Carbon Hateriala 

No. pH pI! (pH - 6.5) C.E.C.
2 

(Total) 

(units) (units) (tons/ac) (_g/lOOg) (%) 

-Soiu-

Colyer silt loam LEW-203 4.4 5.3 11 7.7 1.45 
Trappist silt loam BUlr202 4.3 5.4 11 9.3 1. 53 

Lenberg silt loam (gray) ~-20l 4.9 5.7 9 11.2 0.72 
Lenberg silt loam (red) POW-202 4.7 5.1 13 13.3 
Lenberg silt loam BUL-20l 4.5 4.9 15 13.5 1.49 
Lenberg ailt loam NEL-201 4.6 5.8 8 11.5 0.A5 
Lenberg silt loam LEW-204 4.6 5.3 11 I .7 

Rockc8stle silt loam LIN-201 4.8 5.0 14 14.8 1.18 
Muse silt loam LEW-201 4.5 5.7 9 8.5 1.13 
Cr,uwton silt loam LEW-205 4.9 5.8 B 8.7 
Carmon silt loam RUS-201 6.5 0 12.2 1.00 

-Overburdens-

Bedford shale LEW-lOS 6.4 0 8.4 2 .1~ 

Borden shale (Nancy) POW-lOl 5.8 7.0 0 9.2 0 . 68 
Borden shule (New Prov.) BUL-IOI 6.0 0 
Borden shale (Henley) LEII-I04 6.0 0 10.4 
Borden shale (Henley-red) LEW-I02 4.5 6.6 2 13.0 

-aU Shales-

New Albany - raw POW-002 3.7 6 .0 6 7.3 12.5 
New Albany - retorted POW-004 3.0 4.8 15 10.0 4.0 
New Alb any - coamu8 ted POW-005 3.7 5.8 8 5.7 2.8 
New Alb.ny - HYTORT BUL-024 10.0 NA 6.8 

Cleveland - raw LEW-022 2.7 4.2 20 10.4 13.2 
Cleveland - retorted LEW-024 3.3 6.1 6 9.8 8.5 
Cleveland - comb us ted LEW-025 4.4 6.6 2 6.3 3.l 

Sunbury - raw LEW-002 2.5 3.7 50 12.0 9.7 
Sunbury - retorted LEIHJ04 3.2 5.1 13 11.2 6.5 
Sunbury - conbus ted LEW-005 3.5 5.2 12 8.4 3.6 

Cha t tanooga - raw RUS-002 3.9 6.4 5.7 12.2 
Olattanoogc - retorted RUS-004 3.2 6.5 b.O 3.6 
Ola t tanooga - comus ted RUS-005 3.9 6.4 4.6 3.5 

1 Lime requirements, based on b'Jffer pH, to raise pH to 6.5. 

2Cation exchange capacity 

Available water capacities for the soils and 
overburden materials (Table 2), when crushed to 
pass a 2 mm sieve, were generally on the order of 
15 to 20 percent with the Bedford and Borden shales 
lower :'.n range (Figure 10) . PubHshed available 
water values for these soils range from 0.10 to 
0.18 in/in , except for a lcwer value for t~e Colyer 
soil (0.03 to 0.10 in/in). 

Permeabil ities (saturated hydraulic conducti
vity), where obtained on the undiGturbed soil 
cores, were not very consisten t and ranged from 
moderately slow to moderately rapid (l.~4 to 8.91 
cm/hr) w~th the Muse soil rated as rap ,12.48 
cm/hr)*. Slow to mode rately slow peY .. ~abili ties 
are considered realistic (Table 1). Permeabilities 
for the crushed soil materials were slow to moder
ately slow (0.13 to 1.24 cm/h r) and for crushed 
overburden materials they were moderate to moder
a t ely rapid (2 . 43 to 7.25 cm/hr), (Table 2). 

Soil erosion fac tors are given in ,able 1 for 
use in the Universal Soil Loss Equation and are 
high for the topsoil materials and medium for the 
subsoils . A typical value of the soil-erodibility 
t erm (K) for subsoil materials is 0.2~ except for 
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the Colyer soil which has a value of 0.17. When 
translated into yearly erosion rates fo r a bare soil 
situation (K = 0.28) under the rainfall energies 
for central Kentucky, the subsoil materials on a 
200 foot slope length of 15 percen t slope would 
erode at a rate of about 0 . 85 inches of soil per 
year. For the Colyer subsoil, because of the higher 
content of shale fragments, this value would be 
0.52 inches per year. Again, for . the topsoil ma
terials a comparable rate would be about 1.21 inches 
per year. For all s~tuations , the erosion losses 
would be reduced by about 90 percent when an 80 
percent soil surface

7
cover is supplied by either 

mulch or vegetation. 

Soils in the vicinity of th0se sampled 
generally exhibit higher available water capacities 
and permeabilities (Table 1). 

Raw and Processed Oil Shales . Particle density of 
New Albany shale for both the retorted and HYTORT 

* Data on particle densities, water holding 
capacicies and hydraulic conductivity were obtained 
by the Agronomy Snils Lab0ratory, University of 
Kentucky. 
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samples was about 2.6, whereas the density of the 
combusted material was 2.5 . 

Water holding capacities for the New Albany 
shale (retorted and combusted), crushed by passing 
through a 3/8-inch jdw crusher, were only about 
five percent but when crushed such that the material 
passed a 2mm sieve the values increased three to 
five fold and were equivalent to that of soil ma
terials similarly prepared. As for ~he HYTORT pro
duct, the values for both crushed samples were 40 
to 60 percent less (Table 2 and Figure 10) . 

The carbon content of the oil shale, Table 4 , 
was reduced from the 12-13 percent level to 3.6 to 
6.5 upon retorting and upon combusting the carbon 
values ranged from 2.8 to 3.5 percent. Other phy
sical properties of th~ oil shales ~r~ presented 
in an accompanying symposium paper . 

Admixtures. Admixture s , comprised of one-half soil 
material or overuurden material and one-half raw 
shale or processed oil shale , were prepared as part 
of the growth chamber vegetative response tests . 

-OIL SHALES-

NEW ALBAN', (HYTORT) 

NEW ALBANY (Combusted) 

NEW ALBANY (Retorted) 

- ~OILS-

GARMO~ (Russell Co.) 

LENBERG (Powell Co .) 

LENBERG (Ne 1 snn Co . ) 

TRAPPIST (Bull itt Co . ) 

MUSE (Lewis Co . ) 

COLYER (Lewis Co.) 

-OVERBIIRDENS-

BEDFORD (Lewi s Co . ) 

BORDEN (Powe 11 Co.) 

-ADMI XTURES-

BORDEN + NEIl ALBANY (C) 

GARI"(1l + CHATTANOOGA (~) 

BEDFORD + CLEVELAND (R) 

BORDEN + NFW ALBANY (R) 

BORDEN + NEW ALBANY (H) 

LENBERG + NEW ALBANY (R) 

TRAPPIST + NEW ALBANY (R) 

Available Water, Percent 

8 12 20 
Percent 

Figure 10. Bar Graph Representation of Available 
Water (percent) for Soils, Overburdens, 
Oil Shales and Admixtures. (Hatched 
Bars for Materials Passed Through a 
3/8-inch Jaw Crusher. Combusted, C; 
Retorterl, R; and HYTORT, H). 
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Water holding capacities of the soil/oil shale 
admixtures were pssentially the same as for the 
soil materials for the same crushing. The two over
burden/oil shale admixtures, however, showed a 
beneficial 28 percent increase for the finely 
crushed materials (Tables 2, 3 and Figure 10) . 

Chemical Properties 

Soil analyses and extensive chemical and X-ray 
fluorcsence analyses were made on the sampled ma
terials at the Kentucky Center for Energy Research 
Laboratory to determine pH, cation exchange capa
City, macronutrients, micronutrients, heavy metals 
and other constituents that could affect the ~stab
lishment and maintenance of adequate vegetative 
cover. The obtained data are presented in Tables 
4, 5 , 6, and 7. 

Soils and Overburden Materials. The SOils sampled 
were very strongly to extremely acid with water 
pH's ranging from 4 . 3 to 4.9, except for the Garmon 
soil which had a pH of 6 . 5 . From 8 to ]5 tons of 
limestone per acre would be required to raise the 
pH to a value of 6.5 in the poorest materials . The 
sampled overburden materias , however, were essen
tially neutral except for a shallow (4 to 5 ft) 
~one of reddish Borden shale (located in the Henley 
mem!-er) at the Lewis County slte . Cation exchange 
capacities for both the soil and overburden mate
rials were low and generally ranged from 8-15 megl 
JOO g with values above 11 for the Lenberg and Rock
castle soils (formed from the immediate overburden 
materials) and the Garmon solI (Table 4) . 

As for macronutrients, Table 5, nitrogen and 
phosphorus levels were quite lew in the soil and 
overburden samples' 9 Exchangeable potassium ranged 
from low to medium; calcium was low except for 
the Garmon solI and the p.incipal overburden ma
terials; and magnesium "'as at moderate levels for 
the Colyer and Trappist soils , but the other soil 
and overburden matecials exhibited high levels. 

The elemental conten t of the micronutrients 
(Cu, Mo, Zn, and Fe), Table 6, for the soils and 
overburdens occurred at levels usually found in 
soils (Table 7) excep t for molybdenum which was 
somewhat elevated for the Colyer, Trappist and Muse 
soils. Plants appear to tolerate relatively high 
concen tration of this element and, unlike other 
micronu trients, the availabili ty increases as the 
soil pH approaches neutrality or goes above pH 7.10 
A tentative determination of boron in a saturation 
extract (residence time of 2 hours), Table 6, was 
less than the 0.5 ppm which is considered satisfac
tory in irrigation water for all crops.ll Tenta
tive rleterminations of soluble manganese were also 
at acceptable levelS for those seils tested. 

For the heavy metals (Cr, Ni and Pb) the ele
mental contents were within the range usually found 
in soils (Tables 6 and 7) . Other constituents (Na, 
Si, Co and AI) were at acceptable levels in the 
soil and overburden materials . Sodium and silicon 
play significant roles in plant production; cobalt 
is essential in animal nutrition; and soluble 
aluminum even in low concentrations, is possibly 
phytotoxic. An aluminum toxicity problem exists 
only at low pH values since the solubility de
creases to almost zero when pH is increas~d to the 
pH 7 level. 12 

Soils associated with or in the vicinity of 
those sampled generally have higher pH's (Table 1) 
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Table 5. Determined Quantities of Macronutrients, Sodium, Si l icon, and Cobalt in Sampled Materials. 

Sampl e 
No. 

- - - -- -- - - - - -- - - - -Macronu trl en t s- - - - - - - - ---- - - - -- -- -- - - --
Material s N P K· Ca · M9· S Na· SI Co 

(I) (lbs/ac) - - -- - - - - - - - - - - - -- ppm- - - - - --- - -- --- (~) (ppm) (1) (ppm) 

-Soil s-

Colyer silt loam LEW-203 0.08 13 98(2.0) 89(.10) 77( . 29) 0.03 19( .1 6) 35.8 13 
Trappist silt loam BUL-202 0. 06 18 119(2 .5) 41 (.10) 22( . 38) J.22 19( .21) 33.8 18 

Lenberg silt loam (gray) POW-201 0.05 7 142( 3.6) 6o( .09) 405(.88) 0.01 31 (.27) 26 .~ 22 
Lenber9 s I 1t loam (red) POW-202 o 06 3 "!45( 3 .2) 57(.11 ) 445{.69) 0.02 28( .22) 31.0 18 
Lenber9 s I 1t loam BUL -201 0.04 12 145(3.5) 79(.10) 220(.77) 0.02 19( . 54) 30.2 20 
Lenber9 s I 1t loam NFL-201 0.06 13 227(4.0) 288( .13) 565(1.01 ) 0.01. 35( . 41) 27.4 21 
Lenber9 silt loam LEW-204 0.07 6 360(3.2) 836(.09) 200(.53) 0.02 26( .13) 29.8 20 

Rockca~tle silt loam L1N-201 0.18 26 101 (2.9) 143( .21) 380( .7 4) 0.01 25( .41) 29.4 ~8 
Muse silt loam LEW-201 0.06 6 161(2.4) 113( .10) 125( .36\ 0.10 24( .13) 34.5 16 
Cranston 511t loam LEW- 205 0.06 4 1 03( .09) 48( .09) 245( - 0.03 65( .04 ) 43 .4 16 
Gannon silt loam ~US-201 0.16 20 117(1.9) 1815( .26) 257(.52) 0.01 31 ( .44) 35.9 lJ 

-Overburdens-

8edford shale (Lower) LEW-l05 0.14 15 340(3.5) 113(. 27) 665( .82) 0.39 35( .19) 29.3 22 
80rden shale (Nancy) POW-l0l 0.07 5 266(3.5) 1625( .21) 925( .90) 0.1 4 66( .33) 29.9 22 
80 rden shal e (New Prov.) BUL-l01 - (3.9) - (.28) - (.98) - 1. 50 ) 30.3 21 
80rden sha 1 e ( Hen ley) LEW- l04 0.07 213(3 . 7) 1140(.19) 610( .80) 0.06 67 .23) 28.4 20 
Borden shal e (H enl ey-red) LEW- l02 0.08 175(3.7) 485( .13) 990( .94) 0.02 99( .28) 27.5 29 

-Oil Shales-

New Al bany - raw POW-002 0.52 185 53( 3 .6) 1018( .37) 249( .83) 2.7 53(.34 ) 34.6 19 
New Al bany - retorted ?OW-004 0.33 182 2320(3. j ) 10601.41 ) 453( .84) 1.R 285(.36) 30.7 19 
New Al ba,y - combusted POW-005 0.13 85 2400(3.9) 1155 .25) 631 ( .74) 1.1 345( .22) 30.5 27 
New Al bany - IIYTORT BUL-024 0.08 0.74 1345(3.7) 2675( .48) 461 ( .98) 225( .33) 29.2 14 

Cl eveland - raw LEW-022 0.51 128 51 (3.7) 150( .OS) 124( .74) 1.9 39(.36) 30.3 18 
Cl eveland - retorted LEW-024 0.43 102 1405(3.7) 115(.09) 33( .74) 1.4 174( .25) 30.9 13 
Cl tveland - combus ted LEW-025 0.15 £4 1245( 4 .0) 449( . 25) 312( .76) 1.3 230(.24 30 . 5 19 

Sunbury - raw LEW-002 0.37 72 14(3.6) 191 (.09) 226( .80) 3.8 46( .24) 28.8 24 
Sunbury - retorted LF.W-004 0.31 48 1600(3.6) 215( . 13) 55( .81) 3.1 201( .20) 29.6 25 
Sunbury - combusted L[::-005 0.19 49 2050( 3.7) 340( .17) 283(.76) 2.2 202( .20) 29.0 26 

Chattano09a - raw RUS-002 0.52 170 272(4.1) 395( .21 ) 157( . 74) 3.5 53( . 36) 30.2 27 
Chattanoo9a - retorted RUS-004 0.45 186 992( 4.2) 333(.24) 114(.73) 3 . 2 139( . 37) 30.2 26 
Chattano09a - combusted RUS-005 0.14 120 1975( 4 . 1) 1105( .36) 814( . 75) 1.6 337( .36) 30.3 27 

• The quantities of ~. Ca. M9. and Na were detennlned AS exchangeable bases while the elemental contents . as deterMined by X-ray 
fluoresence are noted in parenth,~ses as percentages. 

and more desirable chemical properties . 4 

Raw and Processed Oil Shales. Both the raw and 
processLc oil shales were acid with pH values 
ranging trom 2.5 to 4.4, except for th e HYTORT ma
terial , but buffer pH values were medium to slight
ly acid (6.0 to 6 . 5) for the raw New Albany shale 
and the processed Cleveland and Chattanooga shales 
(Table 4j. Lime requirements, on the basis of buf
fer pH, ranged from 2 to 50 tons per acre to ob
tain a pH of 6.5. The HYTORT material was alkaline 
with a pH of 10. 

Cation exchange capacities for the raw and 
r e torted shales were low but comparable to the Col
yer and Trappist soils (for med on the oil shale) 
except fo r lower values for the Chattanooga oil 
shales. Corr.bu5tion of the retorted shales resulted 
in significant lowering of the cation exchange capa
city with similar values for the HYTORT material 
(Table 4) . 

As for the macronutrients (Table 5) th e nitro
gen levels were near 0.5 percent in the raw and re
t orted shales, but wer e reduced upon combusting to 
levels found in the soilR and overuurdens. Phos
phorus levels were much higher than in the soils 
and overburd ens , except for the HYTORT mater ial , 
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but were reduc~d by abou t one-half in the com-
busted samples . The Sunbur y shale samples were 
intermediate in phosphorus content . Exchangeable po
tassium was low for th~ r aw shales, except for 
the Chattanooga, but increased markedly with re
torting for all samples a nd was further increased 
with combustion of the Sunbury and Chattanooga 
shales . The exchangeable calcium and magnesium 
were within the ranges common to agricultural soils 
but elemental sulfur contents were elevated . 

Micronu trient levels (Table 6), except for 
iron, were generally higher in the 011 shales than 
in the soil or overburden materials . Molybdenum 
was 3 to 14 times, zinc 2 to 10 times, and copper 
2 to 4 times grea t er than the average values 
fo r th e soils and overburden materials . (Other 
compar a tive values are found in Table 7.) Soluble 
manganese on several samples from preliminary de
termina t ions on satur ation extr ac t s was high and 
soluble boron , Similarly determined, was gener
ally in the 2 to 4 ppm range fo r the processed 
shales which is at the levels in irrigation water 
where toler an t crops produce satisfactory yields . 
The HYTORT material was the exception with apparent 
higher bor.on and lower manganese. 

The levels of chromium , nickel, ard lead were 
found to be within the limits of their usual occur-



Tahle 6. Determined Quantities of Micronutri~nts, Heavy Meta1s , and of Aluminum i n Sampled Materials. 

Materials 

Colyer silt loam 
Trapp is t loam 

Lenbt:rg silt loam (gray) 
Lenberg silt loam (red) 
Lenberg silt 108m 
Lenherg slIt loam 
Lenbet'g 8 i I t loam 

Rockeastle silt loam 
Huse silt loam 
Cranston silt loam 
Garmon 8 ilt loam 

-Overburden-

Bedford shale (Lower) 
Borden shale (Nancy) 
Borden shale (New Prov.) 
Borden shale (Henley) 
Borden shale (Henley-red) 

-011 Shal.s-

New Albany - raw 
New Albany - retorted 
New Albany - eoniJusted 
N .... Albany - HYTORT 

Cleveland - raw 
Cleveland - retorted 
Cleveland - ccxrbus ted 

Sunbury - rau 
Sunbury - r~torted 

Sunbury - eOnCusted 

Chattanooga - raw 
Chattanooga - retorted 
O\att3noog8 - co-bustcd 

Sample 
No. 

LEII-203 
BUL-202 

POW-lOl 
POW-202 
BUL-201 
NEII-20I 
LEII_204 

LIN-201 
LEW-101 
LEI .... 205 
RUS-201 

LEW-I05 
PO'.o/-lOl 
BUL-lOl 
LEW-I04 
LEW-I02 

POIoI-002 
POW-004 
POII-005 
BUL-024 

LEW-022 
LEII-()I24 
LEW-025 

LEW-002 
LEII-004 
LEW-005 

RUS-002 
RUS-004 
RUS-005 

-- - ----------------- -Hi c ronu t ric n ts ---------- -------
8* Cu Mn. He Zn Fe 

-----------------------ppm------------------ (t) 

(0.08) 

(0.04) 

(0.02) 

(0.49) 
(0.26) 

(0.41) 
(2.99) 
(3.99) 
(5.07) 

(0.64) 
(4.19) 
(3.08) 

(0.55) 
(0.75) 
(2.11) 

40 
56 

30 
29 
36 
32 
47 

33 
43 

6 
21 

52 
36 
34 
56 
49 

126 
130 
91 
86 

137 
127 
150 

97 
114 

94 

132 
134 
137 

(1. 55) 

(0.04) 

(0.04) 

(57.0) 
(97.9) 
(8R.4) 
(0.4) 

(37.1) 
(7.2) 

(16 .9) 

(54.5) 
(7q .8) 

74 
107 

o 
~ 

14 
10 
15 

o 
135 

3 
18 

18 
2 

10 
2 
o 

95 
87 

123 
67 

189 
184 
152 

343 
313 
287 

176 
165 
162 

113 
9l 

103 
84 

123 
76 

188 

80 
89 
56 
92 

172 
156 
115 

75 
101 

491 
502 
320 
215 

641 
647 
669 

98 3 
902 
928 

21,8 
335 
374 

3.1 
5.9 

6.2 
4.4 
4.8 
4.7 
4.8 

4.5 
4.7 
0.3 
2.9 

4.8 
3.8 
4.8 
3.8 
7.8 

4.6 
4.8 
5.1 
6.8 

4.2 
4.1 
5.1 

6.3 
6.4 
6.6 

5.4 
5.7 
5.6 

----Heavy Metala----- -Other-
Cr Ni Ph Al 

------ - -ppm---------

77 
84 

105 
86 
86 
87 

110 

87 
102 

85 
79 

103 
95 
91 
99 

104 

202 
203 
125 
117 

237 
236 
233 

165 
181 
165 

138 
144 
147 

21 
19 

57 
40 
47 
65 
39 

39 
24 
13 
30 

62 
65 
71 
56 
26 

162 
166 
199 

75 

155 
151 
162 

283 
262 
283 

176 
161 
175 

83 
145 

o 
16 
36 
17 
38 

28 
113 

47 
26 

92 
48 
o 

22 
30 

92 
90 

124 
99 

98 
93 

107 

237 
169 
197 

161 
16; 
150 

(%) 

5.4 
6.2 

10.4 
9.7 
9.6 
9.6 

10.2 

8.6 
0.4 
1.0 
5.5 

10.3 
10.0 
9.1 
9.9 

10.0 

8.3 
8.4 
8.9 
8.~ 

8.9 
8.9 
9.1 

9.2 
9.2 
9.5 

8.4 
8.5 
8.5 

Tentative quantities of water soluble boron and manganese were determined In saturation ext racts by use of inductively-coupled plasma 
atomic emission spectrometry (1CP-AES). 

Table 7. Variat ion s in Const ituent s of Sam pl ed Ma t er ia l s and Us ual Ra nges in Soi l s. 

011 Shale l Overburden 
Const ituent Raw Processed 

--------------- ---- ------ --- -----------------r:xn 0 f Or y Ma ter i.l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

-Essential 

Ca 
Mg 
K 
P 
S 
S" 
Cu 
Mo 
Zn 
Fe 
Mn" 

Plant Elernents-

-Heavy Meta 1 s

Cd 
Cr 
Ni 
Pb 

-Possibl y Phytotoxic

Al 

900 -
6,800 -

36,000 -
26 -

19,100 -

97 -
95 -

248 -
42,000 -

138 -
155 -
92-

3,700 
8,300 

41,000 
92 

35,000 

132 
343 
983 

63,000 

237 
283 
237 

83,000 - 92,000 

HYTORT ma terial (Sample No. BUL-024) not included. 

Cranston sol1 (Sample No . LEW-205) not included. 

3 Source o f data: Reference B. 

900 - 3,600 
7,300 - 8,400 

36,000 - 42 ,000 
24 - 93 

11,000 - 32,000 

91 -
87 -

320 -
41,000 -

125 
151 

90 

150 
313 
928 

66,000 

236 
283 
197 

84,000 - 95,000 

1,300 -
8,000 -

35,000 -
2 

200 -

34 -
o -

75 -
38,000 -

91 
26 -
o -

2,800 
9,800 

39,000 
7 

3,900 

56 
18 

172 
78,000 

104 
71 
92 

51,000 -103,000 

900 -
2,900 -
1,900 -

2 -
1,300 -

21 
Q 

76 -
29,000 -

77 -
19 -
o -

2,600 
10,100 
42,000 

13 
2,200 

56 
135 
188 

62,000 

110 
65 

145 

55,000 -104,000 

Tentative quantities of water soluble IJoron and nanganese deter"ined in saturation extracts (Tah'. ~) . 
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400 -
100 -

2 -
2 -

0.2 -
10 -

14,000 -
200 -

3,000 
1,500 

100 
100 

5 
300 

40,000 
3,000 

0.01 0.7 
1,000 

5 500 
2 - 200 

14,000 - 40,000 



~ .. '" 
'~~ . " 

. . ~ v 

rence iJ1 soils (Table 6 and 7), but somewhat greater 
than the 1evels in the overburdens. Tentative 
laboratory determinations indicated high soluble 
cadmium values in a few of the oil shales . Cadmium 
determinations and the leachate problem is discussed 
in another symposium paper.l) 

Other constituents (s ilicon, cobalt and alumi
num) in the shale were essentially at the same 
levels as observed for the soil and overburden mat
erials (Tables 5 and 6). Exchangeable sodium, while 
at the soil aud overburden levels in the raw shales, 
was increased 4 to I times as a result of retorting. 

Soluble Salts in Relation t o Reclamation 

The salt content of s oils above which pl ant 
growth is affected depends upon several f actors, i n
cluding principally soil texture, compos ition of the 
salt, and the species of the plant. Soils have been 

considered to be saline if th e solution extracted 
from a satura ted paste (sa turation extrac t) had an 
electrical conductivity value of 4 mmhos/cm or 
more.

14 
The electrical conductivity (EC) of the 

saturation extract was adopted by the USDA Salinity 
:aboratory as the preferred scale f or gene ral use 
in estimating salinity . lS Evidence has also been 
presented to s how that the EC obtained on the satu
ration extract is a more reliable index to t~~ r~ 
of ground-wate r runoff than is the 1:1 extract . 

Saturation extr~cts, obtained after a 2-hour 
r esidenc e time, f or the tes t materials and admix
tures were used to obtain values of EC and total 
di ssolved solids (T9S) with pH determined on the 
s aturated paste (Table 8)*. A graphical relation
ship between TDS nnd EC Is presented as Figure 11. 

* Data obtained by the Soil Testing Laboratory 
(College of Agriculture ), University of Kentucky. 

Table 8. Electrical Conductivity, Total Dissolved Solids and pH of Saturation 
Extracts for Sampled Materials. 

Materials 
1 Sample Crowth Total D1ssolved Electrical No. Cham. No. pH So l ld. Conductivity 

~ 
(Unltll) (m8/l) (_o./c~) 

'",tyer BU t loaD!. lEll-2O) 4.S 1,170 0.89 
(4.8) (1,190) (0.89) Trappht silt loam 8UL-2n2 9 4.8 940 0 . 2) Lenberg g i l t Inam rOW-20 I 10 4.6 190 O. Il Lenberg al It loam NEl-201 lJ 4.9 . 120 0 . 34 Muse .tL t 100m LEW-201 14 4 . 6 340 0.16 Carmon silt 108m RUS-201 IS 6.0 ISO 0.16 

-Ovrrbu rdens-

Borden shale (New Providence) BUL-IO I 16 6.0 2,680 2.39 BorJen shale (Nancy) POW-IOI 19 S.9 2 .040 2.14 Redford shale (Lower) LEW-lOS 17 6.2 1,140 1.60 
(6.0) (930) (I. 32) -011 Shah.-

New Albany aha Ie _ POW-002 3.9 4 , 607 4.10 
(4.4) (4 . 430) (4.n~) N w Albany sha le _ retorted PW-004 23 3.4 24.S36 IS.OO He.... Albany shale _ cOftbusted POW-OOS )J 3.7 29 ,092 16.6S ~ew ALbany 8ha Ie - HYTORT SUL-024 S 10.0 9,120 7.00 

(10.2)2 

Clevelan(! shale - raw U'W-022 2.2 34, lOO 13.26 Cleveland Shale - retorted I EII-024 22 3 . 1 6.8l,() 7.Su 
0.4) (S,076) (S. SO) 

Sunbury shale - r aw LEII-002 2.S SS,650 20.09 Sunt,ury shale - retorted LEII-004 28 2. S SI , S44 20 .24 Sunbury sha Ie - COftCU8 ted LEW-OOS 41 3.6 21 . 944 11.00 
Chattanooga shale - retorl@d RUS-004 24 3. J 16.992 10.78 tha t [ nooga sha Ie - combull tec! RUS-OOS 36 3.3 38,084 20 . 13 
-AdMix' ure.-

UI2 SoU + 1/2 OU ShAle) 

l.enberg soil -+ New Albany 26 3.8 1,960 2.43 (011) shale - retorted 
Lenbe rg 80il + New Albany 

(011) shale - comu8ted 
31 3.6 9.lO0 7.36 

Trapp i st 8011 -+ New Albany 
(011) sha l e - retor ted 

34 3.6 3.760 3 . SI 

Trappls t soU -+ New Albany 
(011) s hale - corrbusted 

41 J.7 8,8 10 7. 2S 

(J/2) ove rburden . 112 OI l Shale) 

Borden shah + N~ Albany 4.1 S.loo G.78 (011) shale - raw 
Bo rden shale -+ New Albany 2~ 4 . 4 S.SSO S .• 0 (all) shale - retor t ed 
Borden sha le + New Albany 

(01 1) shale - conbusted 
42 4.3 8,900 7.54 

Bo rden sha l e -+ New Al bany 
(011) a ha l . - HY TORT 

6.9 6.0UO S.64 

Bed f o rd s"d l '! + CIlI!veland 21 4.7 3 , 440 J.24 (011) s ha l e - re t o rted 
Bedford s h a l e + Cl e veland 40 S.I 8,4SO 7.26 (aU) aha t e - cOoCusced 

Ha terials p3ssed th rough 3/8 lnch jaw crushe r except for samp tes ",i th 'Oup1tC'Ale s,'unpl@. va lues In pa ren t heses which were g round to pass a 2"", .. leve. 
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Figure 11. Total Dissolved Solids in Saturation 
Extract in Relation to Electrical 
Conductivity. 

• 
These values were determined on the dry, unleached 
materials that were used as a vegetative growth 
medium in the environmental growth chamber. 

j 

Values of EC for soils were less th~n 1.0 
mmhos/cm and for the overburden materials the value 
was around 2. 0. The EC values for the oil shales 
ranged from 4 to 20; the higher values being assoc
iated with the retorted or combusted materials ex
cept for the Cleveland shale (Table 8). 

The level of potassiu~ ions increased markedly 
as a result of processing. As seen in Table 5, the 
quantity of exchangeable potassium in processed 
shales was increased and exceed~d that of sodium, 
c~lcium and magnesium . It has been observed that 
soils high in exchangeable potassium have better 
physical properties and are more readily reclaim~ble 
than soils containing similar amounts of exchange
able sodium but low amounts of exchangeable potas
sium. 15 The high EC values for the oil shales 
were significantly lowered when mixed proportion_ 
ately with either the soil or overburden ~aterials. 
rhe values obtained ranged from 3.2 to 7.5 mmhos/cm 
(Table 8). 

The EC values obtained on the saturation ex
tracts were probably near a maximum since no leach
ing had occurred. For an appreciable reduction in 
the dissolved solids concentration of the leachate , 
both laboratory and theoretical considerations indi
cate that a volume of water equal to about one pore 
volume must be passed through the material. 16 On 
this baSis, a volume of water per unit area equa l 
to about 0.2 - 0.5 times the total depth of the 
ma t erial would be required to obtain such results . 
The quantity of salts removed appears to decrease 
exponentially with the amount of water added, and 
leaching tests on mine spoils indicate that a 
volume of water equal to about 6.8 times the bulk 
volume of the sample was needed to reduce the EC of 
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the leachate to 5 percent of the initial EC of the 
sample . 16 

The plan t specie selected for the growth cham
ber tes~~ was perennial ryegrass which is moderate
ly tolerant to soluble salts (salinity) and its 
yield is considered to be unaffected at electrical 
conductivity values of less than 5.6 mmhos/cm and 
with only a 25 percent reduction in yield at a 
value of 8 . 9. 17 In comparison , yields are reduced 
for wheat at values above 7.0; for Bermuda grass 
above 6.9; for soybeans above 5.0; for tall fescues 
above 3 . 9; and for alfalfa above an electrical con
ductivity of 2.0 . 17 

Native Vegetation and Crop Yields 

Most of the sloping lands in the oil shale 
outcrop area are in forest or pasture. A fo rest 
cover occupies the steeper slopes because of the 
thin soil and erosion problem . Many cleared aTeas 
have become idle and are reverting to forests. l 
The native forests have oak , sugar maple, hickory, 
ash, gum, beech, eastern red cedar, and virginia 
and shortleaf pines as the dominant species. All 
sampled sites were forested . 

The natural ferti Hty of the soils formed on 
the oil shales (Colyer and Trappist series) and on 
the immedia.2 overburdens in the oil shale outcrop 
areas of the "Knobs" regi~n is generally rated as 
low 

1 
and for high levels of management, where not 

restricted by slopes and )o~ential erosion, would 
require approximately 40-_20 lbs/ac of phosphate 
and variable amount of potash, rangi~g from 0-180 
lbs/ac for grass/legume production. The pH of 
these sampled soils (mostly B-horizon) ranged from 
4.3 to 4 . 9 and the lime requirements to raise the 
pH to 6 . 5, on the basis of buffer pH, ranges from 
8 to 15 tons (Table 4) . Soils formed from the 
limestones and calcareous shale overburdens of the 
Cumberland Saddle area are generally of moderate 
fer tility and require less fertilizer and lime with 
pH ' s of 4 . 5 to 7.3 (Tables 1 , 4, 5 , 6, and 10) for 
hi ~ levels of crop and grass/legume management 
where not restricted by steep slopes and excessive 
erosion. 

Colyer soils tend to be difficul t to manage 
for pasture on steeper slopes and are more suited 
for timber production. T-appist soils respond 
well to lime and fertilizer and, where not too 
steep, are suited to most ffeld crops and plant!: 
co·runonly grown in the area . The prinCipal soils 
00 the in~ediate overburdens in the Knobs area 
(Lenberg and Rockcastle) have some slopes managed 
for pasture but are generally more suited fo r 
timher production . 1 

The sampled sOils ano associated soils at the 
sample sites are given in Table 1, and the poten
tial production of grass/legume (under high levels 
of management) and of commOi: trees for these soils 
is given in Table 9. Potential yields of grass/ 
legume for 30il s formed on the soi l shale and over
burden matc rials are in the order of 2.0 to 2 .8 
tons/ac while th" average of the listed, associated 
soils is 3 . 4 . The site index for upland oak on 
the former SOils is 60 and on the latter SOils the 
index averages 76 (tree height in feet at 50years). 

Growth Chamber Vegetative Response Tests 

An environmental growth chamber was used to 



Table 9. Potential Producti on (for Unl'linec Conditions) of Grass/Legume and of Common Trees on 
the Sampled and Associated Soils. 

Soil Grass/ 1 
Series Legume 

Up land 
Oak 

Yellow 
Poplar 

Virgtnia 
Pine 

Short leaf 
Pine 

(tons/ac) ------------- ------------Site I ndex (ft)2 ____ _____________________ _ 

Bedford 2. 5 
Berks 
Caneyville 3.7 
Carpenter 2.8 
Colyer 3.5 

Cotacl) 3.0 
Cranston 3. 7 
Huntington 
Garmon 2. 8 
Elk 4 . 0 

Lawrence 3.0 
Lenberg 2.7 
Markland 2. 0 
Melvin 3 . 5 
Frederick 3.5 

Muse 2.7 
Newark 
Nolin 3 .5 
Otwell 2.8 
Rockcastle 

Sensabaugh 2.7 
Trappist 2. 8 
Trimble 2 .6 
Whitley 3 . 9 
Zanesville 3 . 5 

78 
60 
60 
81 
60 

83 
73 
85 
61 
80 

73 
65 
73 

85 

59 
85 

69 
59 

80 
60 
80 
80 
70 

97 

88 
102 

99 
90 
95 

91 

86 

91 

95 

100 

90 
75 

48 

53 

75 

65 

74 

61 

59 

75 
64 
75 
69 
66 

52 

63 

80 

69 

77 

55 

80 

75 
74 
67 

1 Potential yields under high level of management. 

2 
Site index is based on the tree ' s height, in feet, when 50 years old . 

test the vegetative response on soils, overburdens , 
oil shales, and admixtures. The growth chamber was 
selected since the amount of materials and time 
would not permit field studies . The r esults of the 
tests in the growth chamber are .1Ot as good as 
field plots but useful since relative responses are 
obtained for the controlled conditions of the tests. 
The growth chamber was used as a sLreenlng tool to 
test the feasibility of using available materials as 
a soil substitute or blencing stock in reclamation. 

Procedures for Growth Chamber Tests 

All materials for use in the tests were air
dried and passed through a 3/8-inch jaw crusher . 
(Particle size distributions are presented in Fig
ures 6 t o 9.) This was done to obtain uniformity 
and permit homogeneous blending of materials. Arl
mixtures were t:omprised of equal parts, by weiglll , 
of the materials . Materials were placed in 10 inch 
diameter containers, with bottom openings for drain
age, aL densities slightly greater than the undis
turbed materials in th field (Tables 2 and 10). 
Seeding of perennial ryegrass was at a rate of 30 
Ib/acre to achLeve a pure live seed rate of L5 Ib/ 
acre. Chemical analysis of the soil materials in
dicated lime be applied at 4 tons/acre and fertili
zation (18-46-0) was at a rate of 120 Ib/acre. 
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After seed application, liming and fertilizing, 
the upper 1~2 inch of soil was tilled to incorporate 
the materials . 

The growth chamber was set to closely duplicate 
a natural day durigg the growing seasgn. Tempera
ture was set at 60 F for night and 80 F foroday. 
The temperature started to ~ncrease from 60 F at 
0700 and would dot reach 80 until 1200 where it 
would stay until 1600 and then return in 5 hours 
(2100) to 600 F. Relative humidity was maintained 
at a constant 65 percent . Illumination was ini
tiated at 0700, reached a peak of 7200 foot-candles/ 
min for about 9 hours, then decreased and t~rminated 
at 2100. 

Watering was at an average daily rate of about 
80 percent of the free water evaporation, which was 
approximately equal to 220 ml/day . Water was 
c pplied daily by dosing from a sprinkler bottle for 
the first two weeks and then every other day for 
the following two weeks. Twice-a-week watering 
(pour on) was initiated 36 days after planting and 
at that time the vegetation containers wer moved to 
~ gree~house following failure of the growth cham
ber'a cooling system . Variable watering rales were 
prac tic d until the vegetation was harvested 33 



~ ,-. ~ , . 
.. . . . . 

days later a f ter a 68 day growth period (planting 
to harvest). 

was recycled to s imulate possible f ield conditions 
where rainfa ll di d no t exceed potentia l e"apotrans
pirat i on, and t o re Lain, a t the end, v~ter samples 
for analysis. The containers treat ed in this fash
ion a re so indica ted in Table 10. 

About half of the vegetated containers wer e 
fitted with plas tic bags to c'ltch percolate which 

Table 10 . Vpgetative Response on Soils, Overburden Materials, Oil shales and Admixtures. l 

-~-

Colyer ailt loa. 
Trappist .Ut loam 

Lenber g sUt loam (gray) 
Lenberg .Ut loatll (red) 
Lenbe:rg ,.lIt loam 
Lenber& sUt 10&11 

Huse aUt 10 •• 
Garmon sUt loa. 

-Overburdens-

Sample 
No. 

LEII-l03 
BUL-202 

POW-101 
POW-202 
BUL-201 
NEL-20 1 

'.EW-201 
~US-201 

Bedford Shale (lower)' 
ik> rden Shale (Nancy)" 
Borde n Shale (New Providence)' 

LEW-lOS 
POW-IOI 
BUL-IOI 

(1/2 

-Oil Shale

New Albany - raw 
New Albany - retal te.d 
New Albany - combusted 
New Albany - HYTORT 

Cleveland - retorted 
Cleveland - colfthu~ted 

Sunbury - retorted 
Sunbury - combu8led 

Chattanooga - retorted 
Chattanooga - cnmhu~teri 

-~U..f!!J-

Soil + 1/2 011 Shale) 

Trappist 5011 ... New Albany 
(011) shale' 

Trapp!w t .. New Albany 
(aU) .hale' 

Lenberg soil • . New Albany 
(011) shale' 

Lenber8 so11 .. New Albal 
(oil) shale' 

Corman 8011 ... Chattanooga 
(oil) shale' 

Gorman soil .. Chattanooga 
(011) shale' 

Rockcas tl e soil .. New Albany 
(oil) shale 

-~~t~8-

(1/2 Overburden 1" 1/2 all Shale) 

Bedford shale" Cleveland 
(oil) shale 

8edford sha l A -+ Cleveland 
(oil) sha l e 

Borden shale ... New Albany 
(011 ) shale 

Bard "" shale + New Albany 
(011) shale 

Borden shale'" New Alban)' 
(011 ) shale' 

Borden sha le t- Ne\o' Albany 
(ull) shale' 

POw-2n2 
POW-004 
POW-005 
IGT -024 

LE~-024 

LEI/-025 

LfW-004 
LEW-OO) 

RUS-OOt. 

'I'S-005 

POW-201 & POW-004 

POW-':"} & POW-005 

BUL-202 & POW-004 

elll-202 & POW-005 

RUS-201 " RlIS-004 

RUS-201 & RUS-005 

NEL-201 & POW-004 

L[W-I05 & LEW-024 

1.[\.1 In~ & I.c,,-n~ 

POW-IO! & POW-004 

POW-Io! " P()\. '-OOs 

BVl.-lOJ & IGT -024 

POl<-IOI 6. POw-nil:! 

Gro\ith 
Cham. No. 

8 
9 

10 
11 
I:!' 
13 

14 
15 

17-18" 
19*-20 

4-16* 

34-35 

43-44 

26-27 

31*-32· 

29-30 

37-38 

45 

21 

40 

25* 

42 

6"-'" 

2"-) 

Approx. Bulk 
Dcnlli ly 

1. 37 
1.41 

1. 37 
1. 55 
1.49 
1.50 

1.44 
1.60 

1.60 
1.60 
1.68 

1. 55 
1.44 
1. 37 
1.37 

1 50 
1.44 

1.50 
1.33 

1.50 
1.41 

1.39 

1.43 

1.37 

1. 52 

1.47 

1.43 

1.33 

I. 44 

1.44 

1.44 

1. ~~ 

1. ~2 

1.69 

Number 
of P lane8) 

42 
39 

3 
30 
59 
27 

15 
54 

62 
42 
51 

42 
44 
53 
(4) 

40 
29 

37 
34 

43 
22 

47 

48 

45 

49 

)2 

48 
, 

64 

50 

4q 

47 

42 

33 

61 

2.5 
2.75 

.75 
1 
2.5 
1.75 

1. 75 
2.75 

2.75 
2.75 
1.12 

2 
2.25 
1. 25 
o 

1. 75 
1.5 

1. 25 

1. 75 

1.12 

1.5 

1. I • 

2.37 

2. 2~ 

2. 7~ 

2.7') 

1. ~O 

2. 8~ 

5 . 5 
<.5 

1.5 

6 
5 . 25 

5 . 75 
6 . 12 
6.5 

6 . 25 
5 
5 
1.5 

5.5 
4.5 

4 
3.25 

6.5 
4 

4.37 

7.12 

4 . 5 

6.63 

6 . 38 

,. ) 

S.2; 

, .12 

10.5 

2.5 
3.5 
6 . 5 
7 

".5 
12 

8 . 75 
9 
8.5 

9 
8 
7.25 
I 

4.7! 

10 

10 

8. ) 

7.5 

9.63 

10.5 

",5 

11 

7. ~ 

10 

5 . ~ 

8.$1 

Yield 5 

(lb. I A) 

1,047 
645 

52 
157 
611 
314 

52 
1 , 762 

576 
707 
968 

942 
576 
5!8 
000 

506 
349 

35 
122 

8la 
244 

1,405 

1 , 806 

811 

917 

1,169 

1,003 

.1 .230' 

l.h\7 

1.20':' 

l,Q;!,Q 

1 . 151 

l{,tI 

1.003 

---------------------------- - ----
Su.1ed In cont.lners 10 fnctles in dt'lieter .nd '" inches deep: Perennial ryegrlSS - 30 lbstA; ftrtl11zer (18-.6-0) _ 120 lbstA; Agrtcultur.l 
11l'lfJstone - • tons/It. 

At r dr1td . nd pissed through J/8 tnch J.'" crusher. Dit. on physlCll .nd che-tc.1 prooerties Ire listed in hb1es 2 to 6 ."d nqures 6 to 10. 

Ave r.ge of three ,ounts. 

le .. ' tips suffered SOlIe burnfng during overht.ting of qro ... th chi_ber on weekend of August 15-16. 

V.g.t.thl! growth hoIrvested (dry ",eight) on StptMb.r 2Jrd (Seeded July 17). Ph"ts In growth cNllbe,. 
un t fl Augus t 21st; th.,. ... fte,. In unhtlUd greenhouse . 

Aver. g. of two r.plfcltts. 

One·h,l f of value to .dJust for doubh seedtng . 

Indtcltts rKycled percolalt. 
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Measurements were made weekl y of the number of 
plants and thei r height. At the end of the study, 
pl ants wer e harvested, dried and weighed for yield . 

Resul t s of Growth Chamber Tests 

P'.t.nt growt h varied from zero to twelve inches, 
depe nding upon materials used and the water deficits 
tha t developed. Number of plants , height and yield 
val ues are given i,1 Table 10. Bar gr.:tphs of the 
individual container yields , including number of 
plants, are shown in Figu r es 12 , 13, and 14 . Pic
tures of a number of containers , just prior to 
h, .resting , ar e shown in Figures 15 through 18. 

No yield was obtained for the HYTOltT material, 
pr obably because of alkalinity , low water holding 

- OIL SHALES-

SUNBURY (Retorted) 

SUNBURY (COI'bustod) 

CLEVELAND (RHorted) 

CLEVELAND (Corbustod) 

CHA TT ANOOGA ( Re t orted) 

CHATTANOOGA (Cor.I>u, ed) 

flEW ALBMY (HYTOPr) 

NEW ALBANY (Retor ted ) 

NEi~ ALBANY (C(Jnhustpd) 

NEW ALBANY (Rd. ) 

b (37) 

b(34) 

(40) 

(27) 

b (22) 

000 (4) 

l (44) 

1(531 

o 500 

( ) No. 01 plant. 

(43) 

1(42) 

1000 

Ibs / A 

1500 

Figure 12 . Bar Graph Representation of Ryegrass 
Yielded (68 day growth period) from 
Oil Shale Containers. 

-SOILS

ME (Lewis Co.) 

LENBERG ( 'owell Co.) 

Ln,SERG ( Nel son Co.) 

LENBERG (8ullltt Co.) 

TRA,OP IST (Sul1itt ro . ' 

COL YER (Lewis Co,) 

GARP'P4 ( Russe ll Co.) 

-OVEABURDENS
BORDEN SHALE (llul1itt Co.) 

(New Providence l"Il'I'!ber) 

BORDEN SHALE ( ' .... 11 Co.) 
(Nancy Member) 

BEOFORD SHALE (L ... is Co . ) 
(Lower""""'r ) 

b (15) 
( ) No. 01 plants 

b (3) 

t=:J (27) 
(59) 

(39) 

1(42 ) 

(541l 

f-. '" .~ / (51) 

1 (42) 

/ (62) 

o 500 1000 

Ibs / A 

1500 

Figure 13 . Bar Graph Representation of Ryegrass 
Yielded (68 day growth period) from 
Soil and Overburden Containers . 
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-ADMIXTUAES-
(l12 Overburden' 112 Dt! S .. le) 

8OROC~ • NEW ALBANY ('I) ' 

BORDEN • NEW ALBANY (F) 

BOROCN • NEW ALBANY (R) 

BOROCN • NE" ALBANY (C) 

BEDFORD. CL[VElAND (R) 

BEDFORD' CLEVElAND (C) 

(l12 Sot! • 112 ot! S"le) 

TRAPPIS· • ',£W AlBANY CAl 

TIlAPP, ST + Nt " AI BANY (e) 

LENBERG • NEW ALBANY (R) 

lENBERG .. NEW ALBANY (el 

RCCkCAjTLE + N(W ALBANY CRl 

GARHOfI ~ CIlATTANOOGA (R) 

GAPttJOj • CHATTANOOGA (e) 

t=J (33) 

-

., 

f----

I--

o 500 

, 
( ) No. 01 plantl 

1 (81) 

-~ (47) 

l (42) 

l (SO 

(411) 

(47) 

Wail 

(45) 

1 (411) 

: (84) 

1 (e.2) 

l (48) 

1000 
Iba / A 

1500 

Figure 14. Bar Graph Representation of RyegrasB 
Yielded (68 day growth period) f r om 
Admixture Containers . (HYTORT, H; Raw, 
W; Retorted, R; and Combusted , C) . 

capacity , apparent high boron content and possibly 
other factors. The highest yield of 1,762 Ibs/ac 
was obtained on the Garmon soil. The .:tverage yield 
£rom thp soils on the oil shale and the immediate 
overburden materials was 411 lbs/ac; average yield 
from the immediate overburden materials was 750 
Ibs/ac; and ~he average yield from the oil shales. 
ex~mpting the HYTORT mate rial , was 461 lbs/ac . 

Notabl~ is the yield from the raw New Albany 
shale which is comarable to yields from Colyer and 
Trappist soils developed on the oil shale . The 
very low yields from some of the soil containers re
sulted from surface crusting along with moderate to 
severe cracking which resulted in wa:er deficits 
that reduced yields . This was pa r ticularly true for 
the 'use soil (Lewis County) and the Lenbet'g soils 
in Pot.ell County. Low water holding capacity, low 
pH values, low cation exchange capacities and high 
levels of soluble salts w':!r e appar",ntly the major 
factors in the low yield response Qf the processed 
oil shale materials . 

The admixtures were introduced into the tests 
to evaluate the assumptions that a more desiraole 
physical plant gr owth medium would result while re
taining nutrient, pH, soluble salts, and other fac
to r s at desirable or tolerable l evels . For condi
tions of the limited tests, the vegetative response 
for the admixtures was rather respectable e~cept 
for the containers with HYTORT material (Table 10 
and Figure 18). The average yield for the soil
shale admixtures was 1192 lbs/ac and for the over
burden-shale admixtures, eliminating containers 6 
and 7 that contained HYTORT material, the yield 
averaged 1209 lbs/ac . These yields were about 68 
percent of the highest yield observed from the Gar
mon soil con tainer . Physica l properties of the 
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Figure 15. Vegetative Response of Perennial Ryel'rass for a 
68-day Growth Period. (Table 10: Lenberg Soil, 
13; Trappist Soil, 9; Colyer Soil, 8; and Garmon 
Soil, 15). 

Figure 16. Vegetative Response of Perennial kyegrass for a 
68-day Growth Period. (Tab Ie 10: Npw Albany 
Shale-Combus ed , 33; Cleveland Shale-Retorted, 22; 
New Albany Shale-Raw , 1; New Albany Shale-HYTORT , 
5: Sunbury Shale-Retorted, 28; and Chattanooga 
Sh~lc-Rctorted, 24 ). 
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Figure 17. Vegetative Response of Perennial Ryegrass for a 
6S-day Gr~wth Period. (Table 10 : Bordon Shale
New Providence, 4; Trappist Soil, 9; Bedford Shale
Lower, 17; and Borden Shale-Nancy, 20) . 

Figure IS. Vegetat1ve Response of Perennial Rye grass for a 
6S-day Growth Period . (Table 10: Borden Sha1e
Nancy and New Albany Shale-Raw, 3; T~appis t Soil, 
9; Garmon Soil, 15; Borden Shale-New Providence 
and New Albany Shale-HYTORT, 7; Borden Shale
Nancy and New Albany Shale-Retorted, 25; and Bed
fo rd Shale-Lower and Cleveland Shale-Retorted, 2:,. 
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admixtures , as demonstrated by observed water i n
filtration and water r etention (availability) , 
appea red to be desirabl e . The admixtures, whether 
containing thp overu~rden materials or soils with 
the oi~ shale materials, gave similar vegetative 
respo'.lses as noted above. 

Summary and Conclusions 

Information available from soil surveys and 
geologic quadrangle n.aps for the oil shale outcrop 
area in Kentucky indicates that the quantities of 
materials available for reclamation, and their phy
sical a nd chemical quantities, could present prob
lemR in establishing adequate vegetative cover to 
minimize environmental impacts of oil shale mining . 
To investigate this problem, materials f rom resi
dual soils, overburdens, and oil shales were ob
t ained from five widely separated sites in the 
Knobs region And from one site in the Cumberland 
Saddle a rea. Additional test samples were obtained 
from a portion of the oil shale samples that were 
s ubj ec t ed to steam retorting and Lo steam retorting 
and combustion. A sample from the HYTORT process 
was also made available. 

Extensive physical and chemical analyses were 
performed on these materials and growth chamber 
tests conducted to determine the potential for 
extablishing an adequate vegetative cover on these 
materials or on admixtures of these materials. 

Soils formed in residuums dpr ived from oil 
shale and the immediate overburden materials have 
t ypical solums (A- and B- horizons ) of 15-30 inches 
with topsoil (A-horizon) depth s of generally less 
than 6 inches. The thinner soils are generally 
located on the steeper, wood ~d slopes s uch that 
p!lysically separating the "topsoil" and "subsoil" 
could present a problem. 

In the oil shale ou t crop area ~f t he Knobs, 
the immediate ove rburden materials are extensive , 
of similar characte ris t ics , and weather quickly as 
veri fied by geochemical data, soil tests, and the 
high l y similar soils mapped. These immediate over
burdens, therefore , were investigated as to their 
sUitability for use in reclamation, along with 
admixtures of soils and these overburden materials 
with raw and processed oil shales . 

Soils formed on the oil shales are signifi
can tly lower in c lay content (40 to 50 percent) 
than are the immediate overburdens and their resi
dual soils in the Knobs region (55 to 67 pe rcent). 
Mos t of the materials availab~e for reclamation 
usc have rather high erosion factors for the top
soils and moderate factors for subsoils. This 
indica tes that mulching and the ~stablishment of 
a rapid vegetative ccver would be essential treat
ments to minimize the e rosion and sedimentation 
impacts. 

The soil materials in the oil shal outcrop 
region of the Knobs are very s trongly to ex tremely 
acid and tests indicated lime requirements of 8 to 
15 tons /ac . Th~ soil tested in the Cumberland 
Saddle area and the.immed iate overburden materials 
were essentially neutral. 

Macronutrient l evels in the soil and over
burden materials w~re very low for nitrogen and 
phosphorus; low to medium for potassium; low for 
calciu~ except for the overburden materials and the 
Cumberland Saddle area soil; and moderate levels 
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for magnesium. The immediate overburden materials 
in the Knobs region, however, had levels of 
magnesium 2-3 times greater than did the sOils 
there. Micronutrients were at levels which usual
ly occur in sOils except for Molybdenum which was 
somewhat elevated in a few samples. 

The crushed oil shales and processed oil 
shales were found to be acidic , except for 
the HYTORT material which was alkaline. Cation 
exchange capacities were generally considerably 
lower than for the other materials. 

The elemental levels of macro- and micro
nutrients and other elements for the raw shales 
were generally within the limits usual~y found in 
soils. The processed oil shales obtained from 
retorting-combusting, however, showed increases 
in exchangeable calcium, magnesium , and sodium, 
anu r.larked incr eases in potassium. These 
increases in soluble salts in saturation extracts 
resulted in elec trical conductivities that ranged 
f rom II to 20 rnmhos/cm , except for the HYTORT 
material. Preliminary determinations of the water 
soluble levels of boron and manganese were Signi
f icantly elevated . The saturated extract levels of 
boron and soluble salts were slightly higher 
than that tole rable to plants . 

Soils, ove rburden materials and admixtures 
(half and half of the raw or processed oil shales 
and soil or overburden materials) were used as a 
plant growth medium in a growth chamber test . The 
electrical conductivity of the admixtures indic ted 
somewhat saline conditions but below the determined 
threshold to be deleterious to a number of plant 
species , even before any ieaching of salts. Pri
marily , the admixtures afforded a physical medium 
with desirable infiltration dnd wa t e r retention 
properties. 

The vegetative response (perennial ryegrass) 
on the admixtures , whether containing sailor over
burden material with the oil shales, was essentially 
the same but both were grea ter than that of ei ther 
the overburden materials or soils, exceot for the 
best soil material that devloped on the cal
careous shale material in the Cumberland Saddle 
area. The crushed overburden materials had yields 
greater than the soil materials which suffered 
from surface crusting, along with moderate to 
severe cracking that allowed for water loss and, i n 
combination, these factnrs resulted in extreme 
water deficits. 

The information acq uired, along with other 
available data, indicates that the available soil 
resources in the oil shale outcrop area of the 
Knobs could be augmented by some use of the imme
diate overburdens. For both the subsoil and ove r
burden materials, amendments (including topsoil) 
would be necessary to establish a medium with good 
infiltration and water movement properties . Also, 
adequate mulching and a rapid establishment of a 
vegetative cover would be essential for wat er 
conservation and for the prevention of harmful 
erosion and sedimentation. Such problems would 
probably be minor in the CU;"c orland Saddle area 
where the soils a re of better quality and the over
burden materials contain desi rable limestone and 
calcareous shales. 

ThE. use of raw shale or processed oil s hales 
as am ndments to improve the physical properties 
of the high clay subsoils and immediate overburdens 
in the Knobs area appears as a pussible a lternativ . 
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Selective use of these materials would require 
attention to the resulting levels nf acidity, 
soluble salts, boron, and the heavy metals. Tests 
necessary to determine the practical use of these 
matertals as soil amendments would require the use 
of particles as they would be produced and would 
require a long term study of the release of ele
ments to soil waters. 

An adequate vegetative Cover could be estab
lished on the soils and overburden materials witt. 
amendments to create desirable infiltration condi
tions and with appropriate fe rtilization and cor
rection of any acidity pr oblem . Plant spe~ies 
selected would need to be relevant to the long 
term land use and adaptive to the available rooting 
zone and required erosion control, particularly for 
steeper slopes . If processed oil shales should be 
used in admixtures, plant selection would need to 
also consider salinity, possible problems related 
to trace elements, and the plant uptake potential 
for metals . 
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APPENDIX A 

At the six study locations , Figure 1 in re
port, samples of reSidual soils were obtained in 
cOoperation With the United States Soil Comserva
tion Service and the Kentucky Department for Natu
ral Resources and Environmental Protection, Divi
sion of Conservation. These descriptions are 
included below: 

Soil Descriptions 

Bul1itt County Location 

Date of Survey: April 6, 1981 

Brooks Quadrangle, Kentucky (Geologic Quadrangle 
Map) 

Location: 1000 feet south of Jefferson and Bul
litt county line on KY 1020 turn east 
on county road for one mile; then south 
for 3000 feet; Site #1 700 feet west of 
county road or 900' west of 1-65. 

Area : Black Shale - New Albany Shale, thickness 
73-94 feet (approximately 525 feet 
elevation) . 

SITE #1 

Borden formation - New Providence shale 
member, thickness 210-
280 feet. 

- Kenwood siltstone mem
ber, thickness 20-70t 
feet . 

- Nancy member, thickness 
53-l30t feet. 

Vegetation: virginia pine , scarlet oak , eastern 
red cedar, white oak, chestnut oak. 
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Slope: 15% Lower-sideslope (streight) . 
Aspect : 170· South-southeast . 
Eleva tion: Approximately 580 feet. 
Parent material: New Albany black shale . 
Soil series: Trappist silt loam. 
Classification: Clayey , mixed , mesic Typic 

Hapludult. 

Profile Description 

01&02 1-0" loose, undecomposed and decomposed 
litter from mixed hardwood and pine 
forest . 

Al 0-2" dark grayish brown (10YR4/2) silt 
loam; weak fine granular struclure; 
friable ; common medium and fine 
roots; pH 4.5; gradual wavy boundary . 

Bl 2-6" yellowish brown (10YR5/6) silt loam; 
weak medium subangular blocky struc
ture parting to wea~ fine granular; 
friable; common medium and fine 
roots; pH 4 . 5; gradual wavy boundary. 

B2lt 6-9 yellowish brown (10YR5/6) silty clay 
loam (less lhan 35% clay); friable; 
moderate medium subangular blocky 
structure ; few patchy clay films; 
5% shale fragments up to 1 inch in 
size; common medium and fine roots; 
pH 4 . 5; gradual wavy boundary . 

B22t 9- 13" strong brown (7.5YR5/6) sUty clay 
loam (more than 35% clay); firm; 
moderate medium subangular blocky 
structure ; few fine and medium roots; 
15% shale and siltstone fragments up 
to 1 inch in size; continuous clay 
films; pH 4.5; gradual wavy boundary. 

B23+ 13-17" strong brown (7.5YR5/6) shaly silty 
clay; firm; few medium and fine 
roots; thick clay films on ped faces; 
30% shale fragments up to 3 inches 
in size; pH 4 . 5; clear wavy boundary. 

B3 17-30" 

R 30" 

yellowish brown (10YR5/8) shaly 
silty clay; few fine distinct light 
yellowish brown (10YR6/4) and yel
lowish red (5YR4/6) mottles; moder
ate medium subaneular blocky struc
ture parting to relic shale struc
ture; firm; patchy clay films; few 
fine roots; 35% dark grayish brown 
(10YR4/2) shale fragments up to 3 
inches in size; pH 4.5. 

New Albany Black Shale. 

Comments: None 

No t es : Bulk density and growth chamber samples 
taken. 

SITE 112 

(About 200 feet up slope from Site Ill) . 
Vegetation: virginia pine, scarlet oak , eastern 

red cedar, white oak, chestnut oak . 
Slope: 18% Sideslope-convex . 
Aspect: 170· South-southeast. 
Elevation: Approximately 650 feet. 
Parent material: New Providence member of Borden 

formalion. 
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Soil series : Lenberg silt loam. 
Classification: Fine , mixed mesic Ultic Hapludalfs. 

01&02 l~-O" 

Al 0-1" 

B2lt 1-11" 

B22t 11- 21" 

B3 21-27" 

Cr 27"+ 

Profile Desc ription 

loose, undecomposed and decomposed 
litter from mixed hardwood and pine 
forest . 

grayish brown (2.5YR5/2) s ilt 10alO ; 
friable ; weak fine granular struc
ture; many fine and medium roots; 
3% si ltstone fragments up to 1/4 
inch in size ; pH 4.5 ; clear smooth 
boundary. 

yellowish brown (IOYR5/6) silty clay; 
firm; moderate medium subangular 
blocky structure; continuous yellow-· 
Lsh brown (10YR5 /4) clay films ; 3% 
silts tone and shale fragments up to 
1/4 i nch in size; many fine and medi
um and few coarse roots; pH 4.5; 
clear wavy boundary . 

pale olive (5Y6/3) clay; few fine 
faint light olive gray (5Y6/2) and 
light olive brown (2 . 5Y5/6) mottles ; 
firm moderate medium and coarse sub
angular block s truc ture; common medi
um and fine roots; 2% siltstone and 
shale fra~men t s up t o 1/4 lnch in 
size ; thick continuous c lay films; 
pH 5 . 5; gradual wavy boundary. 

olive (5Y5/4) snal; clay; f ew fine 
distinc t greenish gr ay (5GY6 / 1) and 
yellowish brown (10YR5/4) mottles; 
firm; weak coarse subangular block 
struclure; few fine roots; 20% shale 
fragments up to j inches in size ; 
pH 5.0 . 

olive gr ay (5Y5/2) relic shale platy 
structure. 

Comments : 1. (2.5Y5/2) in Al out of range for 
Lenberg . 

2. (5Y6/3) in B22+ out of range fo r 
Lenberg . 

3. (5Y5/4) in B3+ out of range fo r 
Lenberg. 

4 . 2.5Y and 5Y colors more typical of 
Rockcastle . 

Notes : Bulk density and growth chamber samples 
taken . 

Lewis County Location 

Date of Survey: March 30 , 1981 . 

Chapters Quadrangle , Ken tucky-Lewis County 
(Geologic Quadrangle Map). 

Location : 14,000 feet northeast of KY 10 on farm 
road ; at the head of Ben Willen Branch. 

Area: Black shale - Ohio Shale , thickness 220- 250 
feet (approximately 700 feet elevation); 
Cleveland member, thickness abou t 50 
feet. 

Bedford shale . thickness 30-80 feet. 
Berea sandstone . thickness 1-40 feet . 
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Bl ack Shale - Sunbur y shale . thickness lS-20 
f eet. 

E,orden format ion. thickness 380+. 

SITE 1/1 

Vege t a tlon : sugar maple . red maple. white oak. 
sassafras. 

Slope : 42% mid-sideslope (concave) . 
Aspec t : 180· South . 
Eleva t ion : Approxima t ely 960 feet. 
Paren t I~terial : Black shale - Cleveland member 

of Ohio Shale . 
Soil series : Colyer silt loam. 
Classification: Clayey-skeletal , mixed, mesic 

Lithic Dystrochrepts. 

Pr ofile Description 

10% shale and siltstone fragments up to 2" in 
size and 5% boulder size to siltstone up to l' 
acr oss on the surface. 

01&02 1-0" 

Ap 0-3" 

B2l+ 3-8" 

B22+ 8-15 " 

Cr 15"+ 

loose . undecomposed and decomposed 
litter from hardwood forest. 

yellowish brown (10YR5/4) silt loam; 
weak fine granular structure; fri
able; many fine and common roots; 
5% siltstone and shale fragments liP 
to 2"; pH 4 . 5; abrupt wavy boundary . 

yellowish brown (10YR5/8) silt loam; 
weak medium subangular blocky str'JC
cure; 10% sh;Jle fragments up to 2" 
in size; firm; few fine roots; few 
fine clay films; pH 4 . S; abrupt w~vy 
bc,undary. 

strong brown (7.5Y5/6) and yellowish 
brown (10YR5/6) shaly silt clay loam; 
moderate medium 3ubangular blocky 
structure; firm; few very fine roots; 
few fine clay films; 20% shale and 
siltstone fragments up to 4" in size; 
pH 4.5 ; abrupt wavy boundary. 

Ohio black shale (Cleveland member); 
pH 4.0. 

Comments: Outside of Colyer Series: 
1. Argillic horizon described. 
2 . Coarse fragments less than 20% 
3 . Color in B2l+ (10YR5/8) eight out of 

B horizon range. -
4. Control section does not contain 35 

percent or more fragments - not 
skeletal (inclusion) . 

Nute : Bulk density samples taken at approximately 
8 inches. 

SITE li2 

Vegetation : maple. oak , sassafras. 
Slope : 22% sideslope. 
Aspect : 170· south-southeast . 
Elevat ion : 1000 feet . 
Present material: Berea sandstone . 
Soil series : Muse silt loam . (Note : to red in 

B horizon) 
Classification: clayey. mixed, ~esic lypic Haplu

dults . 
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Profile Description 

10% siltstone fragments up to 6" in size on 
surface . 

01&02 1-0" 

"'p 0-2 " 

Bl 2-6" 

B2l+ 6-11" 

B22+ 11-20" 

B23+ 20-29 " 

B3 29-40"+ 

loose . undecomposed and decomposed 
litter from hardwood forest . 

yellowish brown (10YR5 / 4) silt loam; 
weak fine granular s t ructure ; fri
able ; common fine roots; pH S. O; 
clear smooth boundary . 

strong brown (7 . 5YR5/8) silt loam; 
moderate m~dium subangular blocky 
structure; friable; common fine roots 
5% siltstone fragments up to 2" in 
size; pH 4.5; clear smooth boundary . 

yellowish red (5YR5/8) sil t y clay , 
moderate medium subangular blocky 
structure; firm; few fine r oo t s; com
mon clay films; 10% sil t s t one frag
ments up to 5" in size ; pH 4 . S; clear 
smooth boundary . 

red (2.SR4/6) gravelly clay ; moderate 
medium and fine sub angular blocky 
structure; firm; few fine prominent 
light brownish gray (2. . SY6/2) 
.. ~athered shale material ; common clay 
films; 20% slltstone fragments up to 
6" in size; pH 4 . S; clear smooth 
boundary. 

red (2 . 5YR4/6) clay; strong medium 
subangular blocky structure; firm ; 
common fine prominent light brownish 
gray (2.5 Y6/2) weathered shale mate
rial; few very fine roots; 10% shale 
fragments up to 2" in size; pH 4 . 5 ; 
gradual smooth boundary . 

red (2 . 5 YR4/6) shaly clay ; weak fine 
subangular blocky strucrur e; firm; 
common fine prominent light brownish 
gray (2.5Y6/2) weathered shale mate
rial; 25% shale fragments up to 2" 
in size; pH 4 . 5. 

Comments: Outside of Muse Series: 

1. 7.5YR5/§. out of range Bl horizon. 
2. Silt loam texture out of range Bl 

horizon. 
3. 2 .5YR too red color in B22+ & B23+ 

horizons. 
4 . Chroma of 2 or less at 11" - due to 

weathered shale , not indication of 
poor drainage. 

Note : Bulk density sample taken at approximately 
11 inches . 

SITE 1/3 

Vegetation: chestnut oak, white oak . hickory . 
Slope: 50% con'"ex sideslope . 
Aspect: 190· south-southwest. 
Elevation: 980 feet. 
Parent material: Bedford shale underlain by Cleve

land member of Ohio Shale. 
f.~il series: Lenberg silt loam . 
Classification: Fine, mixed , mesic Ultic Haplu

dalfs. 



Profile Description 

5% shale and siltstone fragments up to 4" in 
size and 2% large siltstone boulders up to 4 fee t 
across on surface. 

A 0-1" yellowish brown (10YR5/6) silt loam; 
weak fine granular structure; friable; 
many fine roots; 5% shale and silt
stone fragments up to 2" in size; 
pH 4 .0; abrupt smooth boundary. 

Bl 1-9" yellowish brown (10YR5/6) silty clay; 
moderate fine and medium subangular 
blocky structure ; firm; many fine and 
medium roots; 5% shale and siltstone 
fragments up to 4" in size; pH 4 . 5; 
clear smooth boundary. 

B2+ 9-12" yellowish brown (10YR5/6) silty clay; 
moderate medium subangular blocky 
structure ; firm; few fine distinct 
light yellowish brown (IOYR6/4) ana 
light olive gray (5Y6/2) and common 
fine distinct red (2.5YR5/8) soft 
weathered shale fragments up to 4" 
in size ; pH 4.5; abrupt wavy boundary. 

Cl 12-20" strong brown (7 . 5YR5/6) and light 
brownish gray (2.5Y6/2) clay; massive 
structure; firm; few medium and fine 
roots; 10% shale and siltstone frag
ments up to 4" in size; pH 4.5; grad
ual smooth boundary. 

C2 20-36" pale olive (5Y6/4), light olive gray 
(5Y6/2) and olive yellow (2.5Y6/6) 
clay; massive structure; firm; few 
fine roots; 10% shale fragments up 
to 4" in size; pH 4.0 . 

Cr 36"+ Cleveland member of Ohio Black Shale 
(overlain by Bedford Shale). 

Comments : 1 . Black shale outcrop in areas below 
sample site makes up percentage of 
sideslope. 

2. Solum only 12" thick needs to be 
20-40". 

3. 2 chroma mottles at 9" - due to wea
thered shale, not indication of poor 
drainage. 

Notes: Bulk density samples at approximately 
10 inches. 

SITE (14 

Vegetation: oak-maple . 
Slope: 48% upper sideslope (convex). 
Aspect : 270· west. 
Elevation: 1040 feet . 
Parent material: Farmers member of Borden Forma

tion - siltstone, sandstone, and 
shale. 

Soil series: Cranston gravelly silt loam . 
Classification: coarse-loamy, mixed, mesic Ultic 

Hapludalfs. 

Profile Description 

25% siltstone fragments up to 6" in size on 
the surface. 

01&02 1-0" loose , undecomposed and decomposed 
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Al 2-6 " 

Bl 6-18" 

B21+ 18-33" 

B22+ 33-49" 

B23+ 49-56" 

B3 56-60"+ 

litter, very dark grayish brown 
(10YR3/2); many very fine and fine 
roots; 20% rounded siltstone frag
ments up to 4" in size; pH 4.5; ab
rupt smoo th boundary. 

reddish brown (2.5YR5/4) gravelly 
silt loam; weak fine granuJar struc
ture ; friable; manj fine and medium 
roots; 20% rounded siltstone fragments 
up to 2" in size; pH 5.0; clear smooth 
boundary. 

light yellowish brown (10YR6/4) gra
velly silt loam; weak fine sub angular 
blocky structure; friable; common 
fine and medium roots; 20% rounded 
siltstone fragments up to 4" in size; 
pH 4.5; clear wavy boundary. 

light yellowish brown (10YR6/4) very 
stony silty clay loam (less than 35% 
clay); weak fine subangular blocky 
structure; friable; few fine roots; 
40% rounded siltstone fragments up to 
12" in size; pH 4.5; clear smooth 
boundary. 

strong brown (7.5 YR5/6) silty clay 
loam (more than 35% clay); moderate 
fine subangular blocky structure ; 
firm; few coarse distinct light brown
ish gray (2.5Y6/2) soft weathered 
shale; common fine and very fine roots; 
10% siltstone and shale fragments up 
to 2" in size; pH 4.5; clear smooth 
boundary. 

yellowish brown (10YR5/6) silty clay; 
moderate medium subangular blocky 
structure; firm; few fine d1~tinct 
ligh~ brownish gray (2.5Y6/2) mottles; 
few fine roots; 5% shale fragments up 
to 2" in size; pH 4.5; clear smooth 
boundary. 

yellowish brown (10YR5/6) anrl Jight 
oJive gray (5Y6/2) silty clay; weak 
medium subangular blocky structure; 
firm; 10% shale fragments up to 3" 
in size; pH 4 . 0. 

Comments: Classific~tion - profile has more than 
18% clay and by field description would 
not be classified as coarse-loamy . 

Notes: Bulk density samples at approximately 36 
inches. 

Lincoln County Location 

Date of Survey: April 21, 1981. 

Halls Gap Quadrangle, Kentucky (Geologic Quadrangle 
Map). 

Location: 1-3/4 miles north on U.S . 27 from Halls 
Gap; west on county road 1/4 of a mile; 
site 1 300 feet northeast off road. 

Area: Black shale - New Albany shale , thicknpss 
35-65 feet (approximate elevation 990 
feet) 

Borden formation - New Providence member, 
thickness 60-100 feet . 



SITE til 

- Nancy member, thickness 
40-100 feet. 

Vegetation: virginia pine, white oak, shagbark 
hickory, red maple, sugar maple . 

Slope : 6% Convex finger ridge. 
Aspect: 210' west-sOuthwest. 
Elevation: 1070 feet . 

Parent material: New Providence member of Borden 
formation. 

Soil series: Rockcas tle silt loam . 
Classification: fine, mixed, mesic Typic Dystro

chrepts. 

01&02 ~-O" 

Al 0-2" 

B21+ 2-7" 

B22+ 7-20" 

B3 20-29" 

Cr 29 "+ 

Profile Description 

loose, undecomposed an1 decomposed 
litter from mixed hardwood and pine 
forest. 

olive (5Y5/3) silt loam; friable; 
moderate fine granular structure; 
many fine and medium and few coarse 
roots; pH 4 . 5; abrupt wavy boundary. 

light olive brown (2.5Y5/4) silty 
clay loam (less than 35% clay); fri
able; weak medium Suhangular blocky 
structure; many fine and medium and 
few coarse roots; pH 5.0; clear 
smoo th boundary. 

light olive gray (5Y6/2) silty clay ; 
firm; moderate medium s ubangula r 
blocky s tructure; common fine and 
medium root s ; coarse medium prominent 
yellowish re~ (5YRS/6) and coarse 
medium faint light olive brown 
(2.5Y5/4) mottles; pH 4 .S; clear 
smooth boundary. 

olive gray (5Y5/2) clay; very fIrm; 
moderate medium sub angular blocky 
struc ture; few fi ne roots; coarse 
medium promInent yellowish red 
(SYRS/6) and coarse medium faint 
light olive brown (2.SY5/4) mottles ; 
pH 4.5. 

olive gray (5Y5/2) Soft relic shale 
st ructure; very firm; pH 4 .5. 

Comments : None 

Notes : Bulk density sample at approximately 7 
inch~s. Base saturation 36% 

Nelson County Location 

Date of Survey: April 6, 1981. 

Lebanon JuncUon Quadrangle (Geologic Quadrangle 
Map) . 

Location: 1 mile east of Boston Toll Booth on 
Bluegrass Parkway, 150 feet south of 
Bluegrass Parkway. 

Area: Black shale - New Albany shale, thickness 
65-70 feet (approximate elevation 455 
feet). 
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Borden formation - Shale member 280-330 feet . 
- Muldraugh member 70-110 

feet. 

SITE III 

Vegetation: eastern red cedar , virginia pine , shag
bark hickory, white oak , scarlet oak, 
sugar maple, beech, mayapple. 

Slope: 28% sides lope (convex) . 
Aspec t: 230' . 

Elevation: approximately 52S feet. 
Parent material: Borden formation, lower part of 

shale member. 
Soil series: Lenberg silt loam. 
Classification: fine, mixed, mesic Ultic Ha~lu

dalfs. 

Profile Description 

2% siltstone on surface up to 1 foot in size. 

01&02 1-0" 
loose, undecomposed and decomposed 
litter from mixed hardwood pine 
forest. 

Al 0-1" 

Bl 1-4" 

dark grayish brown (10YR4/2) silt 
loam; friable; weak fine granular 
s tructure; many fine and medium roots; 
pH 5.0; clear wavy boundary. 

brown (IOYRS/3) silty clay loam (more 
than 35% clay) ; firm ; moderate meditoo 
Subangular block structure; common 
medium distinct strong brown 
(7 . SYR5/6) mottles; common fine and 
medium roots; 3% siltstone fragments 
up to 1 inch in size; pH 5.0; gradual 
wavy boundary. 

B21+ 4-12" 
light olive gray (SY6/2) silty clay; 
common medium distinct st rong brown 
(7.SYR5/6) mottles; firm; strong 
medium subangula r block struc ture; 
continuous clay films; common fine 
and few coarse roots; pH 5.0; abrup t 
smooth boundary. 

B22+ 12-27" 
Light brownish gray (2 . 5Y6/2) clay; 
firm; moderate medium Subangular 
blocky s truc ture; common fine and few 
coarse roots; continuous clay films; 
5% shale fragments up to 1 inch in 
size; pH 7.0; abrupt sffi30th boundary. 

Cr 27 "+ 
olive (5YS/3) relic shale pl~ty struc
ture ; pH 8.0 

Comments : 1. 5Y6/2 in B2l+ out of range for Len
berg . 

2 . 2 . 5Y6/2 in B22+ out of range for Len
berg. 

3. 7S7. base saturation indicates Typic 
Hapludalfs - this profile will be 
classified Ultic Hapludalfs with this 
footnote indicating it is a taxadjunct 
to the series because the base status 
exceeds 60% for this site. 

Notes: Base Saturation 75 %. 
1 to 1 Water; FH S.8. 
1 + 1 KCl; pH S.35. 
Pedon in mapping unit Rockcastle. 



Powell County Location 

Date of Survey: April I, 1981 

Clay City Quadrangle (Geologic Quadrangle Map). 

Location: 4,500 feet south on KY 1057 out of Clay 
City; just across Mountain Parkway turn 
on to gravel road to the Left ; site #1 
1,000 feet on gravel road ju~t south of 
road . 

Area: Black shale - New Albany shale , thickness 
130-150 feet (approximate elevation 620 
feet). 

Borden formation - Nancy member 290-370 feet. 

SITE #1 

Vegetation : white oak, northern red oak, virginia 
pine, beech, eas tern red cedar. 

Slope: 11 % convex slope. 
Aspect: 240° . 
Elevation: 720 feet . 
Parent material: Nancy member (gray) of Borden 

formation . 
Soil series: Lenberg silt loam. 
Classification : fine, mixed, mesic Ultic Hapludalfs. 

01&02 1-0" 

Al 0-2" 

A2 2-4" 

Bl 4-7" 

B21+ 7-12" 

B22+ 12-22" 

B23+ 22-29" 

Profile Description 

loose, undecomposed and decomposed 
litter from mixed hardwood and pine 
forest . 

dark grayish brown (10YR4/2) silt 
loam; moderate fine granular s truc
ture; very friable; common fine roots; 
pH 5.0: abrupt smooth boundary. 

light yellowish brown (10YR6/4) si~t 
loam; weak medium subangular blocky 
structure; friable; dark grayish 
brown (10YR4/2) coatings on ped faces; 
common fine roots; pH 5.0; clear 
smooth boundary . 

yellowish brown (10YR5/6) silt loam; 
moderate medjum subangular blocky 
structure ; friable , common fine r oots ; 
pH 5.5 ; clear smooth boundary. 

yellowish brown (lOYR5/6) sil ty clay 
loam (less than 35% clay); yellowish 
brown (10YR5/4) common coatings on 
ped f~ces; few fine distinct s trong 
brown (7 . 5YR5/6) mottles; common 
fine roots; firm; moderate medium 
structure; pH 5.5; clear smooth 
boundary. 

yellowish red (5YR5/6) and pale olive 
(5Y6/3) mixture; silty clay; few fine 
distinct light olive gray (5Y6/3) 
mottles; firm; moderate fine sub
angular blocky structure parting to 
weak fine subangular blocky struc
ture ; yellowish brown (10YR5/6) com
mon coatings on ped faces; few fine 
roots; pH 6.0; clear smooth boundary . 

light yellowish brown (2.5Y6/4) Silty 
clay; common fine distinct yellowish 
red (5YR5/6) and light olive gray 
(5Y6/2) mottles; firm; moderate medi-
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B3+ 29-35" 

Cr 35-40"+ 

urn subangular blocky structure part
ing to weak fIne subangular blocky 
structure; 15% shale fragments up to 
2" In size; few fjne roots ; pH 6.0; 
clear smooth boundary. 
NOTE: 1/2" thick siltstone layer 

3.t 29". 

lIght olive gray (5Y6/2); shaly silty 
clay; few medium distinct yellowish 
red (5YR5/6) mottles; red (2.5YR4/6) 
coatings on ped faces; firm; few fine 
roots; 30% shale fragments up to 4" 
in size; weak medium subangular 
blocky struc~ure; pH 6.0; clear 
smooth boundary. 

brown to dark bl"O\m (7 . 5YR4/4) in
terior color of shale; relic platy 
struc ture; light gray to gray (5Y6/l) 
coatings on shale; common fine dis
tinct y~llowish red (5YR5/6) m~ttles; 
few very fine roots; pH 6.0. 

Comments: 1. hue of 6 in A2 out of range. 
2. 2.5Y6/4 colors in B23+ out of range . 
3. 5Y6/2 colors in B3+ out of range. 

Notes: Bulk density samples taken between 12-24". 
Base saturation at 35 inches . 

SlTE 112 

30 feet up from pond. 
Vegation: virginia pine, white oak , beech, north-

ern red oak, ground cedar. 
Slope: 28% sides]ope (concave). 
Aspect: 325°. 
Elevation: 710 feet. 
Parent material: Nancy member (red) of Borden 

formation . 
Soil series ; Lenberg silt loam. 
Classification: fine , mixed , mesic Ultic Haplu

dalfs. 

Profile Description 

01&02 ~'~O loose. undecomposed and decomposed 
litter from mixed hardwood and pine 
forest. 

Al 0-2" ~rayish brown (IOYR5/2) silt loam; 
weak fine granular structure; fri
able; many fine roots; pH 4 . 5; clear 
smooth boundary. 

A2 2-6" brown (7 . 5YR5/4) silt loam; mode rate 
medium subangular blocky structure ; 
friable; common fine and medium roots; 
pH 4.5; clear smooth boundary. 

B21+ 6-16" strong brown (7 . 5YR5/6) silty clay 
loam (more than 35% clay) ; moderate 
medium subangular blocky structure; 
firm; common fine and medium roots; 
] ight brown (7.5YR6/1;) coatings on 
ped faces; pH 4.5; clear smooth 
boundary. 

1122+ 16-24" reddish brown (5YR4/3) silty clay 
loam (more than 35% clay); weak medi
um subangular blocky structure; red
dish bro~1 (5YR5/3) coatings un ped 
faces; few fine roots; 12 % shale 
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fragments up to 2" in size; pH 4.5 ; 
clear smooth boundary. 

B3 24-36" reddish brown (5YR4/3) shaly silty 
clay loam (more than 35% clay); weak 
medium sub angular blocky structure; 
firm; light brownish gray llOYR6/2) 
coatings on ped faces; few fine and 
very fine roots; 40% shale fragments 
up to 2" in size; pH 4.5; gradual 
smooth boundary . 

Cr 36"+ Gray shale , underlying about 4 feet 
of red shale. 

Conunents: None 

Notes: Control section - fine. 
Growth study samples taken . 
Bulk density samples taken at 8 inches. 

Russell County Location 

Creelsboro Quadrangle (Geologic Quadrangle Map) 

Date of Survey: June 10, 1981 

Location: Russell County, Kentucky - 900 Feet 
north of Highway 1730; 3.5 miles north 
of its junction with U.S. Highway 127 . 

Area: Black shale - Chattanooga shale, thickness 
25-52 feet (approximate elevation 680 
feet). 

Fort Payne formation, thickness 200-325 feet. 
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SITE III 

Vegetation: mixed hardwoods. 
Slope: 67% sideslope. 
Aspect: 124° . 
Elevation: 
Parent material: Residuum from shaly limestone, 

calcareous shales and siltstones. 
Soil series: Garmon silt loam. 
Classification: Dystric Entochrep~s, fine-loamy, 

mixed, mesic . 

AI 0-5" 

B21 5-14" 

C 14-40" 

Profile Description 

dark grayish brown (10YR4/2) shaly 
silt loam; weak fin~ granular struc
ture; friable; 3% small shale frag
ments; many fine roots; pH 5 . 5; 
gr adual smooth boundary. 

dark yellowish brown (10YR4/4) sllaly 
silty clay loam; weak fine subangular 
blocky structure; friable; 8% small 
shale fragments; common fine roots; 
pH 5.5; gradual smooth boundary. 

dark brown (10YR4/3) very shaly silty 
clay loam; massive structure; firm; 
50% small soft shale fragments; few 
fine roots; pH 7.0. 

R 40"+ shaly limestone bedrock. 

Comments: None. 
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Abstract . Th~ surface m~nl.ng technique that is most applicable 
for extracting oil shale deposits is dictated by topography , 
geology , and ex tent of the reserves . A large percentage of the 
most promising oil shales lie under knobby terrain , i~olated in 
ridgetops in deposits ranging in thickness from 15 ' to 50 ' . 
Since these topographical conditions are similar to those in t he 
Appalachian coal field , several coal s urface mining methodologies 
may be adaptable to efficiently extract oil shal e . 

Mountaintop removal methods, particularly the cross-ridge 
mining technique , utilizing mobile equipment fleets will enable 
reclamation to be performed concurrently with mine advance. This 
paper analyzes the various operations that must be performed for 
an oil shale mine of this type and delineates key economic fac
tors affecting mine planning . In addition , alternative strip
ping techniques that may prove successful are also presented. 

Introduction 

A great quantity of the eastern oil shale re
serve base may be economically feasible to mine by 
surface methods . The reserves considered surface 
mineable in this pdper are those which have an in
place strip ratio less than 2.5 to 1.0 (tons waste 
rock to tons oil shale). These reserves exist un
der several types of mining conditions. 

In the eastern Knobs physiographic region of 
Kentucky and in southcentral Ohio, the surface 
mineable reserves ar e often isolated in moderate 
to steep sloping ridges , outcropping around the 
hillside . Overburden composition in these hilly 
areas varies from pzedominantly shale to shale and 
sandstone . The thicknesses of the high yield oil 
shales varies from 15 to 50 feet , and many poten
tial mine sites contain two surface mineable beds. 
The interburden between the two oil shale beds 
ranges from several inches to over 100 feet. As 
interburden thickness increases , it becomes more 
likely that the two beds cannot be completely re
covered by one surface operation. However, in 
areas where the two beds are close together or form 
a single unit, the overall strip ratio can be as 
low as 1.0 to 1.0 . 

In other areas of the eastern oil shale re
gion , surface mineable reserves lie under more gen
tly rolling terrain and may only outcrop on one 
side of th~ deposit. Often the surface soils in 
these areas are considered prime farmland . 

The surface mining technique that is most app
licable for extracting oil shale is primarily dic
tated by topography , geology , and the extent of 
the reserves. 'rhe regulatory climate in each state 
will also have a great impact on mining meth~-
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ologies. Even though the economic cut-off strip 
ratios are much lower for oil shale min~ng than fo r 
coal mining , modified area (gentle slope) and App
alachian (moderate to s t eep slope) surface coal 
mining techniques can be adapted to efficiently 
recover the easoern oil shales . Whereas , western 
United States oil shale surface mining will be pri
marily limited to open pit techniques and some 
large scale stripping due to greater overburden 
depths. This report will examine the applicability 
of the Appalachian surface cOel mining methods for 
extracting eastern oil shale reserves that lie un
der knobby terrain. The operating and economic 
considerations for mine planning will also be pre
sented. 

Applicable Appalachian Surface Mining Techniques 

Typically , Appalachian surface coal mining 
utilizes highly mobile equipment fleets to remove 
and dispose of overburden . Front-end loaders, do
zers and trucks are often employed because they can 
easily be moved onto a site, can selectively handle 
various materials , and are adaptable to steep slope 
conditions. Selective handling and disposal of 
material will also be a primary component of oil 
shale mining. Finding sufficient and suitable 
spent shale disposal areas will also be imPerative . 
The combined thicknesses of oil shale and waste 
rock beds will usually require several mining 
benches; and ther~~ore , primary excavation equip
rr,~nt must be mobile. 

Mountaintop removal methods have , in the past 
several years , become increasingly more prevalent 
for coal recovery in Appalachia. These methods are 
adaptable to oil shale deposits that are isolated 
in ridges. With this technique the entire ridge 
is stripped, resultin0 in complete resource utili-



zation . Mountaintop removal m~n~ng can be categor
ized into two basic types - conventional and ,cross
ridge. The characteristics of ~hese two types of 
mountaintop removal must be examined t o determine 
which is most suitable for oil shale mining. 

Cross-ridge mining excavates material in par
allel cuts perpendicular to the long axis of the 
ridge. Dependent on the number of oil shale beds 
and total material thicknesses , several benches 
may be advanced simultaneously. Because mining 
cuts consist of areas of high and low strip ratios, 
the average strip ratio encountered throughout the 
mine life is relatively consistent . As the mining 
faces advance , the entire bench width along the 
ridge behind the lowest active pit becomes avail
able for overburden or spent shale storage. An 
advancing backstack of spent shale covered with 
waste rock can be constructed on this bench area 
to account for a large percentage of the storage 
requirements . Hollows adjacent to the site can 
be utilized for storage of any additional mater~al. 
Cross-ridge mining allows the percentage of mater
ial going to either the backstack or hollow fills 
to be varied, depending on the economics of the 
haulage profiles at any point in time. 

Conventional mountaintop mining also provi1es 
for co~plete resource recovery. However, this 
technique removes overburden in successive cuts 
along the contour of the ridgo. This results in 
initial mining of low strip ratio areas with con
sequent high strip ratio areas encountered later in 
the mine life, thereby greatly increasing final 
reclamation costs. By operating in this manner, 
return on investment is maximized in early years, 
but equipment must be added at a faster rate in 
later years to meet required production levels for 
the retort. The primary drawback with this t ech
nique for oil shale mining is that bench areas 
cannot be effectively used for spent shale or over
burden storage without sterilizing future reserves. 
Therefore , valley fills must s tore almost all spent 
shale and overburden until several cuts around the 
ridge have been taken and sufficient bench storage 
area is created . In many instances, ample hollow 
storage room may not be available to hold the large 
initial volume of materials, or state regulations 
may not allow disposal of spent shale in valley 
fills. Also, the average haul distance to each 
valley fill will be greater than is experienced in 
cross-ridge mining because the working face moves 
away from the fill at a faster rate. 

Contour mining along the outcrop of an oil 
shale bed can be implemented to recover r eserves 
that are covered by excessive volumes of overburden 
whici1 prevent the economic use of mountaintop re
moval technologies. However, several character
istics of contouz mining detract from its applica
bility as a viable oil shale mining technique. 
Bench disposal of spent shale or overburde n will 
result in reserve sterilization; and complete back
filling of the highwall may be difficult. If a 
forty (40) foot bed is recovered to a cutoff strip 
ratio of 3.0 (1.5 average) , the resulting highwall 
will be 160 feet high . Also, the haul distance to 
the retort will increase at a r elatively fast pace 
for contour mininq , and consequently, truck fleet 
requirements may be great. 

Because of the drawbacks of contour and con
ventional mountaintop mining techniques, cross
ridge mining appears to be the most applicable sur-
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face technique for extracting oil shale reserves 
that are isolated in ridgetops. To fully illustrate 
the applir.ability of the cross-ridge methodology , 
the unit operations and key mining parameters af
fecting their implementation must be delineated. 

Analysis of Cross-Ridge Unit Operations 
For Oil Shale Recovery 

Overburden and Oil Shale Extraction 

Regardless of the type of prime mover em
ployed, common strip ratios indicate that as much as 
200 feet of material must be exc~vated in many sit
uations. The thicknes3 to be moved along with the 
number of oil shale beds present determines the num
ber of benches needed. At least three (3) benches 
will be needed for most ridge type sites. Because 
cross-ridge mining advances perpendiculclr to the 
axis of the ridge, consistent bench heights are 
maintained throughout most of the mine life. 

The size of the prime mover production fleet 
depends on the daily feed requirements of the re
tort, the production capacity of the machines util
ized , and the strip ratio . When multi-bed deposits 
exist or if several benches are needed , highly mo
bile front-end loaders may prove the most suitable 
for oil shale and waste rock excavation. These ma
chines can easily be moved from bench to bench de
pendent on production needs. Because oil shale 
production requirements of a full-scale operation 
will probably range from 15,000 to 50,000+ tons per 
day, front-end loaders should have a capacity of at 
least 12 cubic yards to keep fleet requirements rea
sonable. 

Electric shovels and crawler mounted hydraulic 
shovels can be successfully utilized on sites that 
do not require numerous working benches. Under 
these conditions, the prime mover will not have to 
be moved among benches often or at all, and thus, 
flexibility is not a major concern . As fuel costs 
increase, electric shovels will become even more 
attractive. The high break-out force of electric 
and hydraulic shovels may allow for lower powder 
factors resulting in lower blasting costs . The 
size of the shovels that can be used is restricted 
by the capacity of the trucks used for haulage. 

Since the oil shale and overburden conditions 
at most sites ma~date that several benches be util
ized , large front-end loaders are probably best 
suited for e xcavation of material. Maintaining a 
steady flow of shale ore to the retort is imperative 
and the flexibility of front-end loaders allows this 
necessity to be easily met . Keeping all benches 
advancing at the same rate is more difficult with 
shovels due to poor tramming capabilities among 
benches. Utilization of both shovels and front-end 
loaders can provide for steady production but may 
complicate parts inventories and maintenance pro
cedures . 

Waste Rock and Spent Shale DiSposal 

AS was previ~usly mentioned, waste rock and 
spent shale must be disposed of in hollow fills or 
on the bench behind the working area . Primarily , 
the most economic disposal technique will utilize 
both storage areas. The ba~kstack is usually closer 
to the excavation area; however, excessive backstack 
heights result in long uphill hauls by loaded 
trucks. Over-utilization of valley fills increases 



the acreage disturbed and can also require l(ng 
:ruck hauls. Therefore, the volumes of mate rial to 
be stored must be carefully compared to the avail
able storage locations and vOlumes to determine the 
best disposal scenario. 

The area availaule for backs tack construction 
is based On the bench acreage, the number of mine 
facilities on the bench, haul road needs, and the 
regulatory cond1tions . If material stored On the 
bench is toxic , either leachate ponds or a suitable 
spoil cover may be required by the reg~latory au
thority to control toxic runoff and/or leachat~s. 
Other protective measures may also be specified. 
The!;e regulations will affect backs tack construc
tion techniques and to an extent its s torage vol
ume. 

The hOllows around an oil s hale property can 
be used for overburden disposal; however , some 
states may impose regulatory restri~tions on spent 
shale disposal in hOllow fills . Many of the val
leys surroundillg oil shale properties are long and 
shallOW; thus, long hauls tu the toe exist when 
large stor~~e capacities are required . If s uffi
cient durable rock exists , side dumping techniques 
for fill construction could greatly reduce haulage 
costs . Overall, the final status of each state 's 
waste rock and spent shale disposal regulations 
will have a great impact on the economics of 011 
shale mining. Hopefully, the regulations in each 
state will be flexible enough to allow for many 
various disposal alternatives based on the site 
specific spent shale and waste rock characteris
tics. 

Shale and Waste Rock Haulage 

The haul age scenario aL a mountaintop oil 
shale mine involves transport of shale ore to the 
retort and spent shale and waste rock to either 
valley fills or the backstack. Selection o f the 
system or combination of systems to transport these 
materials depends on haul distance and relative 
location of the retort facility . 

Off-highway rock trucks appear best sui led 
for transport of material within the mining area. 
Trucks can selectively place overburden materials 
in either backs tack or valley fill , and can easily 
alter their haulage destination to account for 
changes in production. Also, trucks transporting 
oil shale to the dumping area can return loaded 
with spent shale, thus efficiently utilizing all 
travel time. 

If the average haul to the retort is rela
tively short over the mine life (approximately 
7,000 feet or less), trucks alone are probably the 
most economic transport choice . However, as one
way haul distances approac •. two (2) miles, truck 
fleet requirements become excessive . This situa
tion will commonly Occur near the termination of 
m1n1ng (20-25 years) of a cross-ridge mine pro
ducing from 3,000 to 7 , 000 bbls. per day that has 
retort faci11ties adjacent to the min site. Ex
cessive hauls will be incurred much sooner for lar
qer mines or if the retort is located several thou
sand feet from the ridge being mined (retort may be 
centrally located to several ridges) . Under these 
cond1tions a combination of trucks and conveyors 
could potentially be more e~onomic . Trucks would 
haUl shale ore to a deSignated dump station from 
which conveyors would transport ore the remainder 
of the distance to the retort. Another conveynr 
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would carry spent sha!e from the retort to the dump 
station. Periodically , aJditional conveyor sec
tion& must be added to keep truck hauls short . 
This system will eliminate the need for adding 
trucks as mining advances; however , the combination 
of equipment may result in an overall increase in 
ciowntime. 

Because of haulage system considerations , re
tort facility location is a very important economic 
consideration in mine planning. Keeping the retort 
as close as possibl e to the mine always reduces 
mining costs for that particular. property regard
less of the haulage system. However , future utili
zation of the retort wil l be much more costly un
less additional reserves are nearby. Locating a 
Single large retort facility central to several 
ridges will allow ralatively consistent mining 
costs to be incurred fo r each property , and retort 
construct10n will be a one time capital outlay. 
Haulage costs , and consequently mining costs , will 
be higher with this type of system. 

Another possibility is to locate a single 
stage of the retort at each site and pump the crude 
shale oil to a central facility for further pro
cessing. This will reduce haulage costs , but the 
capital requirement associated with constructing a 
single stage of the retort will be incurred at each 
property. The trade-offs anong mining COSts , 
retort useful life, retort construction costs, and 
future market and inflationary conditions mu&t all 
be analyzed in det.ail to determine which mining and 
retorting system may be the most profitable for 
each oil shale property or group of properties . 

An Alternative Waste Rock Removal Technique 

The flexibility of mobile equipm~nt fleets 
makes them suitable for all ridgetop removal oil 
sh?le operations. However , as was mentioned, haul
age costs for shale and waste materials can become 
excessive. Utilization of medium sized draglines 
for overburden or interburden removal can reduce 
haulage costs considerably . 

A dragline would remove waste rock from above 
the lowest oil shale bed and spoil the material in 
the previous pit. A dragline with a sufficient 
reach should be used in order that spoil does not 
pile against the highwall reducing oil shale re
covery . Benching ahead of the dragline could be 
accomplished with loaders and trucks, anJ the ma
terial hauled to valley fills. 

Impl ementation of this type of system is con
tingent upon favorable regulatory conditions . 
Since the majority of the bench area storage is 
used for waste rock spoil , sFent shale may have to 
be stored in valley fills . If disposal regulations 
do not allow spent shale to be placed in valley 
fills , it is doubtful that this type of system 
could be utilized efficiently. 

On ridgetop sites where the interburden be
tween two oil shale beds is too thick to allow com
plete mountaintop removal , a combination system 
can be used to recover most of the reserves. Con
tour mining of the lower bed to the cut-off str~p 
ratio can be 1n1tiated to recover the surface mine
able reserves. In conjunction with the contour 
operation , underground punch mining can recover as 
much as 50\ of the remaining lower bed reserves. 
After the lower operations have proceeded some 
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distance, a cross-ridge operation can be used to 
recover all the upper bed reserves. 

If the majority of the spent shale and over
burden from the conto~ operation is storeo in hol
low fills, it may be possible to side dump waste 
from the upper operation onto the wide (up ~o 300 
feet) contvur bench. Once again, tne regulatory 
climate will have a great impact on the use of this 
technique, especially concerning spent shale dis
posal [rom underground works. 

Conclusion 

Cross-ridge mining and other techniques hold 
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promise for recovering oil shale from surface mine
able deposits that lie under knobby ter.ain. In
novative methods may also be developed in the fu
ture to economically recover reserves. Oil shale 
is an important resource to this country a nd can be 
a great economic asset to the eastern state s that 
have mineable reserves. Surface mining has a bad 
reputation with much of the public, largely because 
of past trends and unfamiliarity with the current 
state-of-the-art. In order to fully utilize this 
energy source in a timely manner, both industry and 
goverl~ent must continue R&D programs as well as 
educate the general public that eastern oil shale 
mining can be performed without environmental deg
radation. 
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Abstract. Econo~ica~ development of shale oil 
depends in a significant way upon the successful 
stabilization of its solid waste product--retorted 
shale. The physical and chemical properties of 
retorted shale depend largely on the retorting 
process . Retorting temperature, residence ti~e, 
initial crushing, mechanical reworking within the 
retort vessel , and post-retort cooling are believed 
to cause the most effect . Utilizing retorted shale 
physical characteristics wrought by these processes, 
stable , environmentall~ acceptable embankments can 
be constructed. 

Introduction 

The combined eastern and western 
oil shale basins constitute the largest 
known oil reserve in the world. It 
pas been estimated that, in the western 
basin alone , there are 600 to 800 bil
lion barrels of oil in shale having 
a richness of 20 gallons per ton or 
greater, in the thicker deposits, 
that can be economically recovered. 
It has also been estimated that there 
are over 2 trillion barrels of oil in 
deposits having a richness of at least 
10 gallons per ton, Wh1Ch might be 
recoverable later through advanced 
technological developments . 

This paper treats a few of the 
concepts associated with unlocking 
this vast energy bank, while at the 
same time minimizing the impact of 
the solid waste products on society. 
To put the magnitude of retorted shale 
disposal in the proper perspective, a 
typically planned 10 module facilit~ 
producing 100,000 barrels (16,000 m ) 
of crude oil per day would generate 
about 150,000 tons (13.6 x 107 kg) 
of retorted shale per day which, when 
compacted , would be equivalent to 
about 125,000 cubic yards (95 , 600 m3) 
per day . Assuming an on-stream factor 
of 90 percent, about 50 million tons 
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(45 x 109 kg) would be produced each 
year, or 1 billion tons (91 x 1010kg) 
ovpr a 22-year period. This would 
cover one square mile (2 . 59 k~2) 
almost 1000 ft (305 m) deep. 

Woodward - Clyde Consultants (I 'CC) 
has , over the past ten or ~ore yeal £ , 
been involved in waste dis posa l and 
material characteriz a tion studies for 
all of the ~ajor above-ground frocesses . 
Some of that workl accomplished under 
partial federal funding has been p~b
lished, however , much of the data 1S 
protected from disclosure by contrac
tual agreements . Thus, the material 
presented in thi s pape r will be general 
and largely unid ntified. 

Retorting Processes 

Importan~ to the characterizat.ion 
and disposal of retort ed shales are the 
processes through which th ey have been 
caused to pass . The oil shale cycle 
begins with mining , crushing and trans
portation fron underground nines or 
open pits to the plant, follmled by 
additional crushing, screening , and 
i " troduction to the retort vessel 
where the raw ~aterial is treated and 
the oil vapors recovered . The f ' nal 
step involves cooling and trans ~ortation 
: 0 the disposal area. 
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Several processes are in various 
stages of development and include the 
Paraho , TOSCO , Union, Chevron , Superior , 
Lurgi and others . Each process, with 
its patente~ components, affects the 
final physical and chemical properties 
of the retorted shale. Those process 
steps, thought to be the most cri tical 
include: (a) retorting temperature, 
(b) residence tinle, (c) initial crush
ing , mechanical reworking within the 
retort vessel , and (d) post-reto~t 
cooling processes. 

High retorting t~mperatures and 
a mid-range of residence time produces 
a retorted shale with natural cementi
tious properties, whereas , free-carbon 
rich retorted shales produced by low 
temperature retorting processes demon
strate very little or no cementitious 
properties . Grain sizes and grain-s'ze 
distributions are also important con
siderations in evaluating permeability , 
consolidation and strength characteris
tics . It is believed that the cementing 
mechanism and ultimately 3 major portion 
of the strength of moistened, compacted 
re torted shales may be the growth of 
a cicular crystals of calci um aluminum 
sulfate between the contacts of retorted 
shale fragments 2 • Thus , it follows 
that fine grained, high temperature 
retorted shale~ would promote more 
crystal growth resulting in higher 
strengths and reduced permeabilit ies . 
Applying a basic understanding of soil 
mechanics also suggests the well graded 
and finer grained materials should also 
be less pervious than coarse r grained , 
p00rly graded materia: s for similar 
levels of compactable effor t . Certain 
processes crush raw sbale initially to 

HYDRO ME T ER ANALYS I S 
CL AY (PLASTIC) 

TO SI LT (NON - PL ASTIC) 

finer sizes than do o t hers and some 
processes mecha~ically work the raw 
and retorted materials with rock pumps , 
screw conveyors, turbulent beds, 
rotating grates and other such devices, 
resulting, ultimately , in a finer 
grained end product. 

Cooling the hot retorted shale 
is at present conducted by quenching, 
spraying with water or just by air 
cooling during transportation to the 
disposal site . Final cooling at the 
disposal site is almost universally 
planned, and is an important factor 
in disposal design . In particula r , 
one must be aware of the potential fo r 
spontaneous ignition and subsequent 
burning of the free-carbo n component 
of the low temperature retorted shales. 

Material Properties 

Grada tion 

Retorted Piceance Basin shale3 
classified in accordance with the 
Unified Soil Classification Sys t em 
(ASTM 0 2487) range from sandy silts 
(ML) to silty gravels (GM) . Typical 
gradation analyses of both coarse and 
fine grained specimens are presen ted on 
Figure 1 and represent five different 
processes. This data shows gravel-size 
particles represent from 0 to 75 per
cent, sand-size particles from 11 to 
60 . 5 percent, and clay and silt-size 
par ticles from 9 to 64 percent of the 
total sample . 

Results of laboratory compaction 
tests on retorted shale from the Paraho 
(direct heat) process shows considerahle 
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Figure 2. Effect of Particle Breakdown Under Compactive Effort. 

particle breakdown in the gravel 
and sand sizes can occur. Figure 2 
is a plot of the gradation, as
retorted, and the gradations after 
compaction sho~.'ing the effects of 
particle breakdown under three 
different laboratory compactive 
efforts. The degree of particle 
breakdown under the different 
corrpactive efforts , of course, 
affects the other phvsical 
properties of the materials so 
produced. Other tests on fine , 
medium and coarse grained samples 
showed increases in silt- and clay
size fractions resulting from 
standard compaction (ASTM D 698) 
ranging between 0 and 23 percent. 

The coeifici ~ nt of uniformity, 
relating the D60-size particle to 
the DID-size pa rti cle ranges from 
11.4 percent for those uniformly 
graded materials 0 797.1 for those 
processes resulting in gap graded 
retorted shal es. 

.~cific Gravity 

Studies per[ orrred to date 
indicate the average ap pa rent 
specific gravity (ASTM n 85 4) 
(permeable voids filled with 
water) ranges between 2.5 3 and 
2 . 85 . 

compaction 

Co~paction studies perfor , ed 
by WCC on fine and coarse grained 
retorted shales have employed three 
degrees of compaction . These were 
6200-foot pounds per cubic foot 
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(297 kJ/m3 ) (1/2 of ASTM D 698) 
to represe nt the light compactive 
effort that might be associated with 
hauling and spreading equipment; 
12,375-foot pounds per cubic foot 
(593 kJ/m 3 ) (ASTM D 598), which is 
standard c0mpactive effort used for 
~any types of earthwork construc
tion; and 56 ,000-foot pounds per 
cubic foot , (2693 kJ/m3 ) (ASTM D 1557), 
which repres~nts the heavy compactive 
effort used for special ear thwork 
tiltuations where high densities are 
desired . Th~ results of these tes ts 
on Paraho retorted shale (direct heat) 
are shewn 0n Figure 3 . 

It should be noted that moisten
ing dry retorted ~hale to an "optimum" 
moisture content produces only small 
increases in dry densities, being of 
the order of 2 to 3 pounds per cubic 
foot ( 0 .0 32 to 0 .048 g/cm3). At 
sorre intermedlate mcisturps, the dry 
densities were slightly less than that 
obtained at low moistures . A similar 
moisture dE.! nsity relationship was also 
obtain ed in the full-scale, field 
compaction experiments performed at 
Anvil points , Colorado. 1 

Other results of laboratory 
compaction tests perfo r med ::>n both 
fine and coarse grained retorted shale 
samples compacted using "standard" 
effort (ASTM D 698) are presented in 
Figure 4. Character i stic flat curves 
and relatively high optimum moisture 
contents, as discussed above, are 
exhibited by both fine and coarse 
grained s amples . Optimum moisture 
contents for the rraterials shown on 
Figure 4 range from 15 . 5 percent to 
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42 . 8 percent and average 24 . 9 percent . 
Dry densities for these materials . 
varied behleen 69 . 0 pounds per CUblC 
foot (1.104 g/cm 3) and 97 . 5 pounds 
per cubic foot (1 . 56 g/cm 3) and 
averaged 89 . 2 pounds per cubic 
foot (1.427 g/cm 3 ) . Obtaining near 
maximum densities without addltional 
water during compaction is an impor
tant factor i n western retorted shale 
disposal because of the scarcity of 
water in the arid o~ semi-arid areas 
whe r e the oil shale is located. 

Free-Fall Densi ty 

Studies perfo r med at the United 
States Army eorps of Engineers Waterways 
Experiment S t ation (WES)4 supplemented 
by wee l aborator~ data relating the 
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effects of drop height to density 
using dry retorted shale (WES & Wee) 
and woistened retorted shale (Wee) 
are presented on Figure 5 . The 
results show dry densities become 
asymptotic to densities of between 
80 and 85 pounds per cubic foot 
(1.28 g/<::m 3 and 1.36 g/cm 3) at drop 
heights above about 4 feet (1 . 22 mI . 
Maximum bulking of the relatively 
fine grained Toseo retorted shale 
apparently occurs at a moisture 
content of about 8 percent or near 
the moisture co~tent that might be 
developed during spray cooling and 
to minimize dusting. Such a decrease 
in density could mean increasing 
storage volumes for conv~yor placed 
retorted shales by as much as 35 per-



Figure 5. Effect of Drop Height on Density for 
Dry and Moist Retorted Shales. 

cent. The tests were, however, 
conducted using relatively small 
amounts of retorted sha les and do not 
account for further densification that 
could result from the effects of the 
weight of subsequently placed layers. 
It is felt that final, conveyor placed 
retorted shale densities should approach 
the 80 pound per cubic foot density 
line, although the time related effects 
of a reasonably stable microstructuce 
due to cementing effects has not 
been thoroughly investigated. 

permeability 

Current disposal schemes, in light 
of environmental safeguards related to 
leachate management are considering the 
use of "impermeable" linings. Sites 
would ~ covered with thick, highly 
compacted, impervious linings consisting 
of retorted shale materials or local 
clay deposlts. Results of laboratory 
and field testsl show that retorted 
shale, highly corrpacted at a moisture 
content near that considered optimum 
for compaction, will provide the 
"impermeable" material for this type 
of construction. 

The laboratory tests presented in 
Tables 1 and 2 were conducted in accor
dance with the United States Bureau of 
Reclamation (USBR) Designation E-13, 
except that each specimen was corrpacted 
in two equal layers and a thin ring of 
minus 1/4 inch (0 .6 3 em) material was 
placed adjacent to the cylinder wall, 
[or coarse grained r etorted shale 
samples, to prevent sidewall piping 
through the "gravelly" material. 
During the tests, loads were varied 
and settlement measurements taken. 

. I" .' ~ 'Il -. ..... • • ~ 
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Table 1. Permeability Test Results for Compacted 
Paraho Retorted Shale. 3 

PERMEABILITY TEST RESULTS 

DRY PLACEMENT PERMEABILITY (FT/YR) 
COMPACTIVE DENS lTY MOISTURE UNDER LOAD IIlGS OF: 

EFrORT (PCF) (%) 50 PSI 100 PSI 200 PSI 

LIGHT 88.0 23.7 15.0 5.5 1.7 
88.0 0.0 42.0 

STANDARD 92.5 22.0 7.0 1.4 O.l! 
93.0 3.0 44.6 30.3 19.8 

HEAVY 9l!.7 22.0 1.1 0.6 0.1 
98.0 3.0 39.5 33.6 26.0 

NOTE: 1 FT/YR 1 X 10-6 CM/SEC (APPROX.) 

Table 2. Permeability Test Results for Various 
Compacted Retorted Shales. 

PERMEABILITY TEST RESULTS 

SHALE 
COMPACTIVE 

EFFORT 
PERMEABILITY (FT/YR) 

UNDER LOADINGS OF: 

50 PSI 100 PSI 200 PSI 

(2)* 

(3) 

(4)* 

NOTES: 

LIGHT 15.0 
STANDARD 7.0 
HEAVY 

LIGHT 

STANDARD 

HEAVY 

LIGHT 

STANDARD 

HEAVY 

LIGHT 

STANDARD 

HEAVY 

1.1 

0.003 
0.002 
0.001 

114.6 
54.0 
9.1 

(1) COARSE SHALE. HIGH TEMPERATURE 
(2) FINE SHALE. LOW TEMPERATURE 
(3) FINE SHALE. V. HIGH TEMPERATURE 
(4) COARSE SHALE. LOW TEMPERAT~RE 
* APPRO;lJMATE LOADINGS 

5.5 1.7 
1.4 0.8 
0.6 0.1 

0.4 0.3 
0.4 0.4 
0.4 0.2 

0.003 0.002 
0.005 0.001 
0.001 0.001 

40.4 UL9 

44.5 26.4 
7.1 6.4 

SAMPLES PLACED AT OPTIMUM OR OPTIMUM PLUS MOISTURES 
1 FT/YR = 1 X 10- 6 

CM/SEC (APPROX.) 



The tabulated data show "imperme
able" material can be obtained, even 
undet low loads, if the materials are 
highly compacted at optimum moisture 
conditions. It should be recognized 
that, in addition to obtaining higher 
densities with high compaction, th~ 
percent gravel-sized particles are 
reduced and the percent si l t- and 
clay-sized particles increased 
(Figure 1). Table 1 emphasizes the 
importance of compac t ing retorted 
shales (in this case Paraho direct 
heat materials) at optimum moisture 
conditions as compared with low mois
ture conditions, when "impermeabili ty" 
is important. Similar effects have 
been recognized in the 30il mechanics 
field for many years. 

Data presented in Table 2 also 
point out the expected influence of a 
large percentage of clay- and silt-size 
particles on compacted permeabilities . 
Although difficult, because of some 
differences in grain-size distribution, 
the effects of cementation can be 
inferred from the results of low 
temperature and very high temperature 
retorted shales . 

One permeability test (Figure 6) 
on Paraho direct heat retorted shale, 
was performed on a sample compact ed with 
liaht effort and zero moisture content 
to - simulate the main body of a r e tort ed 
shale disposal facility. The spe ci men 
was first permeated with distilled water 
for a period of 200 hours, after which 
the salty effluent liquor was r ecirc u
lated through the system for about 
900 additional hours. The permea
bility d ropped from 4 2 f 5e t per year 
(approxi~a t ely 4. 2 x 10- cm/sec) 
to 2 . 2 feet per year (approximat ely 
2.2 x 10-6 cm/sec ) as a r es ult of 
salts concentrating within the void 
spaces. Such an e vent could Occur 
in a disposal pile resulting ult i 
mately in f urther at t e nuatio n of 
l eachate movemen t. 

~o \ CIRCUL~TE DISTILLED WA TER 
\ 

PERMEABILITY TEST RESULTS 
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Strength 

Early investigations by the Denver 
Research Institute (DRI)5 suggested 
the possibility of increasing strength 
wi th time characLeristics for retorted 
shales processed in high temperature 
environments. Test results to date 
have verified this relationship as well 
as others, including the link between 
strength and density, and strength and 
molding water content. 

Figure 7 presents the results of 
unconfined compressive strength tests on 
fine and coarse grained retorted shales 
compacted at varying moisture contents 
Rnd cured for periods ranging from 0 
to 125 days. Similar strengths were 
obtained on cores drilled from field 
compacted materials placed 1n the 
Paraho test pond No. 1 lining.l 

Several significant Observations 
can be made from this data, including 
the following: (1) strengths will 
plateau shortly af ter placement; 
(2) increaSing densities should result 
in an increase in strength; (3) high 
temperature processes produce higher 
strength materials than those involving 
low tempe ratures; and (4) strengths near 
those associated with weak concrete 
are possible. 
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Figure 7. Results of Unconfined Compressive Stre~gth 

Tests on Fine and Coarse Grained R~torted 
Shales . 
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The relationship between strength 
as measured in unconfined compression 
and molding water content are presented 
on Figure 8. This figure demonstrates 
both the coupled relationship between 
strength, curing time and moisture 
content, as well as a generally 
increasing strength with increasing 
moisture content to at least a point 
rear the optimum moisture content. 
The process represented by the dark 
squares is typical of high carbon 
content, low tewperature retorted 
shales. 
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Strength Tests with Varying Molding 
Water Contents . 

3. Triaxial She~r Test Results on Shale 
Samples Retorted at Varying Tempera-
tures and Compactad with Varying Efforts. 

TRIAXIAL SHEAR TEST RESULTS 

ORY FRICTiON 

COMPAClIVE DENS lTV COEFF I C lENT 

EFFORT (PCF) ( TAN 8) 

LIGHT 88.0 0.69 

STANDARD 92.5 0.68 

HEAVY 98.7 0.69 

HEAVY 101.5 0.78 

LIGHT 95.& 0.75 

STANDARD 97 . 3 0.70 

HEAVY 103.9 0.93 

LIGHT 86.8 0.69 

STANDARD &9 .0 0.62 

HEAVY 96 . 4 0.80 

NOTES: 
(]) COARSE SHALE . HIGH TEMPERATURE 

(2) FINE SHALE. LOW TEMPERATURE 

(3) FINE SHALE. V. HIGH TEMPERATURE 

COHESION (PS I) 

AT I"OISTURE 

CONDITIONS INDICATED 

19.4 15. 3 

(DRY) (SA TURA TED) 

27.8 24.3 

(OPTI_) (SATURATED) 

36.1 29 . 2 

(OPTIHUM) (SA TURA TED) 

69.4 CURED 
(OPTI_) 3D-DAYS 

1.4 

(OPTIHUM) 

1.4 

(OPTIHUM) 

0 

(OPTIHUM) 

22 . 2 7.6 

(OPTIMUM) (SUURATED) 

33.3 ]3 . 9 

(OPTIHUH) (SATURATED) 

41.0 27 . g 

(OPT I HUll) (SATURATED) 
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Triaxial shear tes t results for 
combinations of high and low tempera
ture retol'ed shales, light to heavy 
compactive efforts and fine to coarse 
grained materials are presented in 
Table 3 and on Figure 9. This data 
suggests the angle of internal friction 
is not a sensitive function of density 
(compactive effort), grain-size distri
bution or retorting temperature. This 
is significant from a disposal facility 
standpoint, since for deep seated slope 
failures , strength is directly related 
to the normal stress on the shearing 
plane and the angle of internal fric
tion. Therefore, costly measures such 
as additional molding water content, 
increased compactive effort and higher 
retorting temperatures should not be 
influential from the standpoint of 
frictional resistence. Only the 
cohesion, as might be expected from 
the results of unconfined compressive 
strength tests appears to be materially 
affected by process and densification 
related activities. 

Disposal Concepts 

Current above-ground and mined-out 
area disposal schemes are regulated and 
closely monitored by state and federal 
agencies involved with environmental 
protection and mined land rpclamation. 
The Colorado Mined Land Reclamation Act 
states: 
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"It is the intent of the gen
eral assembly by the enact~en t 
of this article to allow for 
the continued development of 
the mining industry of this 
state, while requiring those 
persons involved in mining 
operations to reclaim land 
affected by such operations 
so that the affected land may 
be put to a use beneficial to 
the people of this state." 
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Figure 9. Triaxial Shear Test Results Related to 
Dry Density for Varying Compactive 
Efforts. 
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Energy companies are thus charged 
with constructing stable long-term 
facilities without driving the cost 
per barrel of oil , due to disposal 
operations, beyond that which the market 
is willing to bear . The engineering 
ch~llenge is clear . Retorted shale 
properties that can economically enhance 
disposal pile stability must be incorpo
rated into designs . Certain q'Jestions, 
it is believed , regarding retorted shale 
disposal have been answered during the 
cour.se of laboratory and limited field 
tests . Verification and answers to 
questi0ns that cannot be adequately 
modeled in the laboratory environment 
will , however , only be possible once 
prototype embankments are constructed, 
properly monitored, and the test data 
analyzed. Current disposal plans are 
then in that sense conceptual, and are 
a in very generic fashion presented in 
Figures 10 through 13 . Many variations 
to the schemes presented are possible 
and in instances, necessary, depending 
on site conditions, retorted shale 

DAM OF 
COMPACTED 
RETORTED 
SHALE 

---

LEVELS OF LIG HTLY CO,..PACTEO 
RETORTED SHALE 

SCHEMATIC Of' TYPICAL OPEN PIT MINE BACKFILL 

Figure 10. Schematic of Typical Open Pit Mine 
Backfill. 

Figure 11. Schematic of Typi~al Cross-Valley Fill . 
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5CHEMATIC OF SIDE-HILL FILL 

Figure 12. Schematic rf Typical Side-Valley Fill. 

EMBANKMENT OF COMPACTED HIGH 
STRENGTH IMPERVIOUS SHALE -

Q t l' 

f GROWTH MEDIA 

,....,~~t 

Figure 13. Schematic of Typical Surface Disposal Pile. 

properties, local regulations, and 
construction material availability. 
The schemes also represent western 
oil shale lands and climate, the 
implications of which would have 
to be seriously considered in the 
eastern setting. Backfilling 
underground mine openings has also 
been studied but is not discussed 
herein. 

Three common disposal concepts 
along with open-pit mine backfilling 
(Figure 10) are being considered and 
involve cross-valley fills (Figure 11), 
side-hill fills (Figure 12), and piles 
covering relatively level surface areas 
(Figure 13). Due to the large disposal 
volumes and rugged topography, concept 
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combinations also coupled with open-pit 
mine backfilling are often used. 

All four concepts effiploy the "belt 
and suspenders" approach, or multiple 
lines of defense , with regard to leach
ate and surface water management . ~his 
includes us ing the "imre r,,-,eable " na ture 
of adequately compacted retorted shales 
to provide a lower lining and an upper 
reclamation or slope facinq zone, that 
could also consist of compacted retorted 
shale with or without possible additions 
of portland cement. Leachate attenua
tion is further strengthened by ~alt 
accumulations and associated reduced 
permeabilities. Mathematical seepage 
models are often employed to assist 
in dimensioning "impermeable" and 
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Figure 14 . Typi cal Sec t i on of Retorted Shale 

reclamation zones and involve the 
application of non-saturated/two-phase 
flow theory. Such model studies must 
consider the high absor p tion character
istics of retorted shale, and the 
precipitation-evaporation character
istics of the disposal locations. 

End and face slopes can be of 
the order of several hundred feet high 
and thus indicate, even to the casual 
observer , the need for strong durable 
materials. Since most natural slopes 
in the western oil shale region are 
relatively steep (2:1 and 1.5:1 hori
zontal to vertical) visual continuity 
suggests retorted shale di sposal 
facilities should have similar steep 
slopes which also enhances the ratio 
between storage volume and disturbed 
land area. 

Results of conventional stability 
analyses on embankment sections where 
the high strength potential of wel l 
compacted retorted shales , in some cases 
compacted at optimum moisture content , 
are utilized; show that relatively 
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steep , high slopes can be constructed 
with low probability of failure . A 
typical section of one such embankment 
is presented on Figure 11 . 

Conclusions 

1. Retorted Piceance Basil) shales class
ified in accordance with ASTM D 2487 
range from sandy silts (ML) to silty 
gravels (GM) . 

2 . Dry density i ncreases only slightly 
with additional moisture at similar 
compactive efforts . Particle break
down during field and laboratory 
~ompaction could be significant. 

3 . Retorted shales tested to date can 
be compacted to densities sufficient 
to render them "impermeable . " 

4 . Laboratory strength tests show 
strength varies with molding 
moisture content , curing time 
a nd de ns i t y . 
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5. Natural cementation of hydrated 
retorted shale depends upon 
retorting temperature , grain 
size and the moisture available 
for hydration . 

6. The disposal method will depend 
in large part on the physical 
properties described above. 
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Abs tract 

Excavation, handling, and the environmentally safe disposal of spent oil shale and 
overburden materials require 1 ~~'lo ... ledge of their geotechnical engineer'.ng l'roperties. To 
determine these properties, a laboratory investigation of the physical and geotechnical engi
neering properties was made . The physical teStS consisted of mechanical analyses , Atterberg 
limits, and specific gravity determinations. Geotechnical properties were determined by 
moisture-density analyses, triax.lal compression. permeability tests, slake-durability, one
dimensional compression tests, and Los Angeles abrasion . A one-dimensional compression 
test was devised to address the problem of placement , loading, and saturation of the spent 
shales and overburden materials . The compacted. unprocessed oil shales were more sus
ceptible to inundation and compressIOn than compacted specimens of retorted shales and 
chars. Comparisons of the geotechnical properties of the unprocessed oil shales and pro· 
cessed shales are made . 

INTRODUCTION 

The current energy shortage and a diminishing supply of petroleum 
have prompted efforts to search for alternate sources of energy . Serious 
attention has recently focused on the commercial development of oil shales 
because of a large abundance of these materials and their proximity to 
markets. Processsing of raw oil shale by heating to recover petroleum 
products involves the use of surface retorts and/or in situ retorting. Regard· 
less of the technique used , sizeable volumes of retorted, or spent shales will 
be produced and require disposal . ('enerally, the oil shales are overlain by 
materials which do not contain oil and must be removed to recover the oil 
shales. The excavation, handling and environmentally and structurally safe 
disposal of the spent oil shales and overburden materials will require a 
knowledge of their geotechnical properties . nus paper is a condensed ver
sion of a report (I) submitted in November 1981. For additional details, 
especially the application of these findings to slope design and settlement, 
the rezder is refcored to the report. 

OBJECTIVES 

The primary objective of this stud; was to characterize the various 
geotechnical properties of overburden materials, raw oil shales and pro
cessed, or spent shales. nus information is needed in the commercial 
development of oil shale for developing environmental regulatiuns, anJ 
providing for a means of safely disposing of the overburden and spent 
shales. 

DESCRIPTION OF MA n:RIALS 

Materials received for laboratory testing consisted of two basic 
categories: overburden materials and oil shales. The second category of 
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materials consisted of the raw , or unprocessed oil shales . the retorted oil 
shales, the charred oil shales and the combusted oil shales. Brief descriptions 
of the materials submitted for testing are as follows : 

OVERBURDEN MA n:RJALS 
Overburden materials consisted of three shales and a siltstone . Two 

overburden shales were collected from the Borden and the Bedford forma
tions of Lewis County. Kentucky . TIle siltstone sample was obtained from 
the Farmers Member of the Borden Formation in Lewis County, Kentucky . 
The third overburden shale was obtained from the New Providence Member 
in Bullitt County, Kentucky . The shale samples obtained from the Borden 
and Bedford formations consisted of nat light yellow, subangular particles. 
The siltstone was light olive gray in color, hard , and flOellrained . The ew 
Providence Shale was gray to light yellow in color, very friable, platy and 
angular. 

UNPROCESSED OIL SHALES 
Seven oil shale samples submitted for testing were collected from 'he 

Sunbury, New Albany , Chattanooga , and the Ohio shale formations . The 
stratigraphy and composition Qf these shales are similar. In Ohio, and in 
Kentucky from Lewis County southwest to the vicinity of Irvine , a wedge 
of Bedford Shale and Berea Sandstone occurs between the underlying 
(Ohi '» and overlying (Sunbury) black shal:s. The Ohio Shale has been 
subdivided into upper (Cleveland) and lower (Huron) member . Beyond 
the pinchout of the wedge of Bedford sediment the entire black shale 
interval (equivalent to the Ohio and Sunbury) is referred to as the New 
Albany Shale . This nomenclature is carried westward through Kentucky and 
into Indian and Illinois. To the south, the black shale interval thins con
siderably and is referred to as the Chattanooga Shale. This nomenclature is 
used throughout southern Kentucicy and Tennessee . Samples of the ew 
Albany Shale were collected from Nelson , Powell, lincoln , and Bullitt 



counties, Kentucky . The Sunbury and Ohio samples were obtained from 
Lewis County , Kentucky . Samples of the Chattanooga Shale were obtained 
from Russell County , Kentucky . Particle.shapes of the raw oil shales and the 
overburden shales were similar. However, the raw o il shales were harder and 
contained less fmes than the overburden shales. The raw oil shales ranged in 
color from dark yellow to gray and were darker than the overburden shales. 

RETORTED SHALES 
Six retorted samples were tested . Materials collected for the retort· 

ing process were obtained from the Sunbury , ew Albany, Cleveland, and 
Chattanooga shale formations. The New Albany sam ples werc collected 
from Nelson, BuUitt , and Powell counties, Kentucky. Samples of the 
Cleveland and Sunbury shales were obtained from Lewis County, Kentucky. 
The Chattanooga shale samples were obtained from Uncoln County, Ken. 
tucky. TIle double auger steam retorting process was used. Maximum 
particle· izes of the retorted shales w re smaller and individual particles 
wer~ less angular than the raw oil shales or the c· .• rburden shales. The 
retorted shales con tained Uttle or no fmes and werr ".y to black in color. 

CHARRED SHALES 
The next group of shales tested were the charred shales produced by 

the H¥fORT process. Materials obtained for the charr ing process were ob· 
tained from the Sunbury, Cleveland, and ew Albany Shale formations . 
Samples of the Sunbury and Cleveland shales were collected from Lewis 
County , Kentucky. The New Albany samples were obtained from Bullitt 
County, Kentucky. This group consisted of three shales wh ich appeared to 
be identical. These materials were compooed of much smaller particle sizes 
and contained fewer fines than the retorted shales. The cha rred shales were 
black in color and had an appearance similar to coal . 

COMBUSTED SHALES 
The last group of shales submitted for testing was the combusted 

shales and consisted of six materials. These materials were obtained from 
the Sunbury , Cleveland, New Albany, and Chattanooga shale formations , 
retorted , and then subsequently combusted. Samples of th e Sunbury and 
Cleveland shales were obtained from Lewis County , Kentucky . Samples of 
the ew Albany shale were obtained from BulJitt , Uncoln, and Pow-Il 
counties, Kentucky while samples of the Chattanooga shale were collected 
froon Russell County, Kentucky. These were proce ed in a gasifier wllh a 
5% . 10% excess of oxygen. The combusted group of shales was hard and 
contained red , black and light gray, sub-angular particles. 

TEST SPECIFICA nONS AND RESULTS 

The testing program was divided into three categories: I) material 
preparation, 2) classification, or physical property tests, and 3) engineering 
tests. Physical property tests consisred of particle size analyses, liquid and 
plastic limits, and specific gravity determinations. Engineering tests con· 
sisted of moisture content·density determinations, consolidation, perme. 
ability, triaxial compression, Los Angeles abrasion , a specially devised, 
one·dimensional compression test, and slake-durability. Test methods and 
resul ts are described below. 

MA TERIAL PREPARA nON 
Particle sias I)f the materials as received for laboratory testing 

ranged from cobbles, 3 inches in diameter, to fine.grained material passing 
the No. 200 sieve. TI,e largest particle size that could be accommodated by 
the 4-inch diameter mold of the triaxial, permeability, and com paction tests 
was 3/4.inch . For this reason , after removing sufficient material rOl c1assifi· 
cation testing, the particle sizes of samples which had particles greater than 
3/4·inch were reduced by the <cherne outlined in Drnevich, et. al. (2). This 
procedure ma.rntains the same percentages of gravel in th e .ample, as con· 
tained in the original sample and as rrceived for testing. 

PHYSICAL PROPERTY TESTS AND CLASSIFICA nONS 
Uquid and plastic limit tests were performed on the shales and 

overburdens according to ASTM D 423·66 and ASTM D 424·59. The 
specific gravities of the soil solids were determined according to ASTM D 
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854·58. Particle·size analysis was determined according to ASTM D 4 22-63. 
Particle·size distribution curves for the overburden shales and the raw oil 
shales are given in Figure I . The retorted shales and the charred shalos are 
shown in Figure 2. The materials were classified according to both the 
AASHl'O and Unified SoU Classification systems. SpeCific gravities, liquid 
limits, pla~ticity indices, and classifications arc summarized in Table 1. 
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Figure 2. Particle Size Distributioll Curves for Retorted Shales and 
Charred Shales. 

ENGINEERING TESTS 
Moisture· Density Relationsllips 

Standard compaction leslS were performed on the Borden and 
Bedford overburden shales using two different gradatil)ns . One moisture· 
density curve was developed ror the portion of the overburden shales 
p1SSing the No . 10 sieve . This compaction test was perfomled on this 
portion of the sample , instead of the portion passing the I 0.4 sieve accord· 
ing to ASTM D 698·70 method A, because particle sizes of the materials as 
received for testing could not be accommodated in a 2.5 ·inch consohdo. 
meter ring and values of maximum dry density and optimum moisture 
content were needed for compacting the consolidation specimens. TIle 
second set of standard compaction tests were performed on the overburden 
shales to obtain values of maximum dry density and optimum moisture 
content which were needed for preparing triaxial specimens . These tests 
w.re performed uSlllg material that passed the o. 3/4·inch sieve . Because 
of the limited amount of material available, ano b'cause the overburden 
shales were so fnable that each compact;on sample could only be used once, 



Table I. Results or Physical Properties tests and Engineering Classifications. 

MATI RIAL UOUIO PLASTICITY SPlflrlC CLASS'FIC' A f ION 
UtoliT INDEX GRAVITY AASIITO UNIFI(D C: Cc·· 

OV(RIJUROEN 
bortJcn (lewIS) cJ 11 27S A·7-6(S) CL 
8cdrcrd (l...cwd) )7 16 2.68 A.(,(6) SC 

RAW SHA U S 
~c .... \ J1)lny (rowd) NP 2J9 A·' b GM IS 3U 
PoIr ... AlbJo), (!tuthtt) NP 1 41 A· I· b eM 12 ~.7 

Sunbury (u .... ,,) 28 3 247 A·' b Gil 610 31 
Otu"o..e .. D) JS 9 2.)1 A·1· b G" '0 'J 
Raw 8knd 24J 

RETORTED SII,\llS 
Ckvtland (uwu) NP A·J· . G. J9 12 
('haI14IuM>&J fUncoln) 1'" A·'·' GP JJ II 
'cw Alba,,), (SeIKln) NP A I· . GP JI " ~cw Alhany (I\,JlIIII) NP A·1· a GW CO I. 
Nt ... ' A1")"y (Powell) NP A·1· , CP J' 

" SUlLtlUry (l..twu) NP A·'·' GO' 4) 1.1 
Rcloflrl1 8k!nJ 2 SC 

CIIARREO SHAUS 
f\~ .... Albany (Bulhu) NP A·)· b GP J I 12 
SulIl,urv(h ..... ll) NP A·I · ' GP JO 0 '1 
Ck, .. ':antJtu .... ') NP A' • GP 2' Ob 
Ch :Jfto!J Blend 251 

CO'ih. ~TEO SIlA l ES 
Suul,.II') (leW- ii) NP 2J6 A·I ·' SO' •• 1.2 
O:.cland ( LAw .. ) 
~.:- ... Alb3ny (81,'1111) 
1\r" Alban\ (Uncmll) 
New Alblony (Powell) 
ChattlnOOSJ {RuJIleIl} 

'Cu " the c~fIi~ltnl uf unlfofmlty 
• · Cc i. the eotmcwnt of cone .... 't)' 

a 4-inch diameter mold was used. 
Results or the compaction tests performed on the overburden shales 

are shown in Figure. 3 and 4. Values of maximum dry densities or the 
overburden shales were less ror specimens prepared with material passing the 
No. 10 sieve than values ob tained for specime~s prepared using material 
passing the 3/4-inch sieve. The Borden shale , the overburden which 
appeared to have the low.:st shear strength at standard compaction, was 
selected for more extensive testing in the triaxial testing phase or the 
program . 
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Figure 3. Moistu re·Density Curves for Bedford Ove,burden Shale . 
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Two other compaction tests were Ferrormed on the Borden shale 
(Figure 4) using compactive energies wltich were lower and higher than the 
compa,tive energy or the standard compaction test . The ltigh-energy com
paction test was similar to ASTM 1557-78 method D (Modified Com
paction) which uses a 10-pound hammer . nd an l8-inch drop, except a 
4-inch mold was used instead or a 6-inch mold . The low-compactive energy 
was 20 percent or the compactive energy used in the standard method. This 
energy was obtained by using 1.84 pound aluminum hammer, 12 ineh drop, 
and a reduced number or blows in a compaction procedure developed for 
use on mine spoils (2) . Specifications or the dirrerent types or compaction 
tests are shown in Table 2. 
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Figure 4. MOisture-Density Curves ror Borden Overburden Shale. 

Table 2. Compaction Specifications ror Compaction and Triaxial Molels 

Compaction CompJctive AASflTO/ASTM 101..'(lal 
Technique Efforl Standard Mold Mold 

(fllbl fl l ) (4.0" diameter x (4.0" dlJolneter)t. 
4.584" high) 8.0" high) 

Modmed 56250 

(Olb hammer 5 hfts S Mu 
l.5 fl drop 25 blows/tori 27 blows/hh 

Standard 12730 

S S Ib hammer 3 hfu S hfu 
I 0 fI drop 2S blows/hfl 2S blows/llfl 

Low £nergy 2S00 

184 Ib hammer 3 lifts Shfll 
1.0 fl drop IS blo~slift 16 bJu","'s..'hft 

Since a limited amount of material rrom each location and geological. 
rormation was available for testing and since the oil shales within each major 
shale group had essentially the same classification, portions or the oil shales 
within each majo r shale group were combined to rorm a blended shale 
sample . With the exception or the overburden materials, all engineering tests 
were perrormed on a blended sample or each major shale group -- the raw oil 
shale group, retorted group of shales and the charred group or shales. 

The results of the compact ion tests on the raw, retorted , and charred 
oil hale blends are shown In Figure 5. As shown in this figure the retorting 
process greatly inOuences the maximum dry density or the samples when 
compared to the raw shales. The retorting process significantly decreases 
the maximum dry density or the oil shales wltile only slightly lowering the 
optimum hloisture con tent. The process or charring the shales , on the other 
hand , causes the optimum moisture con tent to Fise considerably wltilr the 
maximum dry de nsi ty is also greatly decreased. Maximum dry densities and 
optimum moisture contents obtained rrom the various compaction tests ror 
the overburden materials, the raw oil shale blellds, re torted blends and 
charred blended shales ale compared in Table 3. 

Consolidation Tests on the Two Overburden Shales 
Consolidation tests were perrormed on the portion or the over

burden shales -- Borden and Bedford -- passillg the No. 10 sieve . This part of 
the overburden matenals was used because any particles larger tllan the o. 
10 could not be accommodated by the testing apparatus, and l specimen 
composed of only material passing a smaller sieve would not give an accu
rate representation or the behavior or the material as found in the field. 

ASTM standard D 2435-70 was used as the test procedure. The 
specimens were 1 inch in height by 2 1/2 inches in diameter and were 
compacted at optimum moisture to the standard maximum compaction 
density. 
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charred oil shale blends. A constant head test used by the Army Corp of 
Engineers and outlined in their laboratory soils testing manual (3) was used . 
The procedure utilized a cylindrical specimen confined In a rubber memo 
brane and subjected to an external hydrostatiC pressure during the te.t. This 
was accomplished by placing the specimen in a triaxial cell where confining 
and back pressures were applied . 

0 4 8 12 16 20 24 28 32 36 40 
This method of performing the permeability test was selected 

because of the following reasons: (I) The specimen can be easily formed in 
the same mannrr as the triaxial specimens, using the same molds and memo 
branes; (2) the leakage along the sides, wltich occurs especially in permca. 
mcters, is prevented by the cetl pressure acting against the wall of the 
membrane i (3) the specimen can be consolidated to a certain confining 
stress representlng field conditions; (4) back pressure can be applied to the 
pore water to dissolve air entrapped in the compacted specimens; (5) and 
the saturation of the specimen can be checked in the same manner as in the 
triaxial tests. 

Moisture Content ("!o) 

Figure 5. Moisture·Density Curves for the Raw Oil Sh~le Blended Samples , 
Retorted Blended Samples, and Charred Blended Samples. 

Table 3. Comparison of Maximum Dry Densities and Optimum MOisture 
Contents Obtained from Compac tion Tests Perfonned on 
Overburden Shales and Oil Shales. 

Malrli21 s .... Completive Opllmum Mnlmum 
£((0(1 MoISltJU: o.y 

C"nlent ('1) Dcn,"), 
(Ib 'cu FI) 

BORDEN 
·10 ' Iandard lJl 110 I 

.J/. low 2J,~ 998 
sllnd;ud IS 8 IlJ 8 
mo(hr~d 41 127.2 

BEDFORD 
·10 .lendud 121 1122 

·3/' standard IlJ 118 7 
MW BLEND 

.J/' siandard 12. loo.J 
RrTORT~D BLEND 

.J/. . Iandud 11 3 06' 
CHAR REI) BLEN D 

.J/. .tandard 29 I 79 I 

Void ratio.log of effective stress curves arc shown in Figure 6 for the 
two overburden shales. The log-of.time and the squar~ ·roo t -o f. t ime fitting 
methods were used to obtain the time corresponding to ninety ~er cent 
consolidation and to obtain the coefficient of consolidation, tv. The 
average value of Cv obtained from the two fitting methods is also plotted as 
a function of the log of effective sttess in Figule 6 for the two overburden 
shales. 

Permeability 

Permeability tests were performed On the overburden shales and on 
the oil shales, the raw oil shale blends, the retorted oil shale blends, and the 
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Results of the permeability tests are given in Table 4 . Low perme. 
abilities obtained for the overburden materials v.-ere due to the presence of 
large percentages of fines , i.e. soil particles smaller than Ihe O. 200 sieve . It 
has long been established that the percentages of fines of a soil have a large 
effeci on its permeability. The results r~ported herein should be used with 
caution since these values are ones that represem the soil compacted at the 
standard compaction density and tpsted in a saturated condition . The 
materials also contained particle sizes smaller than 3/4 of an inch. The 
permeability of the material at any other particle size distribution may be 
different. 

Table 4. Summary of Permeability Results. 

Malt nal AJ Compacled AI Trued Permeablhty 
Dry DenSi ty M. C. Dry Density M.C. k (Ib/eu f.) (1') (lb/eu f.) (1') (em/ .. e) 

BfJRDEN 11 ).0 IS .2 1248 16.6 2.9 x 10' 
BEDFORD II 6 10.8 120.5 t6.) 4.6 x 10.8 

RAW BLEND 
Ux 1 0~ 

RtTORTED BLEND 829 IS.6 8~ .4 28 4 LOx 10-4 

CHARRED BLEND 77.9 2S .9 76.S )9.9 2.) x 10') 

Firld values of pe rmeability may be different than values given in 
Table 4 because of the degree of compaction and the percent of saturati\ln. 
It has been shown that the higher the density of a soil , the lower the perme. 
ability ; also , the permeability of saturated soil is greater than non.saturated 
soil . In addition to density and saturation , the water content at which the 
soil is compacted can also inOuence the value of the permeabilit~ of a soil . 
The water content of the soil inOuences its microstructure when compacted 



As the water content at the time of compaction increases, orientation of the 
particles become more parallel due to the compaction. This results in a 
reduced permeability for the soil . 

Triaxial Compression Tests 
Stability of a compacted shale embankment can be evaluated using 

either total stress parameters or effective stress parameters. Generally , 
effective stress parameters, ~', and c' - the effective internal angle of fric· 
tion and effective cohesion - have more validity than total stress para· 
meters, ~ and c. Effective stress parameters can be obtained from drained 
triaxial tests or from undrained triaxial tests if pore pressure measurements 
are made . With the exception of two consolidated-drained triilXial tests, 
consolidated·undrained, triaxial compressioft tests with pore pre sure 
measurements were used to obtain the effective stress parameters for the 
overburden shales and the oil shale blends. These tests were performed .t a 
constant rate of axial deformation which was sufficiently small so that pore 
pressure equalization criteria were satisfied (4). The specimens were com· 
pressed at a comtant rate of axial deformation of 0.001 inch per minute . 
The two consolidated-drained triaxial compression tests were performed on 
the retorted and charred blended samples using the same axial rate of 
deformation as used in the consolidated-undrained triaxial tests. 

The triaxial specimens were compacted to maximum dry density at 
optimum moisture content determined from the compaction phase of the 
testillg program for the portion of the material passing the 3/4·inch sieve. 
The specimens measured 4 inches in diameter and 8 inches in height. These 
dimensions limited the largest particle size to 3/4.inch. Filter paper strips 
were mounted along the length of each specimen to permit faster equiiiza. 
tion of pore water pressure . To prevent air from entering the specimen 
through the rubber membrane when the cell prossure was applied, water was 
used in the chamber as the confining medium. 

In performing consolidated-undrained triaxial tests with pore 
pressure measurements, it is essential that the 'pecimens be saturated to 
avoid pore pressure lag during the shearing stage. Yo facilitate saturatIOn aud 
force air bubbles into solution , a back pressure technique similar to one 
described by Lowe and Johnson (5) was used . After saturation, the speci· 
men was consolidated to the deSired effective stress. For the overburden 
shales (c1ay~y shales) , the time for ninety percent of consolidation to occur 
was determined trom the square.root-of·time fitting method and used to 
determine when the axial loading of the test could be initiated . When the 
consolidation pressure was applied to the oil shale specimens, consolidation 
occurred so rapidly that the volume changes were difficult to obtain as a 
function of time. To have reasonable assurrances that the specimens were 
saturated, all were allowed to consolidate for a minimum of 24 hours under 
the desired back pressure and cell pressu re . 

Although several defmitions of failure may be used to define the 
Mohr·Coulomb failure envelope , two criteria are commnnly used In soils. 
These cri teria are the maximum principal stress difference , or (a ' i . a'3) 
max, and the maximum principal stress ratio , or (o'l la'3) max. The latter 
definition is also known as maximum obliquity . In a drained triaxial test , 
the two criteria yield the sam~ results, since the minor effective principal 
stress, a'3' is constant and the peak values of (a'i . a'3) and (a'l/a'3) occur 
simultaneousl during the shearing stage of the test. However, a'3 cannot be 
held constant during the undrained shearing stage when the specimen is 
fully saturated. For saturated and itighIy overconsolidated materials, a'3 
changes during undrainr" shearing and the peak value of (a' I la'3) may 
occur before the peak value of (a' I .0'3) is obtained. The choice of which 
failure criterion to use for compacted r:laterials has been discussed by 
Drnevich, et aI (2). 

For triaxial test results reported herein, the maximum obliquity 
failure cri terion was used to develope failure envelopes and sheat strength 
estimates of the overburden and oil sllales. Triaxial test results ~re summa· 
rized in Table 5. Values of ~' obtained for the Borden overburden shale 
remolded to three different compactive effort. ranged from 26.6 degrees to 
30.2 degrees. Essentially the same values of ~' ·-26.6 degrees - were ob· 
tained for the Borden shale specimens compacted at standard and low 
compactive energies. No cohesion was obtained for the Borden shale at any 
of the compactive energies. Specimens compacted at a high compactive 
energy had a If-'.value that was 3.6 degrees higher titan ~'.values of speci· 
mens compacted at standard and low compaetive energies. 

Values of ~' and c' obtained for the Bedford overburden shale 
compacted at standard compaction were 26.3 degrees and 216 pounds per 
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Table 5. Summary ofTriaxial Test Data. 

reu Matena] Com.,.c.tion E((ecttve 
'. ' Porc 

.. 
" No. Conftnln, PrcllUre 

PrcSII.Ire CoeIT, (Do,,,.1 (PSI) 
(Psi) 

II Borden (Lewis) .tandasd 10 O.BS 
l2 30 0.88 26 .7 0.0 
III 4l 0.9tl 

II BOf(jen (Lew.) mochlltd 70 0.90 
16 SO 0.9l 30.2 0.0 
l7 20 0.98 

l8 Borden (lewis) low 70 097 
19 lO 0.98 266 0.0 
llO 20 0.94 

II a.dfo,J (lew) atlnc!ard 60 1.00 
l2 30 1.00 26.3 216 
l3 10 0 .99 

II Raw Blend . tandard 20 1.00 
l2 l6 0.93 422 317 
l3 70 o l7 

II Retorted Blend standard 70 0.87 
l2 lO 0.6l 
l3 20 0.83 

II Charred Blend .lln41ld lO 0,48 
l2 20 0.86 
II 30 . .Ol 

· A curved f.Uure envelope was obtained rOt the retorttd .nd chantd shale blends See T.ble 5 

square foot. These values were similar to values obtained for th., Borden 
specimens compactrd at low and standard compactive energies. 

::: 

'" .. 
0 

Blended specimens of the raw oil shales remolded at standard 
compaction had a t/>- value of 42.2 degrees and a c'- value 317 pounds per 
square foot. 

Shear strengths of retorted and charred blended specimens remolded 
at standard compaction were very Similar as illustrated in Figure 7. The two 
linear str~ss paths were obtained from the drained triaxial tests while the 
remaining stress r ".hs were obtained from the undrained tests. A curved K(' 
line was obtained for these series of tests and ~'. values ranged from 45 
degrees to 22 degrees. (See next to last column in Table 6 .) 

7~0r-----r----'r----'-----'-----r-----r-----r----' 

GOO 

.~ 0 

) 00 

I ~ 0 

I~O 100 .~o 600 7~0 

p ' ( PS t) 

900 IO!>O 

Figure 7. Triaxial p'",! Stress Paths Obtained from Retorted and Charred 
Blended Specimens Remolded at Standard Compaction. 

Abrasion 

1200 

The abrasion test on the Farmers Siltstone was performed in accor· 
dance with ASTM C 131 .76, grading B. This test commonly called the Los 
Angeles Abrasion Test was only perfOlmed on the siltstone because the 
other shales al'peared to be of much !ess hardness. Preparation of the 
material for testing consisted of breaking siltstone into roughly 3·inch pieces 
and then redUCing it to particle sizes smaller than 3/4·inch using a mech· 
anical crusher. The siltstone VIas then washed and dried to remove any dust 
adhering to the sides of the particles. The siltstone was sieved and combined 
to the required grading. 



L 

Table 6. Recommended Design Values of~' for VLrious Pre ures of 
Em~ankmenlS Constructed of Charred and Retorted Materials. 

p q lin,' an .' curve . ' recommended (Psi) (p.I) (p") (De~r ... ) (Del"") 

10 9.2 0 .71 3.5 45.2 36.0 

20 16.2 0.68 9 .0 42.8 360 

30 22.8 0.65 15.2 40.5 35.0 

40 29.2 0.62 219 38.3 340 

5~ 35.2 0.59 29.2 36.2 33.0 

60 41.0 0.56 37.1 34.0 32.0 

70 464 0.53 45.4 32.0 310 

80 51.6 0 .50 54.2 30.0 30.0 

90 5bA 0.47 63.5 28.0 29.0 

100 61.0 0.44 73 .2 2~. 1 280 

110 65 .2 041 83.3 242 27.0 

120 69.2 0.38 93." 22.3 26.0 

The siltstone was then placed in the L. A. Abrasion machine ·. lith 
eleven steel balls. The number and weight of steel balls used depends on the 
gradiation of the material being tested . The machine was r(ltated at 33 
revolutions per minute for 500 revolutions and then the material was 
removed . The siltstone was sieved again using the same sieve sizes as used 
before and subtracting the amount retained on each sieve from the original 
weight retained on each sieve to calculate the anlOunt of wear. This amount 
divided by the original weight of the material gives the percentage of wear. 
The percentage of wear for the Farmers Siltstone was calctllated to be BO. 

One·Dimensional Compression Tests 
One-dimensional compression tests were performed on blends of the 

unprocessed and processed oil shales. These tests were performed instead of 
consolJdation tests because the oil shales had high permeabilities and exce 
pore water pressures would dissipate too quickly to give meaningful results. 

The test consisted of two different phases . The first phase of testmg was 
designed to determine how the material in a dry state performed under 
one-dinlensional loading. The purpose of the second phase was to evaluate 
creep charactellStics of the oil shales when inundated with water. 

The procedure for the first phase consisted of compacting the shales 
to ninety percent of maximum dry density in a 6·inch diameter mold to a 
heigh t of 2.625 inches. These dimensions were used to minimize the effects 
of frictional forces acting on the sides of the mold dUTing loading. To 
Simulate field plaCel'lent, the specimens were compacted in a dry state to 
ninety percent of maximum dry density . The specimens were loaded and 
deformations were recorded in a manner similar to the consoli~ation te ts. 
Loads of I , 2.4, B, and 16 tons per square foot were used . For each load , 
when the sample deformed less than .0025 inch in two minutes, the next 
load was applied . After loading to 16 tons per square foot , the samples were 
rebounded and the dial readings were recorded . 

The strain for each load was calculated by dividing the deformation 
occurring under each load by the original height of the specimen. The 
stress·strain curves for the three oil shale blends and the Farmers Siltstone 
are given in Figure B. A crushed limestone, considered a good construction 
material, was also testeJ for comparative purposes . 

Creep characteristics of the oil shales were studied by reloading the 
previously loaded specimen to 4 tons per square foot. The specimen was 
allowed to compress for approximately fifteen minutes or until all deforma · 
tion had stopped. The mold and specimen were inundated in water while 
the stress level remained constant at 4 tons per sq'lare foot. The time 
required to submerge the specimen was less than five seconds. Upon inunda· 
tion, a timer was immediately started and deformations and elapsed times 
were recorded . Strains were calcul3led by dividing deformations associated 
with time after inundation by the original specimen height before loading. 
The strains after inundation were plotted as a function of the log of time as 
shown in Figure 9. After sufficient time had elapSl)d to show the creep 
characteristics of the ma terial, (approximately 1,000 minuties) the sample 

104 

18 

16 

14 

12 ... 
'" ~ 10 . 
5. 

6 

4 

0 
a 

.... oj. 

-... '.. .~ . .. '., 

- I 

/) Llmuione 
o 5 111,lon. 
<> Ro w Shale 8 1tnd 
Q Chorr'd SPla le Blend 
o RelC\tltd Shole Blend 

I I 

10 II 12 13 '" I~ 16 

Figure B. Stress·Strain Curves Ob tained from One·Dimensional 
Compression Tests. 
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Figure 9. Strain·Time Curves for Inundated One·Dimensional 
Compression Specimens. 

wa! removed and ailed. The samples were observed to be wet throughout 
when removed . A sieve analysis was performed before and after the test on 
each material to determir.e if any appreciable amount of crushing had 
occurred . Based on particle size curves of the materials obtained before and 
after tcstin~, no noticeable crushing of the particles was observed. Any 
slight differences that occurred was attributed to normal variances associ. 
ated with sampling. Two of the materials tested , siltstone and retorted 
blend, had low creep on the same order as Iimestvne. The charred blend 
exhibited slightly great-r creep. The raw oil shales exhibited significant 
creep upon inundation . 

Slake·Durability 
To evaluate the weathering resistance of the shales, ,Iake-durability 

tests were performed. The procedure used was a method originally proposed 
by Frankllll and Chandra (6) and modified by Gamble (7). In this method , 
approximately ten representative pieces of oven·dried shale are selected to 
be as nearly equidinlensional as practical. Each piece weighs apprOximately 
40·60 grams. The material is placed in a rota ting test drum which i~ partiaUy 
submerged in water. The drum is rotated at 20 revolutions per minute for 
10 minutes. The drum is comprised of a 2.00 millimeter standard wire mesh 
which aUows abraded and slaked material to fall into a trough. A'ler the 
first cycle has been completed, the material retained on the wire mesh of 
the drum is removed and oven·dried. A first-cycle s1ake·durability illdex is 
computed as the rat.o of the oven-dried material remaining in the drum to 
the total oven·dried material originally placed in the drum. The remaining 
oven-dried material is placed in the drum and a second, 10 minute cycle is 
performed. Material retained in the drum is removed and oven-dried. A 
second alld flllal slake·index is obtained as the ratio of the oven-dlled wieght 
of material retained after the second cycle to the total oven-dried weight 
originaUy placed in the drum. Normally the slake-durabillly index (ex· 
pressed as a percen tage) is reported. 

,~ ., .. 



Slake-dUlability indices obtained from tests perfonned on the raw 
oil shales and retorted oil shales are summarized in Table 7. Results ob· 
tained for both cycles are shown. lake-durability tests were not perfonned 
on the charred oil shales because the particle sizes of this material were too 
smail. Siake-durability indices of the Borden and Bedford overburden shales 
were 43.2 and 42.5 percent, respectively . Those shales can be characterized 
as having very low slake.durability properties. The raw oil shales (New 
Albany, Ohio, and Sunbury) had slake-durability values in excess of 95 
percent. Hence , these shales have very high slake-{\urability properties. 
Siake-durabilities of the retorted shales ( ew Albany, Sunbury, and Cleve· 
land) were also very high, greater than 94 percent. Apparently , slake· 
durability of the oil shales is not lowered after processing or retorting. 

Table 7. Values of Slake·Durability Obtained for the Overburden Shales, the 
raw Oil Shales, and Retorted Oil hales. 

MAltRtAL CYCLF t CYClE 2 
InltiaJ Ftnal SOl ' Initial fin,] SDI' 
dry dry dry ~ry 

wI wI vI wt 
(Jms) (Jms) (10) (Jms) (gnu) (~) 

OVFRBUROEN 
Borden (leWIS) 507.74 357.41 70.44 35741 2t915 432 
Bedford (l..<wlI) 50800 372.11 73 25 372.11 2t597 42.5 

RAW StlALES 
e.., Alb.ny (Bua,tt) 197.34 196.27 9'145 196.27 1?511 9'1 .1 

New AJbany (poweU) 364 4() 362.32 9942 361.32 361.01 99. 1 
Oltlo(l..<wlI) t72.18 t6947 9843 109.47 16 82 994 
Sunbury (It:wn) 197.90 t93.69 97 .87 193.69 1898t 95.9 

RETORTED SIIALES 
Sunbury (1..<..,1s) 7093 70.50 99 )9 70.50 70.:!8 99 I 
New Albany (poweU) 16')42 168 20 99 28 168.20 167 45 98.8 
C1e\'cland (LeWIS) 97 .68 97.09 99 40 97.09 96 72 990 
Chaltanooga 2Q.I 03) 202 .'>1 9945 202 .91 20 2. 11 99 I 

(Uncoln) 
New Alb:ln) (Nelson) J 2210 121 .08 9'116 121.08 120 7 1 98.9 
New Albany (Bulhu) 210.41 2t 2 15 96 .25 212.15 209.01 948 

· Slake Durability Indn 

ANALYSIS AND DISCUSSION OF RESULTS 

PHYSICAL PROPERTIES 
Physical properties test data oblained for the oil hales and over· 

burden materials can be used to give a general indication of their de.;irability 
for use as an engineering material . Properties such as compressibility, 
permeability, and shear str~ngth are related to the physicll characteristics of 
the material, such as its particle·size distribution . For this reas"n , classifi· 
cations of the materials were made to place a mat ~ rial within a group of 
materials which have similar engineering properties. The classifications of 
the overburden materials and oil shales can be used with the engineeung use 
chari deVIsed by Wagner (cfB) to give general physkal properties of the 
shales and their de irability for use as a homogeneous embankme~t material. 
This system of rating the desirability of a material for various purposes uses 
a scale ranging between I and 10, where I represents the best material and 
10 the worst for engineering purposes. U Lng this system, the Bedford shale 
is rated as a 3 for use as a homogeneous embankment mater,al, while the 
Borden shale is rated as a 5. The raw shales have negligible compres ibility 
and a value of 2 as a rating for use as an embankment material. The re o 
torted shale has a rating of 2. n,e charred and combusted shales has a ratmg 
of 3 as an embankment material. 

Based on the engineering claSSifications and the ratings as an em· 
bankment construction material , it is obvious that a disposal embankmenl 
constructed of the retorted, charred, or combusted materials, should be 
strong but very pervious. If a disposal embankment is constructed of the 
overburden material, then it would be weaker, have a medium shear 
strength, and be impervious. This a urnes that the actual materials are iden· 
tical to the ones tested heretn. 

MOISnJRE·DE SITY RELATIONSHIPS 
The results of the compaction tests are shown in Figures 3 thru 5 

and summarized in Table 3. If the specific ",avities of several materials are 
the same, in general, the more granular a soil is the lower the optimum 
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moisture content and the higher the maximum dry density . lne Bedford 
shale which as classified a a sandy clay has a maximum dry density higher 
than , and an optimum moisture cOliten t lower than the Borden shale whJ~h 
was classified as a day of low plasticity . 

The standard optimum moisture content of the raw oil shale which 
was classified as a silty gravel was less than the standard optinlUm moisture 
c')ntenls obtaLled for the clay ovcrburden shales. However, the standard 
maximum dry densities obtained for the overburden shales. Such a result is 
caused by sueh factors as different specific gravities, partlcle.size distribu· 
tions, and particle shapes. 

The retorted shales, which are either poorly· or well·graded gravels, 
also have a lower standard opti;num moisture conlent and maximum dry 
density than values obtained for the overburd., shales. The charred shales 
have a greater standard optimum moisture coc'enl than any of the materials 
tested while the maximum dry density was Ihe lowest. 

Compactive energy has a significant effect on the compaction results 
obtained for a givetl soil. Greater energy supplied in the compacting process 
causes the optimum moisture con lent to decrease while the maximum dry 
density increases. This can be seen in Figure 4 for compaction teslS per· 
formeJ with three different levels of energy. 

PERMEABILITY 
Soils can be classified by their coefficients of permeabilily, k. One 

set of classifications have been recommended by Terzaghi and Peck (9). 
Using this method of classifying soils the overburden shales, which are clays, 
should have pe,meabilities less Ihan 10.7 em/sec. This is consistent wilh the 
values of permeabilitles obtained and reported in Table 4 . The overburden 
shales classify as practically impermeable. It is imporlantto note that In per· 
forming the permeability tests on the overburden shales, a well graded shale 
with a large percentage of the sample passing the o. 200 sieve was used . 
TIlls is represenl~tive of a shale which has been wealhered or broken down 
by abrasive action. If the permeability tests were performed on the over· 
burden shales al a different particle size distribution, then the results would 
not , necessarily , be the same. 

The relative permeability classification for the raw oil shale blend is 
"low" , and this corresponds to coefficients of permeabililies between 10.3 

and 10.5 cm/sec. The c1assificalion for the retorted is also low. This c1assifi· 
cation is of len used to describe sand or in this case sil ty gravels. The perme· 
ability of the charred shales is 2.3 x 10.3 cm/se<: which would be classified 
al a "medium" relative permeability. Such a permeability is associated with 
a loil composed of sand and gravel. 

TRIAXIAL TESTS 
Overburden materials · The triaxial tests on both the Borden and the 

Bedford overburdens compacted to 1li0 percent of standard compaction, 
yielded similar ~hear strength paramelers (~' approximately 26.5 degrees 
and c' equal 10 zero). Two additional series of triaxial lests on the Borden 
overburden shales at high energy compaction and low energy compaction 
gave sufficient data to assess the effects of density , as well as confining 
stress, on shear strength . A normalizing parameter , CR. was used for den· 
sity . This parameter was used by Drnevich, el 31 (2) in a study of Eastern 
Kentucky mine spoil materials. It is the ratio of the dry density of the lesl 
specimen after compaction and consolidation to standard compaction dry 
densities. Therefore, CR, or density ratio, includes the effects of volume 
change associated with the testing process. 

The Borden Jnd Bedford data were then combined and analyzed 
together. Multiple, linear regression analyses were used to establish equa· 
tions for the abscissae and ordinate, of the ~tress points corre<ponding to 
failure. The independent parameters were confining slress, 0'3, and density 
ratio,CR ' 

Using equations from tlte above analysis shear strength parameters 
were determined for standard compaction conditions. The angle of shearing 
resistan~e, ~', was 26.5 degrees and the cohesion was approximately 100 
pounds per square foot. The angle of shearing resistance compares well with 
values for various mine spoils as shown by the data point labeled "over· 
burdens" in Figure 10. 

Values of ¢' and c' were determined for density ratiOS, CR, of 0 .95 
and 1.05 and were normaliled by dividing by their respective values fronl 
tests at standard compaction. These compared well with curves from Drne· 
vich, et al (2) on mine spoils. It is obvious that the cuhesion is significantly 
affected by the density ratio whereas the angle of shearing resistancr is not 
affected. 



Based on this analysis, a <p'.value of 26.5 degrees is recommended for 
the overburden shales Independent of the compaction density. The voJue of 
cohesion . on the otherhand, is quite dependent on the amount of com· 
paction . A cohesion of 100 pounds per square foot is recommended for 
compaction dry densities equal to standard compaction dry densities and a 
cohesion of zero is recommended for compaction dry densities less than or 
equal to 90 percent of standard compaction dry densities. For dry densities 
between 90 percent and 100 percent, Iincar Interpolation may be used to 
establish the cohesion. 

Raw Oil Shales · These materials classified as coarse-grained materials 
and high shearing strength was to be expected. Results of the triaxial tests 
gave an angle of shearing resistance , <p', of 42.2 degrees and a cohesion of 
316 pounds per square foot. These are similar to values reported by Allen 
(10) for dense graded aggregate . This angle of shearing resistance plots 
slightly higher than data from Drnevich, et ai (2) as shown in Figure 10. For 
this reason, and because of weathering and variability of the material in the 
field , it is recommended that the angle of shearing resistance for design , <p' 

design' be limited to 40 degrees. 
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Figure 10. Variation of Angle of Shearing Resistance with Plasticity Index 
for Materials Compacted to Maximum Dry Density at Optimum 
Moisture Content by Standard Compaction (After Drnevich 
elal(I)). 

Ret orted and Charred Shales · These two materials are hndled 
together because very little difference between the two was noted in the test 
results. Great difficulty was encountered in performing these tests. Multiple 
check tests had to be performed and an alternate type of triaxial test was 
performed. The problems stemmed from the nature of the material. First of 
all, there were little or no fines and the particles were relatively incom· 
pressible which gave a fairl), stiff specimen even though the dry densities 
were quite low. Next, a chemical reaction was observed when water " 'as 
added to the material . The reaction provided a gas (probably hydrogen 
sulfide) which also hampered the saturation process. The specimen was 
considered to be saturated when negligible additional water entered the pore 
space for an incremental increase in back pressure . 

In o rder to circumvent the back pressuring and saturation problem, 
two additional triaxial tests were performed on specimens compacted at 
standard optimum moisture contents and maximum dry densities. These 
specimens were not saturated but simply tested in the drained condition. 
Since these materials are very free draining and because proposed regu· 
lations (11) r~qllire protection of these materials from ground water, it is 
recommended that drained triaxial tests be used in the future to establish 
shear strength parameters in terms of efftctive stress. 

Effective stress paths for all triaxial test performed on the ." ,ned 
and retoned blends are shown in Figure 7. Rather than fit a straight line 
through the data (this would under estimate the shear strength for low ftlls), 
a second order least squares curve was fitted through th e data. The curved 
Krline gave a cohesion of 280 pounds per square foot and an angle of shear· 
ing resistance whIch ranged from sligh tly over 45 degrees at low confining 
pressures to about 22 degrees at very large confining pressures. 

For the design of embankments containing these materials, a co· 
hesion of 200 pounds per square foot is recommended when the material is 
placed at dry densities equal to those of standard compaction. This value 
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should be reduced to zero at dry densities corresponding to 90 percent of 
those for standard compaction. For intermediate values of dry density a 
linear interpolation may be used . It is also recommended thlt values of 
angles of shearing resistance be dependent on the confining stress within the 
embankment and that the values of <p' for design range from 36 degrees for 
low stresses to 26 degrees for very high stresses. Specific values of <p' design 
for various pressures are given in the last column of Table 6. 

CONCLUSIONS AND RECOMMENDATIONS 

lne materials tested in this program represent overburdens from 
several formations, several types of raw oil shales, and spent shales with 
three different process histories which were termed retorted, charred, and 
combusted. Conven tional index tests used in geotechnical engineering can 
be performed on all of these materials. The results can be used to classify 
hese lOa terials according to schemes used in soil mechanics. The measured 

engineering properties uf these materials from physical (as opposed to 
index) tests are in good agreement with the expected properties based on 
the classifications and geotechnical engineering experience . Hence, the 
classification systems can be applied to these materials as an aid in deter· 
mining their physical characteristics ond approximate engineering behavior. 
It is recommended that index tests be used to classify materials frem new 
sites or different processes as a means of establishing estimates of their 
engineering characteristics. 

The overburden materials tested were mown to have low perme· 
ability and shear strength and to hal'e medium tompressibility. They also 
have low durability and as a result will break down with weathering from 
rock-like materials to soil·like materials. In actual mining operations, the 
overburdens may appear rock·like upon excavation. If placed in ftlls without 
processing, they will exhibit medium to high shear strength and high perme· 
ability for some time but will eventually breakdown into soil·like materials. 
Associated with this will be reduced shear strength and permeability, both 
of which can contribute to slope instability problems. It is recommended 
that overburden samples at each site be obtained during the actual mining 
process by use of the equipment actually dOing the mass excavation . This 
material will most likely have a significantly different appearance from the 
material tested in this program because the means of obtaining the samples 
are different. The nature of the samples obtained will dictzte what process· 
ing and what placement procedures will be needed in order that the con· 
structed ftlls of this material be impermeable and stable over the long term. 
Most likely , different placement procedures will be needed for mountain 
top mls than for head·of·the·hollow mls. 

The raw oil shales tested have significantly different engineerine 
characteristics from the overburdens. These materials are more durable,less 
compreSSible, more permeable , and have much higher shear strengths. It is 
expected that they would be more difficult to mine but easier to handle . 
Stockpiles of these shales should not degrade appreciably. Fractions not 
used in processing ~ould be deposed in nils that could be easily constructed 
by ordinary techniques. In the long·term, such ftlls , if properly 
designed and constructed , should no t suffer from excessive settlement or 
slope failures. However, the geotechnical engineering properties of the 
materials actually obtained at a given site may vary from those reported 
herein due to local variations in the natural depOSits, particle size distri · 
bution, and type of mining processing (transport, crushing, sieving, etc.). 
Consequently, it is recommended that geotechnical tests be performed 
on these materials at each site for a given process. 

Three spent shales were studied and they were termed: retorted 
shale, charred shale, and combusted shale . Extensive tests were performed 
on the first two, but the combusted shale was received too late in the 
program for any te st ing but index testing . Visually , the three spent shales 
appeared significantly different. However, all were quite durable, and th~y 
had low cornpressibilities, high permeabilities, and substantially high shear 
strengths. The retorted and charred shales had ~ignificantly lower dry 
densities than the raw shales. The optimum moisture contents of these two 
materials differed significantly (factor of 2.5) which shows that the process 
used has a major inOuence on the resultant product. Both possessed an un· 
pleasant odor and appeared to react with the water used in specimen prepa· 
ration . The reaction produced a gas which hampered the saturation process 
that was needed for both the permeabilIty tests and the triaxial tests. 
Nonetheless, good test data were obtained . 

Both the retorted and the charred shales exhibited nearly the same 
shear strength characteristics when the tw.) materials were compacted to 
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sl!ll1dard, maximum dry densities and optimum moisture contents. The 
.u!ure envelope for the.e tests was curved downward , giving high angles of 

Ihearing resistance at low conftnement and low angles at high conftning 
streSies. Some small cohesion was obtained. Friction angles rangkg from 36 
degrees to 26 degrees, depending on conftning stress, were recommended 
and a cohesion of 200 pounds per square foot WI» recommended . More 
aIlear strength testing is ltigh1y recommended on these materials. The tests 
s1tculd be of the drained type since excess pore pressures ",ill rarely be 
generated in these materials after disposal in fills . The additional testing 
aIlould include the effects of the degree of compaction since it is quite likely 
that densities in disposal fills could differ significantly from standard 
compaction values. Additional study is also needed on the effects of the 
chemical reaction on aIlear strength, compressibility , and permeability . Over 
the long-term, the physical behavior of the spent shale fill could be sub
stantially altered by ongoing reactions. 
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U.S. Oil Shales 
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Abstract. The TaSCa II process was developed to process rich oil 
shales from the Yestern United States. Initial development 
started in 1955. During the period between 1964-72 the process 
was demonstrated at the 1000 tons/day scale on such shales. This 
period inc\uded a run of 30 consecutive days, a period considered 
to prove sustained operability. The process will be used to pro
cess 66,000 tons/day of shale at the Colony Shale Oil Project in 
north\~estern Colorado. The Colony project is a commercial ven
ture of Exxon and Tosco Corporation which is scheduled to be on 
stream by late 1985. 

Eastern oil shales have several advantages over lIestern shalps, 
including suitability for strip mining, private land ownership 
and local availability of refining capacity and infrastructure. 
To better utilize the Eastern shale and enjoy their advantages, 
Tosco has been developing spent shale combustion/gasification 
technology during the past several years. When integrated with 
the basic TaSCa II process, this technology is predicted to 
increase TaSCa II processing efficiency by 37% for Eastern shales. 

Introduction 

Table 1 In the United States, oil shale occurs 
primarily in two locations, the Devonian and Miss
issippian deposits of the eastern U.S. and the Green 
River Formation located within the western states of 
Colorado, Utah and Wyoming (see Figure 1). It is 
believed the Green River Formation contains the 
largest concentration of potentially recoverable 
shale .) il in the world. This formation is found in 
several distinct geologic basins, the Piceance, 
Uinta, Green :liver, and ;/ashakie. The Piceance 
Basin, located in \lestern Colorado, is among the 
richest deposits (see Table 1) and is also one of 
the more intensely explored geologic regions in the 
Un ited Sta tes . 

In-Place Oil 

Tosco Corporation was founded in 1955 for the 
purpose of deve~oping a commercially applicable 
process for producing oil from western oil shale in 
the United States where large scale, continuous pro
cessing is required in order for a project to be 
economically viable . Since that time, the Company 
has become a major holder of shale lands in the 
western U.S., including major equity positions in 
two commercial shale oil projects in the U.S. --
the Colony Project in Colorado, a joint venture of 
Tosco and Exxon, and Tosco's 0wn Sand Hash Project 
in Utah. Tosco also has completed the development 
and demonstration of its oil shale technology, and 
is participating with others in oil shale studies 
in several countries outside of the United States. 
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Area Overlain Thous. 
By Shale Bbl s. 

Thous. Acres Bll. Bbl. Per Acre 

Devonian & 
~li ss . Shal e 160,000 1,000 6 

Green River 
Formation 10,000 1,800 175 

Piceance Creek 
Basin 800 1.080 1,350 

In addition, Tosco also operates four conventiona1 
oil refineries with an aggregate capacity of 
260,000 barrels per day. Revenues of nearly $2.4 
billion were booked in 1980. 

The TaSCa iI process was selected Tor develop
ment because of its potential for overcoming the 
disadvantages of gas combustion -type retorting pro
cesses for retorting the oil shales in Colorado and 
Utah. In 1957, after bench-scale studies of the 
TaSCa II process were completed , a 25-ton-per-day 



o Green River Formation 

~ -Devonian & Miss issipp ian 
Devonian Shale Near Surface 

and Outcrop 

Figure 1. U.S. Oil Shale Deposits 

pilot plant, featuring a rotary drum retort was 
constructed in Denver, Colorado. This plan~ now is 
located at Tosco's Research Center at Golden, 
Colorado. 

Successful operation of the pilot plant and a 
favorable initial design and cost estimate for a 
commercial-scale facility led to construction of 
the 1,000 ton-per-day semi-wo r 's plant at the Colony 
project site. This semi-works plant (shown in 
Figure 2) is located on Parachute Creek, 15 miles 
north of the town of Parachute in northwestern 
Colorado. Construction was completed in 1965. 
Testing of the semi-works plant in 1965-67 confirmed 
operability of the process and showed that the pro
cess recovers 100 percent of the Fischer Assay 
hydrocarbons. At the conclusion of the initial 
operati ng period , Tosco retained an e~gine€ring con
t ractor to review the results of operations and to 
prepare designs for the major equipment items to be 
included in a 66,000 ton-per-day commercial scale 
shale oil complex utilizing six parallel 11,000 ton
per-day TaSCa II retorts. This design study, com
pleted in 1968 , verified the viability of the process 
and resulted in recommendations for modifications of 
the de t ailed design of some of the equipment in the 
semi -works plant in order to reduce scale-up 
uncertainties and improve pollution control perfor
ma nce. 
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A second operating phase began in 1969 after 
plant modifications were made to implement these 
recommendations. The second operating period was 
successfully completed in April 1972, and included 
acquisition of further data for design of the com
mercial scale retorting units. During the two 
operating periods, the plant processed some 220,000 
tons of shale and produced 180,000 barrels of crude 
shale oil. In addition, another one million tons 
of oil shale ore was extracted from the pilot mine 
at the Colony P~oject site during full-scale tests 
Jf mining equipment and techniques and mine design 
for the commercial project. 

Tasca II 

The TaSCa II oil shale retorting process, 
which is based upon the principles of pyrolysis , 
uses an inert heat carrier mixed with crushed oil 
shale, 1/2" and smaller, in a rotary drum retort to 
pyrolyze , or liberate by heat, the kerogen in the 
shale matrix. The heat carrier is intimately mixed 
with the shale in the retort . Heat transfer is 
relatively rapid and complete pyrolysis of the shale 
takes place. The process recovers all of the hydro
carbon which can b~ volatilized from the shale 
through pyrolysis. In addition to the rotating drum 
retort, which is the heart of the TaSCa II process, 
the process also includes: 1) separation of the 
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spent shale from the h~at carrier; 2) recirculation 
and heating of the heat ca r rier; 3) recovery and 
util ization of heat from volatile hydrocarbons, 
spent shale and flue gases; 4) condensation of the 
oil product; and 5) treatment of spent shale for 
disposal. The TOSCO II process is shown in Figure 
3. 

Figure 2. Semi-works Plants Located on Parachute 
Creek at the Colcny Project Site. 

In the retorting section, oil sha l e which has 
been crushed to -1/2", dried and preheated is mixed 
with the inert heat carrier. The crushed shale and 
the heat carri ~r, ceramic balls, mix thoroughly as 
the retort rotates. Heat is transferred from the 
ceramic balls to the oil shale to heat it to approx
imJtely 900°F. The ceramic balls and shale reach 
thermal equilibrium in the retort . At this temper
ature , complete pyrolysis of the oil shale is rapid 
and assured, and the kerogen contained in the shale 
is vaporized. The ceramic balls are separated from 
spent shale by screening the balls and elutri ating 
the spent shale. The balls are then lifted by a 
skip hoist and recyclea to a heater. This ball 
heater is fueled with either oil or gas, nnd heating 
of the ceramic balls is accomplished by direct con
tact with hot combustion gases. After reaching a 
temperature above 1100° F, the balls are recir£ulated 
to the retort. The flue gases from the ball heater 
are then used to preheat the incoming raw shale in a 
series of lift pipes . Heat transfer between the 
flue gas and the shale is efficiently accomplished 
in the preheat section by direct contact of the 
shale feed with the flue gases. The gases are dis
charged from the preheat section at approximately 
250° F and then scrubbed before going to the atmos
phere. Spent shale, which leaves the retort at 
approximately 900° F, is cooled in a rotary tube 
steam generator and then moisturized for disposal. 
Waste waters and aqueous sludges are utilized to 
quench the spent shale and to moisturize it to 
en ~ ure du st-free handling and to facilitate 
compa ction. 

Lift 
;-'pa 
SYI'em 

Figure 3. Pyrolysis Unit TaSCa II Process. 
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. Hydrocarbon vapors, which also leave the 
retorting section at approximately 900°F, are con
densed in an oil recovery section which for the 
Colony plant includes a conventional fractionator . 
In the oil recovery section, the oil vapor is cooled 
to separate the C5+ streams from ~he gases. :he 
non -condensable gases from retortlng have a hlgh 
heating value, contain recoverable liquified petro
l eum gas (LPG) components, and are suitable for 
upgrading to hydrogen or synthetic natural gas or 
for use as plant fuel. Steam is generated from the 
sensible and latent heat of the hot oil vapors. The 
oil recovery unit can be designed to produce oil 
products of the optimum boiling ranges or a whole 
oil for upgrading . 

Stringent emission and air qual :ty regulations 
are met by conventional emission control processes. 
The lLN level of emissions from plant gas streams 
has been demonstrated at the semi-works plant. 
Emissions of sulfur and nitrogen oxides are con
trolled by selection of fuels used in the process 
and, in the case of nitrogen oxides, the configur
ations and firing temreratures of process heaters. 

The Colony Shale Oi l Project , a joint venture 
of Exxon Company USA, and Tosco, will use six par
allel 11,000 ton/day TOSCO II retorts to process 
66 000 tons/day of Colorado shale into 47,000 BPD of 
up~raded oil . Site work for the project and an 
associated community to ho~se the workforce and 
others attracted to the region commenced in mid-i9BO. 
By the end of this year, a large.percentage .of the. 
mechnical specifications for englneered equlpment ln 
the TOSCO II retorting unit will be completed . 
Additionally, procurement of key crushing and mater
ial handling equipment has commenced, and pr~cess 
design of all facilities within the complex lS at an 
advanced stage. The facility is scheduled to start 
up in late 19B5. 

As stated above, the Colony project will pro
duce 47,000 BPD pf upgraded oil. However, this is 
based on the owners' selection of a particular up
grading scheme and does not really indicate the 
effectiveness of TaSCa II in liberating 011 from 
shale. Looking at just the pyrolysis unit, the 
TOSCO II process produces 56,325 dPD from 66,000 TPD 
of 34.8 gpt Colorado shale. This is 103% of Fischer 
Assay yield. For a moist, foreign shale - 20 gpt 
and 8% moisture, the net liquid production from 
66 000 TPD would be 28,540 BPD. The 28,54D BPD has 
al~eady been debi1ed for the energy used in drying 
the shale. For a 12.5 gpt Eastern shale, the net 
liquid production would be 28,164 BPD, whi:h consists 
of 23, 034 BPD of I 5-+ shale oil and 5,130 BPD of LPG 
liquids. Therefo 'e, the TOSCO II process can 
recover 117% of F' scher Assay oil (C5+) and, in 
addition, the reccvery of 5,130 BPD of LPG boosts 
total liquid production for Eastern shale to 143% of 
Fischer Assay. The information in this paragraph is 
summarized in Table 2. 

Tabl e 2 

TaSCa II RETORT YIELD~ FUR 9IFFERENT SHALES 
Source Grade, GPT % :loisture Net Liquids, BPD 

Kentucky 12.5 2.0 28,164 
~lorocco 20.0 8.0 28,54D 
Colorado 3.1.8 1.5 56,325 

Basis: 66,OOU TPD of raw sale 
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Eastern Oil Shales 

Eastern oil shale occurs essentially in eleven 
eastern and southern states and encompases the 
Devonian and Hississippian deposits. Eastern shale 
is a true marine shale. The shale was formed 330-
360 million years ago by rivers carrying organic 
materials into the Chattanooga Sea. The sea had no 
outlet which created a stagnant condition. This led 
to depositions of organic-rich black shales through
out the basin1. 

Mineral composition of the Devonian oil shales, 
the richer shale in the deposit , is predominantly 
quartz and illite, with substantial amounts of 
pyrite and marcasite. 

Devonian oil shale differs from western U.S. 
shales in the following ways: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Devonian shales exhibit a greater degree 
of uniformity ~n the composition of the 
mineral !'latrix . 
They contain 0.5t mineral carbonate versus 
48% for western shales. 
Retorting Devonian shales does not 
appreciably alter thermal conductivity2 
while for Green River shales it decreases 
30 to 40%3. 
Thermal diffusivity of the Devonian shale 
is approximately half2,3 that of Uestern 
shales. 
For approximately the same organic carbon 
content, Devonian shales contain only 2/3 
the hydrogen. 
Devonian shale oil yields per ton are 
appreciably less. 
Devonian shales yield more gas. 

Given the tremendous land area encompassed by 
Eastern oil shale, some guidelines must be used to 
pinpoint areas where commercial development would be 
most likely to take place. The criteria used by IGT 
to identify these areas were: 

° Organic carbon content in excess of 10 
wei gh t% ; 

° Overburden thickness of less than 200 
feet; 

° Strip~ing ratio of less than 2.5 to 1; 
Rock unit thickne~s of 10 feet or 
greater. 1 

IGT's resulting analysis located the best areas 
primarily along the Devonian outcrop and con7en
trated in Ohio, Kentucky, Tennessee, and Indlana. 
Table 3 shows a summary of these estimated resources 
of the four states. Note that as opposed to the 
average yield for the entire formation of 6,000 
barrels per acre, these four states average 45,000 
barrels per acre and Ohio, with 56 billion barrels 
of recoverable reserves, averages 89,000 barrels 
per acre. 

Table 4 shows more detailed data about the 
deposits in each state. Comparing the Fischer Assay 
data with that of the Piceance Basin, it is clear 
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that development of this resource will require a 
significant increase in the price of oil. However, 
Eastern oil shale has several advantages over the 
~estern U.S. shales that will push development. 
Among these are the facts that: 

o 

o 

= 

The shale can be strip-mined; 
The land is mostly privately owned; 
Ilore water is available for prOCeSSing; 
t~re refining capacity is located nearby; and 
l10re infrastructure is available. 

Table 3 

ESm:ATED RESOURCES OF SH,'LE OIL 
IN OHIO , KE~TUCKY, TENNESSE~ A~~ IN~IANA 

Tota 1 Area 
Reserves Recoverable Suitable for 

By Aboveg ro,Jnd Surface Nining 
Retorting State sq. mi . Billion Bbl Bbl/Acre 

Ohio 9BO 56 B9,000 Kentucky 2650 76 45,000 Tennessee 1540 1B 1B,000 Indiana 600 16 
TOTAL 

42,000 

or Average 5770 165 45 , 000 
Adapted from "Devonian Oil Shale" by Janka & 

Dennison; presented at the 1979 IGT Symposium 

= 
Tab! e 4 

TOSCO II !~ith Fluid Bed BOiler 

Given the advantages for commercial development 
of Eastern oil shale, the existence of a significant 
commercial resource, and the high organic carbon 
content of Devonian spent shale, Tosco has made d 

modification to its baSic TOSCO II process configur
ation shown in Figure 3. The modification (see 
Figur~ 4) ir.corporates a fluid bed boiler to recover 
the energy value of the residual organic carbon on 
the spent shale. The spent shale is routed from the 
accumul ator through the fiuid bed boiler. As 
Devoni an Shale is relatively dry, 2 wt% water, all 
of the energy on the spent shale can be converted to 
electricity by generating steam in a fluid bed 
bOiler and using it to drive turbo generators. It 
is also Possible to optimize the steam system and 
use extracted steam from the turbines elsewhere in 
the process. After passing through the flUid bed 
bOiler, the spent shale (now an ash) passes through 
a cooler generating additional steam, and then to 
the moisturizer before going to dispv~al . 

For a 12.5 gpt Eastern shale, the addition of 
the flUid bed boiler to the TOSCO II process enables 
export of 127 HW, net, and thus the overall effi
ciency of the process is increased by 37%. This 
modification to TOSCO II for combusting the high 
carbon spent shale results in a process which can 
produce total liquid products which are 143% of 
Fischer Assay and also generate a significant 
quantity of exportable electrical power. 

RESOURCE DATA 

~ 
.Ohio 

Kentucky 

Tennessee 

Indiana 

IGT Data 
IIU Carbon Thickness _ Rock Unit 

Feet Avera!je ~ Cleveland 60 to 100 10 . 6 12 . 6 Huron 
300 7. 0 11.9 lower Huron 
100 10.0 11.9 

Ohio 40 to 100 10.6 17.9 Sunbury 
30 12 . 6 19.7 New Albany 
70 12 . 5 15.8 Cha ttanooga 40 to 60 13 .0 14 . 1 

Cha tta nooga 
5 to 50 13.6 19.1 

New A1 bany 1110 to 300 10.1 15 .6 Clegg Creek 
40 14.4 15.6 

Pub! fshed Oa ta 
FIscher Assay 
~a1!ons/ton 

Avera2e ~ 
10 15) 10 10 
10 10 

10 

") 10 12 

10 18 

12 42 

9 1,) 

Estimated 
Recoverab1 e 
Resou rces 

Billion Barrels 

56 

76 

18 

16 

Adapted from "Devonian Oil Shale" by Janka & Dennison; presented at the 1979 IGT Symposium _ 
"Synthetic Fuels From Of1 Shale". 
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Figure 4. Pyrolysis Unit TOSCO II Process Modified to Produce Power . 

Conclusion References 

Given the size of the Devonian oil shale 
resource , the inherent advantages of development in 
the region, and the estimated increasing shortfall 
of world crude production, Tosco believes that com
mercial development of the Devonian shales will 
occur. To this end, Tosco has been developing a 
modification to its basis TOSCa II process config
uration which increases overall efficiency and pro
duces significant amounts of power. The combination 
could lead to commercial development of Devonian 
shales via the TOSCO II technologies in the near 
fu ture. 
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Description of the T 3 Process and Its 
Applicability to Eastern Oil Shale 

by 

Dr. Chang Yul Cha 
Science Applications, Inc. 
Golden, Colorado 80401 

Abstract. The Kingdom 01' Morocco has embarked on a development 
of their extensive oil shale resources to decrease fut~re depend
ence on foreign petro l eum imports and to support internal indus
trial growth. The Office Nation~l de Recherche of O'Exploitation 
des Petroleum has se1pcted the T semi-continuous surface retort
ing process, which hds its roots in the extensive batch process
ing experience in the U.S.A . on the N-T-U process and the DOE 
10-ton and lSD-ton retorts. The T3 process retains the salient 
features of the N-T-U batch retorting process while adding sig
nificant improvements based on recent technology development. 

The presentation will give the detailed description of the 
T3 process , the comparison of the T3 process with other oil shale 
processes, and the applicability of such a process to th~ Eastern 
oil shale. The presentation will also review the retorting char
acteristics of Eastern oil shale and compare them to the charac
teristics of Moroccan shale . 

Genera 1 

The Kingdom of Morocco has embarked on develop
ment of their extensive oil shale resources to de
crease future dependence on foreign petroleum im
ports and to support internal industrial growth. 
Morocco has substantia l oil shale deposits, with 

A typical inorganic mi neral composition of 
Moroccan oil shale and of Colorado oil shale 
(Mahogany zone shale) is shown in Table 1. At pre
sent, an enormous amount of work has been done on 
Colorado oil shale; but a very limited amount of 
information is. available on the Eastern oil shales. 

the most significant being those of Timahdit, 
Tarfaya, and Tanger having estimated resources of 
15 billion, 30 billion, and 3 billion barrels, res
pectively. From results of many years of study to 
choose the appropriate process to be used for the 
commercialization of Moroccan oil shale, the Nation
al Office of Petroleum Research and gevelopment of 
Morocco has elected to develop the T semi-continu
ous surface retorting process, which has its roots 
in the extensive batch processing experience in the 
U.S.A. on the N-T-U process and the DOE 10-ton and 
150-ton retorts. The T3 process retains the salient 
features of the N-T-U batch retorting process wNi1e 
adding significant improvements based on recent 
technological deve10pments

3 
The purpose of this 

paper is to describe the T process in comparison 
to other oil shale processes in use or under devel
opment. Many distinct advantages of the T3 process 
may make it possible to apply it to an Eastern oil 
sha 1 e depos it. 

Oil sha le is a nonporous, impermeable, inor
ganic component mixed with an organic polymer called 
kerogen. The oil shale at various locations has a 
different composition. 
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Table 1. Inorganic Composition of Oil Shale 

Weight S 

Minera 1 Moroccan Sha 1 e Colorado Shale 

Oolomite (CaMg (C03)2) 15.9 32 

Calcite (Ca C0
3

) 41.5 16 

Quartz (Si02) 19.5 15 

Illite ((OH)4KZ(Si6A1Z)A140Z0), Clay 19 

Argiles (111 ite-Kaol inlte) 13.4 

Albite (NaAl ~ i308) 10 

Pyrite (FeSz) 1.8 

Analcite (NaA1Si Z0
6 

. HZO) 

FeC03 • reZ03 1.8 

Tia
Z 

• phosphate Z .4 

Microcl ine (KA1Si
3
O
S

) 

Other Compounds 3.7 

Total 100. 100. 



Since the inorganic mineral composition of Eastern 
shale is not available, the composition of ash pro
duced from c~nbustion of oil shale will be used for 
comparison. Table 2 shows the compositions of ash 
produced from combustion of Eastern shales from 
three differ'ent locations (1). Compositions of 
Colorado and Moroccan shale ash are also shown in 
Table 2 for comparison. 

It can be seen in Table 2 that the Eastern oil 
shale has a much lesser amount of inorganic carbon
ates (dolomite and calcite) ~nd a much higher con
centration of silicate than those in the Colorado 
and Moroccan shale. Sirce thermal decomposition 
of dolomite and calcite are highly endothermic re
actions, the control of maximum retort temperature 
would be much more difficult for the Eastern oil 
shale than for the Colorado and Moroccan shale, when 
the combustion process is used for retorting. 

Tne oil shale contains varying amounts of kero
gen ranging from a trace in lean beds to about 46% 
by weight in shales from selected th i n sections 
assaying 80 gallons of oil per ton. Thp elemental 
composition of the kerogen in the oil shale is re
markably uniform within the region . The structural 
distribution of the kerogen in the oil shale varies 
significantly from region to region . The thin sec
tion microphotos of Moroccan Timahdit oil shale show 
that the organic compound is not intermingled with 
inorganic mineral matrix, while the organic compound 
in the Colorado sha le appea rs to be inside the inor
ganic carbonate matrix. 

A typir.al composition of Eastern oil shale is 
not presently available but Fischer assay data pub
lished in Reference 1 was used to derive the kerogen 
composition of the Devonian oil shale. Table 3 
shows the kerogen composition of the Devonian oil 
shale. Typical compositions of kerogen for Moroccan 
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and Colorado shale is also presented in Table 3 for 
comparison. The concentrations of sulfur and oxygen 
in the Eastern shale are higher than those of Colo
rado shale, but lower than those of Moroccan shale. 
Table 3 also shows that the kerogen in Moroccan 
shale has a much higher sulfur and oxygen content 
and a lower hydrogen content. 

When oil shale is heated to about 400-500°C , 
the kerogen decomposes to form the oil, gas, water, 
and carbonaceous residue left on the shale. The 
composition of products is dependent on the reac
tion temperature, residence time, and heating rate. 
The composition of products from thermal decomposi
tion of kerogen obtained when the shale is heated 
with the heating rate specified in the Fischer assay 
analysis procedure is shown in Table 4. The pro
ducts of Devonian shale shown in Table 4 were ob
tained from Fischer assay data given in Reference 
1. 

It can easily be seen in Table 4 that for the 
gi ven amount of kerogen, the Eastern oil shale pro
duces a much greater amount of residual carbon left 
on the spent shale and less oil than Colorado shale. 
Th~ Eastern shale also produces mo~e gas and water 
than Colorado shale. Moroccan oil shale also pro
duces a much greater amount of water and residual 
carbon than Colorado shale. 

The distribution of products from the retort
ing of Eastern shale is also dependent on the re
torting gas . Table 5 shows the distribution of pro
ducts produced from retorting of Devonian oil shale 
with hot nitrogen and with a mixture of 75% nitro
gen and 25~ steam using the controlled state retort 
at the Laramie Energy Technology Center (2). The 
temperature of inlet gas was maintained at 1000°F. 
As shown in Table 5, the steam increases the oil 
production, but decreases the gas production . 

Table 2. Oil Shale Ash Composition (Wt %) 

Component Eastern Shale Moroccan Shale Colorado Shale 
Sunbury Cleveland Huron 

Si02 63.7 66.6 64.4 

A1 203 16.7 16.4 16.6 

CaO 0.4 0.6 0.9 

M90 1.5 1.3 1.3 

Fe203 8.7 6.8 7.9 

K20 4.4 4.3 4.3 

Na 20 0.4 0.5 0.5 

Ti02 0.8 0.9 0.9 

S03 3.4 2.6 3.2 

P205 

Other Compounds 

Total 100.0 100.0 100.0 

ll8 

33.70 

8.90 

36.12 

4.48 

3.58 

1. 56 

0.41 

0.40 

6.17 

1.66 

3.02 

100.00 

42.35 

13.03 

23.06 

9.88 

4.52 

2.31 

3.06 

1. 79 

100.00 



Table 3. El ementa 1 Composition of Kerogen 

Weight % 
Element Devonian Moroccan Col oralio 

Shale Shale Shale 

Carbon 74.4 69.20 80.5 

Hydrogen 9.6 6.56 10.3 

Nitrogen 2.7 2.91 2.4 

Sulfur 3.8 8.43 1.0 

Oxygen 9.5 12.90 5.8 

C/H 7.75 10.55 7.82 

Table 4. Composition of Products From Kerogen 
Thermal Decomposition 

Weight % 
Product Devonian Moroccan Colorado 

Shale Shal e Shale 

Oil 33.1 43.01 65.63 

Gas 18.7 15.75 16.15 

Residual Carbon 42.8 30.80 18.22 

Water 5.4 10 .44 

Table 5. Composition of Products from Retorting 
of Antrim Oil Shale (Wt%). 

Product 

Oil 
Gas 
Residual 
Water 

Retorti ng With 
Hot N2 __ _ 

22.2 
32.9 

Carbo 35.2 
9.7 

Retorting with Mixture 
of 75% N2 and 25% Steam 

27.9 
25 .0 
35 .7 
11 .'+ 

Because of the higher concentration of residual 
carbon in the spent shale, it is expected . hat for 
the same grade of oil shale and operating conditions 
the ma~imum temperature for Eastern shales will be 
much greater than Colorado shale when the combustion 
process is utilized for retorting. It is also ex
pected that the oil yield will be higher than Colo
rado shale for the s~me Fischer assay oil shale and 
operating condition due to a higher ccntent of re
sidual carbon in the spent shale. 

From Table 4, it may be concluded that proc
esses that are particularly attractive for use with 
Eastern and Moroccan shales are those capable of 
utilizing the residual carbon left in the retorted 
shale . 

Development of T3 Process 

There are twentj' or more identified oil shdle 
processes in use or under development around the 
world (3), but at the present time, no single proc
ess has been universa lly accepted or demonstrated 
as an optimum solution to the shale oil production 
problems. Furthermore, none of the processes have 
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been sufficiently developed to today's commercial 
scale. When scaling up a plant to commercial size, 
consideration must not only be given to the individ
ual scale-up factor of the component equipment, but 
also to the overall capacity scale-up factor due to 
the synergistic effect of scaling up multiple com
ponents. Therefore, a simple capacity scale-up 
factor provides a good guideline for the anticipated 
difficulties associated with plant scale-up. Of 
course , even with the same capacity scale-up factor, 
it would be more difficult to scale-up more complex 
processes than to scale-up inherently less complex 
processes. A comparison of demonstrated sizes to 
the sizes required for commercial scale is presented 
in Table 6. 

It can be seen in Table 6 that among the sur
face processes only the N-T-U type and Petrosix 
processes have been demonstrated at scales within 
an order of magnitude of commercial size. The de
velopment of the Union A process has been discon
tinued in favor of the development of Union Band 
Union SGR processes. The Petrosix is an energy in
efficient process since it uses the gas and oil pro
ducts for process heat and discarding the carbon on 
the spent shale. The amount of residual carbon re
maining on the spent shale after retorting repre
sents a signlficant energy value, especially for the 
Moroccan shale, as shown in Tables 7 and 8. The 
energy contained in one ton of 17 gallon per ton 
Moroccan shale is about 28% greater than Colorado 
shale . This additional energy is contained mai nly 
in the residual carbon. The residual carbon pro
duced from Moroccan shale contains over 33% of the 
total energy, which will be wasted unless utilized 
in the process, such as in direct heating processes. 

Table 6. Commercial Vs. Demonstrated Scale 

011 Shale Deooonstrated Scale 
Process Tons/day 

Comne ref al Scal e 
Tons/day 

NTU Type (T3 Process) 170 1,000 

Paraho 01rect 250 7,500 

Unlon Oil A 1,200 10,000 

Unlon all B 10,000 

Unlon 011 SGR 10,000 

Superlor 011 250 22,000 

Petrosh 2 , 200 10,000 

Toseo II 1,000 11 ,000 

Lu rg l-Ruhrgas 12 8,250 

VHIS (Oxy Retort 3E) 60 2,100 

VHIS (Oxy Retort 6)* 1,460 2,100 

* 011 recovery was 63S of predlcted 011 yleld whlch was ba sed on 
Retort 3E data . 

Table 7. Amounts of Oil, Gas, and Residual 
Carbon Produced From Retorting One 
Ton of 17 gpt Oil Shale. 

Seal. 
Factor 

)0 

8 

1,667 

3,333 

88 

11 

688 

35 

Weight {lbsLton) 
Product Moroccan Shale Colorado Shale 

Oil 136.51 130 .75 

Gas 49.98 32.17 

Residual Carbon 97.75 36 . 30 

Tota l 284 . 24 199 .22 



Table 8. Energy Contained in Retorting Products 
From One Ton of 17 gpt Oil Shale. 

~Ioroccan Shale Colorado Shale 
Product Btu Percent Btu Percent ----
Oil 2,263,609 54.3 2,323,166 71.4 
Gas 523,291 12.6 419,947 12.9 
Residual 1, 379,037 33.1 512,113 15.7 
Ca rbon 
Total 4,165,937 100.0 3,255,226 100.0 

Another process which has been tested closest 
to the commercial scale is the vertical modified in
situ (VMIS) process. A retort having its dimensions 
of 36 feet in diameter and 113 feet in height, has 
been successfully built and operated by Occidental . 
The oil yield, however, was only 63% of the predict
ed amount. The major reason for this lower yield 
was attributed to the ma1distribution of gas flow 
caused by uneven rndia1 distribution of particles 
and void volume. 

The retorti ng process of VMIS is almost iden
tical to the N-T-U process. It may, therefore, be 
concluded that the largest size that has been built 
and operated successfully up to date without wast
ing the energy value in the residual carbon is the 
N-T-U type retort. In addition, the Laramie Energy 
Technology Center of DOE has been conducting re
torting experiments for almost the last 20 years 
using 10-ton and 150-ton retorts which simulate the 
N-T-U and VMIS processes. The Lawrence Livennore 
Laboratory has also been conducting the similar 
retorting experiments using two pilot retorts (125 
kg retort & 6000 kg retort) since 1974. The Occi
dental and Lawrence Livennore Laboratory have also 
developed the mathematical model for the N-T-U type 
retorting process and have successfu lly tested the 
model against the pilot plant data. Therefore, the 
N-T-U type oil shale process has been experimental
ly and the0retica11y tested or studied for the 
longest period of time on the largest scale among 
all oil shale prncesses which have been developed 
up to da te. 

One of the most significant drawbacks of the 
N-T-U process is that it is a true batch process. 
Seve ra l continuous processes have evolved from the 
basic cor:-;i guration of the N-T-U type retort such 
as the Bureau of Mines gas comb~stion and the Para
ho process. By making them continuous processes, 
however, they have increased the complexity in the 
retort as well as in the process control to the de
gree where the N-T-U experip.nce no longer became 
applicaole to those processes. 

The continuous processes, which have evolved 
from the N-T-U process as well as from other non
N-T-U type processes, have significantly increased 
the throughput of the plant, but not without pay
ing a ~rice for it. The additional equipment con
sumes a s igni ficdnt amount Of energy input which 
has to be supplied elther internally using its own 
energy products or externally in the fonn of elec
tricity _ In addition, the complex plant design and 
construction increased the caDi tal and the opera
ting costs significantly, thus diluting the benefit 
of the increased throughput. As a ,esu1 t, the bot
tom 1 inp product cost per barrel of product oil has 
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not improved much despite the evolution of more 
technically advanced processes. 

More Significantly, this trend of more sophis
ticated process plants p~shed the size of an econ
omically acceptable unit to a level where a very 
large capital investment is required beforea single 
drop of the product oil is produced. Small inves
tors without such a large sum of capital, holders 
of sma 11 oil shale tracts that can not support such 
a large production rate for a 30 year plant life, 
and the developing nations with a significant oil 
shale reserve but with no available capital, are 
all left out in the competition. 

The development of the T3 process is based on 
the fact that a process can be developed with a 
favorable overall economics by employing a relative
ly less sophisticated process scheme with a proven 
history, and thus minimizing the necessary process 
energy input, capital, and operating costs. The 
N-T-U process is one of these processes, except for 
its low batch throughput. Efforts were made to con
vert the process into a continuous one without nec
essarily complicating the process and without los
ing the benefit of applicable experience of the N
T-U process. This was achieved by utilizing a con
jugated number of retorts operating in a s~mi-con
tinuous mode. The process was named the T process 
which is derived from thl:! three major I·Ioroccan oil 
shale deposits at Timahdit, Tarfaya, and Tanglers. 
The T3 process, thus, has its roots in the exten
sive batch processing experience ga ined in the 
United States on the N-T-U process and the DOE 10-
ton and 150-ton retorts. It incorporates the sali 
ent features of the N-T-U process developed in the 
U.S. in the 1920's and 1940's, and the extensive 
Bureau of Mines and DOE experiments with the la-ton 
and 150-ton batch retorts along with signifiC3nt 
improvements based on recent technology development 
including the VMIS oil shale process. 

The process has been further impro~ed using 
mathe~atical models developed for the T process to 
incorporate the specific shale properties and char
acteristics of kerogen decomposition of the Moroc
can and Utah shale. The detailed design of a pilot 
plant in Morocco with an 80 ton capacity has been 
completed and the equipment pllrchasing is pending 
upon loan approval from the World Bank in January, 
1982. Operation of this pilot plant is expected 
early in 1983. 

Description Of The T3 Proces~ 

The T3 process basically conslsts of two re
torts; retorting and cooling sections as shown in 
Figure i. The air enters into the bottom of the 
retort charged with hot spent shale . The water is 
injected into the air stream by fog nozzles or atom
ilers. The air mixed with water passes through 
holes in the retort bottom discharge cones . The 
water in the air is evaporated when it contacts the 
hot spent shale. The bottom layer of spent shale 
is cooled and most of the sensible heat contained 
in the spent shale is recovered in the form of 
steam . The mixture of air and steam flows thrcugh 
the hot spent shale bed. Since the residual carbon 
produced from kerogen thennal decomposition is not 
completely consumed during retorting, the addition
al heat energy will be recovered by burning the 
residual carbon in the spent shale. 
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Figure 1. DIAG~~ OF T3 PROCESS 

The cooled spent shale near the retort bottom 
is discharged and an p.qua) volume of raw shale is 
loaded at the top of the retort. The process is 
repeated until the ret'lrt is recharged with the raw 
shale. The mixture of air and steam will heat the 
raw shale entering into the retort from the top. 
The water in the raw shale is also evaporated to 
produce an additional amount of steam. The mix
ture of air and steam exiting the retort being op
eraterl in the cooling mode, is introduced into the 
retor . being operated in the retorting mode. The 
supplemental steam from the topping turbine is mix
ed with the steam from the retort in the cooling 
mode, if necessary, to obtain the required steam 
concentration of the inlet gas in the retort whi le 
in the retorting mode. However, the supplemental 
steam is not expected to be required. 

The product gas leaving the retort in the re
torting mode passes through knock-out pots and gas 
cooler located before the blower. Because of high 
water concentration in the product gas, the blower 
is located after the gas cooler to reduce t he actu
al volume of off-gas to be handled by the blower. 
The liquid and gas product~ are collected and sep
arated in a space below the retort bottom. The 
liquid products flow into the oil and water sepa
rator during retorting which are used as th~ water 
storage during the cooling of spent shale. The 
liquid products are separated in the collector into 
the oil and water phases. The oil is pumped into 
t~e heater tre~ter to remove the water. Purging 
llnes are provlded to remove combustible gases from 
the space below the retort bottom when the retort-
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ing is complete. The steam introduced into the 
retort bottom will also generate hydrogen and car
bon monoxide by the reaction of steam with the 
residual carbon in the spent shale . Th is gas may 
be used as a start-up fuel. 

Since the major mechanism for transferring the 
energy from hot spent shale to the gas stream is 
the evaporution of water droplets in the air, it is 
necessary to carry the water droplets through the 
spent shale bed . The spent shale absorbs the water, 
almost 30% of its weight, if the temperature is be
low 200°F. Therefore, it is necessary to discharge 
the spent shale incrementally from the retort bot
tom to avoid the water absorpti on by the spent 
shale. In addition, the incremental discharge of 
spent shale will also allow the incremental load
ing of raw shale into the retort. Because of a 
large retort height, the batch loading of raw shale 
may cause serious damage to the retort wall and may 
also cause degradation of shale partic l es. In or
der to obtain radially even movement of shale, it 
may be i.cessary to use multiple vibrating retort 
bottoms such as bin activators. The charging and 
discharging cycle is dependent mainly on the air 
velocity and water injection rate. 

.The s~mi-continuous operation of the T3 proc
ess 1S achleved by alterating two retorts one in 
th~ retorting mode and one in tr.e cooling'mode. Im
a~lne that we placed the cooling retort upsi de down 
wlth hot.spent ~hale on the top of the retorting 
retort fllled wlth raw shale, then it will resemble 



a single retort depicted in Figure 2 (Start). As 
the raw shale is ignited and the combustion, hence 
the retorting front moves downward, the incoming 
a it' and water from the t~ recovers heat from the 
spent shale and preheats the incoming raw shale be
fore it enter~ the combustion zone as dn air-steam 
mixture. The cooled spent shale is discharged from 
the top of the retort. The charging of the raw 
shale and the discharging of the spent shale are 
done incrementally. As the process proceeds, the 
combustion front moves further down the retort as 
shown in Figure 2 (Middle) until the entire raw 
shale at the bottom half has been retorted and the 
upper half is completely filled with raw shale al
ready preheated as shown in Figure 2 (Final). 

At the end of this cycle, again imagine that 
we cut the retort in half and put the bottom half 
on top of the top half, thus creating the same ar
rangement as in Figure 2 (Sart). This is done by 
simply switching the two retorts and by exchanging 
their roles as a cooling and as a retorting retort. 
By repeating this cycle, we have in effect created 
a semi-continuous retort with an oscillating com
bustion (hence retort) front at the bottom half of 
the retort compared to a fixed combustion front of 
a continuous process, as shown in Figure 3. Since 
the retorting retort operates exactly the same mode 
as the N-T-U process, all the relevant experience 
from the N-T-U process can be directly applied to 
the T3 process. The inherent simplicity of this 
type of process also makes the scale-up a less 
formidable task. 

In the N-T-U process, the spent shale is dump
ed to the ground without cooling or recovering 
sensible heat. The straight air 9r the ~ixture of 
air and recycle gas is used for retorting. Because 
of high temperature, the discharge of spent shale 
without cooling will r3sult in serious environment
al problems. In the T process the spent shale is 
c\101ed before discharged and the significant amount 
of sensibl~ heat contained in the spent shale is 
rr.tovered ir< the form of steam. The mixture of air 
and steam in:tecd of the air recycle mixture , is 
used for retorting oil shale in the T3 process. In 
addition to contl'olling maximum retort temperature, 
the us~ of steam 1as the following advantages: 

1. The steam increases the combustion r~te of re
sidual carbon in the spent shale through the 
water gas shift reactions. 

2. The steam increases the hydrogen rroduction per 
ton of oil shale by reacting with the carbon 
monoxide. The steam increases th~ reaction 
rate of residual carbon with carbon dioxide by 
increasing the porosity of spent shale. The re
sidual carbon in the spent shale reacts with 
'.:he carbon dioxide to produce carbon monoxide 
which reacts with the steam to produce hydrogen. 

3. The steam reduces the oil loss due to thermal 
crackiRg in the retorting zone by ~ ncreasing 
C02 production rate in the combustion zone . The 
steam minimizes the oil loss when it is releas
ed from the ravi shale surface, 
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Figure 2. SCHEMATIC EQUIVALENCE OF T3 PROCESS 
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4. The steam increases the retorting rate compared 
with the recycle gas. 

The retorting of oil shale produces almost 
twice as much water as oil. This process water 
needs to be purified before being released into the 
environment or reused for other purposes. The 
treatment of this process water will be very expen
sive. In the T3 process the process water is re
cycled to either the bottom or top of the retort. 
The organic pollutants in the process water will be 
burned and the inorganic pollutants will be removed 
by the hot spent shale in the retort. 

In summary, the T3 process has the following 
improvements over the N-T-U process: 

1. Time-phase operation of two retorts in the mod
ule allows semi-continuous operation . 

2. Hot spent shale is cooled before dumping from 
the retort thereby reducing the safety hazards. 

3. Sensible heat and residual carbon contained in 
the spent shale are recovered in the form of 
steam which is used for retor ting. 

4. Use of steam instead of recycle gas allows the 
utilization of t~e desirable effects of steam 
on retorting processes. 

5. Process water is treated in the retort so that 
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the use of expensive conventional water treat
ment methods can be eliminated. 

Comparison Of The T3 Process With Other Processes 

The economic analysis of return on investment 
and total capital cost usually provides the prin
cipal data for comparing various processes. How
~ver, the continuing energy crisis is leading to a 
new awareness of how much energy is used in pro
ducing useable energy from alternative solid fuel 
resources. An energy analysis can reveal the spe
cific energy inputs at each step in the process . 

One ton of mined oil shale is chosen as a ba
sis for energy efficiency calculations. The energy 
cont~n t of the oil shale is calculated from the 
products obtained from the kerogen thermal decom
position at Fischer assay analysis conditions. The 
electric energy required for gas compression, pump
ing, mining operation, and crushing was multiplied 
by 2.89 in order to convert to the equivalent Btu 
for their primary fuel sources. The shale oil ~ nd 
combustible gases are major energy outputs from the 
retorting process. For processes not u~ing small 
sizes of oil shale, it was assumed that 87% of the 
thermal energy contained in shale fines is recover
ed to produce electricity using the fluidized bed 
combl' stor. Since the energy output in the form of 
gas and oil shale fines is useful only when it is 
converted into electricity, the energy recovered 
from the gas and shale fines will be converted into 
electricity, the energy recovered from the gas and 
shale fine s will be converted into electricity by 
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dividing it by 2.89. Therefore, net energy output 
is found by: 

Net Energy Shale Oil Btu - Diesel Fuel 
Btu + (Fines Btu + Gas Btu)/ 
2.89 - (Mining Electricity + 
Crushing Electricity + Retort 
Electricity) x 2.89 - Heat
ing Fuel Btu 

The net energy efficiency (n) may be defined by: 

_ Net Energy outrut From Process x 100 
n - Energy 0 Raw Shale 

The net energy efficiency has been calculated 
for various oil shale processes using 17 gpt Moroc
can shale and 25.6 gpt Utijh shale. The results a ~e 
shown in T~ble 9. It can be seen in this table 
that the T3 process has the second and third high
est net energy efficiency for Utah and Moroccan oil 
shale, respectively . The Moroccan oil shale gives 
lower energy efficiency mainly due to the fact that 
33.1% of the total energy in the raw shale is pro
duced in terms of residual carbon. Although the 
Lurgi-Ruhrgas process has the highest net energy 
efficiency, about 20% of the oil produced from this 
process has a significant amount of spent shale 
dust (about 50% by weight). 

Table 9. Net Energy Efficiency 

17 gpt 25.0 gpt 
Process Moroccan Shale Utah Shale 

Paraho, Direct 46.4% 63 .0% 
Paraho, lndi rect 43.9 60.6 
Superior, Direct 45.9 61.1 
Tosco I I 40.8 62.3 
Union B 41. 5 61.4 
Union SGR-3 48.0 62.7 
Lurg i-Ruhrga s 50.7 66.5 
Petrosix 41.9 60.2 
Ga 1 oter 47.6 60.7 
Kiwiter 41.0 52.7 
r3 47.7 63.7 
VMIS 47.6 61.9 

The water supply w~ll be a serious limitation 
to the oil shale industry, especially at the Timah
dit site and the Western slope of the U.S.A. The 
majori ty of the water used in a retorting facility 
is used for dust control and revegetation of spent 
shale. This amount is strongly dependent on the 
shale particle size retorted and the method of re
tOtting. The water cons~mption for each process has 
been estimated mai nly from published data. The re
sults are given in Table 10. It should be pointed 
out tha t the wa ter requ i red for 1l2S remova 1 from the 
product gas is not included in the water cons umption 
estimates in order to compare the various processes 
on the same basis. The H2S removal methods propos
ed by the various oil shale processes were not the 
same. It can easily be seen in Table 10 that the 
T3 process requires the least amount of water. 
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Table 10. Net Water Consumption 

Process Barrel s of Wa ter Consumed 
Per Barrel of Oil Produced 

Paraho, Direct 1.54 
Paraho, Indirect 1.77 
Superior, Direct 1. 59 
Tosco II 4.53 
Union B 2.52 
Union SGR-3 2.68 
Lurgi-Ruhrgas 4.31 
Petrosix 2.37 
T3 0.56 

A more recent and rigorous in-house study 
showed that most of the surface processes we stud
ied have very comparable economic prospects. In 
fact , the differences in the economic measures of 
the processes were too small to have much statisti
cal significance in comparison to the uncertainties 
in the cost estimates, especially when no commer
cial scale unit for the processes has been built 
and operated. This indicates that at the present 
time, the process considerations such as energy ef
ficiency, water consumpt ion, technological risks 
associated with scale-up, net power consumption, 
and byproduct usage playa more important role in 
the selection of an optimum process. The T3 proc
ess ranks high in many of the areas previously men
tioned as well as in the overall economics. Ex
periments have been successfully conducted utiliz
ing the low Btu gas and undersized raw shale fines 
expected from the T3 process. This was accomplish
ed by burning these in a fluidized bed combustor 
(4). The heat generated can be used to generate 
enough on site steam and electricity required for 
the process and the excess electricity can be ex
ported. The process can al so convert the sulfur 
into a stable sulfate for disposal or, if needed, 
an elemental sul fur can be produced as a ~ ellable 
byproduct. 

Applicability Of T3 Process To Eastern Oil Shales 

The large amount of residual carbon in the 
spent shal e can be recovered by tre T3 process in 
the form of product gas and steam. By controlling 
the concentration of steam in the inlet gas, the 
large portion of residual carbon can be recovered 
through the reaction of residual carbon with the 
s team. The res i dua 1 ca rbon pa rt rem .. i ni ng in the 
spent shale at the end of the retorting can be burn
ed during the cooling operation to produce the steam 
from the water contained in the incoming shale . 
Since the maximum temperature of the retort can be 
controlled by controlling the oxygen concentration 
of the inlet gas, no technical difficulties are an
ticipated in using the T3 process for retorting 
Eastern oil shales . 

The T3 process can be built in modules and, 
therefore, high initial capital investment, high 
technological risks due to process complexity, and 
high sca l e-up factors could be avoided. In addi
tion, the technical and operating data from the T3 
process can be used to design or develop a more ef
fecient process for Eastern oil shales. The T3 
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process will be especially suitable for the areas 
where the oil shale reserves ar~ relatively small. 

Conclusion 

The T3 process was developed as an alternative 
to processes that require a high initia l capital in
vestment with a high technological risk due to the 
process complexity and high scale-up factor. The 
process can be bUilt in mod~les. Although the proc
ess was orig i nally developed for the Moroccan Timah
dit shale, it can also be applied to the Eastern 
oil shales. As it was mentioned earlier, there is 
no single process that has been accepted or demon
strated as a uni\-crsa1 solution to all the problems 
in the shale oil production. Despite many tech
nical and economic advantagts over other processes, 
the T3 process is no exception. Each prOject must 
be treated separately and an optimum process has to 
be found that will best satisfy the specific re
quirements for the given resource. The T3 process 
is only one of the many candidates to be considered with many distinct merits. 

In surrrna ry; 

1. Scale-up of the T3 process represents little or 
no risk so that the economic and technological risk wi ll be minimized. 

2. Net energy efficiency is higher than other proc
esses except for the lurgi-Ruhrgas pro~ess. 

3. Requires the least amount of water. 

4. Capital and operating costs are not significant_ 
ly di fferent from the continuous processes. 

5. Development of a series of plant modules allows 
for utilization of the mined shale during the 

mine development so that the cash flow can be 
generated earlier than any other process at the same capital cost. 

6. Expensive process water treatment facilities can be e1 iminated. 

7. Full util ization of byproducts and on site power generation is Possible. 

8. Energy recovery from Eastern oil shale could be 
maximized by the T3 process . 
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Background 

The U. S. B"reau of Hines (USBM) Anvil Point s 
engineering staff in 1946 surveyed the then 
availaDle retorting processes. Their analysis was 
that the vertical shaft kiln had the greatest 
potential if it could be made to operate 
continuously and efficiently. The HTU batch retort 
was the first process tested, but it produced shale 
oil in only moderate yield due to the inefficiency 
of batch operations. It was a direct heated 
proce.s with downward flow of an air and recycle 
gas mixture. Table 1, Oil Shale Retorting Methods, 
shows a list of retorting rrocesses which is the 
basis of oil shale retorting experience of key 
Paraho personnel. 

Although HTU operations were continued to 
produce oil for refining tests, the USBM also 
conducted pilot plant experiments in the indirect 
heated mode (externally heated recycle gas) using 
the batch Royater process and the continuous Gas 
Flow retort. The latter was heated by a cross-flow 
of hot gas. Although oil yield was good, overall 
efficiency was low, owing in part to the energy 
needed to heat the recycle gas. 

From an analysis of the above retorting 
experience, it was believed that a countercurrent 
direct heated mode of retorting would have the 
greates t promise. A series of retorting 
experiments progressed from the Dual Flow through 
the Countercurrent pilot plant experiments to the 
successful USBH Gas Combustion retort. An important 
breakthrough was the identification of retorting 
parameters which could be controlled so that 

TABLE 1 

OIL SHALE 

RETORTING METHODS 

EXPERIENCE OF PARAHO PERSONNEL 

INDIRECT HEATED 

ROYSTER (BATCH) 

GAS FLOW 

STEAM RETORTING (BRAZ I L) 

PETROSIX (BRAZIL) 

PARAHO - IH 

COMBI NATION HEATED 

PARAHO - CH 

01 RECT HEATED 

NTU (BATCH) 

ROYSTER (S...,TCH) 

DUAL FLOW 

COUNTER CURRENT 

SHALE COMBUSTOR 

GAS OOIlBUSTION 

PARAHO - DU 
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external condensation of oil vapors was not 
r equired. 

When the Anvil Points facility was shut down 
in 1955, Russell Cameron and John B. Jones, Jr. 
formed the firm of Cameron and Jones, Inc. and the 
firm obtained a contract with Petrobraa of Brazil 
to develop oil shale retorting technology for 
Brazilian ahales. A vertical shaft kiln pilot 
retort was built and operated in Brazil using 
superheated steam or externally heated recycle gaa 
(Petrosix process). Cameron and Jones, Inc. 
designed the 2,000 ton per day Petrosix retort now 
processing Irati shale in Brazil. 

In 1966, Mr . Jones left the firm and was 
the principal in the formation of two new companies 
for the purpose of developing and licensing new 
vertical kiln concepts based on his new inventions. 

Development Engineering, Inc. (DEI) and Paraho 
Corporation were formed and they aearched for an 
indllstry which could utilize the process and 
hardware concepts developed since 1946 . The 
hardware techniques were believed to be ver 
important for the reason that experience showed 
that most innovative vertical kiln techniques which 
looked good in principle could not be demonstrated 
successfully owing to limits in operating equipment. 
Although there were s'~ccessful vertical limestone 
calcination kilns in commercial operation the new 
concepts were expected to provide improvement in 
fuel efficiency and quality of lime products. 

The Paraho lime kiln id shown in Figure 1. 
The innovative hardware concepts included 
distrihution of the screened limestone uniformly 
over the cross-section of the kiln and withdrawing 
the calcined limestone (quicklime) continuously at 
the bottom of the kiln in a manner to insure the 
uniform descent of solids throughout the kiln . 
Other hardware concepts involved the distribution of 
air and g8S mixtures within the descending bed of 
solids so that controlled combustion of g88 in the 
void space of the bed would resu It in the 
decomposition of the limestone to carbon dioxide and 
calcium oxide. Hardware inventions also included a 
bottom distributor for ail to cool the hot 
quicklime. 

Process development included the selection of 
air and gas mixtures and quantities to be injected 
into the kiln using the distributors and the amount 
of cooling air distributed at the bottom of the bed 
of lime. 
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Figure 1. Paraho Lime Kiln 

The first application of the Paraho lime kiln 
technology was a 300 ton per day unit (based on 
limestone feed rate) constructed in 1966. This was 
soon increased to 400 tone per day at a small 
increment of investment coat. 

Two improved lime kilna were designed and 
built in 1969, each operating at 600 tons of 
lime. tone per day feed rate. Improvements were 
incorporated to produce a high quality product. 
Later, the first kiln's capacity was increased to 
700 tona per day by eliminating bottlenecks in the 
auxilliary equipment, principally air blower 
capacity and pipe sizes . 

Paraho Oil Shale Retort - Process Description 

As with the calcination of limestone, the 
Paraho process depends on the uniform 
countercurrent contact of shale and gas. Figure 2 
shows the principal items of processing equipment 
and an isomet ric sketch of the retort ves sel . The 
crushed and screened oil shale is charged to the 
retort through a hopper (which is kept full) and 
descends through a rotating spreader which assures 
even distribution of the granular solids with 
minimum particle size segregation. 

The shale descends slowly past the gas 
collectors and becomes preheated be.:ore entering the 
retorting zone. The shale becomes heated to about 
900 · F and the organic matter, kerogen, decomposes to 
form oil vapor, gas and a carbon residue. 
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Figure 2. Paraho Retor t, Dj.rect Heating Mode 

The shale descends through the combustion zone 
where a portion of the carbon residue burns to 
supply a significant part of the process heat 
requirements. The shale is cooled in the bottom of 
the retort and is removed by the grate mechanism 
shown in Figure 2. Cool recycle gas enters the 
shale bed near the grate and moves upward and 
becomes heated by removing heat from the descending 
hot shale. The distributors at two levels near the 
center of the retort inject air diluted with 
recycle gas. Combustion takes place within the 
shale bed void space, and the products of 
combustion mix with the prehea t ed recycle gas 
ascending through the shale bed. The hot gas 
mixture passes through the retorting zone and is 
mixed with the evolved shale gas and viI vapors. 
The gas becomes cooled by the descending shale and 
a stable mist of oil droplets is formed by 
condensation in a mannET similar to the formation 
of clouds when an air mass becomes cooled. The 
cooled gas, now laden with the oil mist, disengages 
from the shale bed in the gas col lector channels 
and is drawn by the gas blower through the oil/gas 
separating equipment. See Figure 3, Paraho DH 

.J 
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Figure 3 . Paraho DH Retort 

(Direct Heated ) Retort. A large volume of the gas 
is recycled to the retort and the net make gas 
(product gss) is treated before being utilized in a 
combined cycle of gas turbi"es and liaste heat 
boiler steam turbines to generate shaft power. 

Steady-sta te temperature profiles in the 
retort are shown in Figure 4. One of the options 
of direct heated retorting is the addition of air 
to the cooling gas entering the bot ',om of the 
retort. Tnus, in these profiles, the gas 
temperature crosses over the rock temperature after 
combustion initiates in the top of the shale 
cooling zone. Notice that both gas and rock 
temperatures increase above e&ch distributor. The 
shape of the profile is confirmed by temperature 
probes in the Paraho retorts, and these probes 
indicate a value between the rock and gas 
temperatures. Therefore, the temperature 
differentia ls shown in the profiles is only a 
representation. Note the low temperature levels of 
the shale and gas leaving the retort. 

In a distillation column, liquid is 
recirculated as reflux whereas in vertical kiln 
technology heat is recirculated internally in the 
retort. For example, the sensible heat flow 
diagram for the Paraho oil shale retort is shown in 
Figure 5. The shale enters the retort at 60"F in 
the upper left-hand corner of the diagram and 
retorted shale leaves at 300"F in the lower 
left-hand corner. Recycle gas enters the retort at 
180"F (lower right-hand corner) and the retort 
off-gas leaves at 140"F (upper right-hand corner). 
Arrows pointing left indicate the flow of sensible 
heat to the shale and 3rrows pointing to the right 
show the flow of heat to the gas medium. The width 
of the heat flow streams is proportional to the 
quantity of heat. Note that heat of combustion 
transfers to both the solids and the gas streams. 
The temperatures of gas and shale shown are 
consistent with th ~ temperature profiles shown in 
Figure 4. As will be shown later, the heat input 
could be by an externally fueled furnace (Indirect 
Heated Mode - 31so called IH Mode) or an externAl 
heat exchanger (Combination Heated Mode - also 
called CH Mode ). 
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Paraho Oil Shale Process Development 

Paraho leaaed the Anvil Points, Colorado oil 
ahale reaearch facilities from the U.S. government 
and performed a seriew of oil shale process 
development programs using retorts of their own 
deaign. Table 2 lists these programs and others 
conducted by Paraho. 

Program No.1 - This $10,000,000 
demonstration prOKram was funded privately by 
17 aponaora who purchased rights to use the 
Paraho technology which would be developeci. A 
pilot retort and aemi-works retort were 
constructed and operated. 

Program ~o. 2 - Was a product inn-type run 
funded by the Department of the Navy, and about 
70,000 barrels of crude shale oi l were 
produced. 

Program No. 3 - Paraho was contracted by 
the Navy to manage a refinery run to produce 
military-type fuels from the crude shale oi l 
produced in the two previous programs. The 
Standard Oil Company (Ohio ) conducted pi l ot 
plant refining tests and then refined about 
90,000 barrels in a hydrocracking unit at their 
Toledo, Ohio refinery. All of the products 
have been used in tests by des i gnated agenci es . 

r rogram No.4 - This program of pilot 
plant retort operations has continued since 
1979. These tests have confirmed Paraho's 
abil i ty to conduct examinations and amenab i l i ty 
tests, to select operating condit i ons, and to 
plan and execute pilot plant oper ations with 
oil shales having different properties. 

Program No.5 - Paraho and the Department 
of Energy have jointly funded a $9 mill i on mine 
and retort module design program. Paraho 
received their fund s from 14 sponsors wh i ch 
made prepayments of future process royalt i es. 
The detailed design and cost estimate have been 
completed and the final report was present Pd in 
December. Most of the features of the retort 
design have been demonstra t ed by Paraho oi l 
shale operations and all of the components are 
conventional i tems of equipment. 

Program No.6 - The DOE awsrded Paraho a 
$3.1 million grant to conduct a commerci al 
feasibility study based on 3 Paraho retort 
modu l es, a suitable mining plan and des i gn, and 
the neceseary support faci !ities to produce 
over 42,000 barrel s per day of hy dr o-treated 
shale oil. 

TABLE 2. PARAHO PROGRAMS 1973- 1981 

NO. 1 1973-1976 DEMONSTRATION (17 SPONSORS) 

NO.2 1976-1978 NAVY PRODUCTION 

NO.3 1978-1979 REFINE 90,000 BBLS . 

NO.4 1979- PILOT PLANT - NON-GREEN 
RIVER SHALES 

NO . 5 1980-1982 MODULE DESIGN (14 SPONSORS) 

NO . 6 1981-1982 FEASIBILITY STUDY 

130 

Summary of Paraho Oil Shale Operationa 

The majority of runs in the pilot retort (4.9 
sq. ft. cross section) and the semi-works retort (49 
sq. ft. cross-aection) were performed in the direct 
heated mode of operation, although important work 
was also performed using the indirect heated mode of 
operation. One outstanding characteristic of the 
Paraho retorts was their ability to operate 
continuously through a wide range of conditiona. 
Table 3 shows the range of values of the principal 
operating parameters for Colorado and other western 
oil shales. The table confirms the important 
criteria of adaptability and operability. 

In the next table, Table 4, the Paraho 
demonstration runs are summarized. The first 
semi-works demonstration run was started in January 
1975 for the purpose of establishing equipment 
operability. In addition to a long 56 day run 
period, Paraho obta: ed ; -:;\portant operating data and 
process analysia dat~ Another demonstration run of 
26 days was conducted with the semi-works retort in 
November 1975. The purpose was ~o confilm the 
design basis for a commercial evaluation CAse study. 

Program No. 2 of Table 2 requi red a 
preliminary production program for demonstration of 
equipment capability. This resulted in a 
continuous lOS-day run in the semi-works retort, 
shown in thp. third column of Table 4. Subsequently 
in 1977 and 1978, 90% on-stream operation produced 
about 60,000 barrels of oil. 

The demonstration runs in the pilot retort 
Dhow the versatility of the Paraho direct heated 
process. The 77 day run had the spec i fic purpose 
of providing standby purge gas for the indirect 
heated mode development runs conducted in the 
semi-works retort. A secondary purpose was to 
correlate pilot plant results with the .emi-wo :ks 
demonstration run (Column 2). Analysis of data 
from the data periods in the pilot retort confir~ed 
that operations were equivalent over 
cross-sectional areas in s ratio of 10 to 1. Thus, 
a basis was established for the design of 
commercial retorts using the demonstrated 
functional elements of the Paraho Direct Heated 
Mode. 

The other three pilot retort demonstration 
runs wer e made using shales with higher moisture 
and carbon contents than western shale . In each 
run, tests with western shales established a 
comparison base and other tests simulated the 
planned operating conditions for the foreign shale 
tests. Transition from one type shale to the other 
was smooth, and the foreign shale test results were 
used to perform feasibility studies for potential 
commercialization. 

Paraho Indirec t Heated Retort 

The raraho indirect heated mode is shown in 
Figure 6, Paraho IH Mode. The oil mist formation, 
retort i ng and shale cool i ng gases are equivalent to 
those zones for the direc t heated mode ahown in 
Fi gure 3 earl i er. The difference is the method of 
supplying process heat . The external heater shown 
in Figure 6 is a two-coil furnace for heat i ng 
recycled retort gas. Ind i vidual furnaces may a180 
be u~ed. 



TABLE 3 PARAHO DH RETORT 
RANGE OF OPERATIONS FCJR C01 .0RADO OIL SHALE 

RETORT 

RUN: 

VARIABLES 
SHALE GRADE - GAL/TON 
AIR - SCF/T 
RECYCLE GAS - SCF/T 
SHA~E RATE - LBS/HR/FT 2 

PRODUCT GAS 

PILOT 

18.6 - 36.4 
4,250 - 7,600 

12,000 - 18,600 
173 - 640 

NET PRODUCTION - SCF/T (WET) 4,680 10,300 
153 HEATING VALUE (HllV - BTU/SCF (DRY» 62 

TABLE 4 SUMMARY 

DEMONSTRATION RUNS 

PARAHO DIRECT HEATED RETORTS 

Sem i -works 

SEMI-WORKS 

24.5 - 36.6 
4,080 - 5,830 

12,860 - 18,400 
343 - 549 

4,700 - 9,640 
100 - 173 

Pilot 

OBJECTIVE 

STARTED (Month / year) 

LENGTH -- Days 

.1/ Y 
1/75 11 / 75 

56 26 

11 
1/78 

105 

y 
12/ 75 

77 

Israeli-l 

9/ 79 

17 

Israeli-2 

9/ 80 

20 

COMMERCIAL DESIGN DATA 

PERIODS -- No . 

RUN VOLUNTARILY TERMINATED 

l/ Equipment Operability. 

Yes 

13 

Yes Yes 

~/ Develop Design Basis for Commercial Evaluation. 

1/ Develop Oil Production Costs for the Navy. 

Yes Yes 

!/ Produce purge Gas for Semi-Works Retort Indirect Hold Operation. 
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2 

Yes 

Morocco 

1/81 

13 

2 

Yes 
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Figure 6 . Paraho IH Mode 

The process differences become evident in 
examination of Table 5, Typical Yields, Colorado 
Oil Shale. The oil and gas produced from the 
Fischer assay is shown in gallons per ton, with the 
equivalent oil yield of the gas calculated from its 
composition. 

In the direct heated mode , the Paraho retort 
produces more gas on an equivalent oil basis than 
the assay because part of the shale carbon residue 
is gasified by partial combustion to carbon 
monoxide. Although the product gas is a low BTU 
gas (about 140 BTU/CF), it can be burned to produce 
electricity in a direct combustion gas turbine and 
a waste heat boiler and steam turbine in a combined 
cycle arrangement. The liquid oil yield is 89% of 
the assay oil yield, but the combined oil plus gas 
yield is 103% of the assay yield. Furthermore, the 
direct heated mode uses a part of the carbon 
residue of the retorted shale and a portion of the 
shale gRS to fuel the process, and the equivalent 
oil value is an increment of yield, so that the 
total retort yield is 114% of the shale assay. 

Returning now to the discussion of the 
indirect heated mode, the product gas i s a high BTU 
gas (about 950 BTU /CF) like the assay gas, and the 
gas yield is somewhat higher on an equivalent oil 
basis. However, the net oil plus gas yield is only 
82% compared with 103% for direct heated mode 
retorting. That ia, when the heater fuel 
requirement ir met (by burni ng oil, for examp~e), 
the overall net re t ort yield is only 82% vs. 114%. 
This is a signi fi cant yield penalty for the 
production of a high BTU gas. 

Paraho Combination Heated Retort 

With an objective of com~ining the energy 
efficiency of the direct heated mode with the 
production of undiluted high BTU product gas, Paraho 
has invented ~ second generat i on oil shale retort. 
Basically, the retort has two independent zones ( a 
retorting zone and a combustion zone) separated by a 
dynamic seal which allows retorted shale to pass 
while preventing the mixing of gases between the 
zones. Figure 7, Paraho CH Retort, is a block flow 
diagram ot the second generation retort. Parts of 
the process have been simulated using Colorado and 
Isr aeli shale, but the hardware has not been 
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TABLE 5. Paraho Retort Typical Yields 
Colorado Oil Shale 

SHALE ASSAY - GPT 

OIL 

GAS - (EO) * 

RETORT OUTPUT - GPT 

OIL 

GAS - (EO) " 

TOTAL 

THERMAL ENERGY USAGE (EO) " 

INTERNAL COMBUSTION 

HEATER FUEL 

YIELD - , OF ASSAY 

OIL 

PRODUCT·· 

RETORT " *. 

TOTH 

EO • EQUIVALENT OIL 

PRODUCT' OIL PLUS GAS (EO) 

27. 4 

2.:.! 
29.5 

24.4 

6.0 

3.2 

~ 
33.6 

89 

103 

114 

RETORT 

27. 4 

2.:.! 
29.5 

24.9 

3.1 

0.0 

:.h! 
24 .2 

91 

82 

82 
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incorporated in the pilot retort. Paraho has 
des \ gned the dynamic seal mechanism and has 
developed operating programs to demonstrate the new 
technology. 

Paraho has utilized a stepwise procedure for 
evllluati ng oil shales to dete rmi ne the suitabi lity 
of the Paraho technology. This consis ts of 
amenabi Ii ty tests and detai led laboratory 
exa~inations, followed by simulation of heat and 
material ba lances and planning for pilot plant 
development programs. Using these techniques, we 
were able to plan und execute the Israeli and 
Moroccan shale pilot plant programs . We 
underestimated the liquid oil yields somewhat, but 
the predicted operating conditions we re very 
satisfactory. 

From the experience with direct heated I\nd 
indirect heated mode op2rations with the pilot and 



.eai-work. retorts and the retort simulation 
procedure. de.cribed in the previous p.rag~aph, 
Panho ha~ projected yield. frca Colorado shale 
using the second generation combination heated (OK) 
mod~ retort. The a.say yields will be 90% liquid 
oil y_eld and 95% product yield (oil plus gas). 
Furthermore, the total energy yield will be 106% 
after the addition of the en~ rgy with steam 
gene-:-ated ill the waste heat hoi ler. This exceeds 
the 103% energy yield from the direct heated mode 
retort, and a further advantage is the production of 
a high BTU gas which is amena~le to lower cost 
sulf:;r removal and has a potential as feedGtock for 
the facility which wo"lcl manufacture hydrogen for 
h:rdrotreating the crude shale oil. These advantages 
must be examined carefully in the light of the 
incremental capital r~quirement for the heat 
exchanger. 

High Carbon Shale Processing 

The combination heated mode of retorting has 
special advantages for high residual carbon shales 
such as the eastern U.S. ~hales. A detailed 
laboratory examination and retort balance 
calculations were made for a sample of Sunbury shale 
assaying 12.5 gallons of liquid oil per ton. Tt~ 
equivalent oil content of the gas yield was 9.3 
gallons per ton. In sUDlDa.y, the projected energy 
recovery as a percent of Fischl'r a8say was: 

RECYCLE 
GAS INLETS 

Davy McKee 
(NGHlUS AND CONSIlUOCMS 

Li-luid 0': 1 yield 
Oil plus gal (&0) yield 
Net Retort yield -

includes combustion 
energy from carbon 

Commercial Oil Sh~le Retort Design 

~5% 
100% 

141% 

To achieve larger cro.s-secti0ns than the lime 
kilns ( 78 square feet) and semi-works retort (50 
square feet), a choice had to be made between an 
appro::imately \!ylindrical structure or a 
rectangular structure . Referring to Figure 2 
earlier, the principal design parameter. are the 
length of the distributors and the dimensions of 
the grate mechanism. All functions within the 
retort vessel were prescribed to be equivalent, 
such as the bed area supplied by a shale feed tube, 
the distance between air/gas distributors, and 
length of uciprocating grate parts. 

A basic design w~; achieved wh ich used 
distributors longer than used before, but well 
within structural design criteria. The 
reciprocating grate parts were designed slightly 
shorter, and fixed shale feed tubee, each of the 
same diameter as in the r0tating spreader (actually 
4 tubes), used in the semi-works ret~rt. Figure 8, 
400 SF Sub-Hodule, shows the retort design for R 

400 square foot cross section with a 2,500 ton per 
day processing rate. It can be seen from thi, 
cutaway isometric drawing, that submodules can be 
joined to form lsrger capacity retorts. 

OFFTAKES 

Io....-----_____ J 
Figure 8. 400 SF SUb-module 
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figure 9, Paraho Commercial Module Retort, 
shows at leaet 4 eub1llOdulee .,f the Paraho direct 
heated retort and, in f1ct, ~ araho haa developed a 
definitive deeign and cost estimate for an 
aggregate of 8 eubmodule. with a total capacity of 
20,000 tone per day. This fi~ure ahove a portion 
of che f.!ed syetem which con.iets of a combination 
of tripper conveyor and shuttle conveyor already i n 
use in the ateel industry. There are no internal 
walle between aub-modulee eo there ie a wide range 
of croes- aectional area retorts available, peThapa 
up to 30,000 toca per day. 

In Figure 9, item 1, the shale feed syatem 
fille all of the hoppers in a programmed sequence . 
The ahale level in the hoppere is maintained to 
aasure a full colu.n of ehale in the feed tubes at 
all timea. The ehale deacends and apreads slowly 
from the tubee to fill the er.tire retort 
crose-section, a~d then descende vertically at a 
uniform rate past the top and middle distributors. 
The processed shale then flowe between the inverted 
vees to be removed continuoualy by the grate 
mechanism, number 6, paasing throug~ rotary gas 
eeals at number 7. 

Botto, recycle gaa, number 5, enters the 
inverted vees and contacts the procesaed shale, 
cooling the shale by countercurrent ~eat p~change. 
Air / gas mixtures from ducts number 4 and 3 enter 
the distributore and c~mbustion of carbon takes 
place within the ahale bed. The gas in the air/gas 
mixture i. used .s a diluent to control combustion. 
Hot products of combustion mingle with the 
preheated bottom recycle gas and the mixture 

1. Shale Feed System 
, . Product Oil/Gas Collectoon 
3. Top Air/Recycle Gas 
4. Middle AlrlAecycle G .. 
5. BOHom Recycle G .. 
6. Moving Grates 
7. Procesud Shale 

to RT ~I.m.tlon 

ascends to the retorting ~one. The retorting and 
mist formation zones have been deacribed previoualy 
in this paper. The cool gas with the entrained oil 
~ist is dieengaged from the ahale bed and is 
withdrawn through a duct, number 2, to the oil 
recovery snd ga. handling ayete~. 

A conceptual and preliminary design has been 
made to modify the module retort to the combination 
heated mode. However, a definitive design will only 
be justified by aucce.sful pilot retort operationa 
and a suitable feasibility atudy. 

Paraho-Ute Commercial Shale Oil Facility 

A feasibility etudy (see Table 2, item no. 6) 
has been completed which combines all of the 
operations required to produce a premium distillate 
from hydrotreating of crude shale oil. A by-produc t 
of the commercial 42,000 BPD facility would be 
excess electrical energy (about 50KW) above the 
power requirements for the mine, a battery of 3 
Paraho direct heated retorts, ahale crushing, ga. 
treatment, hydrotreating, and all of the .upport 
facilities. The electric energy is produced by 
combustion of cleaned product ga8. For eastern 
shale ope rations, th~ product gas would be 8 

co-product of the oil and electricity would I,e 
generated from ste~ produced in the waste heat 
boiler of the combination mode r~tort. 

Figure 10 is an artist's concept of the 
complete plant at a propose~ location on land leas l l 
by Paraho in eastern Ut ah on the White River near 
the Colorado border . 

Figure 9. Paraho Commercial Module Retort 
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Figure 10 . Artist ' s Conception of Propo~ ed Plant 
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Superior's Circular Grate Oil Shale 
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by 
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Oil Shale Division 
Superior Oil Company 

Englewood, Colorado 80110 

Abstract. Superior's retorting process developm~nt effort 
focused on adaptation of the circular grate hardware for oi 1 
s~ale retorting . Both circular and straight grates have long 
been j~ commercia l use for iron ore pellet sintering, cooling, 
and other klln applications. This effort included co~struction 
and operation of an adiabatic fixed-bed retort designed to 
duplicate the conditions encountered by a section of solids as 
i t travels through the separate processi ng zones in the circular 
grate. The adiabatic retort tests identified the significant 
process vari~bles and their analyses established optimum ranges 
in which to design and operate the semi-works re tort. 

The semi-works retort operations defined design and 
scale-up information for the oi 1 removal system and control 
conditions. These operations also confirmed the mechanical 
reliablity of solids flow on a variety of oil shales. The major 
results of this process development effort have been: 

Attainment of thermal efficiency for the cross
flow c i rcu 1 ar gr a te wh i ch .lpproaches tha t 
achieved in counter-current flow devices. 

Product oil yields of over 98 percent of Fischer 
Assay . 

Development and demonstration of a proven oil 
recovery system. 

Optimized operation and process control condi
tions. 

Superior is currently comp letin9 the basic engineering 
design of a nominal 25,000 ten per day (15,OOO barrel per day) 
demonstration plant. This program includes detailed engineer
ing of a 60 meter diameter circular grate retort. 

Limited laboratory testing of Eastern United States oil 
shales by Superior has indic~ted ~ hat a high potential exists 
for these shales to be economically processed in a Superior 
circu lar grate retort. Methods based on Superiar's circ\Jlar 
grate process patents are presented and discussed in this paper. 

In troduc: t i on 

I n the ear I y 1970:; Super i or recogn i zed 
that additional mineral resources and synthetic 
fuels production would be required in future 
years and initiated a multi-mineral shale 
development effort. One significant result of 
this effort was the development of Superior's 
circular grate oil shale retorting process. 
Figure 1 is a conceptual view of the circular 
grate retort. Oi 1 shale is fed via three feed 
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chutes onto a traveling grate which carrles the 
resulting shale bed through various processing 
zones. Once the shale particles are placed on 
the grate, they are fj~ed in position and there 
is no movement in rela tion to each other, nor to 
the wal Is and grate . The shale and 2r ate 
containment components move only in relation to 
the earth. In the first zone heated recycle gas 
is passed through the shale bed where the heat is 
transferred to the shale and the gas is cooled. 
Heating of the Shale causes the organic keroqen 



to decompose. The resulting liquid and gas 
products termed "shale oi 1" and "retort gas" are 
carried out the bed with the exiting recycle gas . 
Once the kerogen in the shale on the top portion 
of the bed has been evolved, oxygen (air) can be 
injected into the entering recycle gas stream. 
The oxygen preferentially reacts with the third 
product from kerogen decompOSition, "residual 
carbon" which is left on the shale particles as 
residue. The heat resulting from the residual 
carbon/oxygen reaction is carried further down 
into the bed to complete the retorting (oi 1 
evolution) of the $hal~ located in that portion 
of the bed. The shale oil bearing exit gases are 
passed through a water-flash cooler/scrubber to 
cool the gas stream and an electrostatic 
prec i p itator to recover the sha 1 e 0 i l. The 
recycle gas exi ting the precipitator is then 
passed through the retorted shale to remove the 
sensible heat from the shale and preheat the 
recycle gas. 

Gas flow in the Superior circular grate 
retorting process is unidirectional, usually all 
downflow, with the pressure drop across the bed 
being held constant. This feature, defined in 
U.S. Patent Number 4058905, allows for over
lapping of processing zones and enhances 
throughput through the mach i ne and therma 1 
efficiency. Unidirectional flow also signifi
cant ly reduc~s interzone gas leakage and 
enhances residual carbon recovery as graphically 
shown in Figure 2. 

For most shales, Su perior has found that 
throughput and therma 1 eff i c iency are a 1 so 
enhanced by layering the bed. The larger 

particles are placed on the top portion of the 
bed where they are exposed to the higher thermal 
driving force. The smaller particles are pl~ced 
on the lower portion of the bed. 

Superior's Oevelopment Program 

Superior's program for the selection and 
development of a retorting process was divided 
into the following steps: 

1) Evaluation of equipment and processes 
to determine inherent advantages and 
disadvantages. 

2) Implementation of 1 aboratory and 
adiabatic fixed-bed pi lot retort test 
programs. 

3) Testing vf a circular grate pilot plant 
retort. 

4) Engineering, design, and cost estima
tion for a commercial size circular 
grate retort. 

STEP 1: Evaluation of Existing Processes 

During the evaludtion of various heating and 
cooling processes, Superior placed strong empha
sis on methods which had a long history of 
development and commercial application. Both the 
circular grate and straiS)ht qrate have long, 
successful operational histories at : arge 
throughput rates. Other advantages of the grate 
systems are that temperature and ~as flow rates 
can be controlled independently, thus allowing 

"F' T[R A,nl-tUR G McK[E a co 

COOL 
RECYCLE 
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DISCHARGE 
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Fi\,ure 1. Superior Retorting Process 
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for control of energy delivery in each processing 
zone. Therefore, the close control of temperature 
and residence time can be achieved. Existing 
installations have been designed to handle 
pellets with low green strength with little or no 
attrition to the solids. This equipment allows 
for the introduction of solids and layering of the 
bed with different rock size fractions . In these 
processes, the solids do not move relative to each 
other, the grate or the grate walls, as the solids 
move in a horizontal plane through each of the 
proces sing zones. Because the part i c 1 es do not 
move relative to each other, they do not abrade or 
degrade; thus, the amount of dust carryover with 
the oil mist in oil shale retorting is minimal. 
Additionally, the particles need not have the high 
mechanical strengths required in heating (retort
ing) devices where the particles are continually 
rubbing against each other. 

The circ.u1ar grate equipment is designed with 
water seals between the top stationary hoods and 
bottom stationary windboxes at the inner and outer 
walls to seal in hydrocarbon proces s gas anc seal 
out air. These water seals also allow for 
unrestrained thermal expansion of structural 
members. Thus, leaks frof11 cracks caused by 
thermal exoansion stress can be avoided. The 
materials of construction for refractories and 
the grate itse 1f have been operated at 24000F, 
which is a considerably more severe operating 
conditlon than the 9000F to 10000F required for 
s hale retorting. An example of a corrmercia1 
water-sealed circular grate constructed by Davy 
McKee Corporation is in La Perla, Mexico. This 
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unit is used to sinter i,on ore pellets at grate 
temperatures in the 24000F range. This circular 
grate, wa t(!r trough-sealed system is the most 
advanced state of the art in equipment develop
ment. For the above reasons, the water-sealed 
circular grate system was selected by Superior for 
further development and testin3 of oil shale. 

Prior to development by Superior, the circular 
grate process had a number of shortcomings which 
required improvement and testing to make the 
process applicable for oil shale retorting . 
Therma 1 efflc i ency, throughput rate per square 
foot of active grate area, and circulation of 
heating media requi;-ed improvement. An oil 
removal system was also required in the circu-
lating gas stt'eam and this system required 
optimization for retorting oil shale. 

STEP 2: Adiabatic Fixed Bed Retort 
Testlng and Laboratory Testing 

The ad i abat i c fi xed-bed retort s imu 1 ates a 
section of the solids on the moving grate as it 
travels through the various processing zones in 
the circular grate retort. This is shown in 
Figure 3. Figure 4 is a simplified flow diagram 
of the adiabatic fixed-bed retort fac.i1ities. 
Time in the fixed-bed retort is equivalent to d 

Teli9th of travel of the sol ids section in the 
circill ar grate retort. The adiabatic fixed-bed 
retort was used to establish significant process 
variables and thei r effects on retorting cost 
responses in the same manner that smaller 
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Figure 2. Circular Grate BeJ Profiles · the Superior Oil Co. 
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Figure 3. Cross Sectional View - Circular Grate Retort 

fixed-bed devices are used to obtain slzlng data 
for straight and circular grates in other kiln 
app 1 icat ions. 

Prel iminary variablE! and cost sensitivity 
analyses were conducted prior to conducting the 
adiabatic retort tests. This was a comprehensive 
study of the effect of energy transfer variables 
on process economics. This included determining 
the cost sensitivity effect which changes in 
process variables have on cost responses such as 
throughput rate, thermal efficiency, product 
quality, product yield, etc. Insignificant 
variables and cost responses were eliminated. A 
test program was developed and hundreds of tests 
based on a statistical experimental design were 
conducted using the adiabatic retort to deter
mine optimum rdnges of variables (Ref. 1). The 
primary cost responses in a cross-flow, 
ga s-to-solid heating device were determined to 
be: 
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1) 

2) 

3) 

4) 

5) 

Throughput whi ch is 
reduction of heating 
residence time. 

increased by 
and cooling 

Feed preparation cost which is rpduced 
by retorting larger sized rock whi ch 
reduces crushing costs. 

Utilities cost which is a function of 
gas pressure jrop as it passes through 
the bed. 

Thermal efficiency whi ch was increased 
by optimizing bed height and utilizing 
unidlrectional flow. 

Ojl Yield. High yields are obtained 
be~o internal recycle of oi 1 
takes place, trus essentially no 
thern]l cracking or coking is experi
enced whi ch would result in a yield 
loss . 



Figure 4. Simplified Flow Diagram of the Adiabatic 
Retort 

STEP 3: Pilot Plant Circular Grate Testing 

In addition to determining the optimum ranges for 
variables, process improvements were also tested 
utilizing the adiabatic retort and were included 
in modifications to the pilot circulal' grate 
retort. Proper oil removal operation and 
equipment scale-up data were determined from 
continuous steady state operation of the pilot 
circular grate retort. A simplified flow sheet 
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OIL "41ST &. 
PR OCESS GA S 
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of the pilot circular grate retort is shown in 
Figure 5. The 240-ton-per-day pi lot plant defined 
scale-up information for the oil removal system 
which had not been tested on prior circular grate 
applications. This system is a combination of a 
di rect contact spray scrubber and an electro
static precipitator . 

As a result of the data generated from the 
statistical adiabatic test program investigating 
significant cost responses and variables , optimum 
process de sign criteria fnr commercial-size 
retorts were generated. Tilese opt imum des i gn 
cri teria were verified in subsequent pilot retort 
testing. 

One key process improvement tested in the adia
batic retort and confirmed by the pilot circular 
grate retort tests was the enhancement of 
throughput by overlapping zones, thus increasing 
thermal efficiency by eliminating interzone leak
age, and optimizing residual carbon recovery 
(Ref. 2) . This effect is graphically shown in 
Figure 2. When oi I evolution from the large rock 
at the very top of the bed is complete, (this rock 
is exposed to the hottest gases .:It the very 
beginning) controlled oxidation (Ref. 3) of the 
residual carbon is initiated and the energy from 
the carbon-oxygen react ion replaces e)' terna 1 
energy requirements . The retorting temperature 
front then continues down through the bed . Re
cycle gas temperature and oxygen concentration is 
progressively changed to control bed t~mperature 

HOT AIR 

RECYCLE GAS 

AI R 

NON ·CONO. 
GAS 

INERT GAS 
PU RGE 

SPENT SHALE 

I--+ATMOS 

GAS INC I NERATOR 

Figure 5. Pilot Circular Grate Oil Recovery Unit 
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during carbon oxidation. The cool gas also begins 
to cool the solids in the upper portion of the 
bed. Sensible heat from the top of the bed and the 
carbon -oxygen reac t ion furn ish the energy 
necessary to complete the retorting of the bottom 
of the bed. Thus, cool ing and retorting 
oper at ions are over lapped, us i ng the same grate 
area. By this method, significantly increased 
shale tonnage rates for a specific residence time 
and equipment size are achieved. 

Depending on the type of shale used and several 
other variables, the gas temperature at the bottom 
of the retort in the oi I evolution zone ranges 
between 23DoF and 3400 F with approximately 80 
percent of the oil in liquid mist form. Upon 
leaving the retort , the stream of oi I mist and 
process gas is conta~ted with water sprays. The 
functions of these oirect contact sprays are: 

To coo l t he gas and water vapor mixture 
to the steady- s tate saturation tem
perature (1800 F t 200F) . 

To condition the oil mist for subse
quent recovery in the electrosta ti c 
precipitator. 

To scrub sulfur compounds from the gas 
phase. 

To stabilize the electrostatic pre
cipitator ioniz ing electrodes and 
grounding plates. 

Both wet and dry pilot electrostatic precipi
tators were tested. The two precipitators used 
were both flat plate units which previously had 
been used to sca Ie equ i pment for other 
COlllTlercial oi I mist electrostatic precipitation 
appl ications. 

1'1 addition to defining oil removal scale-up 
information, the solids handling characteristics 
of shale from four different Sources were tested 
in the pilot unit. Oil shale grade varied 
between 19 gallon s and 40 gallons per ton and 
sodium content varied between .5 and 9 weight 
percent sodium carbonate equivalent. The orig
inal process configuration of the pi lot plant was 
acquired with the contr act for the equipment 
construction. This confi9urati on had a maximum 
throughput rate of 60 tons per calendar day with 
39 percent of Fischer As say oi I recovery obtained 
in January 1976. Superior Oil then implemented 
process improvements defi ned predomi nate Iy by 
U.S. Patent No. 4, 058,905 and hundreds of adia
batic retort test s . With heatin9 and cooling gas 
ducts connected to two thirds of the active 9rate 
area, these improvements resulted in a through
put rate of 250 tons per calendar day artd 98+ 
percent of Fischer Assay oil recovery. 

STEP 4: Convnercial Designs 

Convnercial deSign configurations have been 
completed for both direct-heated and indirect 
heated modes of operation. In the direct-heated 
mode part of the retor t gas phase is burned nnd 
the flue 9as produced is mixed with preheated 
recycle gas from the shale cooling zone. The 
resulting combination of gases produces retort 
zone hood inlet t emperatures as desired normally 
(between 1I00oF and 18000F) . This heating mode 
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produce~ surplus retort gas with a heating value 
of from about 60 to 150 rTU per standard cubic 
foot, depending on shale type and grade. Figure 6 
shows the direct heated mode. 

Another mode of operation is indirect heating, as 
shown in Figure 7. In this mode, part of the 
retort gas phase is burned with preheated air in 
a tubular furnace to heat recycle gas to the 
desired temperature for introduction to the 
retort zone hoods. Carbon recovery is achieved 
by controlled oxidation with either preheated 
air or oxygen. Oxygen, s used when higher 
heating value product gas is desired since dilu
tion by nitrogen is avoided . The gas produced by 
an indirect-heated retort has a higher heating 
value but a lower total energy content thar. that 
produced by a direct-heated retort . This is the 
result of the stack losses in the indirect heater 
and the dilution effect of the flue gas on the 
gas evolved from the shale in the direct-heated 
mode. 

Process designs have also been completed using 02 
plants and combinations of direct-indir~ct 
firing to produce product gas heating values as 
desired or required in the approximate range of 
60 to 700 BTU/ft3. 

Superior has completed process designs and 
corresponding capital and operating costs for 
nominal 10,000 and 25,000 tons-per-calendar -day 
units. The op timized proces s, demonstrated 
process improvements, and successful pilot plant 
operation, combined with an existing history of 
convnerc i a I operat ions for the (; i rcu 1 ar grate 
eqUipment , make Super ior's Circular grate 
process a viable surface retortinQ system. 
The current state of Superior's circular grate 
development program is as follows: 

Commercial designs from adiabatic 
fixed-bed retort tests have been con
firmed on a 240 TPD pilot circular grate 
retort including optimum determination 
of throughput, residence time, pressure 
drop, rock size, bed height and others. 
Co n t i nuous operat i on proved the i nte
gration of all system components. 

The mechanical shale h3ndl ing capa
bility of the circular grate retort has 
been proven in water sealed configura
tion equivalent to 6000 to 7000 
tons-per-day and in mechanical seal 
configuration equivalent in diameter 
and bed height to 20 ,000 tons-per-day. 

The oil mist removal efficiency of the 
direct-colltact wate ;' spray electro
stat i c prec i p itator comb i nat i on ha~ 
been demonstrated in the 240 
ton-per-day pilot unit at the t99% 
level with scalable manufacturer's 
flat pldte design. 

The mechanical oil-handling reliabil
ity and scale-up criteria for the 
electrostatic precipitator has been 
proven. 

Oi 1 evolut ion (retorting) efficienCies 
have been demonstrated at the t99% 
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level at throughput rates of 240 TPo 
(Ref. 4) . 

The reliability and high service factor 
(95+%) of cOlTlTlercial scale mechanical 
equipment of identical design and 
similar capacity (6000-7000 TPo) to 
that proposed for the full scale oi 1 
shale retort has been proven for five 
years in commercial operation. Mechan
ical seal configurations with over 20 
years of cOlTlTlercial appl ications have 
been demons trated. 

Preliminary engineering and capital and 
operating cost estimates (t20%) have 
been completed for nomin31 10,000 and 
25,000 TPCo modules (Ref. 5). 

Basic design engineering for a nominal 
25,000 TPCo demonstration plant to be 
situated on the Pacific Property of 
which Su;,erior is a co-owner is 
currently underway. This program in
cludes detailed engineering of a 60 
meter mean diameter circular grate 
retort and is targeted for completion 
in mid-1982. 

Testing and retorting process designs 
have been completed for various other 
domestic and foreign oil shale d~ posits 
in support of Superior's retorting 
technology licensing program. 

Circular Grate Retort For 
Processlng Eastern U. S. 011 Shales 

Limited te~ting by Superior on oil shales from 
the Ea s tern U.S. has led to the preliminary 
conclusion that this type of shale has a high 

START-UP SUPPL£MENUL FUEL 

, 
... SHALE Oil PRODUCT 

potential for being economically processed in 
the Superior circular grate retort. Eastern U.S. 
oil shale, after retorting, generally exhibits a 
sl ightly higher residual carbon than the 
Colorado/Utah (i.e., Green River) oil shales. 
Superior's circular grate process accommodates 
recovery of residual carbon as well as the 
recovery of shale oil via contrvlled oxidatlOn 
(see Superior's U.S. Patent Number 4,083,645). 
It is anticipated that a large portion of the 
residual carbon from Eastern U.S. oil shale can 
be utilized to supply a significant part of the 
heat necessary for the retort i ng process. 
Because the circular grate allows both the 
separat i on and/or the over I appi ng of process 
zones several options are available to optimize 
the r~sidual carbon recovery. The first option 
is to initiate oxidation of the residual carbon 
as soon as possible after the top portion of the 
shale bed i s completely retorted (i .e. , all oi I 
and gas have evolved) . This concept, an example 
of zone overlapping, can be seen from Figure 2 . 
The heat generated from carbon oxidation is 
transferred downward through the bed to retort 
the shalE' in the lower portion of the bed. 
Figure 2 depicts residual carbon recovery 
terminating before 02 breakthrough at the grate. 
Additional recovery of re!;idual carbon can be 
accomplished, if desired, by extending the 
carbon recovery zone and inserting sep~rate 
windboxes so that the 02 bearing gas after 
breakthrol' ''l~ is not mixed with the hydrocarbon 
gas from ~;;e retot't zone. This proces~ method, 
shown in Figure 8 , would provide high temperature 
gas for uses such as predrying and/or additional 
energy production, etc. It should be pointed out 
that r'esidual carbon recovery has been tested and 
modeled on We~tern U.S. and Australian oil shales 
(which, like Eastern U, S . oil shales also 
exhibits slightly higher residual carbon con
tents), Furthermore, the residual carbon 

PREHEATED COMB USTION AIR 

"R 

STEAM eOILER 
TURBINE ELECTRIC 

GENERATOR 

ADDIT IONAL ENERGY 

PROOUCTION 

Figure 8. Superior's Retort for High Residual Carbo~ Shales 
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recovery was also demonstrated on the Superior 
pilot circular grate. Another metho~ which has 
been tested on Superior's mineral bearing oil 
shale is to inject water (steam) along with the 
oxygen in the extended carbon recovery zone to 
generate a low BTU gas vi a the water-gas -s hi ft 
reaction (C+02 + steam = C02+H2+C02). This is also 
shown in !=igure 8. Air or oxygen mixed with steam 
and/or water is passed through the hot shale bed 
after a 11 the 0 il has been evo h ed. The gas 
exiting this residual carbon recov'l'y zone would 
contain both H2 and CO. Wh il e the gas would have a 
relatively low heating value (25 to 50 BTU/SCF 
range), because it is hot (9000 to 20000F range) 
it could be combusted util izing the preheated 
combustion air in standard low BTU gas r 'nbustors. 
The resulting thermal energy could then be 
utilized such as for the production of electrical 
power as depicted in Figure 8 . Recovery of the 
energy from the res i dual carbon increclsed the 
Viability of processing this type of ore, and 
because the circular grate has a proven hi story of 
reliable operation in high temperature (20000 to 
24000 F range) appl ications, its uti 1 ization 
enhances the potential for economically proce s s
ing Eastern U.S. oil shales. 
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Processing of Eastern Oil Shale for 
Liquid and Gaseous Fuels 

by 

M .M . Ahmed and D.H. Archer 
Westinghouse R&D Center 

Pittsburgh, PA 15235 

Abstract. Experiments ha-/e been carried out to investigate how 
Eastern Devonian oil shales might be processed most effectively 
to obtain liquid fuels. The key processing step, shale 
pyrolysis has been studied using sampl~s of Kentucky ' s Sunbury 
shale. The effects of shale heating rate, of vapor and solid 
residence times, and of gas composition on devolatilization 
products have been explored in laboratory scale fixed and 
fluidized bed reactors. Experiments have been conducted in 
ni t rogen or hydrogen gas flows at a tmospheric pressure and peak 
operating temperatures of 500-520·C. The products (liquid , Fas 
and solid) collected have been analyzed and the information 
used to perform overall material and elemental balances. 

The experimental results have revealed that the primary 
process variables affecting liquid yield are peak temoerature 
and vapor prod ucts residence time; and that only a certain 
fraction of Sunbury shale carbon can be recovered as liquid fuel 
independent of the heating rate and the re c ting gas nature (N2 
or H2) ' Comparison of the data obtained witl, those from IGT 
bench-scale and PDU tests using Sunbury shale reveal similar 
liquid yield and quality. 

Introducti.on 

The energy potential of eastern oil shales 
located primarily in Kentucky, Ohio, Tennessee, and 
Indiana has been estimated to be around three 
trillion bdrrels. l Recen t estimates indicate that 
at least 400 billion barrels could be recovered with 
existing technology.2-5 Alth0ugh some sampling and 
shale characterization efforts have been carried 
out,2-7 a comprehensive effort to assess the full 
potential of eas tern shales as a resource for utility 
fuel has yet to be made. 

Two processes have been ~roposed for eastern 
oil shales . The HYTORT process, developed by ;GT , 
is based on direct non-catalytic hydrogenation Lf 
oil shale kerogen at high pressures (up to 500 p .i 
H2 partial pressures). Originally proposed to 
produce substitute natural gas, the HYTORT retort 
design has been tested at bench scale and PDU scale 
(1000 Ib/hr shale feed rate) to produce shale oil 
from several eastern and western shale~ , including 
Sunbury shale found in Kentucky. 

The Paraho process, developed by tt.e Paraho 
Development Corporation, is based on pyrolysis of 
oil shale at low pressure (~ 16 psia) and combustion 
of residual ca rbon in pyrolyzed shale . The Paraho 
Corporation believes that their retort designs, 
developed and tested at pilot scale using western 
oil shales cannot be used as such to efficiently 
process eastern oil shales . 6 
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Both Paraho and HYTORT processing schemes have 
been evaluated by the Davy McKee Corporation (DOE 
sponsored study),6 and the Hycrude Corporation. S 
Examining these studies indicate that additional 
process data would have been helpful in evaluating 
the two processes. 

Study Scope 

The orimary objective of the experimental work 
Fresente< 1n this paper has been to genera te process 
data for assessing the potential of eastern oil 
shale as a utility fuel resource. 

The eastern oil shale sample used in the 
experimental work is from the Kentucky area (Sunbury 
shale). The composition of the Sunbury shale 
sample determined by an independent laboratory 
(Galbraith Laboratory, Inc.) for the Westinghouse 
R&D Center is summarized in Table 1. 

R~su lts of analyses performed by IGT9 and 
IMMRlO for Sunbury shale samples used in some of 
their studies are also given in Table 1 . These 
results indicate that the Sunbury shale samples 
studied by Westinghouse, IGT, and IMMR could be from 
different loca tions. The shale sample studied at 
the Westinghouse R&D Center is richer in carbon and 
hydrogen and contains less sulfur than the samples 
tested by IGT and IMMR. In the following sections, 
some experimental results are presented and briefly 
discussed. 



Ta ble 1. Sunbury Shale Analysis 

* IGT9 IMMRlO 
Westinghouse 

Carbon, wt% 17.37 + 0. 84 14 . 71 13 . 63 
Hyd r ogen 2.08 + O. OS 1. 74 1.83 
Nit r ogen 0 . 63 + 0. 01 0.S6 0 . 61 
Sulfur 2. 48 + 0 . 19 3.2S 3 . 16 
Oxygen 

(by differ ence) 2.01 + 1.12 2 . 66 
Ash 7S.37 + 0.29 77 . OS 

10u.00 100 . 00 

H/C Atomic Ratio 1. 40 + 0 . 06 1.41 1. 61 

* Average of six analyses 

Results and Discussion 

A ser ies of shale pyrolysiR exper iments have 
been conducted using fixed - bed or fluidized-bed 
reactor . The flow schematic for t he test unit is 
shown In Figure 1. The objectives of these experi-

Nitrogen ~ 

Pressure 
Ves sel Condenyte 

RlCelver 

Prruure 
Controller 

en 
Simple 
Mlnllold 

Figure 1 . Flow diagra~ of laboratory fluidized
bed te'lt unit. 

mp-nts have been t o ver ify and eva luate t he ef f ec t s 
of critical or ocess varia bles iden t if i ed in ea rlier 
Westinghouse studies , as well es by other invest i 
gators, such as IGT , and IMMR on t he produc t s yiel d. 
These process variables a r e : (1) heati~g rate, (2) 
reactant gas composition/flow rate , (3) product 
(vapor/liquid) residence time in hot zone /quenc h 
rate , (4) reaction temperature , (S) pressure , and 
(6) shale partIcle size . 

The operating conditions and results of t he 
current set of laboratory experiments to i nvestigate 
shale oil yields and quality a r e summarized in Taole 
2 . Two typical commercial scale reactor operations 
have been simulated with r espect to heating rate : 
moving bed (~ 10·C/min) and fluIdized bed (> 1000·C/ 
min). Exper iments were conducted using either pure 
nitrogen or pur e hydrogen as feed gas at a tmospheric 
pressure and a maximum temperature of SOO to S20·C . 
The gas velocities and gas residence time studied 
wer e in the range of 2 t o IS cm/sec and ] t o S 
spconds, reRpectiveJy . The shale was hea t ed t o 
SOO·C and then held at that temper ature for 30 
minutes . The raw shale particle sizes s t udied wer e 
in the range ~f 0 . 16 to 0 . 8 mm . The devo l atilized 
(spent) s hale and the product oil (shale oil) have 
been analyzed, and the elemental compositions are 
summarized in Table 3 . The product gas samples wer e 
analyzed for CO , C02, CH4 , C2H4 , C2H6, H2 , and N2 
contents. The gas samples may also contain C3 , and 
C3+ compounds, but were not accounted ill the r esults 
presenteJ in this paper. 

Shale Oil Yield . The results of experiments 1 
through 4 (summarized in Table 2) indicate t hat 
heating the Sunbury shale at 10·C/min to SOD-S20·C 
in nitr ogen results in 15.4 to 17.2 gallons of shale 
oil yield per 1000-kg of raw shale . The process 
parameters having different magnitudes in these 
experiments were: 1) gas flow rate (0 . 6-2 . 7 liters.' 
min) , which influences the dilution of pr oducts 
generated; 2) gas residence time (1.2 to 4 . 4 sec), 
which affects the extent of polymerization , conden
sation , and coking reactions; and 3) the shale 
particle size (0 . S-0.8 mm), which i nfl uences tt.e 
por~ diffusional resistance . Studies have indicated 
that shale particle size in the r ange studied has a 
negligible effect on shale oil yields . The diff~rent 
shale oil yields observed in these experiments, 
ther efore , could be due to pr oducts dilu tion and 
residence time effects, and also due to experimental 

Table 2 . Sunbury Oil Shale Processing Results Products Yield 
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Table 3 . Sunbury Oil Shale Processing Resu l t s - Prod'icts Analysis 
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5 191 
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scatter in shale oil collection. As indicated in 
Table 2 , 50 to 60 g of raw shale was processed to 
yield 3 to 3.9 ml shale oil -- which is relatively 
small compared to the volume of gas flowing through 
the system. The shale oil was collec ted by washing 
the condenser and connecting lines downstream of 
the reactor with acetone, and then allowing the 
acetone to evaporate at ambient conditions . 

The results of Experiment 5 indicate that 
heating Sunbury shale at 10°C/min to 500-520°C in 
hydrogen gives 15.1 gallons of shale oil per 100G-kg 
of raw shale . The relatively lower shale oil yield 
can be due to hydrogenation of some of the oil into 
lighter fractions , which escaped the shale oil 
collection system with he gas , and/or formation of 
gaseous hydrocarbons . Analysis of the shale oil 
collected indicates a composition similar to that 
of oils collected from nitrogen runs (Table 3) . 

Experiments 6 and 7 were conducted in the fluid
bed operating mode typical of fast heating (> 1000°C/ 
min). The shale oil yields in nitrogen and hydrogen 
environments were 16.9 and 17 . 7 gallons per 100G-kg 
raw shale, respectively. The shale oil yield using 
nitrogen as feed gas is within the same range as 
that observed at a slower heating rate in Experi
ments 1 through 4 . The relatively higher shale oil 
yield using hydrogen in a fluidized bed may be due 
to the differences in product release pattarn at 
slow and at fast heating rates. 

Com arison with IGT Data . As shown in Table 2 , the 
-;;hnle Oil-yields (15 . 1 to 17 . 7 gal/lOOO-kg raw shale) 
obtained in this study are similar in magnitude 
(16.1 gal/IOOO-kg raw shale) to those obtained in 
IGT studies at high pressures using 90 to 957. H2 in 
feed gas. In the following material, a brief 
summary of the elemental distribution data are 
presented to ~ain an insight into the produc ts pielrl 
and quality as functions of operating condi tions 
severity . 

Organic Carbon Distribution. The resuHs summarized 
in Table 4 indicate that approximately 30 wt 7. of the 
carbon in raw shale is accounted for by th carbon 
in shale oils produced and collected in the Westing
house laboratory scale experiments ar,d in the 
larger-scale ~xperiments conducted by IGT. In the 
IGT studies , the shale was heated to a relatively 
higher temperaure (~ 750°C); this resulted in 
significantly 1 ss carbon in the spent shale , and 
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relatively more in the form of gase~us hydrocatbons, 
such as methane. IGT assumes that the unaccounted 
carbon is in the shale oil not collec ted. If this 
is true then the shale oil yields will be higher 
than those shown in Table 2. As far as the liquid 
yield is concerned, the operating conditions of 
temperature , pressure. gas composition, and r esi
dence time seem to have little effect . 

Organic Hydrogen Distribution . The hydrogen to 
carbon atomic ratio in raw shale is about 1.40 
(Table i), whereas in shale oils it is between 1 . 28 
to 1.45. The shale oils produced in the Westing
house and IGT studies accoun t f o r 24-28 wtX of 
hydrogen in rAW shale , suggesting that a significant 
portion of hydrogen remains in the spent shale 
and/or emerges in the form of gaseous compounds. 

Organic Nitrogen and Sulfut Distributions. The 
shale oils produced in Westinghouse laboratory-scale 
and IGT larger-scale studies contain 1.8 to 2· wt 7. 
nitrogen, nd 1.37 to 2 . 2 wtX sulfur (Table 4). 

The higher pressures (28- J5 atm) in the IGT 
rUIlS seem to have provided little or no advantage 
in produc ing a low nitrogen and a low sulfur content 
liquid fuel. Results of the elemental balances 
summarized in Table 4 indicate that 17 to 20 wtX 
of nitrogen and 2 to 6 wt 7. sulfur in raw shale are 
accounted for by nitrogen and sulfur contents in 
shale oils. The IGT dAta indicate that when the 
shale is heated to a high temperature, the sulfu. 
and nitrogen in the devolatilized shale will be 
released in th e form of gaseous compounds . This 
informa tion suggest s lha t the shale oil yield and 
quality observed under less severe opera ling 
conditions in Westinghouse laboratory studies are 
comparable to those observed in IGT studies under 
relatively more severe operating conditions of 
temperature and pressure. 

Comparison with Davy McKee and Hycrude Process 
Evaluation Bases. The Davy McKee studyb assumed 
that the Paraho and the HYTORT processes r ecover 
33 . 7 wtX and 41.0 wt l . r spectively of the raw shale 
carbon . The Hycrude studyS assumed that the Paraho 
and the HYTORT pro~ esses recover 24 . 2 wt X and 54 . 2 
wt l , respectively of the raw shale carbon. Of 
course , the compositions of raw shales assumed as 
feedstock in Lhese two studies are quite different . 
The results obtained at Westinghouse and shown in 
Table 4 indicate that the shale oil co llected 
accounts for up to 33 wt X of Sunbury shale carbon. 
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Table 4 . Sunbury Oil Shale Process i ng Results __ Elemental Balances 

WOStl ........ 51 ..... ' lJIIorllofy Selll IGT Sludt .. !" 
I l J • 5 • 1 l_h' SeIII ~ MJ!I[IIIIII'~I IIIII. ! ~1'lrl!!l!lI.nl: 

~. Shill 011 

1 
ILO lilt lU ftl '16 NA ft. S,..,. Shill 
NA 60.. "I 514 4O.l 11. 0 11O Praduct Cos" 
NA LJ tI 11 NA IU au UIICG'Jn'" .to I.' III III 260l SI.O III 7 ~. Shill 011 a.. ao nl 2601 ,u a. Sponl Shill 
NA 2) 6O.l n, lIl5 17. 1 Product en" NA NA NA 4.5 U U NA NA 514 Unoa:oonllll .U 'iZ )LI .L5 47.' 19 !!!!!!i!!! ' Shill 011 
1&. 1\7 II.) lIll l14 Ilt Spont Shill 
NA lIll "7 6U 41. l ,... Product GIS" 
NA NA NA NA NA NA Unoccoonllll .L6 IIlI 110 Iii 11. ' .U j lJ lfurl Shill all u 17 U 14 iZ l.l Sponl Shill 
NA 714 511 62., 51l ., Product Cis •• 
NA NA NA NA NA NA Unoexountlll 9U Ilt Jt.l 21 )'" "'I A1!l. Spont Shill 
NA 9tl lOll 1 lOll' ... 0 " . 0 UnlCC4<l ntlll - III ~1 ~) La LO 

, UnocxounllCl Dope"", on Product. Collodion .nd AnoIytlcll Pr"I.lon • 

•• In V.ostlnghouso Siudios til. Go. RoIII.IIII. noI An. ly .... lor Cl + COllljlOunds. H~. HZS. Ind /ott) Whkh tin be Proslnlln thl Goo 

CO'lClusions 

The following conclusions can be drawn ~qsed on 
t he results pr esented in this paper: 

(a) Devolatilization rate independen t of 
reacting gas nature (N2 or H2) at atmospheric 
prpssure . 

(b) Up to 33 wt% of raw shale carbon seems 
to be recovered as liouid fuel (shale oil) . 

(c) The primary process variables affecting 
liquid yield are reactor operating temp~,ature and 
vapor products time-temperature histo r y. 

(d) The pyrolyzed shale contains si~nificant 
percentage of raw shale carbon, hydrogen , nitrogen , 
and sulfur. 
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Abstract 

The effects of retorting eastern oil sha le under extremely 
rapid heat-up rate conditions were investigated. Heat-up rates 
of approximately 33,OOOoC/min were investigated in both a simple 
quartz tube reactor and a fluidized bed system. 

The results from these studies indicate un improvement over 
the 30-35'; carbon removal achieved under classical Fischer Assay 
conditions. Under rapid heat-up cor.ditions 50- 50'; of the raw 
shale's carbon is easily removed. 

Evaluation of spent shale carbon analyses and product 
collection data suggest that l 20-140~ of Fischer Assay yield may 
be achi eved. 

The data presented suggest that a retort system incorpo
rating the features of a fluidized bed reactor can provide the 
conditions necessary to effect this yield enhancement. 

Introduction 

There has been considerable co~nercial ~ nter
est in shale oil production in the United States 
during recent years. However, almost without 
exception, these interests have focused on western 
oil shale. Comparatively little attention has been 
given to deposits in the eastern United States. 

The ldentification of a substantial oil shaL, 
resource in Kentucky and the evaluation of its oil 
generating potential suggests that its commercial 
deve10pnent is viable . l The translation of this 
potential into a reality is co ntingent, however, 
on the identification and development of appropri
ate technologies. 

Oil shal es c:re fountl worl d wide and present a 
variety of characteristics. Technologies must be 
developed which accommodate thei~ individual oil 
generating potentials, retorting characteri stics, 
and total energy content. 

Western oil sha les differ significantly from 
those found in the eastern United States in a 
number of liays. Most notable are the lower oil 
yields associated with eastern shales when com
pared by standa rd Fischer Assay techniques. 2 These 
differences are not limited to thcir oii generating 
potential, however, but include fundamental differ
ences in their mineral and chemical composition 
and retorting characteristics . 
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By comparison to western shales, Kentucky 
shales contain less retortable carbon (on a 
classical Fischer Assay basi i) , are depleted in 
hydrogen, contain little carbonate, and under 
Fischer Assay conditions produce less liquid oil . 

Recent investigations at the Institute for 
Mining and Minerals Research have demonstrated that 
the oil yields from eastern shales are con3iderably 
more dependent on retort conditions than those of 
western origin. In particular, liquid and gaseous 
hydrocarbcn products increase beyond Fischer Assay 
yields with increasingly rapid heating rates. 3 ,4 

Eastern shales tend to produce a comparatively 
lighter oil (approximate l y 50'; boiling below 550o~ 
by simulated distillation) and more hig~ Htu gas. 

A wid e variety of approaches have been promoted 
for producing shale oil. All of these are funda
mental ly pyrolysis schemes and only differ in the 
met hod of heating, material handling, and energy 
dynamics. Again, with little exception these 
processes have been developed to atcommodate the 
!Jhysical, chemical. and retorting characteristics 
of we s tern oil shale. 

The observation that oil yields from eastern 
shales may be enhanced by rapid heating suggests 
that a retort incorporating this characteristic 
may be advantageous. For this rea son fluid bed 
technology has been suggested as a basis for an 



oil shale retort. A fluid bed reactor would 
particularly accommodat~ the rapid heat-up require
ment because of its excellent heat transfer charac
teristics. Furthermore, this type of retort would 
provide short product residence times and presumably 
would help minimize coking and oil decomposition . 
The reactor itself would be mechanically simple 
and provide rapid oil shale throughput. 

This investigation has, therefore, been 
principally concerned with the evaluation of very 
rapid heat-up rate retorting achieved through the 
use of fluid ized bed systems. The two majo r 
components of this project investigated to date 
hdve included : 

(1) the evaluation of the effects, on 
yield, of heating rates far greater 
than those obtainable in Fi sche r 
As say type equ i pment; and 

(2) the construction of a bench scale 
retort incorporating a fluid bed 
reactor and the examination of the 
oil ge~erating potential under these 
condHlons. 

Experimental_ 

Oil Shale Samples 

Oil shale sampl es were obtained from the 
Sunbury Shale (of Mi ss issippian age) in the Lewis 
and Fleming Counties (Kentucky) region. Detailed 
information on the chemical and geologica l aspects 
of these shale deposits has already been reported. l 
Samples were ground and prepared to yield represen
tative splits of sieved portions of sha le. 

Tube Reactor 

Evaluation of the res ponse of these shales to 
extremely rapid heat-up conditions was conduct ed 
in a vertically mounted, electrically heated, 1/2" 
quartz tube reactor. Approximately 1 .0 g samples 
of prepared Shil l e I\'ere rapidl y introduced, wi thout 
pre-htating, into the heated zone of the reactor. 
The reaction system was continuous ly purged by 
and the particles fluidized with a stream of 
preheated high purity nitrogen. After five minutes 
the quartz tube reactor was removed from the fur
nace, cooled to room temperature, and the spent 
shale removed under nitrogen for analysis. 

Under these conditions the extent of oi l 
production wa s gauged by a comparative carbon
hydrogen-nitrogen analysis of the shale before 
(raw) and after (spent) retorting. Decreased 
amounts of carbon in the spent shale correspo nd 
to greater amounts of retorted product. 

Several mesh sizes and temperature ranges have 
been examined in thi s manner. 

Fluidized Bed Reactor 

Fluid bed oil sha le retorting was examined 
through the use of the system illustrated in 
Figures 1 and 2. The basic unit consists of a 
quartz reacto r with a fixed fluid ~ed capacity of 
approximately 15 grams of sha le. The reactor was 
vertically mounted within an electrically heated 
tube furnace and wa s capabl e of operating at 
temperatures up to 1200DC. Raw shale was continu-
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Figure 1. Quartz Reactor Section of the Bench Scale 
Fluidized Bed Oil Shale Retort 

ously fed into the fluidized bed with a variable 
speed sc rew feeder (60-300g/hr) mounted at the top 
of the reactor. 

When operating with 20x30 mesh shale the 
system required approximately 5Llmin of nit rogen 
gas to maintain fluidization. Under fluidized 
conditio ns spent sha le was conti nuously displaced 
as raw shale was added to the reactor bed. 

Products from the retorting sha le were con
tinuously swept from t~e reactor into a series of 
two coo led traps. Each t rap was packed with 
5-6 mm glass raschig rings anc immersed in dry icel 
acetone at approximately _lODC. Noncondensables 
and permanent gases were vented directly into a 
fume hood. Spent shale discharged from the re
actor was collected in a chilled receiver under an 
inert a tmos phere. 

The amount of oil produced was determined by 
weighing the amount of material collected in the 
traps and correcting for water and particulate 
matter content. Water content was measured by 
Kar l Fischer titration and particulates were 
determined from their retention on Whatman no. 40 
filter paper. 

Results and Discussion 

Rapid Heat -u f Retorting 

The e~amination of rapid heat-up retorting 
under slmple tube reactor condit ions has been 
summarized in Table 1. The data presented here 
come from the evaluation of a Sunbury Shale with 
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Figure 2. General View of the Bench Scale Fluidized 
Bed Oil Shale Retort System 

a classical Fisch~r Assay of approximately 18 gall 
ton. 

Although residence times in the reactor were 
approximately 5 minutes, visual observations 
indicate that the major evolution of oil ceased 
within 10-15 seconds of sample introduction. 
Calculations based on the thermal properties and 
physical characteristics of this shale suggest 
that this range of particle size would have 
experienced heat-up rates approaching at least 
33,OOO·C/min. 

Based on the elemental composition of the ra~1 
and spent shale several conclusions can be drawn 
from this data. At the higher temperature, 538.C, 
approximately 54-57% of the ca rbon, virtually all 
of the detectable hydrogen, and only 40% of the 
nitrogen was removed from thl shale on an as
received basis. These data also show an invari
ance with particle size for either retort tempera
ture. This would suggest that the fastest heating 
rate (experienced by the smallest material, 30/40 
mesh) is no more effective than the slowest 
heating rate (experienced by the largest material, 
10/20 mesh) in these experiments. Thi s suggests 
that the heating rate effect plateaus at a rate 
intermediate to that experienced by a 10 mesh 
particle (approx. 33,OOO·C/min) and the maximum 
rate obtained in fixed bed batch retort ing 
experiments (approx. 60·C/min). 

Similar results have been obtained from the 
fluid bed reactor system. These results have been 
summarized in Table 2 and similarly show that 50-
60% of the carbon and 90-100% of the hydrogen can 
be retorted under rapid heat-up conditions. 

These data also illustrate the requirement of 
retort temperatures high enough for kerogen 
pyrolysis. Although dt approximately 400· C heating 
rates are extremely high, carbon removal is still 
only comparable to those of classical Fischer 
As says. 

Tabl e 1. Effect of Rapid Heating on Oil Shale Composition 
in a Tube Reactor System . 

FLUIDIZED ZONE QUARTZ TUBE REACTOR 

Sunbury Shale (Lewi s County, Kentucky) 

RAW SHALE SPENT SHALE 

412 · C 538 · C 
MESH C H N C H N C H N 
10/20 17.5 3.0 0.7 12.3 1.1 0.5 8. 5 0.2 0.4 

(38) (68) ( 37) ( 57) (94 ) ( 50) 
20/30 17.4 2.6 0.6 13.9 1.2 0.6 8.6 ND 0 .4 

(30) ( 59) (12) ( 57) (100) (41 ) 
30/40 17.7 2.7 0.6 13.4 1.1 0.6 9.2 0.2 0.4 

(33) (64 ) (12) (54 ) (94) (41 ) 

( ) = % of original oil shale carbon removed . 

ND = Not detected. 
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Table 2. Summary of Effects from Rapid Heat Retortlng 
of 011 Shale in Tube and Fluid Bed Reactors. 

SUNBURY OIL SHALE -- LEW I S COUNTY I KENTUCKY 

% C % REMOVED 
~ SYSTEM RAW L SPENT .L Ii. 
412 Tube 1/.4 / 13.9 30 59 
538 Tube 17 .4 8.6 57 100 
600 Tube 17.3 / 7.5 62 
600 Tube 16.7 / 8.4 56 

488 Retort 15 .5 / 6.1 65 88 
510 Retort 16 .5 / 9.5 50 89 
593 Retort 17.4 / 8.5 57 100 
704 Retort 15.8 / 7.7 57 100 
704 Retort 17 .5 / 8 .1 59 100 

The extent of carbon removal achieved in all 
of these experiments is significantly grea ter than 
the 30-35% carbon removal under Fischer Assay 
conditions. Extrapolation of Fischer Assay data 
(gal/ton vs . residual carbon), as illustrated in 
Figure 3, to the carbon levels generally obtained 
here suggests oil yields in the 20- 25 gal/ton 
range . 
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Figure 3. Correlation Between Residual Carbon Analyses 
of Spent Shale and Fischer Assay Yields 

Fluid Bed Retor t ing 

The bench scale reactor system permitted the 
collection and quantitation of liquid products in 
addition to spent shale analysis. The rea ction 
conditions and result s from two runs appear in 
Tables 3 and 4 . 

154 

Table 3. Summary of Sunbury Shale r'uid Bed Retort 
Run Conditl ons 

Feeds toe k 

Sunbury Shale. from Lewis County, Ke ntucky 
CompOSition = 17 .4% Carbon, 2.6% Hydrogen 
Fischer Assay = 18.0 t 0.2 gal/ton 
Size = -20 +30 mesh 

High Temperature Run 

Temp = 725 t BOC (1337 0 F) 
Total Shale Processed = 59 . 64 9 
Run Duration = 75 Minu tes 
Total Product Recovered; 7.08 9 
Product Composition = 1.00 9 ash*, 0.25 9 H20,*" 

5.83 9 oil 

Low Temperature Run 

Temp = 580! 15°C (1076 ' F) 
Total Shale Processed = 44 .39 n 
Run Duration = 45 minutes 
Total Product Recovered = 6.19 9 
Product Composition = 0.29 gash, 0.44 9 H

2
D, 

5.46 9 oil 

* Ash = particulate trapped by Whatman no . 40 fil t.er paper 
** Determ;ned by Ka rl Fischer titration 

Table 4. Summary of Fluid Bed Retorting of 
Sunbury Sha l e 

SUNBURY SHALE 20/30 MESH (LEWIS COUNTY, KENTUCKY) 
17.4 ~ Carbon 2.6% Hydrogen 18 Gal/Ton Fischer As say 

725°C ~ 
TOTAL SHALE PROCESSFD 59.6 9 44.4 g 
Oil Produced : 

Weight* 5.8 9 5.5 
~ of Feed 9.8 12.3 
Ga 1 /Ton** 25 31 

Spent Shale : 
~ Carbo" 8.1 !l.5 
~ Hydrogen N.D. N. D. 

% Ca rbon Retor ted 59 57 

* Determined a ft er correction for water and pa rt ic~lates. 
** Assuming a product density of 0.95 g/cm3 
N. D. = None Detected 

In terms of experimental variables between 
these runs all parameters were essentially the 
same with the exception of the retort temperatures . 

Both runs do, however, continue to support 
the trends of high carbon and hydrogen removal 
observed earlitr. Based on the residual carbon 
and hydrogen in both runs it seems that the arnounts 
of product (per gram of shale) shou ld have been 
quite similar . The data. however, show a signi
ficant difference in the amount of liquid product 
collected. 



The apparent explanation of this observation 
lies in the operating temperature of the reactor. 
Visual inspection of both reactors showed that 
significantly more coking had taken p1ac~ on the 
walls of the hotter reactor . It seems fair to 
assume that at temperatures far in excess of those 
required for kerogen pyrolysis, major liquid 
product losses occur as a result of degradation 
and coking. The oil yields here (approximately 
25-30 gal/ton), however, continue to support the 
yield enhancement trend observed earlier. 

Extrapolation of data generated by rapid 
heating in Fischer Assay systems on the same shale 
have been made. The residual carbon and measured 
oil yield from these fluid bed runs have been 
compared to this yield enhancement trend in Figure 
4. These data are not inconsistant with similar 
trends established earlier and continue to suggest 
yield enhancements of 120-140% beyond classical 
Fischer Assay at minimum . 
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Figure 4. Relationship of Fluid Bed Retorting Results 
to Extrapolation of Fischer Assay Data 

Summary 

The data presented here further support the 
observation that oil yields from eastern shales 
can be enhanced by rapid heating retorting. 
Relative to the classical Fishcer Assay, this work 
demonstrates the extent of carbon removal improve
ment that can be achieved at extremely rapid 
hea t i ng ra tes . 
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Preliminary application of this dpproach in 
a model fluid bed retort system suggests that 
this improved carbon removal can be translated 
into liquid products. An apparent increase in 
liquid oil of at least 120-140% beyond classical 
Fischer Assay seems possible. 

A fluidized bed based retort seems capable of 
effecting this yield enchancement for two reasons. 
It can provide the very rapid heat-up environment 
necessary to generate greater quantities of oil. 
In addition, the very short product residence times 
in the reactor certainly help to minimize post 
gen~ration oil losses through degradation and 
coklng. 
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Mississippian) 
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Abstract. 

Organic-rich shale of Devonian and Mississippian age 
has been the object of characterization studies by private 
industry, universities, and state and federal organizations. 
These studies (since 1976) concentrate on the shale in the 
Michigan, Illinois, and Appalachian basins. In the Michigan 
basin, the Antrim Shale lies at depths of less than 3,200 feet 
and consists of more than 700 feet of sediments, of which the 
organic-rich part is less than 140 feet thick. In the Illinois 
basin, drilling depth to the base of the New Albany Shale is 
generally less than 5,500 feet. The total thicknpss of the New 
Albany Shale in the Illinois basin is less than 470 feet . In 
the Appalachian basin, the organic-rich part of the Devonian and 
Mississippian clastic sequence is generally less than 500 feet 
aggregate thickness of an eastward-thickening inorganic wedge 
that reaches nearly 9,000 feet where the depth to the base is 
more than 11,000 feet. The dark shale thins westward from a 
maximum in central Ohio, and where preserved on the Cinc i nnati 
arch in south-central Kentucky are less than 40 feet thick. 

Correlation of the organic-rich tongues of the dark shales 
within the basins is facilitated by wire-line logs and physical 
stratigraphy. Correlation within the Appalachian basin, in 
addition, has used biostratigraphic zonation and beds of volcanic 
ash, so that units named from outcrops in New Yor k State have 
been traced and identified in the subsurface through e~stern Ohio 
and Kentucky, western Pennsylvania, West Virginia, and Virginia, 
as far south as edstern Tennessee. The discovery of one of the 
biostratigraphic zones (characterized by the alga? Foerstia= 
Protosalvinia) in cores and outcrops on the eastern margin of 
the Illinois basin provides further basis for correlating the 
organic-rich layers associated with the foerstia zone in the 
Huron Member of the Ohio Shale i n the Appalach i an basin with 
similar Foerstia-bearing shale in the Clegg Creek Member of the 
New Albany Shale in the vicinity of Louisville, Kentucky . The 
significance of such detailed correlation is increased with the 
recognition of depositional control over the organic and trace
metal content of the individual beds wi thin this deceptively 
homogeneous-appearing sequence. 

159 



Hydrocarbon and Uranium Assessment of the 
Chattanooga (Devonian) Shale in North Alabama, 

Northwest Georgia and South Te!lnessee: 
A Summary Report 

by 

Karen F . Rheame, Lawrence J. Rheame, 
Charles W . Copeland and Thornton L. Neathery 

Geological Survey of Alabama 
P.O. Drawer 0 

University of Alabama 

Abstract . Devonian Chattanooga Shale occurs over almost all of 
north Alabama and south-central Tennessee. It ranges in thickness 
from 0 to gO feet and is typically a dark gray to black shale 
with pyrite laminae and nodules . Very small lenses and interbeds 
of sandstone and siltstor,e, calcite streaks, phosph~. te nodu l es 
and cherty layers occur locally. The unit is correlative with 
the Gassaway Member as recognized in Tennessee. 

More than 120 outcrop sections have been measured and 
sampled within the study area. Approximately 500 shale samples 
have been collected from exposures and core holes and analyzed 
for oil content by Fischer Assay, and for uranium content. One 
hundred thirteen (113) samples from extreme north Alabama and 
south-central Tennessee have yielded greater than 7 gft oil; 
the average value of these is 13 gft, with a maximum of 23.9 
gft. Uranium values ranged from 0 to 88 ppm. Analyses of 
selected Chattanooga Shale cores indicate good correlation 
between outcrop and subsurface material. 

Shale samples of high oil content are typically very dark 
gray to black, slightly pyritic and some have a petro1iferous 
odor. The shale ranges in thickness from 0-25 feet in the out
crop in the Highland Rim section in north Alabama and south
central Tennessee. Sandy and silty shale samples show a sharp 
decrease in oil yield values. Overburden in the Highland Rim 
section ranges from 0 to 140 feet. 

The Chattanooga Shale in thlS region appears to have 
accumulated in a shallow (less than 100 feet) marine reducing 
environment with a ~igh1y irregular shoreline and some scattered 
islands. If this depositional hypothesis is correct, it may 
account for the sporadic occurrence and variable thicknesses of 
the shale unit. 

Intr('~uction 

A regional resource assessment of the Chatta
nooga (Devonian) Shale in Alabama and adjacent 
states supported by the United States Department 
of Energy was begun in October 1980 by the 
Geological Survey of Alabama and the Mineral 
Resources Institute at the University of A1a
bama.* The objectives of the Geological Survey of 
Alabama's program were to complete a reconnais
sance sampling of the Chattanooga Shale in nor
thern Alabama, northwest Georgia and south
central Tennesste and to analyze the collected 
shale for oil yield and uranium content. Analyses 
for trace metal content are also being conducted 

*Department of Energy Grant No. DE-FG44-80R410200 
to the Alabama Department of Energy, University 
of Alabama and the Geological Survey of Alabama. 

161 

on shale samples showing 7 gft or greater oil 
yield . This reconndissance sampling provided 507 
bulk Chattanooga Shale samples for analysis. 
uuring this investigation, 9 core holes were 
drilled and the recovered shale cores were also 
lna1yzed for oil and uranium . Maps of the study 
area have been compiled which show the location 
and thickness of individual outcrops, subsurface 
thickness penetrated in drill holes, the struc
tural configuration of the top of the Chattanooga 
Shale, and the thickness of the overburden above 
the Chattanooga Shale. 

Geology of the Area 

The Chattanooga Shale of Ldte Devonian age 
occurs over almost all of north Alabama, north
west Georgia and south-central Tennessee (figure 
1). The shale is commonly a dark gray to bla~k, 



Figure 1. 

thinly laminated, organic, pyritiferous marine 
shale with small lenses and interbeds of sandy or 
silty shale. Calcareous or cherty zones and 
phosphate nodules occur locally. In most outcrops, 
the Chattanooga is finely fissile when weathered. 
Two almost perpendicular joint set patterns are 
visible in the studied outcrop area: one trending 
towards the northeast and one towa.-ds the north
west. In the Highland Rim outcrops, the Chatta
nooga breaks into large blocks defined by these 
joint sets. These blocks of shale also become 
fissile with weathering. This joint pattern is 
evident in the fold belts of the Appalachian 
Plateaus and the Valley and Ridge but is spaced 
much closer together than in the Highland Rim 
section. The highly fractured nature and well 
developed fissi1ity of the shale in this region 
makes it difficult to determine how important the 
joint sets may have been in the fracturing in 
these folded areas. Stratigraphically, the Chatta 
nooga Shale unconformably overlies Ordovician or 
Silurian age formations (limestone or shale), and 
is overlain by the MissisSippian Maury Formation 
or the MissisSippian Fort Payne Chert. 

The Chattanooga Shale section in northern 
Tennessee includes a lower Dowelltown Member and 
an upper Gassaway Member. In Alabama, Georgia and 
south-central Tennessee only the Gassaway Member 
is present. It is this upper Gassaway Member that 
shows the greatest oil shale potential. 1 

Exposures of the Chattanooga Shale within 
the study area are located along stream valleys 
in the Highland Rim section of Alabama and 
Tennessee; on the flanKs of the major folds 
(Sequatchie Anticline, Wills Valley anticline and 
Murphrees Valley anticline) in the Appalachian 
Plateaus Province; and in the Valley and Ridge 
Province of Alabama, Georgia, and southeast 
Tennessee (figure 2). Shale thicknesses range 
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Study area . 

from 0 to 40 feet in these exposures, with thick
ness exaggerations of up to 80 feet or more along 
the flanks of the major folds. In north Alabama 
and south-central Tennessee the Chattanooga Shale 
crops out along the southern margin of the Nash
ville Dome, and is generally less than 20 feet 
thick. Tne shale thickens away from the margin of 
the dome towards the folded provinces to the 
south and east. 

Deposition of the Chattanooga Shale within 
the study area (particularly in northern Alabama 
and south-central Tennessee) was apparently 
sporadic since the presence and thickness of the 
shale can vary significantly within a short 
distance. Areas where the Chattanooga is very 
thin or absent may have been topographic highs 
during the Devonian (scattered islands) or beyond 
the bounds of the Cha ttanooga Sea ~ :Iri ng depos i
ticn (ex. west A1abama--Mississ i ppi area). Ab
sence of the shale indicates that either the 
shale was not deposited or was eroded before 
deposition of the overlying Maury Formation.2 

Reconnaissance Sampling of the Chattanooga Shale 

A reconnaissance sampling of the Chattan00ga 
Shale was conducted in north Alabama, northwest 
Georgia and south-central Tennessee. ApprOXimately 
127 surface exposures were measured and described, 
and 409 bulk shale samples were collected. Sec
tions more than 2-feet thick were sampled. 
Additional data accumulated at each site included 
a measured section of the Chattan6o~a Shale, 
stratigraphic description of the exposure, struc
tural attitude of the formation, and overburden 
thickness . 

Nine (9) exp1orutory core holes were drilled 
in the study area. Four core hales were drilled 



Figure 2. Physiographic provinces within the study area. 

on the flanks of the Wills Valley anticline near 
Sulphur Springs, Alabama, and 5 core holes were 
drilled in northern Limestone and Madison Counties 
in the Highland Rim section of Alabama. 

Analyses 

Shale samples collected from surface expo
sures and the core samples from the drilling 
program were crushed and submitted for analysis 
of shale oil content by modified Fischer Assay 
methods and were also analyzed for total uranium 
(table 1) content by the U.S.G .S. Fluorometric 
method. 3 Sample yielding greater than 7 9/t oil 
content were analy!ed for major and trace element 
content using standard atomic absorption techniques. 

Table 1. 

Sample 
number 

1 
2 
3 
4 
5 

Sample Location, Thickness, Oil 
Content and Uranium Analyses for 
Chattanooga Shale Samples in 
Limestone and Madison Counties, 
Alabama, and Giles and Lincoln 
Counties, Tennessee. 

Limestone County, Alabama 

Thi ckness 
(ft) 

2+ 
2+ 
3.5+ 
5+ 
2+ 

Oil 
(gal/ton) 

11. 1 
9.84 

15.5 
13.2 
11.5 

Average 12.2 

Uranium 
(ppm) 

21 
22 
19 
12 
19 
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Sample 
number 

1 
2 
8* 
3 
9* 
4 
5 
6 
6" 
7 
8 

Sample 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Madison County, Alabama 

Thickness 
(ft) 

4+ 
7+ 

10 
10+ 
14.3 
2+** 
5+ 
5+ 
4. 4+ 
5+ 
4+ 

Oil 
(gal/ton) 

10.4 
11.7 
10.9 
8.7 
9.2 
3.21 

14.3 
11.6 
13.2 
12.1 
11. 9 

Average 10.6 

Giles County, Tennessee 

Thickness 
-.l~ 

5+ 
1. 5-+ 
4+ 
3+ 
6+ 
4.5+ 
3.5+ 
4.5+ 
1+ 

10+ 
4+ 
7+ 
5+ 
2+ 
4+ 

Oil 
(gal/ton) 

15.5 
18.2 
19.2 
14.3 
15.7 
15.2 
16.6 
14.9 
11.5 
19.9 
15.5 
15.7 
14.8 
14.8 
15.5 

Average 15.82 

Uranium 
(ppm) 

24 
17 

19 

3.7 
22 
18 

19 
18 

Uranium 
(ppm) 

23 
16 
15 
30 
14 
21 
21 
17 
11 
20 
25 
13 
11.5 
12 
20 



Table 1 Continued. 

Lincoln Count~, Tennessee 

Sample Thickness Oil Uranium number (ft) (gal/ton) (~e!!!) 
1 5.6+ 19.0 18 2 5+ 14.3 20 3 4.8+ 12.0 14.5 4 3.7+ 9.8 13 
5 7+ 6.9 21 6 2.5+ 16.5 21 7 2+ 16 .7 19 8 2+ 16.9 7.6 9 2+ 11.3 28 10 2+ 11.5 21 

11 4+ 14.7 10.5 12 4+ 11 .0 15 13 6+ 14.5 15 
14 6+ 13.6 23 15 2+ 12.1 18 

Average 13.4 

Average for 4-county area 13.2 

*Drill site number 
**Weathered 

Analytical results indi ca te that the oil 
yields for the outcrop samples correlate very 
well with values obtained from the core samples 
within the same area. This correlation indicates 
that surface sampling can be an effective method 
for regional shale evaluation. For example, 
surface sample MAD-2 has an average oil content 
of 11 .8 g/t, while nearby core hole number 8 has 
an average oil yield of 12.1 g/t. 

Discussion 

8ased on this reconnaissance study, the area 
underlain by Chattanooga Shale in northern Ala
bama, south-central Tennessee and northwest 
Georgia can be divided into two parts: areas of 
greater than 7 g/t and areas of less than 7 g/t. 
In general, the results of the Fischer Assays of 
samples from the folded Appalachian Valley and 
Ridge and the Appalachian Plateaus Province are 
poor, where as those from the Highland Rim sec
tion indicate some potential for development. 

Fischer Assays of samp~es from the folded 
Appalachian Valley and Ridge Province and the 
Appalachian Plateaus Provi nce indicate less than 
5 g/t, with most samples closer to 0 g/t. There 
are ~everal possible explanations for the low oil 
contents in this area. The low oil content may 
be related to the type of plant material pre
served in the shale, or the loss of volatile 
constituents caused by the pressures and elevated 
temperatures of folding. The types of plant 
material preserved in the shale and possible 
differences in the total organic carbon content 
of the shale in the three major geologic pro
vinces involved have not been determined as a 
part of this investigation. According to Swanson 
(1960), shales with larger amounts of humic 
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organic matter (organic matter derived primarily 
from the woody parts of plants) are confined to 
areas close to shore at the time of deposition 
and exhibit relatively low Fischer Assay oil 
yields. Abundant sapropelic organic matter (or
ganic matter composed of a'igae, spores and pollen) 
in shales is associated with relatively high 
Fischer Assay oil yields. Shales of this type are 
formed farther from shore and oil yields increase 
proportionately as the distance from shore in
creases.~ Shale deposited in the area underlain 
by the Valley and Ridge and the Plateaus Province 
may have been adjacent to the ancient shoreline 
and thus conta i r,ed a grea ter amount of humi c 
organic matter. 

Work cone by Anita Harris and others in 1978 
relating conodont color alteration to thprmal 
maturity of sediments and hydrocarbon potential 
indicates that the Chattanooga Shale in these 
folded belts has been heated to between 50°C to 
170°C. 5 

The highest oil yield values are in the 
Highland Rim Province of Alabama and Tennessee in 
Limestone and Madison Counties, Alabama, and 
Giles and Lincoln Counties, Tennessee (figure 3). 
All oil yield values in this 4-county region are 
greater than 7 g/t, the highest value of 23.9 g/t 
is located in Lincoln County, Tennessee. The 
Chattanooga Shale in most of this area is either 
exposed, or occurs within 100 feet of the surface. 
The average oil yield from the collected samples 
and core samples in this 4 county area is 13.2 
g/t. The thickness of the shale ranges from 1 to 
15 feet (figure 4). In most cases, the highest 
oil yields have come from the upper sections of 
the sampled intervals, or the upper part of the 
Gassaway Member. 

Analyses indicate that uranium values are 
higher in the Valley and Ridge Province and i n 
the Appalachian Plateaus Province than in the 
Highland Rim. A maximum value of 88 ppm uranium 
was indicated from sample CHE-2A from Cherokee 
Cou nty, Alabama. These higher value s may be the 
result of close proximity to tile source area for 
the uranium. Uranium source materia l was probably 
derived from the ancestral Appalachians to the 
east and accumulated in greater quantities near 
the ancient shoreline. 

The richer oil shale areas of the Highland 
Rim Province has lower uranium values than the 
fold belts. Previous workers suggest that the 
higher the oil content, the higher the uranium 
content . 6 This conclusion does not apnear to hold 
true for all areas within the Highlan~ Rim 
Province. Our preliminary uranium results indi
cate uranium values ranging from 0 to 45 ppm, 
which are not nearl y as high as values from the 
oil depleted shale sampled in the fold belts to 
the east. 

Summary 

The shale oil content of the Chattanooga 
Shale in the Highland Rim Province of northern 
Alabama and south-central Tennessee is equal to 
that report~d in northern Tennessee and Kentucky. 
The results of this investigation indicate that 
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Figure 3. Sample locations and Fischer Assay results in Giles and 
Lincoln Counties, Tennessee, and Limestone and Madison 
Counties, Alabama. 

the Highland Rim area contains more oil and less 
uranium than the folded Valley and Ridge Province 
and Appalachian Plateaus Province. Although the 
thicknesses are not great in the Highland Rim 
Province, the higher oil yield, numerous expo
sures and thi n ol'erburden make thi s area pro
mising for future oil shale development. 
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Chattanooga Oil Shale in Tennessee -
Resource Assessment and 

Characterization 
by 

H . Wayne Leime r Chris McGowan 
Department of Earth Sciences Department of Chemistry 

Tennessee Technological University 
Cookeville, Tennessee 

ABSTRACT 

At the time of its deposition during the Devonian Period, th~ 
Chattanooga Shale apparently covered all of Tennessee west of 
the Un~ka Mountains except for two small areas . Erosion has 
removed the shale from west Tennessee, most of the Central 
Basin, and most of the valley and ridge. Folding and fau l ting 
further obscures its distribution in the valley and ridge. 
Five cores from a seven county Eastern Highland Rim area were 
analyzed for shale thickness, organic elements, mineralogy, 
major inorganic elements, trace elements, and Modified Fischer 
Assay. Analyses indicate that in the initi~l study area, the 
SW Putnam - NW White Co~nty area is the best potential mine
plant site. Six additional cores were taken in this restricted 
area and analyzed as before. This data was also compared with 
similar data from an east Tennessee Chattanooga Shale core. 
One square mile of Chattanooga Shale in the restructed study 
area contains 14.4 X 106 barrels of oil -- 11.5 X 106 barrels 
fror.l the Gassaway member and 2.9 X 106 barrels from the Dowel
ltown member using normal retorting methods. Topography, nature 
and depth of overburden, other geologic conditions, and en
vironmental considerations almost dictate underground mining. 
Underground methods give approximately 50% resource recovery. 
Hydrogen re torti ng should increase the oil yield by a factor of 
two . Although the east Tennessee section is 21 times thicker 
(720 feet compared to 35 feet) than the Eastern Highland River 
section, it is much leaner as far as extractable materials and 
is thus eliminated as an oil source. Organic analyses indicate 
potential carcinogenic materials present. 
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Overview of Oil Shale Development 
in Ohio 

by 

Gene O . Johns on 
Research Administrator 

Ohio Department of Energy 
Columbus, Ohio 43215 

Abstract. The energy resource contained in the oil shale of 
Ohio represents a significant reserve for future 
development. These black shales were deposited during the 
Devonian and Mississippian Periods beneath a deep equatorial 
inland Kaskaskia sea that accumulated detrital organic 
sediments at the bottom . The oil rich shales 01 Ohio are 
the lower and uppee Huron Members, the Cleveland Member of 
the ohio Shale, and the Sunbury Shale. Thermal maturation 
01 the vitnnIte in the Ohio shale averages 0 . 54 Ro in 
Ohio. The present distribution of the oil shale in Ohio ia 
in both glaciated and unglaciated areas in th e north/south 
central and northeastern part ot the state . The shale oil 
industry to develop these energy resources began with th e 
pioneers and in 1866 with the st. Louis Shale Oil Company . 
Financial and technological interest continues today. 

OVERVIEW OF OIL SHALE DEVELOPMENT IN OHIO 

INTRODUCTION 

The energy potential 01 oil shales in Ohio have 
long fascinated the citizens of the state . These 
shales continue to represent a signilicant energy 
resource tor potential development. As much as 
8.~6 " 10 20 Joules (8 . 12 Quadrillion Btu ' s) ma y 
be contained in these deposits of ohio . 

These oil shales are Devonian and Mississippian 
in age and crop out along the central North-South 
portion of the state. These shales extend into 
the Appalachian Basin at an easterly dip 01 
approximately 6 to 7 meters per kilometer 
(30-35ft/mi). The Devonian oil rich lormation is 
the Ohio Shale composed 01 the Huron, Chagrin, 
and Cleveland Members in ascending order . The 
~lississippian lormat ions include th e 
Bedford/Berea Shale and Sandstone ~verlain by the 
thin but oil rich Sunbury Shale. Overburden 
above the Sunbury Shale includes the lean 
Cuyahoga and Logan Formations. 

The overall thickness 01 the Ohio Shale on the 
average ranges from 64 meters in the south 
central portion 01 the state to 150 meters in 
central Ohio and 1200 meters in the eastern 
subsurface . The oil shale lithology is generally 
represented by dark, organic rich, b ds in the 
Huron and Cleveland Members . The middle member 
or Chagrin is generally represented by blue-gray 
clay shale with low organic content. The Sunbury 
shale is stratigraphically consistent and three 
to six meters thick . 

Interest in the energy resources of these organic 
shales and their mineral constituents has a long 
history tor the Ohioans. The indians used the 
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shale and its components l or rituals and 
facepaint, hence, the name "Paint Creek" of the 
major Ross County stream and the Olentangy River 
and type locality 0 1 the Olentangy blue clay 
shale. References to pioneer mInIng 01 natural 
copperas (Melantprite), slum, pyrit , and "coal" 
within these units as well as tar and oil springs 
are lound in the early histories and geologic 
s urveys of the shale area . Attempts to enhance 
these natural phenomena were tried during the 
industrial revolution and ranged Irom simple 
kettle stills to combustors and massive retorts -
most proved uneconomical. 

The present economic setting and need l or 
pumpable hydrocarbons has renewed the 
technological and tinancial interest in the 
eastern oil shales. 11,ese interests include 
increasing t echnological etliciencies in 
extracting the hydrocarbons from the shale matrix 
as well as tax and loan advantages tor tinancing 
the oil shale's industrial development. Given 
the premise that ma n is a problem solver rather 
than a tr nd t ollower, the energy resources ot 
these oil shales will become a physical reality 
in the tuture. 

DEPOSITIONAL ENVIRON~~NT OF THE OIL SHALE IN OHIO 

Somet ime between 400 and 350 mi II ion years ago a 
unique depositional environment d veloped 
throughout the east and central portion 01 North 
America. 1 At that tim the combined continent 
o f Pangaea had drifted across the equator . Along 
the contact ot the Eurasian and the American 
components ot Pangaea, the Arcad ian orogeny had 
produced the ancestral Appalachian Mountains with 
a strike running across the equator . These 
mountains straddled the equatorial low pres5ure 



are, and shielded the northeast and southeast 
trade winds from the central portion of the Nor t h 
American craton . This orographic barrier 
produced a relative rain-shadow desert on the 
leeward Or western side of the Appalachians . 

The relative ocean level had steadily retreated 
from the craton during the end of the Tippecanoe 
Sequence2 (late Si lurian and early Devonian 
Periods). The onlap of Kaskaskia Sequence (hom 
.!arly Devonian through Mississippian) eventually 
inundated the craton ranging from Northern 
Georgia to Mani toba and from Texas to 
On tario. 2 the sea leve 1 may have been as deep 
as 900 meters in the developing Appalachian basin 
of Ohio. l Waters as deep as these develop a 
pycnocline that insulates the benthic environment 
from the aerobic environment of the oxygenated 
surface waters. This restricted circulation by 
the pycnoc 1 ine produced an anaerobic environment 
in the reducing waters of the bottom. 

Life in and around this sea include some of the 
early land plants and varieties of pelagic 
vegetation, as well as invertebrates and 
vertebrates. The early land plants include the 
scouring rush type represented by Call ixylon and 
clubroot tree ferns Aneurophyton or the Gilboa 
Tree . 3 The pelagic vegatation included 
planktonic algae (seaweed) va rict ies represented 
by the spores Tasmani tes (sp.) of Pachysphaera 
and Foerstia (sp.) .4 The invertebrates are 
represented by conodonts, linguloid brachiopods, 
and a near biologic spectrum of other phyla. 1be 
vertebrates are represented by rare pisces (fish) 
fossils . The anaerobic bottom was probably 
dominated by bacterial torms similar to 
Desulfotomaculum nigriticans (sp.). 

The dominant organic source in this equatorial 
inland sea probably was a sargassum at or near 
the surface . This vegetative mass could have 
thrived on upwellings of nutrient rich waters 
from the depths of the inland sea. The natural 
attrition of these individual algae as well as 
waterlogged flotsam from the land plants created a 
detrital source of organic fragments that rained 
through the pycnocline to the bottom. It has 
been estimated that less than 1 percent of the 
organic material ever reached the bottom ot the 
inland sea to form the hemipelagic deposits ot 
the oil shale. 

LITHOLOGIES 

The exposed shale sequence containing the oil 
rich members res ts on an uncon formi ty th roughou t 
Ohio. 3 The underlying members range trom the 
Niagaran Series - Lockport Group in the south to 
the Erian Series-Delaware Limestone in the 
north . The relief on this unconformable surface 
has been found La be more than 18 meters and may 
extend up to 55 meters. The dominant 1 ithology 
of these underlying members and tormations are 
dolomites in the south and limestone in the 
north. The rel ief on these underlying carbonates 
played a significant ro le in the lower facies of 
the oil sha le sequence . 

The Olentangy Shale is the basal member ot the 
oil bearing shale sequence . The Olentangy is a 
bluish-gray to greenish-gray clay shale with 
black fissile shale beds in the upper portion . 
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It contains flat concretionary masses of blue 
limestone in central Ohio that gain continuity in 
northern Ohio to become the Prout Limestone . In 
southern Ohio the basal shale is composed of 
interbedded blue clay shale and black or blue 
black fissile shale . In the south this basal 
member is usually bioturbated and disp l ays well 
preserved Callixylun fossils. The thickness of 
the Olen tangy averages 8.5 meters throughout much 
of the cent ra l outcrop. To the north and 
northwest it thickens to 11 meters and 28 meters 
respectively. To the south the interbedded 
facies representing this unit ranges from a few 
millimeters on the highs to 18 meters and more in 
the pre-Kaskaskia valleys. 

The Huron Shale Member of the Ohio Shale rests 
conformably on the underlying Olentangy 
Shale . 3 The Huron Member is organically rich 
and represents the basal member of oil producing 
shale. The Huron is a black fissile shale 
ranging in color on the fresh surface from bluish 
black and grayish black to brownish black. The 
Lower huron is characterized by an assortment of 
concretions ranging in size from a tew 
millimeters to 5 meters and more. The mi.neral 
composition of these masses ia usually 
iron-disulfide components from the smaller 
individuals to various carbonates for the larger 
ones . The shale is typically a 
quartz-illite-chlorite rock even in the clsy 
fraction. 8 Kaolinite is normally absent. 
Pyrites and carbonates comprise the remaining 
minera 1 components. The organic mat ter in the 
Huron ranges from abundant fossil and plant 
fragments end spores to thin films ot coal . 
These organic remnants have a thermal maturity in 
the Ohio Shale as indicated from vitrinite 
reflectance ranging from 0.37 at the outcrop to 
0 . 71 in the subsurface with an average of 
0.54. 5 The thickness ot the Huron ranges from 
an average 125 meters 3 , along the outcrop to 39 
meters over the Silurian higts in southern Ohio 
and to 106 meters in the subsurface. The Huron 
has been divided into three submembers based on 
the relative natural radioactivity . 6 The lower 
and upper Huron submembers are higher in active 
isotopes than the middle . 6 The middle member 
is a dark greenish gray shale, nonradioactive and 
is characterized by the time stratiographics zone 
of the fossil algae Foerstia.4 'The upper 
submember is a black shale facies and is 
radioactive. 6 

Th e Chagrin Shale Member ot the Ohio Shale is 
characterized by light bluish gray clay shale 
with thin sandstone and siltstone lenses in the 
north and thin-interbedded blue gray and black 
sha 1 e in th 2 sou th. The upper part 0 t the 
Chagrin has been termeci the "Three Lick Bed" and 
is the 1 ithology recognized in the southern part 
ot the state. 7 The Chagrin in the northeastern 
part of the state reaches a maximum thickness of 
about 366 meters and may facies into the black 
shales of the Huron to the south and west. 3 In 
the north central portion of the state the 
Chagrin thins to 34 meters . The equivalent 
"Th ee Lick Bed", in the south is 8 meters 
thick . The "Three Lick Bed" and Chagrin Member 
have low or nonexistent carban content and 
usually represent non productive shale oil 
pJtential. The major mineral components of the 
Chagrin are quartz-illite-chlorite-kaolinite. 



The Cleveland Shale is a black bituminous shale 
characterized by its lack 01 concretions and its 
stratigr~phic overburden of the Bedtord and Berea 
Fo rmation. The fresh shale is bluish black to 
brownish black and turns to a medium brown upon 
weathering. Further weathering develops dark 
gray, platy to flaky pieces that remain non 
plastic. Fractured fresh samples give off a 
petroliferous odor from the high kerogen 
con~ent.3 The Cleveland Shale is composed 01 
quartz-pyrite-illite-chlorite mineralogy.8 The 
quartz particles range down to the 2 to 7 micron 
range. 3 The thickness ranges from 6 to 16 
meters on the outcrop and thickens to 30 meters 
in the subsurface. 9 

The Cleveland shale has been reported to contain 
plant fragments of sufficient quantity to produce 
cannel coal as well as fragments of true 
coa!.3 The Cleveland Member pinches out to the 
east in the subsurface and thickens in lows along 
the outcrop. The outcrop expressions of the 
Cleveland is usually concealed by the colluvium 
from the weathered Bedford Shale further up slope . 

The Bedford Shale is the lower formation of a 
del ta wedge that filled the Kaskaskia Sea over 
Ohio . 'llIe Bedford is a medium gray to dusky red 
clay shale with increasing clastic size from 
bottom to the basal contact of the Berea Sand
stone. The low organic content and obvious 
bioturbation 01 the sedimeLts display the final 
emergence of the bottom s~diments through the 
pycnocline and the oxygenation 01 the waters. 
The Bedlord Formation is approximately 18 meters 
thick on an average and is the prodelta deposit 
01 the prograding Rerea delta 01 the early 
Mississippian Period. The Bedford Shales are 
composed 01 quartz-illite-chlorite-kaolinite 
mineralogy.8 The kaolinite has a major elfect 
on the clay fraction and contributes to its 
plastic and elastic qualities. The siltstone and 
sandstone beds in the Bedlord are occasionally 
ripplemarked with the crests oriented N 600 101 
indicating wind direction 01 N 300 E or S 300 
101. 3 

The Berea Sandstone is represented along the 
outcrop as a distributary channel sand and a 
series 01 subaqueous splay and har sands . The 
combined Berea/Bedford sequence establishes a 
cessation 01 the long live d equatorial oil shale 
environment in Ohio . This combination of 
formations ranges in thickness from more than 80 
meters in the nO '"th to 14 meters in the south. 
The Berea Sandstone has sufficient porosi ty along 
the outcrop to produce springs and seeps of both 
water and oil. The Berea Sandstone in the 
eas tern subsu rf ace 01 Oh io is a s igni f icant 
energy resource reservoir for both oil and gas . 
A characteristic of the Berea is the basal flow 
rolls produced by load casting of the underlying 
soft sediments . 

The Sunbury Shale is a black to blue black 
fissile shale with pyritic nodules and grains. 
The Sunbury is the basal member of the lo1averly 
Group. The lithology of this group is dOl.,inated 
by marine clastics of both deep water and near 
shore depositional environments . The Sunbury 
l i thology represents a reoccurrance 01 the 
Cleve land Shale envi ronment ove r the 
Berea/Bedlord Delta wedge lO In eastern Ohio 
the Sunbury is anomalously thick where the 
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Berea/Bedf)rd are missing. Here the two black 
shales of the Sunbury and the Cleveland join to 
form a single lithologic unit. lO This 
lithologic setting exparded geographically during 
the height 01 the Kaskaskia on lap and veneered 
the central craton with 5 to 9 meters 01 highly 
organic black shale 01 very similar composition 
to the Cl eve land Shal e. I t has been es t ima ted 
that the Sunbury was deposi ted in a water depth 
01 230 meters in the Kaskaskia Sea. l This 
subsequent loading of the underlying delta 
clsstics may account lor the 110w rolls at the 
base of the Berea. 

The Cuyahoga Formation is represented by a series 
01 marine clastic sediments ranging from the 
redeposited red clay 01 the Henley and Rarden 
Memberr to the massive conglomeratic sandstone of 
the Black Hand ~jember. 11 1he Cuyahoga 
Format ion represents the major overburden ontop 
01 the oi I shale. The 1 i tho logies and members 01 
the Cuyahoga Formation change with geography. 
These range from coarse to fine clastic ratios 01 
sandstone to shale. The formation to the south 
central portion of the state is dominantly clay 
shales with splays of both trubidite and barrier 
bar sandstones or siltstones (Buena Viuta 
Sandtone and McDermott stone). Marine bay muds 
oeveloped into the medium blue gray shales 01 the 
Portsmouth Shale Member. The upper portion of 
the Portsmouth Shale has a graditional lacies 
into the overlying Logan Formation . The Cuyahoga 
Formation ranges in thickness from 25 to 60 
l!Ieters. 

The Logan Formation caps the hilltops and forms 
plateaus along the outcrop area of the oil 
shale . It is typically represented by 
interbedded sandstone, siltstone, and shale of 
1 ight to medium gray color. The Log&n Formation 
is void 01 significant economic value over the 
majority 01 its exposure. ll 

PRESENT DISTRIBUTION OF ENVIRONMENTAL FACTORS 

The minable oil shales 01 Ohio are distributed 
along an outcrop through the central and 
northeas tern part 0 I the s ta te in a band 5 to 50 
kilometers wide. An outlier of approximately 5 x 
10 kilometers is in the northwest central portion 
01 the state. The northwest corner 01 Ohio also 
is underlain by oil shale . Within the outcrop 
area of Ohio, most of the oil shale 1s buried 
under Pleistocene and Holocene deposits ranging 
in thi cknes s from a tew meters to nearly 200 
meters. The Pleistocene glacial drift includes 
both carbonate rich and lean tills as well as 
outwash. The soils developed on th ese g lacial 
deposits include numerous series classed as prime 
tarmland with high agricultural productiv i t y. 13 

The surface and ground waters within these areas 
a re supported by the 1.11 meters of annual 
precipitation within the area. The surface water 
runoit from this precipitati • ranges lrom 0.25 
to 0.38 meters. The groun ~ater inliltration 
and recharge from thiF precipitation is dependent 
on the local and regional permeability of the 
outcrop area. The ground water potential i ~

well production ranges lrom more than 38 cubic 
meters per minute in tbe glaci&l river valleys to 
dry holes in the ryi l shales. 



SHALE OIL INDUSTRY IN OHIO HISTORY 

"Messrs Wells A. Hutchins, Larun 
N. Robinson, and Alexander C. 
Anderson have as sociated 
themselve s for the purpose of 
ensaging in the business of mining 
shale and manufacturing oil out ot 
same in Green To"",ship, Adams 
County, Ohio." 

Thus the St. Louis Shale Oil Manufacturing 
Company came into existiance with incorporation 
papers at the Office ot the Secretary ot State in 
Ohio allocating 100 shares of stock. Shale oil 
production is on its way as 01 the 2nd ot April, 
1866. 

Other shale oil ventures in Ohio have included 
the Devon Shale oil Company of 1921 at Clay City 
near Chil:icothe, Ohio. The Red River Shale Oil 
Company of the same area leased a tract of land 
at the same time. 

Plans were drs",n up and initial cons truction of 
the retort was begun at approximately the same 
time st the to"", of Omaga north of Waverly, Ohio. 

Attempts were made in the 19 30 's to burn the 
shale and create sinter for use in concrete. The 
process was directed toward sel f sustained 
combustion to make it economic. However, the 
energy balanc e was negative and the process was 
g i ven up as unpconomic. 

Recent development s in the oil shale of Ohio have 
included several areas of l easing with continued 
experimentation and testing being performed on 
the major oil shale depoaits. 
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Resource Assessment of the New 
.~Ibany Shale (Devonian and 

Mississippian) in Southeastern 
Indiana - Preliminary Report 

by 

N.R. Has enmueller 
Indiana Geological Survey 

Bloomington, Indiana 47405 

Abstract . The New Albany Shale (Devonian and Mississippian) , 
which consists essentially of brownish- black organic- rich shale 
and greenish- gray shal~, is present throughout the Illinois 
Basin and is considered a potential source of hydrocarbons . In 
southeastern Indiana , where the shale crops out at the surface 
or underlies thin deposits of glacial drift , it is 100 to 130 
feet thick . On the basis of lithology five ne~bers are recog
nized in the outcrop area; in ascending order these are the 
Blocher , Selmier , Horgan Trail, Camp Run , and Clegg Creek Hen
bers . 

An area including parts of Clark , Scott , and Jackson Coun
ties has been identified as having the Most potential for the 
initial developnent of the shale as a source of synthetic oil. 
This area was selected for study because (1) the percentage of 
urganic carbon by weight in the shale is high, (2) the organic
rich shale fac ies is thick, (3) the shale is at or near the sur
face and could be renoved by surface nining , and (4) the popula
tion is relatively sparse . 

In the study area the Blocher 11ember, the upper part of the 
Camp Run tlember, and the Cle!l~ Cree!, Nember contain the highest 
percentage of organic carbon by weight . Oecause the Blocher is 
relatively thil' , is underlain by carbonate rocks and is overlain 
by thicker shales with lower organic materia~, and contains an 
average of only 8 . 5 percent organic carbon, it is not considered 
a pronising reS ,lurce now . The cOl'lbined thiclmess of the upper 
part of the Canp Run Nember and the Clegg Creek ltenber ranges 
i rom 51 to 58 feet in the study area . This interval contains an 
average of more than 10 percent organic carbon by weight and has 
the greatest potential as a source of sy nthetic oil . 

Introduction 

The New Albany Shale in the Indiana part of 
the Illinoi~ Basin (fig. 1)1 consists of brownish
black organic-rich shale a~d, to a lesser extent , 
greenish-gray shale . It also contains ninor C3r
bonate , siliceous , and phosphatir. b~ds . The Ne,; 
Albany Shale is late l1iddle Devonian to Early 
l'liss issipp1.an in age, but most of the fornation is 
Late Devonian . 

The name New Albany Black Slate was first used 
by Borden in 1874 for brownish-black shale exposed 
at New Albany in Fl, 'yd County, Ind. 2 Later 
Blatchley and Ashlev introduced the name New 
Albany Shale . 3 Lineback subdiv~ded the New Albany 
Shale into five members in southeastern Indiana 
(fig . 2) . 4 

The shale is 100 to 130 feet thick along the 
outcrop in southeaster n Indiana and thickens in a 
southwesterly direction . In southwestern Indiana 
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the shale attains its naxinum known thickness of 
337 feet . In Indiana the shale has a gentle 
southwesterly dip . IUthin 20 miles of the outcrop 
belt the rocks dip 20 to 30 feet per mile to the 
southwest; basinward the dip increases to about 50 
to 60 feet per mile . 5 

The New Albany Shale overlies Niddle Devonian 
limestones of the Nus~atatuck Group except in a 
small area in lfuite County in northern Indiana 
where the New Albany rests on Silurian rocks . { 
The shale is overlain by the Rockford Limestone 
(llississippian) throughout much of the Illinois 
Basin . In the areas where the Rockford is absent 
the shale is overlain by the New Providence Shale 
of the Borden Group (Mississippian) . 

In southeastern Indiana the shale crops out 
at the surface or beneath deposits of Illinoian 
and older drift that thickens northward from the 
Ohio ~iver to Bartholomew County . North of this 
area the bedrock is covered by still thicker de-
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posits of glacial material, most of which are 
Wisconsinan in age , and exposures are few . 

Following the completion of a 3-year intensive 
study of the gas potenial of the New Albany Shale, 
supported in part by the U. S. Department of 
Energy , in 1980 the Indiana Geological Survey be
gan an assessment of the synthetic- oil potential 
of the New Albany in southeastern Indiana . A 
three-county area , hereafter called the study area , 
that includes Clark, Scott, and Jac~son Counties 
was selected as the area with the most potential 
for the initial development of the shale . This 
area was selected for study because (1) the per
centage of organic carbon by weight in the shale is 
high , (2) the organic-rich shale facies is thick, 
(3) the shale is at or near the surface and could 
be removed by surface mining, and (4) the area has 
a relatively sparse population . 

Work has centered around core drilling , 
sampling and describing cores , analyzing core 
samples chemically , and mapping the shale re
source. Future work will include taking and ana
lyzing additional co r es of the shale , determining 
overburden thickness , and estinating reserves. 
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the New Albany Shale in southeastern 
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Physiographic Province 

Ilost of the outcrop belt of the New Albany 
Shale lies within the physio~raphic unit designated 
as the ScottSburg Lowland . This lowland is a 
linear north-south belt of low relief that follows 
the outcrop belt of the r elatively nonresistant 
New Albany and New Providence Shales. The western 
edge of the Scottsburg Lowland is at the base of an 
eastward-facing cuesta scarp, called the Knobs~one 
Escarpment, that th r oughout much of its extent rises 
300 feet above the Scottsburg Lowland . 7 The Knob
stone Escarpment is the eas t ern part of the Norman 
Upland , a dissected plateau underlain by the r ela
tively resistant 7siltstones of the Borden Group 
(MissiSSippian). 

Seven cores were examined to evaluate the 
potential of the New Albany as a source of syn
thetic oil (fig . 3; table 1) . Four co r es were 
taken recently by the Indiana Geoiogical Survey in 
southeastern Indiana, just west of the outcr op area , 
specifically to aid in the resource assessment . 
Cores were taken just west of the outcrop belt to 
obtain campletr vertical sections of the shale, to 
obtain fresh I nweathered material for chemical 
analysis , to obtain information on overlying as 
well as underlying r ock units , and to gain infoI1!la
tiO!. near areas where the shale could be removed by 
surface mining . Twu of the cores we r e taken in 
i!arrison and Floyd Counties , but because of thick 
overburden in l!arrison County and the relatively 
dense population around New Altany in Floyd County , 
these two counlies are not now included in the 
preliminary resource assessment . Geophysical loga 
and lithologic columns fron t he two core sites are 
included , however , on the stratigraphic cross sec
tion (fig . 4) . The three other cores were already 
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on file in the Indiana Geological Survey core 
library . The spacing between the seven cores 
ranged from 9 to 16 niles. 

Geophysical logs are available for six of the 
seven core holes . On five holes both electric 
(self-potential apd resistance) and natural gamma
ray logs were run, and on one hole only a ganroa-ray 
log was run . The five Members of the New Albany 
are most easily recognized on the natural ga~a-ray 
logs . For the most part contacts between menbers 
of the New Albany are distinctive on the ganna-ray 
logs. The only contact that is difficult to deter
mine on sone of these logs is the contact between 

the Mor gan Trail Member and the overlying Camp Run 
Hember . 

Lithology and Strat~ 

Introduction 

In the three-county study area the New Albany 
Shale ranges in thickness from 109 feet in southern 
Clark County to 130 feet in Jackson County . The 
shale paraconformably overlies the North Vernon 
Limestone (Middle Devonian) of the Muscatatuck 
Group and is conformably overlain by the Rockford 
Limestone (Mississippian) . The Rockford is predom
inantly a greenish-gray fine- grained argillaceous 
limestone or dolomite and is 3 to 6 fent thick . In 
Indiana Geological Survey drill hole (SDH) 305 in 
Jackson County and in SOH 304 in Scott County the 
upper foot of the Rockford is calcareouE shale. In 
some areas of Clark County the Rockiord 
Limestone is absent, and the New Albany is directly 
overlain by the New Providence Shale cf the Borden 
Group (Mississippian) . The New ProvJ.tlence is a 
soft greenish-gray to medium- gray shale or clay
stone . 

The New Albany Shale can be subdivided into 
five lithologically distinct members In the outcrop 
area . In ascending order these are the Blocher , 
Selmier , Horgan Trail , CaMp Run, and Clegg Creek 
l1embers (fig . 2) . 4 The Blocher Hember , the upper 
part of the Camp Run 11ember, and the Clegg Creek 
lember have the highest concentrations of organic 

naterial (figs . 5 and 6) . 8 

Blocher Member 

The Blocher ~lember of the New Albany Shale 
consists oi slightly calcareous brownish-black 
(5YR 2/1) to grayish-black (N2) finely-laminated 
organic-rich shale and non calcareous brownish- black 
to grayish-black finely laminated organic-rich 
shale with numerous carbonate laminae and beds . The 
slightly calcareous shale is in the lower part of 
the member . The Member in SOH 291 and SOH 290 
contains an overall average of 8 . 5 percent organic 

Table 1 . Cores of the New Albany Shale examined in this study 

Core designatIon County Location Operator and well name 

SOH 70 Clark 3400 ' NEL , 100 ' m·lL Indiana Geological Survey o . 70 
Gr. l46-lS- 6E Louisville Cement Co . 

SOH 290 Clark 2210 ' N'..lL , 1330' SIlL Indiana Geological Survey No . 290 
Gr . 203-2N-7E (EGSP m-2) 

Clark State Forest 

SOH 291 Jackson SEN1.ISE 27-6N-5E Indiana Geological Survey No. 291 
Schepman 

SOH 304 Scott NESESI1 22-3N- 6E Indiana Geological Survey No . 304 
Uoodruff 

~DH 305 Jackson NESESI1 9-4N-6E Indiana Geological Survey No . 305 
Nehrt 

SOH 308 Harrison SIINENlI 3-6S-5E Indiana Geological Survey No. 308 
Knear 

SOH 309 Floyd NESI/SW l6-3S-6E Indiana Geological Survey No . 309 
Eve 

175 



NEW 
PROVIDENCE 

SHALE 

ROCKFORD 
LIMESTONE 

W 
-..l 
« 
I 
en 

r 
Z 
« 
CD 
-..l 
« 

3: 
w 
Z 

MUSCATATUCK 
GROUP 

A 
North 

SDH 291 

160 

320 

o 
400 

I 

Gamma Ray 
API un i ts 

400 

800 
I 

- - - -Clegg Creek -
Member 

Cam p Run 
Member 

.Morgan Trail 
Member 

Selmier 
Member 

60 

SDH 304 
Gamma Ray 

o API units 400 

SDH 305 
Gamma Ray 

LI __ -L __ -L ___ ~ 

400 800 
LI ---L __ ~ _____ L_~I 

o API units 400 
L_ __ L-__ L-__ ~ __ ' 

400 
I 

800 
I 

< 

_ £ !:.r~o!..o!!./'!.!_:o !..F!!...e~fiE! _ 
-----------

DATUM LINE 



SDH 290 

o 
400 

Gommo Roy 
API units 

400 

800 

~ Brownish - black shale 

E=~=~=3 Greenish- gray shale 

~ Limestone 

SDH 70 

ROCKFORD 
LIMESTONE 

60 

80 

100 

120 

140 

160 

I ~, Calcareous 

~Dolomite 

f: d Sandstone 

shale 

SDH 309 

40 

DATUM 

EXPLANATION 

= Phosphate nodule 0 

~.o Phosphatic debris 0 

<= Chert nodule , 

Gommo Ray 
o API units 400 
L' __ -L __ -L __ -L ___ ' 

400 

Pyrite 

Carbonate lamino 

GI:lUconite 

800 

Clegg Creek 
Member 

Camp Run 
Member 

Morgan Trail 
Member 

Blocher 

V Fracture 

= Brecciated zone 

• Tosmonites 

A' 
South 

SDH 308 

o 
Gammo Ray 
API units 

400 
~'--~--__ L-__ ~ __ _ J 

400 , 800 , 

.<f1 Conodont 

Ii) Crinoid columnal 

{j Lingula 
CD Siderite nodule - Vitrain • Protosalvinia (Foerstia) -v Fossil (macro) 

z 
<[(J) 

-~ cr u =>0 
~cr 
(J) 

Fip, . 4 . Stratigraphic cross sect1an showinr. subsurface correlation of the New Albany ShaJe in Southeastern Indiana. Datum is the base of the Clegg 
Creek Menber . No horizontal scale. Locations shown in fip,ure 3 . 



car bon by weight (figs. 5 and 6) . This unit is 5 
t o 15 feet thick in southeastern Indiana . 9 

In several cores vertical fractures are pre
sent , and in ou t crop exposures the shale is jointed . 
The Blocher contains some fossils, including 
Tas~, conodonts , ~liolina , Tentaculites, 
lingul oid brachiopods , and so~e small calcareous 
brachiopods . Although the Blocher contains an 
average of 8 . 5 percent organic carbon , it is char
acterized by a low to moderate intensity on garnma
ray logs (fig . 4) . 

Selmier l1e~ber 

In southeastern Indiana the Selmier Member 
consists predominantly of greenish- I;ray (5GY 6/1) 
to olive-gray (5Y 4/1) shale , but it also contains 
small amounts of brownish-black shale , dolomite, 
li~estone , and thin beds of quartzose sandstonp. 
Besides laminae and thin beds of carbonate rock , 
t he Selmier in some areas contains dolomitic 
septarian concretions as much as 2 feet thick and 
5 feet in diameter . At the base of th~ Selmier 
are thin fine- to medium- grained light- gray calcar
eous pyritic quartzose sands(one beds . In many 
places these beds contain abundant phosphatic 
debris and carbonized plant remains . The organic
carbon content of the Selmier is low, co"~only less 
than 1 percent by weight, although some beds in the 
lower part of the member contain as much as 7 per
cent (fig . 5) . 

The Selmier is absent from most of Clark 
County . The member is 6 feet thick in the Scott 
County core and thickens northward to 28 feet in 
the core taken in northern Jackson County (fig . 4) . 
The northward thickening of the SeImier appears in 
part to be the result of a facies relationship with 
the overlying Norgan Trail Ilember . 

The Se1clier contains conodonts , a few pelec
ypods and gastropods, and Spathiocaris and other 
crustaceans . lO,ll Burrows and trace fossils are 
also present. The Sel~ier is characlerized by low 
to rno~erate intensity on ganrna-ray logs (fig. 4) . 

Horgan Trail tlenber 

The llorgan Trail Nember consists mainly of 
brownish- black (5YR 2/1) to olive-black (5Y 2/1) 
finely laminated siliceous shale with numerous 
pyritic and carbonate laminae and beds, but it also 
contains a few thin beds of oliv~-gray (5Y 4/1) 
shale . The organic content is about 5 to 6 percent 
by weight (figs. 5 and 6). The unit ranges from 22 
to 38 feet in t;,ickness (fig . 4) . From Clark 
County northward the lorgan Trail thins as ~he 
Se~mier increases in thickness . Spores (Tasmanites) 
ere fairly common, particularly in the upper part of 
the uni t. In outcrop exposures the shale is joint
ed; a few small fractures were noted in two of the 
cores . This member is characterized by moderate to 
high gamma-ray intensity (fig . 4) . 

Camp Run Member 

The Camp Run lIember consists of greenish-gray 
(5GY 4/1) to olive- gray (5Y 4/1) shale interbedded 
with brownish-black (5YR 2/1) finely laminated 
organic- rich shale. The ar.lOunt of organic carbon 
in the Camp Run lIember ranges f r om less than 1 per
cent in the greenish-gray shale to slightly more 
than 11 percent in the brownish- black shale . In 
general the upper one-half to two-thirds of the 
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Ca~p Run contains a higher concentration of organic 
material than the lower part of the unit (figs . 5 
and 6) . 

The unit is fairly uniform in thickness 
throughout t he study acea and ranges from 24 to 28 
feet in thickness . The Ca~p Run Member is 
charac t erized by moderate to high gamma-ray inten
si t y; the upper part of the member generally has 
higher intensity (fig. 4) . While the contact be
tween the Ca~p Run Member and the underlying 
Morgan Trail Member is eabily recognized in cores , 
this contact is difficult to distinguish on some 
gamma-ray logs . 

Clegg Creek Member 

The Clegg Creek Hember is the upper~ost Member 
of the New Albany Shale in southeastern Indiana . 
The unit is characterized by brOlmish-black (5YR 
2/1) to black (Nl) finely laMinated py r itic organic
rich shale . The Clegg Creek contains the highest 
concentrations of organic material ill the New 
Albany (figs . 5 and 6) . Organic ca r bon generally 
averages More than 12 percent by weight . The Clegg 
Creek r-:·.!Mber is about 40 feet thick in Jackson , 
Scott , and Clark Counti~s, but it thins southwa r d 
to 22 feet in the Harrison County core . This 
thinn ing is in the upper part of the ree~ber 
(fig . 4). 

Protosalvinia (Foerstia) was recognized in the 
uppe r part of the Clegg Creek Member (fig . 4) . 
Conodonts , linguloid brachiopods, and Tas~anites 
are also pr esent in the brownis h-black s hale of 
the ~legg Creek . In outcrop exposures the Clegg 
Creek is jOinted; SMall fractures were noted in 
sever al cores . The ~ember is characterized by very 
high intensity on gamMa-ray logs (fig. 4) . 

In the study area several thin beds have been 
formally recognized in the upper part of the Clegg 
Creek . In ascending o rder these are the Falling 
Run Bed , the Underwood Bed, the Henryville Bed , and 
the Jacobs Chapel Ded (fig . 2) . Earh of these 
beds is c~aracterized by distinctive lithology and 
composition . The Falling Run Bed is an interval of 
phosphate nodules 0 . 2 foo t thick that have hinh 
concentrations of P205 and yttriurn . 12 So~e nodules 
from the Falling Run Bed contain articulate and 
inarticulate brachiopods , arthropods, fish remains, 
and plant fossils . lO The Underwood Bed consists of 
th in (0 . 4 foot) greenish-gray shale . This bed is 
known f r OM only a single locality in Clark County 
and contains a prolific fauna of conodonts and 
scolecodonts . The conodonts indicate that the 
Underwood is Kinderhookian in age . ~u Sparse 
phosphatic nodules within the shale of the Under
wood Bed also contain pelecypods , gastropods , and 
articulate and inarticulate brachiopods . lO The 
Henryville Bed consists of a thin (0.5 to 1 . 7 feet) 
brownIsh-black (5YR 2/1) to black (Nl) shale with 
high concentrations of t race elements and organic 
carbon . 12 In several cores the organic carbon in 
the Henryville is greater than 20 percent by weight 
(fig . 6) . Th~ Jacobs Chapel fled is the uppermo~t 
bed of the Clegg Creek Member and is a thin (0 . 2 to 
0.6 foot) greenish- gray glauconitic shale . The 
Jacobs Chapel is recogni zable wherever the Rockford 
Limes t one is present in southeastern Indiana. 

The Devonian- Mississippian boundary is near 
the top of the Clegg Creek Member in the outcrop 
area in southeastern Indiana . The Undecwood Bed 
contains a conodont fauna which is Early Ilississip-
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pian in age . The Devonian-Nississippian boundary is 
at or just below this bed . 13 

Overburden 

In southeastern Indiana south of the 
Wisconsinan glacial boundary the New Albany Shale 
crops out at the surface or beneath thin glaCial 
deposits . The unconsolidated material overlying 
the shale is less than 50 feet thick except along 
the Ohio River, in eastern Jackson County , and in 
northwestern Scott County . 14 

Immediately west of the outccop belt the ohale 
is overlain by the Rockford Limestone, which is 3 to 
6 feet thick , and tha New Providence Shale , which is 
125 to 150 feet thick . The Rockford Limestone is 
thin and would probably not present any probleMs in 
su rface nining . The New Providence Shale , however , 
is a fairly soft incompetent unit that might re
strict the movement of heavy equipmen t in a surface 
Mine . 

Oil Yields 

Data on oil yields from the New Albany Shale 
in Indiana are limited . In 1922 John Reeves15 r e
ported yields from 6 to 14 gallons of oil per ton 
of shale by standard retorting methods . This in
volved Simply heating the shale in a closed retort, 
similar to the standard Fischer Assay . 

I!einschein determi"ed the oil , water , and gas 
yields and organic-carbon content of ~elected 
samples from a COL'e of the New Albany Shale from 
Sullivan County in southwestern Indiana . 16 He re
ported that a linear relationship exists between oil 
yield and organic-carbon con tent of the shale . The 
slope of the oil-yield plot corr esponds to an oil 
yield of about 1 gallon of oil per ton of shale per 
1 percent organic carbon (fig . 7) . A similar rela
tionship between the oil yield and organic-ca rbon 
con tent appears to exist in the Sunbury Shale and 
the Cleveland I!ember (Ohio Shale) high-grade zone in 
Lewis and Fleming Counties , Ky . 17 

The per=entage of organic ca rbon by weight has 
been determined for the seven cores of the New 
Albany Shale from southeastern Indiana . In our 
quantitative es timates of reserves we plan to 
aSSume that the oil yield will be 1 gallon of oil 
per ton of shale per 1 percent organic carbon . 

Oil Shale Intervals with I~Jor Potential 

The stratigr aphic intervals with the highest 
concentrations of organic carbon in the study area 
are the Blocher , the upper part of the Ca~p Run, 
and the Clegg Creek . Because the Blocher is gener
ally less t!lan 15 f~et thick and contains an aver
age of less than 10 percent or ganic ca rbon , it is 
considered only a ~arginal r esource now . The upper 
part of the Camp Run I!ember contains an average of 
7 to 8 percent organic ca rbon by weight, and the 
Clegg Creek l!ember contains an average of more than 
12 percent . The combined thickness of the upper 
part of the Ca~p Run Member and the Clegg Creek 
ranges from 51 to 58 feet, and the interval con
tains an average of more than 10 percent organic 
ca rbon by weight . 

Future Work 

The Indiana Geological Survey will be prepar
ing reserve estimates of recoverable oil in the 
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New Albany Shale . Additional cores will be obtain
ed and analyzed . The Lhickness and extent of the 
upper Camp Run- Clegg Creek interval will be deter
min~d , and the thickness and extent of overburdt!n 
will be mapped . Reserves will be calculated for 
areas where the reserve interval is thick enough 
and overburden thin enough to permit shale recovery 
b:, s urface nining . 
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Chemical Composition of the 
New Albany Shale in Indiana 

by 

R.K. Le ininger 
Indiana Geological Survey 

Bloomington, Indiana 

Abstract. 

The New Albany Shale (Devonian and Mississippian) in Indiana 
consists of several lithologies of which the two most prevalent 
are silty shale with significant organic mltter and the same 
matrix without organic matter. Carbonate mineral~, mostly 
dolomite, may be present and even form beds of impure carbonate 
rock as much as about 2 feet thick. Quartz, dolomite, ca l cite, 
pyrite, or rarely fluorite or barite may be present as paper· 
thin laminae that show on cores as white streaks parallel to 
bedding. Pyrite and (or) ma rcasite, siderite, dolomite, and 
apatite form nodules or concretions; some carbonate concretions 
are more than a foot in diameter . 

The composition of the black shale of the Antrim Shale re
ported by Ruotsala, Sandell , and Leddy at the 1981 annual meeting 
of the AAPG inc luded (in weight percent) 30 Si, 8 Al, 4 Fe, 2 Mg, 
3 Ca, 2 S, and 5 C. Co nverted to oxides, except Sand C, these 
add to 99 percent and are similar to our figure s , altho~gh they 
are somewhat high for Mg and Ca and do not allow for the normal 
2 to 5 percent potassium, sodium, and titanium oxides. 

At many locations in Indiana the topmost 1- to 3-foot inter
val, usually underlain by a phosphatic bed, is highest in organic 
carbon and certain trace elements, including Mo, Ni, V, and Zn. 
Sphalerite and chalcopyrite have been observed by reflected 
light microscopy and energy dispersive X-ray spectrometry. 

For development of the New Albany Shale as an oil sha le, 
the most important constituents are organic carbon and hydrogen. 
In Indiana the southeastern area underlain by the full section 
of thp. New Albany Shale is the most promising . Five cores from 
Scott, Jackson, and Clark Counties were found to contain between 
50 and 60 feet of shale with an average of 10 to 11 percent 
organic carbon. 
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Geochemistry of the New Albany, 
Ohio and Sunbury Shales in East 

Central Kentucky 
by 

Alan E. Bland 
Thomas L. Robl 
D.W. Kop).<enaal 

Ins itute for Mining & Minerals Research 
University of Kentucky 

Lexington, Kentucky 40512 

Introduction 

Resource assessmer,t work in Lewi sand Fl emi ng 
Counties, Kentucky has indicated that Kentucky oil 
shales are potential synthetic fuel feedstoc.ks. A 
summary of this previous work is presented ir. 
another paper at this symposium (1). The Insti
tute for Mining and Minerals Research (IMMR) of 
the University of Kentucky is continuing this work 
throughout the oil shale outcrop with support from 
the U. S. Department of Energy and the Kentucky 
Oepartment of Energy. This paper presents our 
evaluation to date of the oil shales in the east
central portion of the central Kentucky outcrop 
belt. It includes the analysis of shales from 
Rowan, Bath, Montgomery, Powell, and Estill 
Counties, Kentucky , and a comparison with data 
obtained earlier on the Lewis-Fleming County 
shales. Stratigraphic and geochemical data we:'e 
obtained to provide: 1) basic information to 
assess the nature of the oil shale as a synthet ic 
fuel feedstock; 2) preliminary informat~ on on the 
potential for by-product recovery; and 3) prel im
inary information on the reclamation and environ
mental characteristics of the resource. 

Project Sampling and Analysis 

Eleven NX cores were drilled near the outcrop 
in a northeast-southwest trending line in Rowan, 
Bath, Montgomery, Powell, and Estill Counties (0-
series of Figure 1). The coring was continuous 
with l~e Lewis-Fleming County work to the north 
(2), and was concentrated in regions which have 
potential for surface mining. Sample analysis was 
comparable to that used in the Lewis-Fleming 
County work. 

The cores were described and measured in the 
field and returned to the Kentucky Center for 
Energy Research Laboratory. Each core was sawed 
in half and samples collected on a 2- to 6-foot 
interval basis. A total of 692 samples were gen
erated. Each sample was jaw crushed to approx i
mately -1/4 inch and roller-milled to approxi
mately -10 mesh. Two 2S0-gram fractions were 
riffled out of each sample. One fraction was 
retained for Fischer Assay, and the second was 
reduced by ring and ~uck grinder to -360 mesh. 
Moisture, ash, carbon, hydrogen, nitrogen, and 
sulfur analyses were performed on the finely 
ground fraction. Ash determinations were per
formed at SOO·C to prevent the volatilization of 
trace elements. Major element oxide and trace 
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element determinations were performed on the SOO·C 
ash fraction by X-ray fluorescence using interna
tional rock and mineral standards for calibration. 

Oil Shale Stratigraphy 

The stratigraphy and lithologies of the oil 
shale units and associated strata are discussed in 
detail in a previous paper at this symposium (1) 
and only a summary is presented here. The princi
pal units of interest include (top to bottom) the 
Sunbury Shale (an oil shale), the Bedford Shale (a 
gray clay shale), and the Ohio Shale. The Ohio is 
divided into the Cleveland Member. the Three Lick 
Bed, and the Huron Member. These units are pri
marily oil shales; however, the Three Lick Bed and 
the lower Huron are significantly thick with bar
ren, bioturbated, green-gray shales. 

Figure 1. Distribution of Cores in the Study Area 
(u Series of Rowan, Bath, Montgomery, 
Powell, and Estill Counties) With 
Distribution of Cores From Previous Work 

(K Series of Lewis and Fleming Counties) . 



Thicknesses of the principal oil shale stra
tigraphi~ units are presented in Table 1. All of 
the units thin significantly toward the south in 
the study area (Rowan, Bath, Montgomery, Powell, 
and Estill Counties). The largest relative change 
is in the Sunbury Shale, which decreases from 16.7 
feet in Rowan County to 4.0 feet in Estill. The 
total thickness of the Ohio changes from 215.9 to 
133.8 feet over this same region. 

Organic Geochemistry 

Carbon 1S presented and discussed in this 
paper as total carbon. Mineral-bound carbon (from 
dolomite, CaMg(C03)2 and calcite, CaC03) is 
also present. Mineral carbon determination~ were 
performed on the K-5 core from Fleming County to 
the north of the study area (2, 3). The average 
values found for the Sunbury, Cleveland, and Huron 
intervals were 0.01, 0.06, and 0.13% as C. Al
though this determination has not been completed 
for all the samples 0 this study, the Sunbury and 
Cleveland intervals of the 0-6 core had mean 
values of 0.02 and 0.04% as C. Thus, mineral car
bon is an insignificant fraction of total carbon 
in these samples, and the carbon data is indica
tive of organic content. There is one small 
exception to this observation. In cores 0-5, 0-6, 
0-7, and 0-8 the basal 2-12 feet of the Huron con
tains a dolomitic lithology ref~~red to as the 
Duffin (4) where mineral carbon is expected to be 
a significant component. 

Hydrogen has been corrected for surface-bound 
water, but not mineral-bound water, as this is a 
difficult determination for materials of this 
type. The consistent nature of the inorganic 
chemistry of the cores indicates that stratig
raphic and geographic variations in hydrogen are 
probably related to changes in the chemistry of 
the organic matter. 

A bar graph of carbon distribution in three 
of the study cores (one each from the northern, 
central, and southern portions of the study area) 
is presented in Figure 2. The carbon decreases in 
cor.centration from values in the 10- 15% range in 
the Sunbury and upper portion of the Cleveland to 
4-6% in the Three Lick Bed and upper Huron, and 
increases to 8-12% in the basal portion of the 
Huron. The changes in thickness in the stratigra
phic units in the study area do not affect the 
carbon distribution pattern beyond compressing it 
to some degree. The stratigraphic distribution of 
hydrogen (Figure 3) and nitrogen follow that of 
carbon closely with the highest concentration 
found in the upper and lower portions of the 
cores. 

Mean values of C, H, and N are presented in 
Table 2 for each of the cores. The values have 
been weighted for individual sample interval 
thicknesses. The grand average among all the 
cores' means is presented in Table 3 along with 
coefficients of variation (standard deviation/mean 
X 100) for the core data. The variability of 
shale chemistry for the defined stratigraphic 
units is not large, with coefficients of variation 
of approximately 10% calculated for the Sunbury 
and Cleveland. The Huron is somewhat less uni
form, with coefficients of variation of 16, 14, 
and 21% calculated for C, H, and N, respectively. 

The variability of the organic chemistry of 
these cores is significantly greater than what was 
found for those drilled in Lewis and Fleming Coun
ties (2). Those coefficients of variation were 
less than 3% for carbon and less than 7% for 
hydrogen and nitrogen for these same stratigraphic 
units. This increased variability ir. chemistry is 
a reflec tion of geographic trends , discussed later 
in this paper. 

Table 1. Thicknesses (in feet) Of Oil Shale Stratigraphic Units As Determined From Study Cores. 

Ohio Shale 
Sunbury Clevelar.d Huron 

Core County ~ Member Three Lick Bed Member 

0-11 Rowan 16 .4 49 .5 10.7 125 .4 

0-1 Rowan 16 .7 49.4 10.9 124.4 

0-2 Bath 14 .7 46 .7 10.2 112.8 

0-3 Bath 12 .4 41.4 9.5 116.2 

0-4 Bath 12 .6 44 .0 8. 3 106 .6 

0-5 Montgomery 9.1 42.6 7.2 104.6 

0-6 Montgomery 6.1 38 .3 5.4 96 .0 

0-7 Powell 6.B 41.3 6.2 98.7 

0-8 Powell 5.1 41.4 5.9 97.0 

0-9 Estill 5.3 34.9 5.3 75 .6 

"-10 Es till 4.0 33.4 4.5 72.7 
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528 

27 

98 

107 

97 

124 

236 

209 

Table 2 Continued 

ON 7 

Sun Cleve Hur 

14 .84 10.17 7.20 

2.05 1.2'i .71 

0.45 0.30 0.23 

4.16 2.89 3.60 

64 .65 

0.77 

15.77 

8.59 

0.53 

1.44 

4.11 

0.46 

0.19 

610 

26 

154 

147 

311 

279 

794 

1328 

66.50 

.84 

15.31 

6.63 

.81 

1.32 

4.13 

.55 

0.21 

569 

19 

162 

101 

104 

131 

670 

448 

61.13 

0.8~ 

15.40 

7.88 

2.17 

2.11 

4.08 

0.56 

0.18 

560 

25 

89 

82 

84 

104 

216 

185 

Sun 

15.11 

1. 91 

0.49 

4.52 

62.82 

0.76 

15.41 

9.71 

1.11 

1.40 

4.10 

0.3[1 

0.27 

722 

26 

158 

160 

318 

344 

899 

1406 

DN 8 

Cleve Hur 

9.87 

1.10 

0.28 

3.19 

65.93 

.83 

15.19 

6.99 

.88 

1. 31 

4.10 

0.38 

0.19 

567 

20 

161 

104 

103 

133 

660 

412 

6.75 

.78 

.22 

3.46 

59.93 

0.81 

15. i3 

7.93 

2.88 

2.51 

4.0~ 

0.47 

0.11 

549 

26 

93 

8~ 

82 

103 

7.14 

.189 

Sun 

14.00 

1 58 

0.47 

3.39 

62.41 

0.84 

15.92 

7.68 

1.16 

1.41 

4.31 

0.44 

0.33 

587 

24 

172 

149 

275 

292 

934 

1455 

ON 9 

Cleve Hur 

9.95 

1.13 

0.30 

2.85 

63.94 

0.84 

14.96 

6.92 

1.52 

1.33 

3.95 

0.59 

0.48 

527 

19 

154 

100 

105 

129 

654 

390 

6.38 

.71 

.22 

4.21 

60.90 

0.86 

15.87 

8.97 

1.43 

1.59 

4.08 

.56 

0.15 

521 

27 

94 

71 

88 

95 

230 

168 

Sun 

12.51 

1.22 

.42 

3.04 

61.21 

0.82 

14 .83 

6.64 

3.71 

1.31 

4.23 

0.50 

0.89 

562 

22 

153 

117 

90 

239 

713 

1132 

ON 10 

Cleve 

9.65 

. <;2 

.31 

3.22 

64.62 
0.86 

15.24 

7.12 

1.13 

1.33 

4.08 

0.53 

0.27 

551 

20 

159 

103 

101 

131 

652 

370 

Hur 

6.30 

.75 

.21 

3.86 

62.58 

0.90 

16.68 

8.23 

0.88 

1.38 

4.33 

.53 

0.10 

538 

27 

92 

69 

89 

96 

226 

331 
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A comparison of particular stratigraphic 
intervals throughout the study area shows less 
variation than a comparison of stratigraphic 
intervals within a single core. For example, the 
coefficients of variation were computed for the 
individual samples of the Sunbury, Cleveland, and 
Huron intervals for the 0-5 core. In this core 
the sample intervals were relatively uniform and 
consisted of 52-foot samples in the Sunbury, 22 
2-foot samples in the Cleveland, and 22 4-foot 
samples in the Huron. Although not exactly com
parable, this information does provide a general 
indication of relative variability. The stratig
raphic coefficients of variation for C, H, and N 
were 2-4 times greater than the variation among 
the cores. 

Sulfur fOllowed a grossly similar trend to 
carbon, with highest values in the upper and lower 
sections of the cores. The Huron averaged 3.58% 
compared to 3.70% for the Sunbury. Much of this 
sulfur, however, is present in the high carbon 
interval at the base of the unit, where values of 
5-7% were found. Previous determinations (2) 
indicated the principal form of sulfur to be 
pyritic. 

Inorganic Geochemistry 

Major and trace element determinations were 
performed and are presented as percent or ppm of 
the 500·C ash fraction of the samples. This was 
done to eliminate the effect of variation in 
organic content and to facilitate comparisons. 

When the major element chemistry for the 
various stratigraphiC units are compared, no large 
differences are found (Tables 2 and 3). The con
centration of A12J3 in the shales is less than 
what would be expected from a clay shale, which 
together with the Si02 content, indicates a 
significant quartz content. The level of K20 
present (about 4%) indicates that the clays are 
primarily illitic, which agrees with mineralogic 
determinations made on the shales (5). The CaO 
concentration in all of the stratigraphic units is 
low (generally les~ than 1.0% (Table 2)), which is 
in agreement with the previous observations made 
for mineral carbon. Calcium content is generally 
higher in the Huron, particularly in the 0-5 
through 0-8 cores where the Duffin lithology is 
pr~sent. There is also a small geographic trend 
of increasing CaO concentrations from north to 
south in the study area. 

The coefficients of variation determined 
among the cores for the major element oxides are 
generally very low (Table 3) and in many cases 
almost at the level of analytic uncertainty. Two 
exceptions to this are CaO and P205 which are 
associated with carbonate minerals and phosphate 
nodules. These are not part of the primary 
lithologies of the shale and are subject to being 
either locally abundant or absent. 

Unlike the organic elements, the major 
element chemistry does not show large stratigra
phic zonation compared to its lateral continuity. 
Coefficients of variation for the stratigraphic 
intervals for the 0-5 core are only slightly 
greater than those calculated for the average core 
data (Table 3). 
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The concentration and distribution of the 
determined trace elements are stratigraphically 
controlled. Highest concentrations are found in 
the Sunbury, followed oy the Cleveland and the 
Huron. The elements which show the greatest 
zonation based on stratigraphic unit include Mo, 
Ni, V, and Zn. Each of these elements is found to 
have concentrations in the Sunbury at levels of 
2-3 times those of the other units (Table 2). 

As in the case of the m. jor elements, the 
coefficients of variation calculated for the trace 
elements among the cores for the stratigraphic 
intervals are very low in most cases (Table 3). 
Unlike the majors, however, the stratigraphic 
variations calculated for the 0-5 core are high. 
This is reflective of zonation within the individ
ual stratigraphic units. 

Trace-element major-element associations in 
the oil shales have been a subject of several 
studies (6, 7). In general, the trace elements 
can be divided into three groups: those which 
have an affinity for carbon (Cu, Cr, Ni, V), those 
which have an affinity for sulfur (Co, Zn), and 
those which have an affinity for the silicates 
(Ba, Sr, Rb). The associations are also, to some 
degree, stratigraphically dependent. For example, 
in the shales from Lewis and Fleming Counties, Cr, 
Ni, and V concentrations were found to be strongly 
correlated with carbon concentration (correlation 
coefficients = .95, .91, and .82, respectively) in 
the shales of the Cleveland Member, but not 
strongly correlated in the Huron and Sunbury (7). 
Zn is listed as having an affinity for sulfur, 
even though it did not have a significant correla
tion. It is often associated with its own r,lineral 
phase (sphalerite, ZnS) and the lack of correla
tions with total sulfur is not surprising. The 
trace element affinities discussed are similar to 
the observations of Keogh (8) who studied the 
trace element chemistry of the organic matter sep
arated from the shale. 

Geochemistrf of Defined 
Economlc Zones 0 the Study Area 

Economic zones were defined, based on carbon 
concentration, for resource assessment purposes 
and are discussed in a previous paper at this 
s)1Tlposil.m (1). Two intervals were defined and 
include the entire Sunbury Shale, and the upper 
portion or high grade zone (HGZ) of the Cleveland 
Member of the Ohio Shale. The Cleveland IIGZ 
extends from the top of the Cleveland Member to 
the pOint where carbon concentration drops below 
8%. The Sunbury averaged 13.28% carbon and 1.55% 
hydrogen. The Cleveland HGZ averaged 11.09% car
bon and 1.30% hydrogen. The average chemical COOI
positions for t~ese intervals are presented in 
Table 4, along with the composition of the total 
Cleveland for com~arison . 

A third zone containing carbon in excess of 
8% was identified in the lower Huron. However, 
because of the thick sequence of lean (less than 
8% carbon) shales between the Cleveland HGZ and 
the Huron high carbon zone, it was not inCluded in 
the resource assessment. It may be of local sig
nificance or of value for underground mining. 

The Sunbury Shale thins to the south in the 



study area from a high of 16.7 feet in 0-1 in 
Rowan County to a low of 4.0 feet in 0-10 in 
Estill County (Table 1). This regional thinning 
of the Sunbury does not appear to be gradual, but 
instead appears to occur in steps. The most obvi
ous step occurs between 0-4 and 0-5 with a 3.5 
foot decrease in thickness (Table 1). 

The Cleveland HGZ shows a general thinn i ng 
to the south from a high of 32 feet in 0-1 in 
Rowan County to a low of 23.2 feet in 0-10 of 
Estill County. The most rapid change in thickness 

occurs between 0-8 and 0-9 (Powell and Estill 
Counties) whei~ the urit decreases by approxima
tely 5 feet (Table 5j. 

Physical and Chemical Trends 
in the Defined Economic Zones 

The analysis of the O-series cores, in con
junction with the previous resource assessment 
work in Lewis and Fleming Countip.s, defined some 
of the chemical and physical trends in the eco
nomic zones throughout the eastern portion of the 

Table 3. Mean Values And Coefficients of Variation of the Oil Shale Units of O-Series Cores. 

Sunbury Cl eve1 and Member Huron Member 

X5 6 7 X V c~ Vs X Vc V 
Vc Vs 

s 

n8 (11 ) (5) (11) (22) (11 ) (22) 

Cl 13.34 10 22 9.71 4 23 6.60 14 42 

H 1.53 18 24 1.10 10 36 .74 10 44 

N 0.44 10 20 0.31 8 32 .23 16 54 

S 3.70 12 27 2.79 10 15 3.61 7 39 

Si02
2 64.14 3 4 68.85 2 62.05 2 10 

Ti02 0.76 6 5 0.86 2 8 0.85 4 11 

A1 2033 15.58 2 13 15.56 3 6 16.17 5 13 

Fe203 
8.14 11 21 6.67 4 10 8.23 4 27 

CaO 0.89 111 97 0.83 34 57 1.36 63 76 

"~O 
1.43 4 15 1.37 4 7 1. 79 22 81 

K20 4.12 3 8 4.16 2 5 4.26 3 10 

0.37 19 19 0.50 16 18 0.53 9 17 Na 20 
0.29 77 102 0.22 44 107 0.12 22 48 

P20E 

Ba4 622 7 4 572 4 4 564 5 18 

Co 24 6 15 19 3 6 27 3 19 

Cr 175 11) 25 160 3 29 93 3 23 

Cu P 4 12 22 97 6 33 74 19 79 

Mo 297 14 59 104 4 37 86 6 39 

Ni 288 14 41 1':9 3 18 96 13 42 

V 1112 ?6 52 671 4 49 217 5 20 

Zn 1198 14 94 414 8 61 189 26 71 

1. C. H. N. and S as weight percent raw sample, hydrogen corrected for surface moisture 

2. Major elements as weight percent 5000 ash 

3. Total iron reported as Fe203 
4. Trace elements as ppm 50QOC ash 

5. Grand average for mean values of stratigra phic intervals for the 11 O-series cor~s 

6. Coefficient of variation among core values in percent (standard deviation/mean xlOO) 

7. Coefficient of variation for samples within a stratigraphic interval, data for ~-5 core (see text) 

8. Number of values for Vc and Vs 
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Table 4. Geochemistry of the ~efined Economic Zones 
of the Study Cores 

Sunbury Shale3 Cleveland HGZ4 Cleveland MemberS 

Cl 13.28 11 .09 9.64 

H 1.55 1.30 1. 12 

N 0.44 0.36 0.32 

S 3.70 2.93 2.77 

Si02 64.18 66.16 65. 78 

Ti02 0.76 0.82 0.85 

A1203 15 .58 15.15 15 .57 

Fe203T 8.12 6.83 6.67 

CuO 0.88 0.84 0.90 

MgO 1.43 1.36 1.37 

K20 4.11 4.08 4.13 

Na20 0.38 0.47 0.50 

~205 0.29 0.28 0.22 

Sa 622 568 570 

Co 24 19 " 
Cr 174 185 151 

Cu 134 114 97 

Mo 298 ~ 104 

Ni 288 139 129 

V 1155 796 677 

Zn 1202 510 41 2 

Fischer 11.4 11 .4 
Assay2 

l. See footnotes in Tables 2 and 3. 

2. Fischer Assay in gallcns/ton. 

3. Grand average for mean values of defined stratigraphic 
intervals for lID-Series cores. 

4. Cleveland High Grade Zone. 

5. Total Cleveland. 

central Kentucky oil shale outcrop belt. Table 5 
presents a summary of carbon, hydrogen, and 
selected trace element data, along with measured 
thicknesses of the economic zones for the 0 and K 
series cores. The core data are listed approxima
tely from north to south along the strike of the 
Ohio Shale. Seven cores, one from each of the 
counties investigated, are illustrated in Figures 
4 and 5 (see also Figure 1). 

1~ 

The Cleveland HGZ is very consistent in 
thickness through most of the eastern Kentu~ky 
outcrop belt, but shows significant thinning south 
of the 0-8 core (Powell County). One apparent 
exception to this is the 0-3 core. Examination of 
this core indicated that the top of the Cleveland 
at this site may be scoured out by local channel
ing in the Bedford Shale and thus is not represen
tative of regional trends. Throughout the Lewis 
to Powell County region (cores K-8 through 0-8) 
the total Cleveland decreases in thickness by 
about 10 t eet, indicating that the thinning of 
this unit 1s taking place in the leaner shales 
below the high grade zone cutoff. 

The Sunbury Shale is found to be relatively 
consistent in thickness in the northern portion of 
the eastern oil shale outcrop belt and shows a 
trend of thinning from Bath County southward. 

In addition to the thinning of the economic 
zones to the south, there is a marked decrease in 
interburden thickness (Figure 4, Table 5). This 
thinning includes the disappearance of the Berea 
Sandstone at about the Lewis-Fleming County line 
(2), as well as a decrease in thickness of the 
Bedford Shale from a high of 67.8 feet in Lewis 
County to a low of less than 1 foot in the south
ern part of the study area. An obvious stepping 
decrease in thickness also occurs with the Bed
ford. This break in thickness occurs between 0-4 
and 0-5 where the Bedford decreases from 14 feet 
ir. 0-4 to less than 1 foot in 0-5. This break in 
thickness coincides with a break in thickness of 
the Sunbury. The causes of these abrupt thickness 
changes are beyond the scope of this paper. How
ever, preliminary evaluations indicate that they 
are probably tectono-depositional in character. 
The details of this tectono-depositional relation
ship are presently the subject of further study by 
IMMR personnel. 

Several notable trends are present in the 
chemistry of the defined economic oil shale units. 
The hydrogen and carbon contents of the Sunbury 
Shale increase from approximately 11% C and 1.1% H 
in Lewis County to 15% C and 2% H in Powell County 
(Table 5), decreasing again south of Powell Coun
ty. The most rapid increase in carbon and hydro
gen occurs where this unit thins, and may be 
reflective of slower depositional rates. 

Regional trends in the Cleveland HGZ were not 
as strong as those in the Sunbury. The average 
carbon and hydrogen contents for the K-series 
cores (Lewis and Fleming Counties) were 11.11% C 
and 1.21% H, while the O-series averaged 11.09% C 
and 1.30% H. 

The concentrations of certain trace elements 
also appear to show regional trends. As an 
example of these trends, Figure 5 presents the 
regional distribution of Mo, Ni, V, and Zn. Each 
of these elements shows a slight overall decrease 
in concentration between Lewis County (K-9 or 8) 
in the north and Estill County (0-10) in the south 
for both the Sunbury and the Cleveland HGZ. 
However, the regional trends for the Sunbury are 
somewhat obscured by an increase in concentration 
for Mo, Ni, and Zn, and a decrease in concentra
tion for V in the region between Montgomery and 
Powell Counties. The cause for these regional 
anomal ies is presently unclear. 
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Figure 4. Mean Carbon, Hydrogen, Sulfur, and 
Thickness Data for Defined Economic 
Units of Study for Selected Cores 
From Eacr. of the Counties Investi
gated t o Date. Also Presented is 
the Thickness of the Units (Inter
burden) Separating the Defined 
Economic Units . 

Economic Implicat ions of Regional Trends 

The r egion al trends i n the stratigraphy and 
geochemis try of the defined economic units are 
re l evant t o mining, processing, and by-product 
recovery potential . Data relevant to these 
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Figure 5. Mean Trace Element Concentrations 
for Defined Economic Units for the 
Cores of Figure 5. Data Presented 
as ppm 500°C Ash. 

r-

economic considerations are presented in Table 5. 
The data for t~e total economic zone are weighted 
for the thickness of the Cleveland HGZ and Sunbury 
Shale and therefore are representative, at least 
to some degree, of potential feedstocks for a 
retorting system. 

The decrease in thickness, from north to 
south, of the stratigraphic units which separate 
the Sunbury Shale from the Cleveland HGZ is an 
important mining factor. The amount of material 
handled per ton of feedstock delivered would be 
much 1 ess in the southern count i es (Bath, Montgom
ery, Powell , Estill) than in the northern counties 
for equivalent mining conditions . However , there 
is also · a decrease in economic zone thickness from 
51 feet" in Fleming Coun ty (K-4) to approxi:nately 
27 feet in Estill County (0-10). Balancing these 
two offsetting regional trends, the southern 
resources still contain significant thicknesses of 
oil shales in a more favorable mining configura
tion. 

Regional trends also impac t process feedstock 
quality with respect to retorting. Table 5 pre-
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Table 5. Thickness and Chemi s try of the Defined Economic Zones for K and 0 Series Cores 

...... 

K-8 

K-9 

K-2 
K-3 

K-4 

K-5 

K-6 

K-7 

0-11 

Lewis 
Lewis 
Lewis 
Lewis 
Fl emi ng 
Fleming 

Sunbury 

10.90 
11.81 
11.42 
11.10 
11. 33 

11.48 
11.88 
11.43 

11.95 

H 

1.12 
1.10 
1.17 
1. 20 

1. 21 
1.28 
1. 25 
1. 23 

1.19 

IS 0-1 

Fl eming 
Fleming 

Rowan 
Rowan 

13.3 

15.3 

14.3 
16 .7 
18.4 

17 . 3 

17.6 
17.9 

16 . 4 
16.7 
14 . 7 
12 . 4 
12 .6 

11.67 1.36 

0-2 
0-3 

0-4 
0-5 

0-6 

0-7 

0-8 

0-9 

0-10 

Bath 
Bath 
Bath 
Montgomery 
Montgomery 

Powell 
Powell 
Estill 

Esti 11 

1. Thickness in feet. 

9.1 
6.1 

6.8 
5.1 

5. 3 

4.0 

12.21 1.35 

12.65 1. 59 

12. 78 1.31 
13.82 1. 58 
15.23 1.70 
14 .84 2. 05 
15.11 1 . 91 

J 4.00 1 .58 
) 2. 51 1. 22 

2. C and H as weight percent raw sample . 
3. Mo. Ni. V. Zn as ppm 500°C Ash . 

Interburden3 

Th i ckness 

116 . 2 
89 . 1 

94 .9 
55 .3 
37 .4 

35.2 
26 .7 
28 .7 

16.8 
18.2 
8. 8 

19 .1 
13.7 

0.3 

1.5 
0.6 

0.3 

0.4 
0.4 

Cleveland HGZ 
Thickness C 

31.5 
30.5 
27.9 
32.3 
32.8 

30 .0 
30.0 
31.8 

30.2 
32.0 
32.0 
25.1 
29.7 
28.8 
27 .7 
30.4 
29.4 

25 0 

23.2 

11.42 
10.47 
11.55 
10.87 

10.77 

11.26 
11.60 
10. 93 

11.40 

10.49 
10.93 
10. 83 
11.72 

10.73 
11 .49 
11.38 
11.05 
11 .16 

10.83 

!i 

1. 26 
1.18 
1. 23 
1.23 

1.11 
1. 22 
1.23 
1. 21 

1.27 

1.20 
1.17 
1. 33 
1. 26 
1. 52 
1.25 
1.47 
1.27 

1.30 
1. 02 

Thickness 

44.8 
45.9 
42.2 
49.0 

51.2 

47.3 
47.6 
49.7 

46.6 
48.7 
46.7 
37.5 
42.3 
37.9 
33.8 
37.2 

34.5 
30.3 
27.2 

C 

11. 27 
11.25 
11.52 
10.95 
10.97 

11.34 
11.70 
11.13 

11.59 
11 .19 
11.33 
11 .44 

12.04 
11 .47 

12.16 
12.01 
11.65 

11.66 
11 . 08 

Total Resource 

1. 22 
1.15 
1. 21 
1.22 

1.15 
1.24 
1.24 
1.22 

1.24 
1.26 
1.23 
1.42 
1.27 
1.53 
1.33 

1.58 
1.36 
1.35 

1.05 

140 
158 

151 
155 
151 

156 
160 
152 

171 
175 

161 
161 
152 
134 
144 
132 

123 
123 

99 

Ni 

182 
191 
186 
183 
187 

188 
189 
184 

186 
187 
1')3 

184 
172 

164 
184 
163 

169 
162 
153 

v 

1166 
1226 
1248 
1201 
1164 

1244 
1196 
1139 

1086 

1054 
974 

1015 

911 
820 

8')1 

757 

766 

768 
738 

Zn 

775 

819 
778 

763 

749 

827 
790 
842 

751 
724 
750 

708 

663 

614 
698 
669 

614 

626 
545 



sents the weighted carbon and hydrogen values for 
each of the core sites. Carbon and hydrogen 
values for the Sunbury economic zone vary region
ally. but become much more subtle when the entire 
economic zone is considered. However. there is a 
slight increase of up to approximately .6% in car
bon and up to approximately 0.3-0.4% hydr03en in 
Bath. Montgomery. and Powell Counties (0-4 through 
0-7) . 

The trace metal concentration in eastern oil 
shales have led to considerable speculation con
cerning the potential for by-product metals re
covery (9. 10. 11. 12. 13). Much of this interest 
has centered on the recovery of such metals as Mo. 
V. Ni. Co. U. Th. and A1203' Table 5 presents 
the weighted means for four metals potentially 
recoverable from the oil shale including Mo, Ni, 
V, and Zn. Regionally there is a decrease in 
trace met~ls content, in the total defined eco
nomic zone, south of the 0-3 core (Bath County) . 
This is primarily due to the thinning of the 
Sunbury Shale. 

In summary. regional trends indicate that the 
oil shale resources of Bath, Montgomery, and 
Powell Counties are most favorable of those inves
tigated to date from mining and hydrocarbon con
tent considerations. There is. however, some 
reduced potential for metals recovery from those 
resources. 

Conclusions 

• The prinCipal form of carbon present in the 
oil shale is as organic matter. Mineral
bound carbon was found to be insignificant, 
with the exception of the Duffin zone, a 
localized do lomitic lithology present near 
the base of the Huron. 

• 

• 

• 

• 

• 

Carbon and hydrogen are strongly zoned stra
tigraphlcally. with highest levels present in 
the upper and lower portions of the oil shal e 
section. The variability of the organic 
chemistry among the study cores is low in 
compari son. 

The major element chemistry is found to be 
both stratigraphically and laterally consis
tent for the oil shales. 

Trace element concentrations are found to be 
highest in the Sunbury Shale, followed by the 
Cleveland and Huron members of the Ohio 
Shale. Trace element concentrations were 
found to be strongly stratigraphically zoned, 
but relatively conSistent. among the cores . 

The major stratigraphic i ntervals of economic 
interest from a surface mining standpoint 
include the Sunbury Shale and the upper por
tion, or high grade zone (HGZ). in the Cleve
land Member of the Ohio Shale. 

The major regional trends affecting mining, 
processing, and by-product recovery (north to 
south and including Lewis and Fleming Coun
ties) inc 1 ude : 

1) the thinning and virtual disappearance of 
the stratigraphic intervals separating 
the Sunbury Shale and Cleveland HGZ; 
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• 

• 

2) the thinning of the Sunbury Shale; 

3) an increase in carbon and hydrogen in the 
Sunbury Shale (concommitant with thin
ning); and 

4) a decrease in trace element content for 
the total defined economic zone. 

The Cleveland HGZ is consistent in thickness 
and geochemistry throughout most of the east
ern portion (Lewis to Powell County) of the 
central Kentucky outcrop belt. 

Regional trends indicate that the oil shale 
resources of Bath, Montgomery. and Powell 
Counties are most favorable of those investi
gated to date from mining and hydrocarbon 
content considerations. There is. however. 
some reduced potential for metals recovery 
from those resources. 
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Abstract. 

Heightened interest in the organic rich shales of 
Mississippian and Devonian age as a source of oil has resulted 
in intensive leasing along the shale outcrop belt in Kentucky. 
Eleven cores of the black shales from the counties of Rowan, 
Bath, Montgomery, Powell, and Es till were examined and analyzed 
in an effort to rel ate detail s of strati graphy to the oil rich 
horizons and to indicate areas of potential resources. This 
report will not treat Estill County regarding the resource 
assessment. 

Formations of interest are the Sunbury Shale (Early 
Mississippian Age) and the Ohio Shale (Late Devonian age). The 
name, Ohio Shale, is used throughout this report, but it was 
mapped as the New Albany Shale in the southern part of the study 
area by the U. S. G. S. The generalized stratigraphy (Early 
Mississippian through Middle Oevonian age) is, in descending 
order: Borden Fo~ation, Sunbury ~hale, Bedford Shale, and Ohio 
Shale. Useful key markers in the sequenc~ are the Three Lick Bed 
and Foerstia zone; which are both in the Oh~o Shale. The Three 
Lick Bed divides the Ohio Shale into the Cleveland Member, 
above, and the Huron Member, below. The Ohio Shale is underlain 
by the Middle Devonian Boyle Dolomite or the Silurian Bisher 
Dolomite, or the Crab Orchard Formation, also Silurian in age. 

The organic content is highest in the Sunbury Shale and in 
the Cleveland Member of the Ohio Shale. In the cores, the total 
thickness of the Sunbury Shale range from 17 to 4 feet (5.2 to 
1.2 mI. The thickness of the Bedford Shaie, ranges from 18.0 
to .2 feet (5.5 to .1 mI. The Cleveland Member of the Ohio 
Shale ranges from 49.0 to 33.0 feet (14 .9 to 10.1 m. ). 

Assuming a stripping ratio of 2.5:1, more than 4.5 x 1u6 
acre-ft of shale having a carbon value of greater than 8$ is 
minable by means of existing methods. A conservative estimate 
of the amount of the potential st&ippable shale-oil resources in 
the four county area is 3.88 x 10 bbls. 

Introduction 

Scientists have been studying ~he 
Devonian-Mississippian black shales of Kentucky 
from the time of the first Geological Suriey in 
the Middle of the 19th Century (1). Since then 
they have been predicting that oil from this oil 
shale would become a source of illuminating oil 
(2), lubric!nt (3), natural gas (4), and refinery 
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feedstocks (5, 6, 7, 8) in ttie near futllre. In 
the past, the principdl focus of interest, has 
been on the western shales of Utah, Wyoming and 
Colorado. Within the last few years significant 
interest has developed in the Devonian
Mississippian oil shales of Kentucky and 
neighboring states. Social, geographical, and 
institutional barriers to development in the West 
have, in part, helped to create this interest. 



Some of these barriers to de'!elopment in the West 
include the semi-arid climate, remoteness from 
markets, lack of social and technological 
infrastructure, and institutional problems related 
to government ownership of oil shale property (9). 
These problems are substantially less in areas 
where eastern oil shale is found. 

Research by the Institute of Gas Technology 
(IGT) in the development of retorts which employ 
hydrogen have demonstrated that it is possible to 
derive oil yields well in excess of Fischer Assay 
(5, 6) on eastern shale. This work plus symposia 
(10, 11) and reSO' lrce studies (12) by IGT have 
hel ped to hi ghli ght the potential of eastern oil 
shale. 

Since the late 1970's, oil and mineral 
companies have been leasing r i ghts to 011 shale in 
Kentucky and neighboring states. The General 
Assembly of the Commonwealth of Kentucky has 
raquired the Kentucky Oepartment of Natural 
Resources and EnVironmental Protection promulgate 
regulations controlling the mining of oil shale in 
Kentucky. 

The Institute for Mining and Minerals 
Research (IMMR) began working in oil shale in late 
1979 with its involvement in the study of eastern 
oil shale funded by the U. S. Department of Energy 
through the Buffalo Trace Area Development 
District. The Davy McKee Corporation managed the 
project and evaluated processes and economics; 
Cleveland-Cliffs Iron Company developed a 
site-specific mine plan; and IMMR assessed and 
characterized the oil shale resource in the near
outcrop areas of Lewis and Fleming counties, 
located in northeastern Kentucky. 

The resource assessment and characterization 
work was based on 10 NX wireline cores (two ~f 
which were donated by Pyramid Minerals , Inc.). 
Chemical analyses included C, H, N, c . mois tu re, 
and ash, major element and trace elements. 
Lit.hologic, geophysical, and stratigraphic logs 
were also produced. Carbon was the basis for 
resource assessment. Within a stripping ratio of 
2.5:1,1.3 billion barrels of oil, In place, based 
on Fischer Assay were estimated to bE' located in 
Fleming Coun ty and southweste rn Lewis County. 

Following the Butfalo Trace study, toe U. S. 
Department of Energy funded a continuation of the 
resource work. The resource assessment part of 
this paper will be concerned with Rowan, Bath, 
Montgomery, and Powell counties. 

General Geology 

In Kentucky, the dark organic rich shales of 
Late and Middle Devonian and Early Mississippian 
(Klnderhooklar.) age outcrop in a belt which 
surrounds the Cincinnati Arch from Lewis County on 
the east to Jefferson County on the west, an 
approximate distance of 200 miles (Figure 1); 
south of this outcrop area, In the Cumberland 
Saddle these shales are relatively shallOtl or they 
outcrop. (Same Figure). 

Various na~s have been applied to these 
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shales and Kentucky shares three different names. 
David Dale C~Qns described the shales as the 
"Black Lingula Shale" in 1856 (13); he accurately 
described the geographic position of this 
horseshoe shaped outcrop and studied it in some 
detail for associated coal depOSits, concluding 
there were none. 

East of the Cincinnati Arch , the Ohio Shale 
of Devonian age (14) is recognized and was 
subdivided by Pepper, de Witt, and Demarest (15) 
and Provo, Kepferl e and Potter (16). The Sunbury 
of MiSSiSSippian age (17) is separated from the 
Ohio by the Bedford-Berea but this unit thins 
southward along the outcrop belt. 

West of the Cincinnati Arch this section is 
the New Albany Shale (18) and was subdivided by 
Lineback, (19). The Chattanooga Shale (20) was 
examined in Tennessee by Hass (21), Conant and 
Swanson (22); and their sections extended into 
south-central Kentucky, so Chattanooga was used in 
the mapping of the strata In south central 
Kentucky. The various names used are indicated In 
Figure 1. 

The Ohio-Chattanooga-New Albany sequence is 
generally 20' to 40' thick along the crest of the 
Cincinnati Arch - Cumberland Saddle and consists 
of dark shales varying in color from black to dark 
gray with minor amounts of gray to greenish-gray 
clay shale produced by bioturbation; mfnor 
constituents are pyrite, Siltstone, sandstone, 
limestone, and dolomite. Fossil material Is 
present but not abundant consisting primarily of 
Inarticulate brachiopods, ~ula and 
Orblculoldea, and the sporomor~asmanltes. 

Fi gure 1. Geographic Dist~ibution of 
Devonian-Mississippian Oil Shale in 
lhe Eastern United Sta tes .22 



West of the Cumberland Saddle these rock dip 
westward and thicken into the Eastern Interior 
Basin where it attains a thickness of 460' in 
Hardin County, Illinois and Union County, 
Kentucky . It has been subdivided and isopached in 
the subsurface using wireline logs by Schwalb & 
Norris (23). 

East and northeast of the Cumberland Saddle 
this shale sequence thickens into the Appalachian 
Basin and attain a thickness in excess of 1700' in 
extreme eastern Kentucky; it is recogn ized as the 
Sunbury Shale of MiSSissippian age and the Ohio 
Shale of Devonian age. 

OUTLINE GEOLOGIC MAP OF KENTUCKY 
SCALE 

., '0 10 10 )() 40 50 M',-£5 

-LEGENO-

"£C(NT "NO O4.IAT"' ..... Y 

lIIII1IIJ c"nAcroU' 

rrm '(NHIYLVAN'A'" 

D "/SS ISS I~" I UI 
. orVOr4'AN 

D "L.u .. ,,, .. 

The outcrop and shallow-subsurface deposits 
of Devonian-Mississippian black shales in Kentucky 
represent some of the most extensive and 
accessible depOSits of oil shale in the eastern 
United States. PrinCipal among the three areas 
where the black shale outcrops, the Knobs region 
forms a roughly semi-circular pattern around the 
Bluegrass (see Figure 2). The Knobs are capped 
by more erosion-resistant rocks that overlie the 
black shale. The Bluegrass is a peneplained 
topographic basin which resulted from erosion of 
t he Lexington Dome, that is a structural 
prominence on the Cincinnati Arch (see figure J). 
The oldest rocks are more easily weathered 

Figure 2. Geologic Map of Kentucky. 

1) Shawneetown-Rough Creek Fault; 
River Fault; 4) West Hickman Fault; 5) Irvine-Paint 

~lountain Fault. 
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Ordovician carbonates and shales exposed at the 
center of the dome; progressively younger, and at 
the same time, more erosion-resist.ant, rocks are 
exposed on the flanks of the arch (see Figure 4). 
The black shale outcrops in the Knobs and dips 
into the subsurface away from the arch. 

In the structural saddle between the 
Lex i ngton Dome and the Nashville Dome on the 
Cincinnati Arch, the black shale is exposed by 
entrenchment of rivers into the relatively shallow 
overburden (see Figure 2). The third area of 
black shale exposed at the surface is along the 
Pine Mountain Thrust Fault in southeastern 
KentlJcky (see Figure 2). The fault block moved on 
the black shale; therefore, the shale is of little 
interest as an oil shale because of its tr.ermal 
history during the faulting. 

Figure 5 shows the disposition of the core 
holes completed for this study (D-serie~). This 
pattern is an extension of the near-out~rop cores 
drilled for the Buffalo Trace study (K-series) . 
The average spacing between cores was 6.5 miles 
except between 0-1 and 0-11 . An entire section of 
the black shale sequence plus overlying and 
underlying rocks was recovered in each core. In 

ad1ition to the data available from the cores, the 
resource assessment work was greatly facilitated 
~y the availability of geologic quadrangle maps 
for the entire area, and by the notes of the 
mappers (26-53) (see Figure 6). Each core was 
described and logged at the drill site, and 
detailed lithologic descriptions were completed at 
the hboratory . 

Sample preparation is described in the paper 
by Bl and et a 1. in til i s vo 1 ume. 

Stratigraphy and Lithology 

The Devonian-Missis~ippi~n oil shale in this 
study area is known by two sets of stratigraphic 
names. In the northern part of the study area, 
the oil shales were mapped as the Lower 
~ississippian Sunbury separated from the 
underlying Devonian Ohio Shale by the Bedford 
Shale. South of and west of the Olympia 
Quadrangle, the sequence is mapped as the New 
Albany Shale on the U. S. Geological Survey 
geologic quadrangle maps at a scale of 1:24,000; 
the Sunbur) Shale and the Bedford Shale could not 
be shown. However, in cores drilled in this 
project, the Sunbury and Bedford were still 

: 
u. 

Figure 4. Geologi c Cross-Section in Eastern Kentucky Through Fayette, Clark, Montgomery, Bath, Rowan, 
Carter, and Boyd Counties. (From Geologic Map of Kentucky, W. R. Jillson, Kentucky Geological 
Survey, Ser. 6,1929 ) . 

o DRill CORES 
IN 

" D · SERIES" 

Figure 5. Geographic Distribution of the 0 series 
cores . 
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present even in Powell County, although the 
Bedford Shale is only a few inches thick. Even 
though the oil shale was .:apped as New Albany 
Shale, we will use Ohio Shale terminology while it 
is recognizable, as suggested by de Witt . (54) 

The principal black shales of interest are 
the Devonian Ohio Shale and the overlying 
Mississippian Sunbury Shale. These are the ~ lack 
shales within the study area. The Sunbury Shale 
is overlain by the Borden Formation. Below the 
Sunbury and overlying the Ohio Shale is the 
Bedford Shale. The Ohio Shale is underlain by the 
Boyle Dolomite, the Bisher Dolomite, or the Crab 
Orchard Shale. The following descriptions of 
these units are in the order of youngest to oidest 
and are summarized in Figure 7. 

Borden Formaton. The Mississippian Borden 

Ughtgrr,' IiU:cnn lind Mndy SIIbtones W'IIh Ifftf'bedded ~ '0 
~1JI"~ ~ bKomng men: It'*Y ~ the bee Conc.ct \fo1th ~ 8edOf'd choten. 
Itw: point ~,..,~ CCII"It«C ~ ~ Zero lO~fio,oe fe!t thd: In study cores 
r fte blebs .-d nodules common. 

~ to dlrtl.lIr~ shaIe",,~ WJth Iight~ IIItsIonH. Unit 
II genet8IIIV ..-y ~ the top PyrH bM'tds lind nod~ common 10 ~ 5C~ IkIeme 
nodufes Mo preenl Thicmess r..-.ged from ~. in study COI'H ~MW'Ig In 

Ihtckntu from noon to kIUth in l.ewIt and fleming COUnllei ~ fos lefOUI 

BI«k 10 btownIJh blM:t!. .... In upper pen 10 cINe bIM:I( to 
Dlowntn.gray Ih* in lower ~ P)'ntfl ~ stnngen rod Nnds pho5pt\Me '1Odu1es and Ihn 
(:~e bencb .r!i common. Unto.rod br.c:hiOpOCh .nd ~ are COI'fWnOn loswfs 
ThIrknns hom 499-65 0' in JCU(to> Cf'Cft 

BtownIJh tuck 10 Wa,. b4Kk to bmwnIsh'9~ 5h.tIe also 
cON.tInong ~ of ~ .nd bIoturbMed greerlll\tt.gfay wles Thne lnI:e~ .re 
~ ICJl'\OiMd t.M: d the I.V'IIt v.tIetn Nnd5 and aIt form. d ~ .e pJHent celctsrftde 
IMnIrM and tNncb are.bundtnt ~ fRm!iI and ~ubd end OfbKubd 
t:nchtop<:ds in common bSolh In hi untt ~Sl In C~ ranged Irom 
208.3 1278' generally decrMwIg from nMh 10 IOUth In study MN '" tegKJNI 
urw:onIorTnIty occurs .. the beM! d the ~ 
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Formation is chiefly comprised of shales, 
siltstones, and some sandstone. The members that 
comprise most of the Borden in the st'Jdy area are 
the Cowbell Member (predominantly siltstones and 
shale); and the Nancy Member, (predclIllinantly shale 
and siltstone in the upper part to a silty shale 
in the lower pat't). Be 1 JW the Nan( ,~' Member is the 
Fanners Member cons is t f ng 0 ,' in terbeclded 
siltstones and Shale. Und·.!r'ying th~' Fanners 
Siltstone Member and "orming the bas;: :;;~ the 
Borden Formation is t'le lienle,), Bed, a shr.le. The 
Nancy Member, Farmers Member, ~nd the Hen)~y Bed 
are the most important for this ~iscussion. 

Farmers Member of the Borden Formation 

The Farmers Member was found in five cores, 
It is light-gray (N-7) to light-olive-gray (5Y6/1) 
siltstone interbedded with s'ilty shale , light gray 

o 

Figure 7. General Stratigraphic column for the Devonian-Mississippian Black Shales in Eastern Kentucky. 
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(N-6) to greenish gray (5G6/1). The bedding 
characteristics of the Farmers indicates that it 
is a series of turbidite flows. The top of the 
Farmers was identifiable in the cores 0-11 
south through 0-4. This unit ranged in thickness 
from 30.0 feet in the north to 2.0 feet in 
southern Bath County . South of Bath County, into 
southern Powell County, the Farmers is represented 
by the Clay City Bed. A persistent bed of 
siltstone, light bluish gray (5B6/1) to medium 
bluish gray (5B5/1) and is equivalent to the 
uppermost Oed of the Farmers siltstone (36). 

The Clay City Bed varies from 1.5 feet in 
thickness in southern Montgomery County in core 
0-5 to 1.0 foot thick in southern Powell County in 
core 0-8, where it wedges out. 

The Henley Bed of the Borden Formation 

The Henley Bed, a shale , is medium dark gray 
(N-4) to dark greenish gray (5GY4/1) and is 
occas ionally glauconitic. It was present in all 
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core~ where the Farmers Member and the Clay City 
Bed were identifiable. The thickness of the 
Henley Bed ranged from 0.0 feet in the northern
most core (0-11) to 1.5 feet in the southernmost 
core where the Clay City Bed was present (0-8). 

Sunbur~ Shale . The Mississippian Sunbury 
Shale constltutes one of the economic intervals in 
the study. The Sunbury is principally black 
(N-1), and it quite often contains bands of 
brownish black (5YR2/1) shale. Large pyrite 
nodules and thin pyrite bands as well as an 
occasional calcareous lamina occur in the unit. 
Fossils are rare in the Sunbury and are mostly 
limited to lingulid and(o~biCUloid brachiop0d 
fragments and conodonts 9). A bone bed was 
found at the base of the Sunbury in cores 0-11 and 
0-1, but not in any others farther south. The 
Sunbury ranged in thickness from 17.0 feet in the 
northernmost core 0-11, to 4.0 feet in the 
southernmost core in the study area , 0-8 (see 
Figures 8 and 9). 
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Figure 8. Stratigraph ic Cross Section Through the 0 series cores. 
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Bedford Shale. The Mississippian-Devonian 
Bedford Shale, a medium-gray (N-5) to medium-dark
gray (N-4) shale, int erlaminated with silty 
medium-light-gray (N-6) shale, is continuous in 
the subsurface throughout the entire study area. 
The relative percentage of silty laminae decreases 
towards the base of the unit and geographically 
towards the south in the study area. Pyrite blebs 
and nodules are abundant in the northern portion 
of the study area but decrease toward the south. 

The thickness of the Bedford Shale gradually 
decreases in a southerly direction, ranging from 
18.0 feet in core 0-11 in nort~ern Rowan County to 
11.0 feet in core 0-4 in southern Bath County. 
Between cores 0-4 and 0-5, in northern Montgomery 
County, the Bedford Shale thins dramatically to 
. 43 feet . From core 0-5 south throughout the 
remainder of the study area, the Bedford Shale is 
continuous as a thin bed ranging from 3.0 feet to 
.20 feet thick (see Figures 8 and 10) . This unit 
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readily weathers and is easily covered by slumping 
of the overlying Sunbury Shale where it is thin. 
This makes field identification of the Bedford 
very difficult. This factor is duly responsible 
for the Sunbury being undifferentiated from the 
Ohio Shale, resulting in the name New Albany Shale 
being applied to the black shales south from 
southern Bath County, on the Olympia Quadrangle, 
throughout the remainder of the study area. For a 
clearer understanding of these lateral 
relationships please see Figure 8. 

Ohio Shale. The Ohio Shale is of Late 
Devonlan age and is divided into two members and 
one formally defined bed. These are (from top to 
bottom) the Cleveland Member, the Three Lick Bed, 
and the Huron Menber. This unit thins to the 
south (see Figure 8) . 

The Cleveland Member of the Ohio Shale. The 
Cleveland Member contalns the second of the 
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• USGS Geologic Quadrangle Maps use New Albeny Shale terminology 
In the areas containing drill cores 0-5 through 0-10 
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Figure 9. Isopachous Map of the Sunbury Shale in the 0 ser ies Study Area . 
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economic intervals of the study, the other being 
the Sunbury Shale. The Cleveland Member varies in 
color from black (N-l) to brownish black (5YR2/1) 
in its upper part, to olive black (5Y2/1) to 
brownish black (5YR2/l) in the lower part. The 
upper 10 feet of the Cleveland Member commonly 
contains abundant phosphate nodules. Pyrite, in 
the form of nodules and bands, and ca1cisi1tite 
bands and laminae are scattered throughout. 

The Cleveland Member shows the most 
consistency in thickness (;ee Figure 8). From 
0-11 southward to 0-4, the ave~age thickness of 
the Cleveland was 48.5 feet. It ranged from 50.1 
feet in core 0-11 to 46.6 feet in core 0-4. The 
thickness of the Cleveland in core 0-3 was reduced 
(possibly) by scouring at the top of the member. 
This results in a thickness in this locality of 
41.5 feet , but surrounding data suggests that the 
normal thickness, if no scouring occurred, would 
be around 46.6 feet. 

Southward from core 0-4 the Cleveland Member 
thins to 42.5 feet in core 0-5 in northern 
Montgomery County. From 0-5 south to core 0-8 in 
Powell County, the Cleveland again is consistent 
in thickness ranging from 42.5 feet in core 0-5 to 
41.4 feet in core 0-8, with an average thickness 
of 40 .7 feet. Reg ionally this unit thickens 
toward the east. 

Three Lick Bed of the Ohio Shale. The Three 
Lick Bed is a regional stratigraphic marker. It 
consists of three greenish-gray (5G6/1) to dark 
greenish-gray (5GY4/1) burrowed shales separated 
by two brownish-black shale intervals. The unit 
contains pyrite, often occurring ~s infilling in 
the burrows, and ca1cisi1tite laminae. 

The Three Lick Bed is observed to thin 
gradually to the south. It attains a maximum 
thickness in core 0-1 of 11.0 feet and thins to 
8.4 feet in core 0-4 and again thins to a 
thickness of 5.7 feet in core 0-8, the southern 
most core in the study area (see Figure 8). 

The Huron Member of the Ohio 5ha1e. The 
Huron Member varies in color from brownish black 
(5YR2/1) to olive black (5Y2/1l to brownish gl'ay 
(5YJ/l). The lower part of the Huron contains 
significant intervals of burrowed greenish-gray 
shale with dolomite bands and beds occurring at 
the base of the unit in the southern part of the 
study area. This zone of interbedded brownish
black shale and dolomite is called the "Ravenna" 
in Powell and Estill counties. Tasmanites, and 
Foerstia (Protosalvinia) plant fossils; as well 
lingulid and orbiculoid brachiopods are fossils 
that occur in the Huron. The Foerstia 
(Protosalvinia) is a biostratigraphic marker 
fossil. The variations in the thickness of the 
Foerstia zone may be related to the associated 
variations in the lithology of the zone in which 
it is found, as conveyed by Kepferle. (55) 
Vitrain bands and lenses are common in this unit. 
All fonns of pyrite are common to abundant, with 
pyrite often occurring as burrow fillings. 
Calcisiltite laminae and bands are relatively 
abundant in the Huron, in contrast to the Sunbury 
Shale and the Cleveland Member of the Ohio Shale. 
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Limestone bands are common throughout the study 
area. These limestones are cone-in-cone, medium 
gray (N-6) and were not found to be corre11ative 
although some zones of limestone occurence did 
seem to carry between selected cores. 

In the study area the Huron Member shows an 
overall thinning trend to the south. The 
thickness of the Huron ranged from 125.1 feet in 
core 0-11, the most northern core in the study 
area, to 97.1 feet in core 0-8, the southernmost 
core in the study area. Regionally the unit 
thickens to the east into the Appalachian Basin. 

A regional unconfonnity occurs at the base of 
the Ohio Shale (see Figure 8). The Late Devonian 
age Ohio Shale is underlain by the Middle Devonian 
Boyle Dolomite or the Middle Silurian age Bisher 
Oolonlite or the Middle and Early Silurian age Crab 
Orchard Fonnation. 

Boyle Dolomite. This dolomite of Middle 
Devonian age is olive gray (5Y4/1) to medium gray 
(N-5) to light brownish gray (5YR6/1). The unit 
is vuggy and commonly contains bluish-white 
(5B9/1) to medium-b1ue-gray (5B5/1) chert bands 
and nodules. The Boyle was found in all study 
cores except cores 0-11 through 0-3 in the 
northern part of the study area. The base of the 
Boyle was penetrated only in cores 0-5 and 0-6. 
Due to pre-and post-Boyle erosion the thickness ~f 
the Boyle ranged from 7.0 feet to 22.0 feet where 
it was present in the study area (see Figure 8). 
Many ~f the cores from this unit were petroleum 
stained. 

Bisher Dolomite. The Bisher was present 
underlying the Ohro-Sha1e only in core 0-1 in 
Rowan County (see Figure 8). The Bisher, a 
dolomite of Middle Silurian age, is very light 
gray (N-8) to medium light gray (N-6) to light 
bluish gray (5B7/1). It is fine to medium grained 
and vuggy throughout. The recovered core also 
showed petroleum staining. The thickness of the 
Bisher ranged up to 12 feet in Rowan County and is 
present as remanents on topographic highs on the 
pre-Boyle erosional surface in the vicinity of 
Clay City in Powell Coun ty (43). 

Crab Or~hard Formation. The Crab Orchard 
FonnaTIOriTupper partrl'SCharacterized by 
interbedded greenish-gray (5G6/1) to medium
bluish-gray (5B5/1) clay shale and thin light-gray 
(N-7) to light-brownish-gray (5YR4/1) dolomite and 
do10si1tite bands. The entire thickness of the 
Crab Orchard was not penetrated in any of the 
cores. The unit was found to underlie the Ohio 
Shale in cores 0-11, 0-2, and 0-3 (see Figure 7). 
The Crab OrChard Fonnation was present throughout 
t he entire study area. Geologic mu~s indicate an 
average thickness of 140 feet in the study area 
and they also indicate a thinning trend toward the 
southern end of the study area. 

Stratigraphic Correlations 

The major units of the black shales were 



easily correlated, both lithologically and 
geophysically. The lithology of the black shale 
stands out in strong contrast with overlying and 
underlying rocks. The Three Lick B~d served as an 
excellent, easily discernible marker for the 
subdivision of the Ohio Shale. The Sunbury Shale 
was found to be discernible throughout the study 
area from subsurface lithology and geophysical 
logs. In addition to lithologic and geophysical 
corre1ations, a biostratigraphic zone that was 
previously defined based on the fossil Foerstia 
(Protosalvinia), was also found to be traceable 
throughout the area. 

The changes in thickness in the black shale 
units from the cores were found to be gradual and 
systematic. This, along with th~ highly 
correlateable nature of the shale, strongly 
supports the validity of extrapolations made from 
the cores in the resource assessment (9). 

Stratigraphic and Geographic Distribution of 
Carbon, Hydrogen, and Nitrogen 

Carbon occurs in the oil shale either in 
organic matter (kerogen, bitumen) or in 
carbon-bearing minerals principally calcite 
(CaC03) and dolomite (CaMg(C03)2)' Mineral 
carbon determinations were performed on core K-5 
of the Buffalo Trace study (56). The average 
mineral-carbJn content of the Sunbury, the 
Cleveland, and the Huron intervals are 0.01, 0.06, 
and 0.13 wt. ~ as carbon with ran3es of <0.01-0.03, 
<0.01-0.16, and 0.05-0.30 wt. ~ , respectively. 
Ther~~ore for all practical purposes, reported 
values of total carbon can be considered as 
indications of concentrations of organic carbon. 
As shown in the values above, the concentrations 
of mineral carbon are somewhat higher in the 
Huron. The occurrence of disc rete bands and 
laminae of calcite and the dolomite facies called 
the Ravenna (57) causes the values of 
mineral-carbon in the Huron to be higher in this 
study than in the K-series. This increase was not 
observed in the Sunbury and Cleveland units. 

Hydrogen may be present in either surface 
moisture, in mineral-bound mo is ture, or in oryanic 
matter (kerogen, bitumen). Total ~ydrogen was 
measured as was surface moisture. The reported 
hydrogen value was corrected for the surface 
moisture, but a simple and accurate technique for 
measuring mineral-bound moisture was not available 
for rocks rich in organic matter. It is therefore 
assumed that a small fraction of the reported 
hydrogen is in the form of mineral-bound moisture. 
The uniformity of the major-element chemistry 
found in the oil-shale sequence suggests that the 
stratigraphic variations observed in the hydrogen 
concentrations probably reflect changes in the 
organic content rather than variations in the 
major-element chemistry. 

The carbon distribution shows very consistent 
stratigraphic variations in the study cores (see 
Figure 11). The upper section and the lower 
section show comparatively high carbon values 
compared to the leaner middle section. The 
Sunbury and Cleveland form the upper section of 
high c~rbon. The lower section of high carbon is 
a comparatively thin zone in the Huron Member. The 
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Sunbury and the Bedford (interburden) thin to the 
south and therefore the ~arbon distribution 
patterns within the Sunbury and Cleveland, 
respectively, are not as evident as in the 
p,'evious study to the north. The carbon values 
generally decrease down the core within the 
Cleveland. Ee three greenish-gray shales of th~ 
Three Lick Bed show up as large decreases in 
carbon content. Addi tionally, the Three L f ck Bed 
thins to the south, and the zones of low carbon 
values are less conspicuous, but still present. 
Carbon distribution in the Huron is erratic and 
inconsistent due to increased interbedded greenish 
gray shale, calcareous beds and laminae, and the 
dolomitic facies. 

The mean carbon concentrations for the 
stratigraphic intervals of the Sunbury, Cleveland, 
and Huron from all the cores are 13.28, 9.64, and 
6.37 wt. ~ C, respectively. The coefficients of 
variation among the cores (standard deviation/mean 
X 100) fo r the units are 10.4, 4.6, and 15.9, 
respectively. 

The mean hydrogen concentrations for the 
Sunbury, Cleveland, and Huron are 1.55, 1.12, and 
0.73 wt. ~ H, respectively. The coefficient~ of 
variation are 17.3, 9.4, and 15.9, respectively. 

The mean values for nitrogen in the Sunbury, 
the Cleveland, and the Huron stratigraphic 
intervals were .44, .32, and .21 wt. ~, 
respectively, wi th coefficients of variation of 
10.2, 9.6, and 20.7, respectively. The range of 
mean nitrogen values for individual cores were .38 
to .51$ wt. ~ for the Sunbury; .28 to .38 wt. ~ for 
the Cleveland; and .13 to .32 wt. ~ for the Huron. 
As with carbon and hydrogen, the highe r values for 
nitrogen are in the Sunbury and Cleveland. The 
greatest variation is in the Huron. 

Economic Zones and the Relationship of 
Fischer Assay to Carbon 

As was noted i ro the resource assessment in 
Lewis and Fleming counties (55), only certain 
stratigraphic intervals could be reasonably 
considered as feedstocks to a conventional retort, 
because of the distribution of carbon. The two 
economic zones defined were the entire Sunbury 
Shale and a high grade zone in the upper part of 
the Cleveland Member. These economic zones were 
identified based on carbon concentrations greater 
than 8~ . In this study. both of these economic 
zones have been recognized. The Sunbury Shale, as 
mentioned before, thins to the south. In D-11, it 
is 16.4 feet thick on the northern end of the 
study area, and it thins to 4.0 feet in D-10 on 
the southern end. The mean carbon concentration 
averages 13.28 wt. ~ , ranging from 11.58 wt. ~ to 
15.23 wt. ~ . Within the Sunbury interval in D-11, 
using two-foot sample intervals, the carbon 
concentration varies from 9.31 to 13.4 wt. t . 
Within the four foot interval in D-10, there were 
two samples with 14 .25 and 9.80 wt. ~ C, 
respectively. There wer2 no Sunbury samples with 
a carbon concentration less than 8~, and most were 
over 1~. 
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Figure 11. Down-core Distribution of Carbon for Core D-8 With a Stratigraphic Column. 

Th~ Cleveland High Grade Zone (HGZ) was 
defined as the upper contiguous part of the member 
with carbon concentrations greater than 8%. In 
the Buffalo Trace study (56), the 8% cut-off point 
was in an interval where the carbon content was 
decreasing quite rapidly, as shown in Figure 8. 
The lone was consistently 30 feet thick in the 
Buffal o Trace study (56). That consistency 
continued in this study . Considering all of the 
D-series cores, the Cleveland HGZ averaged 28.9 
feet thick with a standard deviation of 2.7, and 
coefficient of variatirn of 9.4. However, when 
considering the cores trom only Rowan, Bath, 
Montgomery, and Powell counties (D-ll through 
D-8), the mean thickness is 30.0 feet, with a 
standard deviation of 1.3, and coefficient of 
variaticn of 4.5. Within the Cleveland High Grade 
Zone, the mean carbon concentration is 11.09 wt.%, 
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considering all of the D-series cores, compared to 
9.64 for the entire Cleveland Member. 

The Huron Member contains an interval of 
black shale with more than 8% carbon. For a number 
of factors, this interval was not considered to be 
an economic lone. It is quite variable in 
thickness, with a mean of 12 .5 fee~, standard 
deviation of 4. 2, and coefficient of variation of 
33.9%. Additionally, this interval lies beneath a 
section of leaner black shale «8% C) that 
separates it from the Cleveland HGZ. The 
overlying lean shales average 8.2 times the 
thickness of the interval with high carbon. 
Within the high-carbon lone, the sulfur values are 
always greater than 5 % and most often greater 
than 6 %. Compare this to mean sulfur 



concentrations from the Sunbury and the Cleveland 
HGZ of 3.7 and 2.43~, respectively. Thus, from 
both environmental and economic points of view, 
this section of the Huron is less adequate than 
the Sunbury or the Cleveland HGZ. 

Modified Fischer Assays were conducted on 
samples from the Sunbury , the C~ eve1and HGZ, and 
the high carbon section of the Huron . There i s an 
attendant controversy when Fischer Assay is 
applied to the eastern Devonian-Mississippian oil 
shales. When conducted in a standardized and 
reproducible manner, it does provide some basis 
for internal compa r ison of the samples of tne 
study. Additfo:lally, the results provide a 
conservative estimate of the amount of oil which 
conceivably could be extracted from the oil shale. 
It is important to remember, though, that it does 
not measure the total recoverable energy in the 
shale because it does not account for the 
significant quantities of lighter oils, 
noncondensib1e high-Btu gas, and steam that can be 
produced in retorting eastern oil shales (Refer to 
the paper by Rubel in the volume). 

The mean Fischer Assay values of the weighted 
averages for the cores (0-11 through 0-7) are 
11.38 gpt for the Sunbury Shale, 11.44 gpt for the 
Cleveland HGZ, and 7.89 gpt for the hign carbon 
section of the Huron. The coefficients of 
variation calculated were 12.9, 3.37, and 24.49~ , 
respectively. For the Sunbury the range was from 
9.69 to 14.25 gpt, weighted average for the 
interval. The range for the Cleveland HGZ was 
11.03 to 11.59 gpt, and for the high carbon 
section of the Huron it was 5.43 to 11.35 gpt. As 
with other analyses mentioned before, the higher 
values are in the Sunbury and Cleveland HGZ, and 
the highest variation is in the Huron. 

Although the mean carbon values for the 
Sunbury are higher than those for the Cleveland 
HGZ, the mean Fischer Assays for the two units are 
almost equal. This implies a higher yield of oil 
per unit of carbon in the Cleveland HGZ than in 
the Sunbury. The exact relationship of carbon to 
Fischer Assay is not clear and, of course, depends 
on the form of organic carbon . 

The mean sulfur concentrations for the 
Sunbury, the Cleveland HGZ, and the Huron are 
3.70, 2.93, and 3.58 wt. ~ , respectively, with 
coefficients of variation of 11.9, 12.0, and 7 .2~ , 
respectively. In a gross sense, the pattern of 
the stratigraphic distribution of sulfur follows 
that of carbon. The higher levels are in the 
Sunbury and the Huron. As previously mentioned, 
the high carbon section of the Huron has unu sually 
high sulfur values. The mean of weighted averages 
for the high carbon section of the Huron is 6.22 
wt.~ sulfur. The bulk of the sulfur is present as 
iron sulfide (probably pyrite)(56). 

Resource Assessment 

Resource assessment of the oil shales was 
limited to that oil shale which would be 
accessible with currently available mining 
technology. Since there is essentially nothing 
known about underground mining cf the 
Devonian-Mississippian oil shale, this limits 
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resource assessment to that oil shale whi ch can be 
recovered by surface mining. The 
overburden/inter~urden to economic oil shale ratio 
used was 2.5 :1. This ratio is roughly analogous 
to that used in surface mining of coal, with the 
oil shale having much lower energy vaiue per ton 
and higher ash content. 

The shale resources were estimated according 
to overburden/interburden ratio for Rowan, Bath, 
r,ontgomery, and Powell counties (see Figure 6). 
The estimate was based on two economic zones as 
previously discussed: the Sunbury Shale and the 
Cleveland HGZ. These units were defined with a 
lower cutoff of 8~ carbon, and they are sepdrated 
by an i nterburden unit , the Bedford Shal e. Thi s 
interburden thins southward from 16.8 feet in core 
0-11 to 0.3 feet in core 0-8. The variation of 
this i r. cerburden unit complicated the resource 
estimation. Additionally, the Sunbury Shale thins 
from 15.4 feet in core 0-11 to 5.1 feet in core 
0-8. The mean thickness of the Cleveland HGZ for 
cores 0-11 through 0-8 was 30.0 feet with a 
st~ndard deviation of 1.3 and a coefficient of 
variation of 4.5~ . 

The resources were diVided into three 
categories by two calculated lines: 1) the 
Vertical Stripping Index (VSI) line and 2) the 
Overall Ratio Estimator (ORE) line. The VSI line 
was derived as follows . The Sunbury Shale and 
Cleveland HGZ thicknesses were added together a~ d 
multiplied by 2.5, and the thickness of the 
Bedfor~ interval was subtracted from this value. 
This figu re was added to the elevation of the 
upper contact of the Sunbury Shale, and these 
values were contoured. The intersection of this 
artifiCial surface with the topographic ~urface 
dp.fined the VSI line. The VSI line connects the 
points along slope where the overburden
int~rburden to oil shale ratio reaches 2.5:1. The 
overall ratio (from outcrop edge to this point) at 
this point is less than 2.5:1 and is a function of 
the thickness of the economic shale intervals and 
the thickness of the interburden. Since the 
variation in the thicknesses of the oil shales are 
small, it is primarily a function of the thickness 
of the Bedford. The overall rati 0 (OR) of the 
overburden is defined as follows: 

OR = 1.25 + 1/2(TB/ TO) 

where TO is the combined thickness of the Sunbury 
Shale and Cleveland HGZ, and TB is the Bedford 
thickness . The overall ratio at the VSI line for 
any region in the stuqy area may be estimated from 
the thickness of the Sunbury Shale and the Bedford 
int erval using the above formula. 

The ORE line is derived similarly to the 
VSI line. The ore zones were added, multiplied by 
2.5, and the thickness of the interburden 
subtracted. This value was then multiplied by two 
and added to the elevation of the top of the 
Sunbury. Then these pOints were contoured and 
intersected with the topography. The OPE line 
connects the points along t he ' slope where the 
overall overburden-interburden to oil shale ratio 
(from outcr'op edge to this point) reaches 2.5:1, 
assuming a constant slope between the top of the 
Sunbury Shale and the ORE line. This is a 
reasonable assumption for the study area. 



The 7 1/2-m1nute quadrangle maps (scale 
1:24,000) were used as a base for the resource 
calculat10ns (F1gure 6). The map areas wer~ 
measured w1th a computer1zed plan1meter. The 
1nd1v1dual 7 1/2-m1nute maps were reduced to a 

Oil Shol. Resource. 
01 Rowan. 80 .... MonIgomery. 

and Pow" C"""'*. K.,tucky 

scale of 1:48,000 for comp11at10n purposes and 
further reduced 1n F1gure 12. The st1ppled areas 
on the map (O-VSI and VSI-ORE) represent r1dges 
and knobs where 011 shale 1s covered/separated by 
overburden/1nterburden that 1s less than 2.5 t1mes 

Figure 12. Oil Shale Resource Map for Rowan, 8ath, Montgomery, and Powell Counties, Kentucky, with 
Distribution of the Oil Shale According to Stripping Ratios . 
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as thick as the economic oil shale. Ihe black 
areas represent areas where the overall stripping 
ratio is gr~ater than ~.5:1. 

Oil Shale Resources 

A summary of the oil shale resources is 
presented ~y quadrangle in Table 1. The breakdown 
includes the following categorie~: volume in 
acre-feet, weight in tons, and oil yield in place 
by Fischer Assay in barrels, according to 
stripping ratio (O-ORE and greater than ORE) . 

These stripping ratio categories roughly 
represent strippab1e and nonstrippab1e resources, 

as previ ous1y di scussed. A simil ar break down of 
oil shale resources by county is presented in 
Table 2. 

Of the three estimates presented (volume, 
weight, oil yield), the volumetric is the most 
accurate. The tonnages were calculated using a 
density of 142 pounds per cubic foot, which was 
derived from bulk density-carbon regression 
analysis (9, 56). The oil yields were derived 
from weighted I'ischer Assay data for the economic 
011 shale intervals from the three cores in or 
nearest a given quadrangle. The data are 
presented as the combined resource of the Sunbury 
and Cleveland HGZ. 

Within the four counties of the study area, 

Table 1. Resource1 Summary for the Oil 5ha1es of Rowan, Bath, 
Montgomery, and Powell Counties, Kentucky, By Quadrang~e. 

V01ume2 W5i 9ht3 0~1 Yie1 ~ 
(acre-feet) (10 tons) (10 barrel s) 

Quadrangle O-ORE > ORE O-ORE > ORE O-ORE > ORE 

Cranston 363,239 1,303,003 1,123 4,030 297 1,070 

P1 ummers Landi ng 57,885 25,687 179 79 49 22 

Farmers 751,173 54,976 2,326 170 621 45 

Morehead 657,558 1,130 ,416 2,033 3,500 562 967 

Preston 110,384 589 341 2 94 1 

Colfax 7,670 113 31 

Olympia 495,!l1l 75,241 1,537 233 428 65 

Salt Lick 405,689 388,992 1,255 1,200 345 331 

Means 560,780 434,014 1,733 1,340 479 370 

Levee 401,944 140,256 1,243 434 337 118 

Clay City 218,850 118,815 676 367 187 102 

Stanton 455,998 857,923 1,410 2,650 393 738 

Slade 67,941 800,706 210 2,480 56 561 

Strick1e tt 89,820 278 74 

Cob Hill 20,881 65 18 

Zachariah 101,640 314 88 

~m 5,542,959 IT,rn IT,ffi 3,879 4,570 

1 Combined resource of the Sunbury and the C1eve1and HGZ. 
2 This i ncludes a .25 slope adjustment/actor for that part of the Cleveland HGZ not cap-

~Prl by overburden. 
3 Ass,med density of 142 1bs./ft. 3 
4 Base~ on Fischer Assay values. 
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T~ble 2. Resource1 Summa~v for the 011 Shales of Rowan, Bath, Montgomery, 
and Powell Counties, Kentucky, by Co~nty. 

Volume2 weight3 011 YAel <f4 
(acre- feet, (106 tons) (10 barrels) 

O-ORE > ORE O-ORE > ORE O-ORE > ORE 

Rowan 1,829,853 2,603,903 5,661 8,057 1,529 2, 178 

Bath 1,006,737 466,343 3,212 1,440 887 398 

Montgomery 659,097 237,693 2,032 733 558 192 

Powell 1,058,933 2,235,021 3,274 6,912 903 1,801 

4,554,620 !";54~ T4,179" 17, 142 3,S7I - 4,5"6'9" 

1 Combined resource of the Sunbury and the Cleveland HGZ. 
2 ThiS includes a .25 slope adjustment factor 

for that part of the Cl('veland HGZ not capped 
by ollerburden. 

3 Assumed density of 142 lbs. / ft. 3• 
4 ~ased on Fischer Assay values. 

we estimate a resource of 4.55 million acre-feet 
or 14.2 billion tons of oil shale within an 
overal l stripping : atio of 2.5:1. This is 
conservatively estimated to represent 3.88 
billion barrels of oil in place , based on Fi ~~her 
Assay. We also estimate that the four counties 
contain an additional 5.5 million acre-feet or 
17.1 billion tons of oil shale with a stripping 
ratio of greater than 2.5:1 ; and this represe"ts 
an estimated 4.6 billion barrels of oil in place. 

1. The organic matter (ker~ge~) ' 0 the Devonian
MiSSissippian oil shale in the study area is 
concentrated in three stratigraphic zones: the 
3unbury Shale, the Cleveland high- grade zone, and 
~he high-carbon 5~ction of the Huron. 

2. Of the economic zones identifie~, t he 
Cleveland HGZ demonstrates the greatest 
unifonnity. It averag~ d 30.0 feet thi ck for the 
interval covered form core 0-11 to core 0-8. 

3. Hydrogen concentrations in the Sunbury Shale 
and in the Cleveland HGZ i crease to the south in 
the study area. 

4. Oil yields also increase to the south in the 
Sunbury Shale and the Cleveland HGZ. 

5. Significant resources of oil shale ~ere found 
with in a configuration which is pro~ably 
accessible by surface mining. An estimated 14.2 
billion to~s conservatively represent 3.88 bi llion 
barrels of oil in place, based or Fischer Assay. 
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6. The greate r amount of oil shale in the 
four-county study area is probably accessible only 
by ur,derground mining, which requires much 
additional research before it is known whether or 
not it is feasible. 
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Abstract. From its founding the United States has played a 
dominant role in the development and production of the oil 
resources of the World. From 1776 on into the mid-eighteen 
hundreds the U.S. was the leader in sperm and whale oil 
production - the leading oils for lighting and lubrication . 
Increased demand, declining supplies and price escalation 
resulted in the development of a coal and shale oil industry 
along the Ohio River Valley sometime around 1850. 

In 1859 petroleum was di scovered at Titusville. 
Pennsylvania. and the modern oil industry was born. The price 
of natural petroleum rapidly fell from twenty dollars per 
barrel to ten cents . As a result the coal and shale 0'11 
industry could not compete. The end of each World War saw a 
renewed interest in oil shale, but commercial production wa s 
never realized. Today we are prepared to move forward in 
shale oil production from the same shales that produced oil in 
the eighteen hundred s. 
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glLandciLUdJr.en . 
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togetiteIL M a wu.ted peop.(.e, 
we w<.e.e ~ucceed." 

PILU.<:den,t J.<:mm.i.e CMteIL 
The NaUona£. EnVtgy Pw! 
AptU.i 29, 1977 

Shale Oil - Prior to 1900 

From its very beginning the United States has 
played a dominant role in the development and 
production of the oil reso~rces of the world. Just 
prior to the Revolutionary War the American 
Colonies had one hundred eighty-three ships in the 
North Atlantic and olle hunrlred twenty-five others 
cruising from Newfoundland t o Brazil, all in search 
of the premium oils of the day - sperm and whale 
oil. These two oils were in great demand for they 
were essential for lubrication and lighting . The 
streetsof our major citi es were 1 ighted by wha1 e 
oil as were most homes. It wa s used as cutting oil, 
in the manufacture of cord and rope, and was in 
great demand f"... .empering steel. Even the 
settlings from whale oil was used extensively to 
produce synthetic gas to light theaters and public 
buil di ngs. 

So important was whale oil that even as early 
as 1670 an American shore-boat fishery was estab
lished to hunt the abundant Atlantic right whales 
off the coast of Long Island and in Delaware Bay. 
Sometime later the Colonists pursued whales in 
sai ling ships and in 1712 a Nantucket whaler was 



first to take a sperm whale in open water. From 
here on the American whale oil industry was to boom. 
The sperm whale was to rapidly grow in importance 
and was to be hunted by every major power and in 
every ocean of the globe. But none were to pursue 
the whaling industry as feverishly as the 
Americans. In 1790 a British vessel was the first 
to round the Cape Horn and open the Pacific to 
sperm whales. The British may have been first, 
but the Americans were soon to follow and push 
whaling to enormous proportions. 

Except for a period during the Revolutionary 
War and the War of 1812 - even then our oil 
supplies were threatened by foreign int~rvention -
the American 011 industry thrived and grew pros
perous. By 1839 we had 555 vessels involved in 
whaling, mostly in the Pacific. By 1847 the U.S. 
fleet had grown to 594, all other foreign vessels 
numbered only 230. In 1864 the U.S. whaling fleet 
reached its maximum of 736 ships sailing from such 
world famous ports as New Bedford, Nantucket, and 
Salem, and a host of lesser known New England 
towns and villages. In that year capital invested, 
exclusive of outfits and supplies, had reached 
over twenty-one million dollars. The entire 
fishery and its associated industries is estimated 
to have had a capital worth of around forty 
million dollars and to have employed nearly forty 
thousand people. An impres sive early oil industry. 

From 1840 to 1860 the value of the U.S. whale 
catch averaged about eight million dollars annually. 
The maximum value reached in 1854 was nearly eleven 
million. In that year sperm oil was selling for 
$1.48 3/4 per gallon ($62.48/bbl) and whale-oil 
for 59 5/8 cents per gallon ($25.04/bbl). Whale 
bone, also a valuable product, was worth 39 1/5 
cents per pound. The total catch netted ? ,315,924 
gallons (55,141 bbls) of sperm oil, plus 
10,074,866 gallons (239,878 bbls) of whale oil and 
5,652,300 pounds of bone. 

By the mid-eighteen hundreds the major whale 
herds of the world had been fairly well exhausted, 
especially the larger high oil yielding species. 
Small varieties were being taken in large numbers, 
but oil production would never again reach the 
level of 1854. As supplies diminished price began 
to increa se, but the U.S. and the rest of the 
world was in the beginning of the industrial 
revolution. Th~r e fore there was a strong demand 
for oil. This could be call ed the first U.S. 
oil crisis. 

Thi s first oil CrlS1S wa s not unique to the 
U.S. The rest of the world was feeling the pinch 
of dim ~:1i~h ing whale oil and econom ic difficulties 
br'ought on by high world oil prices. The major 
world powers were involved in heavy industrializa
tion and future economic growth required additional 
supplies of lubricating and machine oils. While 
there had a 1 ways been some 0 il (petroleum) der i ved 
from naturally occurring seeps, it was far from 
being adequate for the new growing oil demand. 
Man had yet to discove~ how to influence these oil 
flows , but the time wa s to come. Other sources 
had to be found and syn t~etic oil wa s a natural 
outcome. 

One parti cular natural oil seep played a very 
im portant rol e i n synthetic oil production. In 
December of 1847 Lyon Playfair wa s to draw the 
attention of a chem ist, James Young of Glasgow, 
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Scotland , to a natural oil seep at Alfreton in 
Derbyshire. To qu~te the 1891 Encyclopedia 
Britannica, Vu1.18: " ... with the view of turning 
the material to commercial advantage." Young 
began production in 1848, but within three years 
the seep was nearly exhausted. Young being a true 
scientist theorized that this natural oil may have 
been produced by the action of heat on the under
lying coal beds and had begun earlier a series of 
experiments on the pyrolysis of coal. In 
October, 1850, he was to secure a patent for the 
manufacture of paraffin and paraffin oil from 
bituminous coal. Young's efforts didn't stop with 
coal, it didn't take him long to real i ze that the 
80ghead coal of Scotland also could yield paraffin 
oils and in 1851 he established an industry based 
upon that mineral. Young soon became involved in 
a lawsuit over his right to mine and process 
Boghead. His leases claimed to work only coal 
(as did his patent). The courts finally ruled 
that the minera l was close enough to coal to allow 
him to proceed . Without thi~ decision Young's 
patents and coal leases would have been practically 
worthless, and his future developments could not 
have proceeded. 

The material retorted by Young in the early 
years would yie~d 120 to 130 gallons of oil per 
ton and produced large quantities of gas. This 
mineral was limited and emphasis was soon shifted 
to the bituminous Scottish shales, which produced 
around thirty-five ga llons per ton. The Scottish 
sha le industry was to continue production for the 
next hundred years and is one of the most sited 
successful oil shale operatio ns of the free world. 

Whether the Scottish developments influenced 
events in the U.S. may be questioned. However, 
the period from 1840 to 1860 saw a large number of 
immigrants to the U.S. from the British Isles . 
Undoubtedly the success of James Young and the 
Scottish sha le industry came with them. Prior 
even to Young (1838) the French had had a shale oil 
industry. It is even possible that knowledge of 
oil sha le came to us in a 1694 English patent , 
which reads in part " . .. after much paines and 
expenses, I hath certainly found out a way to 
extract and make great quantities of pitch, tarr, 
and oyle out of a kind of stone of which there is 
sufficient plenty within our Dominious of England 
and Wales." 

In any case the U.S. did develop a thriving 
coal oil and shale oil industry in 1he U.S. along 
the Ohio River Valley sometime prior to 1860 . This 
is an area of the country wh ich has readily 
accesslble oil shales and coals, and wa s a logical 
area for oil development to begi~ . There are no 
written details concerning the oil shale industry 
in this part of the country, but is estimated that 
proba bl y one-hundred retorts were in opera ti on 
maki ng both coa l oil and shale oil. One can only 
speculate as to the design and capacity of these 
units, but it is doubtful that each produced but a 
few barrels of oil per day. They were most likely 
batch type indirect heated retorts of stone 
construction. Probably similar to the iron blast 
furnaces of the period, constructed and still 
standing as historical monuments in Ke ntucky. The 
source of fuel for heat could have been either 
wood or coal, as both are prevalent in the area. 
The early Scottish retorts were batch indirect 
coal heated vessels, so one could speculate these 
were simi lar. However, they did exist and were 



Successful in producing shale oil from the same 
black Devonian/Mississippian oil shales in which 
we are again interested. 

~s most everyone is aware it was in 1859 that 
Colonel Edwin Laurentine Drake brought in the 
world's first artesian oil well near Titt;Sville, 
Pennsylvania, and caused the birth of the modern 
petroleum industry. It was in the late 1850's 
that a group of Connecticut investors hired the 
40 year old r~tired railroad conductor Drake to 
investigate properties leased by the Pennsylvania 
Rock Oil Company . Drake had literally no qualifi
cations for the job other than he possessed a pass 
which allowed him to ride free on eastern rail
roads. In the winter of 1857 Drake journeyed to 
Titusville, Pennsylvania, and returned to his 
benefactors with such a glowing report of the oil 
prospects of the property he surveyed that he was 
immediately made general agent and chairman of the 
newly formed Seneca Oil Company (successor to the 
Pe~nsyl vania Rock Oil Company). His salary was set 
at $1,000 per year with an expense account to 
match. Even then oil men knew how to live. 

Drake returned to Titusville in the spring of 
1858 and immediately began to have trouble, as he 
couldn't find labor to dig for oil. When he did 
find them he nearly drowned the crew because of an 
underground spring encountered in the pit they 
were digging. In desperation he finally decided 
to bore a hole similar to what was being done by 
salt well drillers in Pennsyivanid, West Virginia, 
Kentucky and Tennessee. After obtaining the 
services of a skilled driller, "Uncle Billie" 
Smith, drilling began in June of 1859. But pro
gress WdS slow and plagued with problems. On 
August 27, the drill slipped into a crevice and 
stuck at 69~ ft. The tools were finally withdrawn 
and left idle for Sunday. That afternoon Smith 
peered into the well to see a dark green 1 iquid 
frothing and bubbling near the top. He recognized 
this as petroleum as it had been a nL!isance in 
previous brine wells he had drilled. Smith bailed 
a few gallons and mounted his mule and rode off to 
Titusville to show all that Drake's folly was a 
dr eam come true. Drake had brought in a new era 
by combining the ancient art of brine drilling 
with the critical demand for oil at jus t the right 
time in our history. 

It is interesting to speculate how Drake's 
venture would have succeedeJ in today's climate. 
First of ~" OSHA wouldn't have allowed him to 
even start; secondly the EPA would have stopped 
him because of potential hydrocarbon emhsions, 
and third he probably would have spent the next 
120 years just fil.iling a multitude of permit 
app1 ication s . But Drake did succeed. In 1859 
only 2,000 barrels of oil were produced, by 1860 
it was 500,000 as others entered into this new 
industry. Just ten years from Drake's discovery 
the U.S. was producing nearly four million barrels 
of oil per year. 

The exploration and production of crude 
wasn't the only industry to prosper. 1860 saw 
John Rockerfe11er enter the oil refining business. 
By 1863 the first oil tanker (Ramsey) wa s mov ing 
crude oil. 1865 saw the first rail tank car and 
pipe1 ine for oil. In 1869, only ten years after 
the first drilled well, the U.S. was shipping oil 
to the rest of the world on the Belgian tanker, 
Charles. To say the oil industry boomed is to put 
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it mildly. In le :g oil was selling for about $20 
per barrel, by 1862, its price had fallen to 10 
cents as oil wells sprang-~p everywhere and supply 
far exceeded demand. 

It's not surprising that our fledgling shale 
oil industry did not survive the onsldught of 
competition. It is far simpler to poke a hole in 
the ground and .... atch petroleum pour forth than to 
mine hard rOCk, transport it, retort it, collect 
the product, and dispose of spent material. With 
the over-supply of petroleum and the drastic drop 
in oil price there was just no feasible way to 
compete. The U.S. had again approached oil produc 
tion in the same manner it did in ~perm and whale 
oil gathering. The pressure created by this new 
industry was felt world wide. E'len the prosperous 
Scottish shale oil industry started to flounder, 
because of U.S. oil imports. However, through 
some very innovative process changes, like 
burning spent shale for process heat, and through 
substantial gov-ernment Support, it was able to 
survive until discovery of oil in the North Sea 
put it. too, to rest in 1964. 

Shale Oil - 1920 to 1940 

The coal oil and s~ale oil industry in the 
United States wa : to lay dead and buried for more 
than fifty years. At the end of World W~r I there 
was a reVival, though by this time the West had 
been settled and the vast Eocene age deposits of 
Green River oil shale in Colorado, Utah and Wyoming 
had been diSCovered. The U.S. Government recog
nized our vulnerability in time of war and how 
important oil was to our national defense, so they 
became heavily invo1~ed in energy planning. A 
federal program was implemented to develop other 
domestic oil resources under the direction of the 
Department of the Interior. The responsibility 
for carrying out this program was given t.o the 
U.S. Geological Survey and the U.S. Bureau of Mines. 
The prime directive of these agencies was to 
develop mineral resources on Federal Lands and the 
Western shales fit well within this charter. 

This was also a time in our history when, if 
a gas well was discovered, it was considered a dry 
hole unless a market was very close by. The U.S. 
was in nced of easily transported liquid oil, not 
natural gas which had no distribution system. The 
Eastern oil shales were not Federally held and 
were known to give low oil and high gas yields on 
retorting. so they were not considered in our 
national ener;y plan of the time. 

Then as now, Government interest produces 
private interest, and developments were carried on 
privately in both the East and the West. Of note 
were those eastern efforts by the Devon Oil 
Company in Kentucky and on the Humphrey farm in 
Ohio to set up commercial oil shale processes. 
The research community also perks up to national 
programs, even though grant monies weren't 
available then. The Kentucky Geologic Survey 
became deeply involved in research and promotion 
of their shale resources, C.S. Crouse of the 
survey wrote extenSively of the black shales of 
Kentucky and of their valuable products and by
products. However, these efforts were rea 11 y 
minimal in comparison to the promotion given 
Western oil sha le. 



What effort that was expended on oil shale 
made little difference East or West becau se it 
was in the 1920's that the vast crude fields of 
Texas and Oklahoma were discovered and the U.S. 
proceeded on a new and even more feveri sh indus
tri al expansion based upon petrol eum. Domesti c 
markets grew with the expansion of the automobile 
industry and petroleum export markets grew right 
with it. The U.S. was again the dominant world 
oil user and supplier . Oil shale lost out again 
to cheap abundant petroleum. 

Shale Oil - 1940 to Date 

During World War II the U.S. Government again 
realized how essent ~ al petroleum was to our 
national defense. The large Texas and Oklahoma 
fields were nearly twenty years old and were being 
rapidly depleted. In 1944 the Congress passed 
Public Law 290 known as the Synthetic Liquid 
Fuels Act. The Act and extensions authorized 
the construction and operation of a~onstration 
pl ants to produce 1 i qui d fuel s fr 'om coal, oil 
shale and other materials and a total of $B7 
million was appropriated. As before the prime 
responsibility wa s given to the U.S. Bureau of 
Mines. 

Since the directive was for the production 
of liquid fuel and was to be carried out by a 
government agency dedicated to the development 
of minerals on public lands, all indicators 
pointed toward Western shale . As already stated 
Ea stern shale gives relati.e1y low oil and high 
gas yields. The Act specifically required produL 
tion of 1 iquid fuel. The nation sti ll did not have 
an adequate gas distribution system, and would not 
have until the late fifties and early sixties. 
There just was no market for ga s. Again Eastern 
oil shal ~ lost out in national energy pla nning 
and little if any research was carried out on it. 
However, a tremendous amount of work was carried 
out on We stern shales . Programs wer2 established 
to develop both mini ng and retorting techniques 
on a fairly sign ificant scale. Over-all about 
$lB mi llion dollars was spent on the Anvil Points 
shale project near Rifle, Colorado, where most of 
the oil shale activity was centered. 

As with earlier programs, government interest 
generates private interest and several companies 
carried on programs on their own. Some of these 
were carried out at a fairly signi ficant scale. 
Union Oil in one demonstration run operated their 
unique retort-A at 1200 tons per day on We stern 
shale. There were no significant development 
efforts carried out on Ea stern oil shale. The 
only shale to have supported commercial production 
in the mid-1BOO's was forgotten. 

Funding for the Synthetic Fuel Act was finally 
halted by Congress in about 1956 and inte rest in 
all shale oil gradually dwindled. The mammoth 
oil fields in the Middle East were discovered and 
the world was faced again with a glut of oil. 
Much of the oil wa s under U.S. control, as it was 
U.S. capital that paid for exploration and 
production development. We were again safe and 
secure. 

From the late fifties through the sixties 
there were no massive shale programs. Governmellt 
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retrenched into Laramie, Wyoming, to carry-on 
small scale laboratory, pilot plant and field 
projects on Western shale. Several firms worked 
on proprietary efforts and continued process 
development and engineering evaluations. In the 
fifties Eastern shale did get a brief look. The 
Atomic Energy Commission, through the U.S.G.S., 
started a sampling program because of UraniUM 
content. The Devonian shales though are, for the 
present, too poor to be considered as Uranium 
resources. The U.S.G.S. continued evaluating 
shale reserves around the world and in 1966 
published one of the most over quoted papers in 
shale his~ory, i.e., "OrganiC-Rich Shale of the 
United States and the World Land Areas·, Geological 
Survey Circular 5?1. In this document they pointed 
out that shales of less than twenty-five gallons 
per ton were not economi:. This was done without 
regard to geographic lo~ation, mining cond iti ons, 
political climate, or recovery of by-products. 
This has been a most difficult stigma for Eastern 
shale to overcome. Few of these shales in 
commercial quantities will assay more than fifteen 
gallons of liquid, but if gases are included, on 
an oil equivalent ba sis , will frequently exceed 
twenty gallons per ton. Eastern shale again was 
excluded from national energy resources. 

The early seventies saw the formation of the 
Energy Research and Development Administration 
formed to foster novel energy technologies and 
solve our new national energy dilemma. The U.S. 
was now faced with declining petroleum reserves 
and increasing oil imports. Natu ral gas supp1 ies 
were falling also with increasing demand . Most 
Middle-East oil had been nationalized and the 
Organization of Petroleum Exporting Countries 
(OPEC) had been formed to control major world 
supplies and prices. OPEC wa s rapidly taking over 
the role in world oil markets, that the U.S. had 
played since 1776. ERDA was the Government's 
super agency formed frcm parts of Government 
age ncies still involved in energy research (US BM, 
EPA, AEC, OCR, etc.). ERDA was to solve all 
problems . Oil sha le activities again picked-up 
tempo. But according to ERDA (USBM-Oi1 Shale) 
everything that needed doing in above ground shale 
retorting had been done. Only in-situ work needed 
funding under their programs. The only Eastern 
shale worK funded by ERDA was that proposed by 
Dow Chemical Company in 1973 for testing in-situ 
techniques in the Antrim shale of Michigan. Dow 
had had an extensive research program in the mid
fifties and late sixties and had re-opened research 
efforts in 1970 after real izing the nation was in 
for hard times, because of energy and hydrocarbon 
supplies. 

Also under ERDA the Devonian shales gas pro
gram was initiated. The black shales of the East 
are known to contain naturally occurring gas. 
Several fields were in operation and this was a 
means to expand efforts in Devonian shale for ga s 
production. This program also encompassed an 
extensive Devonian shale resource evaluation pro
gram (as did Dow's project for Michigan). Thi s 
program is sti ll going on and is generating a 
wealth of basic information. 

The late seventie s saw government expand on 
energy issues. Several regulatory bodies were 
combined with ERDA to form DOE. A truly super 
agency. Oil shale efforts moved forward, but as 



always with Government very slowly. In 1979 we 
finally got a national erer~y plan from Congress. 
Funding for energy develo~ent was greatly 
expailded. Funds were provided for feasibil ity 
studies and for beginning full sca;e development 
directed toward real production. Oil shale was 
to share in these funds. 

The Institute of Gas Technology was funded 
to carryon their basic research work and resource 
evaluation; efforts that they had th~nse1ves 
funded since early sixties. Several grants were 
made for shale feasibility studie ~. One small 
one was made to the Buffalo Trace Area Development 
Di strict (BTADD) to acces s the possibility of 
shale-oil production in their area of Kentucky. 
A second round of grand awards was started in mid-
1980 and many were announced. 

In November, 1980, the Nation elected to 
change administrations. With the new President's 
desire to reduce spending, many of the synfuel 
projects just being started were cut. This is a 
short-s i ghted Government pol icy. It is no t 
understandable how we can talk of national 
security w:thout a strong energy policy which 
i nc1 udes synfuel development. Just one more 
example of confused Government thinking. 

Shale Oil - 1980 to ?????? 

There is no question that the Federal 
Government's spending of enormous amounts of 
money on shale development would probably have 
had an accelerating effect. loss of Federal 
monies only means it will take private industry 
a little lo nger to rais a the necessary capital 
through other ~ources , and the move to commer
cialization will be stretched out, both in the 
East and We st . Almo st all the experts i ~. synfuel 
development are in full agreement that oil shale 
is our only reasonable near term option which can 
make any significant impact on future oil imports. 

The process to extract oil from shale is very 
simple (mine it, crush it , h tort it, dispose of 
the residue, and market the products). No complex 
machinery is required and we t echnically understand 
all the steps . The only trick is to do it in a 
thermally and economically efficient manner, 
competitive with imported petroleum. This will 
require some ingenuity, but it can and will be 
done. It may be a problem to convince investors 
that it is accomp1ishab1e and profitable. This 
may be the most difficult task of all because of 
miserable past oil shale history, and there is 
presently no commercial operations upon whi ch 
investors can judge the probabi1 ity for success or 
profita bil i ty. But 1 i ke Dra ke' s oil well, when 
the fir s t oil shale plant comes in, someone will 
grab a bucket full of oil, mount their mule and 
ride off to tell everyone the shale folly is a 
dream come true. Fir st though we have to have an 
"Unc le Billie" Smith to see the first oil in the 
pipe, in-other- words we need commercial production. 

Over the past sixty years the U.S. and other 
countries of the world have expended considerable 
effort developing shale retorting technology. 
Energy neve10pment Consultants , Inc., (EDC) of 
Golden, Colorado, estimate t here are at least ten 
processes ready for immediate commerc ialization . 
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Because of the emphasis on western "hale in the 
U.S., one might assume that these processes are 
not ready for Eastern shale. The two shales are 
vastly different in their oil yields and in their 
mineral make-up but this should not prevent 
application of current shale technology in the 
East. 

In fact just the opposite is true. In most 
cases retorting is far more difficult to carry
out on Eocene shale. 

Higher oil yields wake tar fogs more diffi
cult to collect, and the spent shale less strong 
and mor'! unstable. Retorting of Western shale, 
which is really a mar1stone, not a true clay 
shale as is Devonian, requires very close tempera
ture control otherwi sp energy wasting decarboxy
lation reactions occur and re sult in thermally 
i neffi ci ent opera ti on. Oi 1 s froln Green Ri ver 
sha1 es are very vi scous wi th pOl.lr pI'i nts above 
60oF, while Devonian shale oil will I.I sua l1y have 
d pour point below zero. This makes Eastern 
sha le oil much easier to handle in collection 
equipment and downstream processes. Generally 
speaki ng Devonian shale oil is lower in nitrogen, 
which is a problem for letter refining. While it 
will still have to be reduced, it should be some
what easier, because of lower concentrations. 

If one look s rationally at processing 
Devonian shale, you will find that it really is 
very simple. Thi s sha1 e is very similar to most 
of the oil sha les commercially processed in other 
parts of the worl d . For examp1 e, it is very 
difficult to tell the difference on visual 
inspection between Brazilian Irati shale and 
Kentucky Ohio sha le. Even chemical ana;ysis shows 
very close simi l arity . The shales of Colorado, 
Wyoming and Utah are probably the stranges t in the 
world, and as a result have required careful 
process testing to assure retorting can be 
carried -out. 

Still one can ar~ ue that the West i s far 
ahead of the East in the scale that processes 
have been tested. The East however is far ahead 
of the West in both market development, manufac 
turing capability, and support ing labor force and 
infrastructure. BlM has estimated that a 50,000 bbl 
per day oil shale development wil l require about 
2,000 people, both during construction and 
~peration . If one assumes tha t each one of these 
new jobs creates four others in support , this means 
a work force of about 10,000 people. If each 
worker represents a family of four this could mean 
40,000 peop1 e in support of such a facil i ty. 

Because of the remoteness of the western 
operations entire cities must be built to accommo
date this infl ux . Totally Wyoming, Colorado and 
Utah have less than four mil lion people . Kentucky, 
Ohio and Indiana, the most likely areas of 
Eastern development, contain about twenty million 
people. T~erefore it is easier for these Eastern 
states to find the direct and supporting labor 
force in the area, and adjust to minor population 
shifts . If one assumes that $100,000 (probably 
conservative) must be invested per family for 
housing and community functions, th is would mean 
a billion dollar national expenditure beyond the 
cost of the processing plant. A factor that is 
rarely considered in development of We stern sha le. 



This should be much less in the populated East. 

Product markets are also more developed in 
the East. Kentucky, Ohio and Indiana have a 
present oil refining capacity of about 1.5 million 
barrels of oil per day. Colorado, Wyoming and 
Utah less than one-half a mill ion. The only 
really conceivable markets for Wester'n shale oil 
are on the West Coast, which means moving 
products over the Rocky Mountain s , a distance of 
about 800 miles. Nearly the same distance as the 
Alaskan pipeline which cost about seven billion 
dollars. Another factor not accounted for in 
shale oil development. In the Ea~t markets 
exist rather locally and distribution systems are 
well developed throughout the Ohio River Valley, 
in the form of highways, pipelines, railroads and 
very economical river traffic. All of which will 
need building in the West. 

One of the major issues surrounding shale 
oil development has been water. Estimates of 
process water requirements vary widely from about 
2,000 to 10,000 acre feet per year for a 50,000 
BPCO plant. This does not include demands mad, 
outside the system . Water needs for one person 
in a city may be as high as 250 gallons per day. 
For a population of 10,000 this may be as high 
as 10 to 11 thol/sand acre feet per year in 
addition to process plant needs. In the arid 
West this could certainly tax the available water 
resources. Along the Ohio River Valley, where 
precipitation can exceed forty inches per year, 
thi s presents no problem. People's water needs 
are rarely factored into oil shale deve1upment, 
but may be the true 1 imiting factor in the West. 

Envi ronmenta1 issues are of concern both 
Ea~t and West. There i5 no question that shale 
~evelopment will have a regional impact wherever 
it occurs. Anything that man does has some 
(all the way from cutting fire~:ood to building 
massive highways across the land). If one 
approaches the issues rationally with sound 
judgement, it is evident that all of the opera
tions inVOlved in oil shale processing are 
manageable and can be carried-on meeting rea son
able environmental constraints. 

Oil shale mining and spent shale di sposal 
seem to be the issues of greatest concern. It 
should be remembered that an oil sha le operation 
is more like a rock quarry than a coal strip-mine . 
Because of the tonnages of rock to be moved, 
processed and disposed of, the operation must be 
very localized. Being in a reasonably confined 
area makes monitoring arod control of the mining/ 
disposal site quite simple. Engineering practi ce 
is more than adequate to control dust emissions, 
surface run-off and spent shale dumps . Over-all 
if surface restoration is properly done the land 
left after shale processing should be far more 
valuable than it is today. One of the difficulties 
presently in the Ea ~ tern sha le be:t is that the 
steep cliffs and sharp ridges are very unstable. 
A si tuation which is very common in shale out-
crop areas. One accomplishment of mining would 
be to stabilize thp hazardous situation nature 
has created. The instability of this area is 
certainly one reason it has been so sparsely 
populated and the land not used for industrial, 
agricultural or residential purposes. 
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Recent studies have shown that spent shale will 
support corn and that leaching from the shale 
should not be a problem. This data is quite 
preliminary and additional data by both private 
industry and Government, is being gathered. In 
the next year sufficient lllfol'!l1ation should be 
available to make it pOssible to engineer very 
adequate mining and disposal sites for Eastern 
sha le. The Irati shales of Brazil are very 
similar chemically to Devonian. The Brazilians 
have found that just coveri ng the spent shale 
with two or three feet of top soil is SUfficient 
to grow trees. They have been testing land 
restoration and leaching for the last ten years 
and have found no i nsurmountabl e probl ems. A 
similar finding will occur in the areas having 
Devonian shale. 

The benefits that shale develo~nent would 
have in the Eastern shale belt are substantial. 
Already mentioned are the 10,000 new jobs that 
one 50,000 bbl/day commercia l plant would generate. 
The income base this would create in an area is 
tremendous. Assuming a family generates about 
$15,000 annually this would mean $150 million 
dollar payroll. The land owners will receive 
probably twenty-cents per ton of shale mined 
which could generate nearly ten million additional 
per yea r in revenues . Pl an t profits cou 1 d be as 
high as $66 mill ion ($40/bbl J il, 10% return on 
sales). This could mean over two hundred mi llion 
dollars annually generated, much of ~Ihich would 
be spent in the immediate area. The cost 
estimates for such a la rge plant are at thi~ time 
quite variable. However, it is felt it would be 
in the range of $2 to $2.5 billion. The amount 
this would create in property taxes is staggering 
and probably far exceeds any that one industry 
now generates for State government. 

While one 50,000 barrel per day plant repre
sents something less than one percent of our 
current national oil imports, it is still very 
significant . For one thing it would begin a 
development that could again make the U.S. a 
leader in oil production, a position we held from 
1776 to about 1970. For another just one plant 
wou1 d improve our ba 1 a nce of payments by near1 y 
three quarters of a billion dollars. Oil imports 
are wrecking our trade balaroce and shale oil 
would start to ~ tabilize it. 

Shale oil development in the East would 
regionally have the most beneficial effect . This 
is our industrial heartland . The short fe'l of 
rlatura1 gas in this area in the winter of 197B 
saw over two million people out of work, and eight 
states apply for disaster relief , showing how 
sensitive this area is to fuel supp1 ies. Th~ Arab 
oil embargo of 1973 and oil crisis of 1979 saw 
long gasoline lines almost disabling our transpor
tation network. There are currently severa l 
major companies now shOWing an interest in 
Eastern shale development. They dre finall y 
recognizing there are factors other than oil 
yield to sha le oil production. Over-all the 
future looks bright. The one item missing so far 
is a commercial operation. The technology is in 
place, only innovative financing is now needed. 
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Introduction 

The Morgantown Energy Technology 
Center (METC), United States Department of 
Energy (U.S. DOE), is the designated lead 
technology center for the areas of fluidized
bed combustion, coal gasification , ga 
cleanup, solids handling, and computer 
modeling. In pursuing the designated re
sponsibility in fluidized-bed combustion, 
METC embarked on a comprehensive program 
of widening the fuel-supply base. Feasibility 
studies were conducted for various low-grade 
fuels and oil shales were among the fuels of 
in terest to METe. 

As the world energy supply initiated an 
economic strain in the petroleum-importing 

. countries, means of recovering hydrocarbon 
fuels from oil shales gained increasing atten
tion from the oil-shale-producing states. In 
response to requests from DOE Headquarters, 
METC has also conducted numerous feasi
bility studies in oil-shale utilization, com
bustion, and retorting for foreign countries. 
Oil shales from Israel and Morocco were test 
burned and retorted. As a result of METC's 
efforts, innovative design for oil-shale com
bustion and retorting were developed. Some 
oil shales have a high limestone (calcium
carbonate) content and indiscriminate appli
cation of heat will re~ult in calcining the 
limestone and consumption of a considerable 

amount of heat within the process without 
the benefit of high heat recovery. A pseudo 
two-staged fluidized-bed combustion design 
was proposed as an approach to mitigate this 
effect. The feasibility of burning the oil-shale 
volatiles without producing excessive calcina
tion of the limestone was demonstrated in 
METC's FBC units. 

One of the major criteria for achieving 
high-energy conversion efficiency in coal 
gasification as well as oil-shale retorting is the 
proximity of the heat-generating reaction, 
combustion, and heat-consuming reaction
gasification or retorting. In fact , this is why 
the moving-bed, counter-current gasifier or 
oil-shale retort has a slightly higher conversion 
efficiency than that of the conventional 
fluidized-bed reactors. However, owing to the 
vigorous inter-particle motion inside a fluid
ized bed , a high heat-transfer rate can be used 
to achieve good heat recovery between the 
hot spent shale and the cold fresh shale. A 
twin-bed fluidized-bed oil-shale retort/com
bustor was conceived and developed at 
METC, with a special feature of separating 
the products of retorting and/or gasification 
from the products of ccmbustion. 

Fully aware of the nation's need to 
develop high-risk and long-tenn research in 
eastern oil-shale and low-grade oil-shale 
utilization in general, the U.S. DOE/METC 
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initiated an eastern oil-shale characterization 
program. In less than 3 months, METC 
produced shale oil from a selected eastern
U.S. oil shale with a Fischer assay of 8.0 
gallons/ton. In view of the relatively low oil 
yield from thi~ particular oil shale, efforts 
were directed to determine the proce s 
conditions which give the highest oil yield. A 
2-inch-diameter electrically heated f1uidized
bed retort was constructed , and "Celina" oil 
shale from Tennessee was selected to be used 
as a representative eastern oil shale. After 
more than 50 runs, the retorting data were 
analyzed and reviewed and the best oil-yield 
operating condition was determined. In 
addition, while conducting the oil-shale 
retorting experiments, a number of technical 
problems were identified, addressed, and 
overcome. 

The oil- hale retorting study was sup
ported by a competent and well-equipped 
technical staff that is capable of conducting 
conventional solid-fuel analyses, size distribu
tion, surface-area measurement, electron 
microscopic analysis, low- and high-tempera
ture ash analyses, differential thermal and 
thermogravimetricaJ analyses, etc. 

The retorting process conditions, tempera
ture, residence hme, and rate of heating (size 
distribution) do affect the yield and compo
sition of the shale oil retorted. Shale oil is 
produced from the thermal decomposition of 
oil-shale organics. Under the therr.:al-de
composition conditions, the organics in the 
oil-shale matrix are converted into char, gases, 
and liquid hydrocarbons. The manner under 
which the oil shale was retorted contributes 
to both the amount and composition of the 
shale oil produced. 

Two-Inch-Diameter, Electrically Heated, 
Fluidized-Bed, Oil-Shale Retort 

METC has designed and constructed a 
2-inch-diameter electrically heated f1uidized
bed retort (EHFBR) for use in this retorting 
study. This reactor allows accurate study of 
the effects of various precisely controlled , 
process/thermal conditions on shale oil yield 
and characteristics, recognizing that com
bustion effects will be evaluated later. The 
EHFBR is made of a 2-inch-diameter, 21-inch
long schule 160, 316 stainless-steel tube. The 
exterior of the EHFBR is wrapped with an 
electrical heating element which is capable of 
heating the EHFBR to 1200°F. Hot nitrogen, 
with a controlled temperature in the range of 
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700 to 1000°F, is fed into the bottom of the 
EHFBR below the distributor. The distributor 
is made of a perforated plate with an open 
area of 1.8 percent. The 37 .03-inch-diameter 
perforations are arranged in a triangular pitch 
of .26 inch and counter-sunk to control the 
plugging and weeping. The distributor pres
sure drop is maintained at 4 to 5 inches of 
water to assure flow stability and to prevent 
maldistribution. The expanded bed height is 
controlled to be 5 inches by the provision of 
an over-flow drain of 3/4-inch-diameter tube. 
This drain tube is branched downward to 
form an angle of 26 degrees with the major 
vertical axis of the EHFBR. The in-bed 
residence time is controlled by internal 
baffles which form a triangular truss with a 
main function of controlling bubble growth. 
Solids are delivered to the retort by a 1/4-
inch-diameter screw feeder which receives 
crushed oil shale from a hopper and enters the 
EHFBR bed region at a pressure balance point 
(the pressure balance point is the point where 
the local pressure is equal to atmospheric 
pressure). The screw solid feeder has a feeding 
capacity of up to 250 gm/hour and the rate of 
feed is controlled by a variable-speed motor. 
The size of crushed oil shale utilized in the 
tests was 30 x 45 mesh. The cold minimum 
fluidization velocity was determined to be 0.3 
ft /sec at room tempera'ture. The operating 
fluidization velocity was in the range of 0.9 to 
1.0 ft /sec. 

The experimental configuration u ing this 
retort is shown in Figure 1. The gaseous 
products of retorting were passed through a 
glass-wool filter (GWF) which removed 
accompanying dust particles. An air-cooled 
condenser was used which collected about 20 
percent of the heavy oil, and a subsequent 
water-cooled condenser collected about 30 
percent of the light oil. A membrane "filtra
tion" technique was then utilized to ;ollect 
the remaining 50 percent of oil which was i:1 
the form of an oil "fog." The fog, or c erosol , 
was passed through a membrane filter with a 
pore size of 5 microns. The small pores 
force the aerosol droplets to coalesce into 
larger liquid drops which are then trapped and 
recovered after the membrane. The uncon
densable gases are then passed through an 
activated carbon-packed bed, a gl as -wool 
filter , and a vacuum-pump gas meter Lefore 
being vented into an exhaust hood. The oils 
collected were weighed and an overall ma
terial balance was computed. Most of the 
material balance were accurate to within 95 
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Figure 1. Two-Inch-Diameter, Electrically Heated, Fluidized-Bed Retorting System, 
Experimental Configuration 

percent, which i quite good for a lab- cale 
unit. 

Retorting Test Activities 

METe designed a eries of experiments 
with the intention of determining controllable 
process variables which yield more oil and one 
with characteristic more compatible with 
conventional refineries. At pre ent, the 
controllable proces variables are the oil-shale 
feeding rate, the retorting tempe:"ature , and 
the oil-shale particle-size distribution. Deter
mination of the product oil's compo ition in 
terms of the fractions represented by atur
ated (paraffinics and naphthenic) , unsaturated 
(olefinic), and aromatic hydrocarbons a well 
as a host of other pertinent oil feed:tock 
properties i currently in progre s. Reported
ly , low retorting temperature favors the 
formation of paraffinic hydrocarbons, inter
mediate temperature favors olefinics, and 
high temperature favors aromatics. The rate 
of heating al 0 affects the hydrocarbon 
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compo ition. At a heating rate below 
1° C/min, the re torting product is mostly 
paraffinic; at a rate between I and 
100°C/ min , the retorting products are mo tly 
olefinic; if the heating rate is faster than 
100°C/min , the retorting product are mostly 
aromatic. Of the three types of candidate 
oil-shale retorting proces es (packed-bed, 
fluidized-bed, and entrained-bed), the fluid
ized-bed retorting proces can easily achieve 
the heating rate of 100°C/min with a wide 
feedstock size di tribution to u~hieve a 
desirably high aromatic hydrocarbon yield. 

In view of the low hydrogen content of 
the eastern oil shale and the low hydrogen-to
carbon ratio in the aromatic hydrocarbons, 
fluidized-bed retorting appears to be the 
logical means of eastern oil- hale retorting. To 
date, METC has conducted 60 retorting runs 
using the electrically heated fluidized-bed 
retort for a wide variety of oil shales. The 
ultimate and elemental analyses of the e oil 
shales (Celina, Tennessee ; Sunbury, Ken
tucky ; Colorado ; Morocco ; and Israel) and 
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Fi cher assays are shown in Table 1 and their 
respective material balances for the retorting 
tests are shown in Table 2. 

As mentioned above, METC selected the 
oil shale from Celina, Tennes ee, as the ba is 
for this study. Two controlling variables 
(retorting temperature and oil-shale feeding 
rate) were also adopted as the two main 
controlling, or independent, variables. The 
results of the variable study are summarized 
in Table 2. The temperature of retorting 
wa varied from 700 to 1000° F; the oil-shale 
feeding rate wa varied from 115 to 206 
gram /hour. 

The retorted-shale oil yield wa plotted as 
a function of the retorting temperature and 
oil-shale feed rate. This i shown in Figure 
2. In the contour plot, the Jata are divided 
into three groups with oil-yield ranges of 0.96 
to 1.21, 1.73 to 2.00 and 2.5 I to 2.77 
weight-percent. A regression analy is was 
applied to correlate the shale oil yield as the 
function of retorting temperature and oil
shale feed rate. The regression analysis pro
duced the following relationship : 

Y = - 24.813 + 0.0536T - 2.703 X 10-5 T2 
+ 0.0381 F - 8.96 X 10-5 F2 

- 1.799 X 10-5 T . F 
where: Y i the shale yield in weight-percent; 
T is the retorting temperature in OF; and F is 
the oil-shale feed rate in gram /hour. 

Based on the consideration of high 
throughput and maximum oil yield for 
reduced retort inve tment requirements, a 
retorting temperature of 950°F and a feeding 
rate of 180 grams/hour appear to be the 
logical retorting condition. Current efforts are 
directed at determining the effect of oil-shale 
size distribution on the oil yield and compo i
tion. We expected to receive the shale oil 
analyses including API gravity, ASTM distil
lation, paraffinic, olefinic, naphthenic, aro
matic-hydrocarbon content, and sulfur and 
nitrogen contents in time for this printing; 
however, they are not yet complete. A 
proce s parameter study will be conducted 
using the analytical results to determine the 
controlling variables and magnitude of the 
effect on the yield and composition of the 
shale oil. 

Table 1. Properties of the Oil Shales 

U.S. Oil Sh.l. 
1" •• li Oil 

U.S. Oil Shll. Sunbury Oil Morae ... " Oil Shll. Shal. 
Celin •• TN Sh.I •• KY Colorado Oil Shll. 

Type of Oil Shol.1 
An.ly.i. Item. Fresh S"""t Fresh Spent Fresh Spent Frel~ Spent Fresh Spent 

Gallon/Ton 
0,1 8.0 16.4 23.0 17.7 13.6 
Water 2.4 6 .5 3.4 10.2 10.1 

Oil 3.1 6.5 8.7 7.1 5.4 

Wt '" 
Water 1.0 2.7 1.4 4.2 4 .2 

Spent Shale 931 881 87.5 85.0 96 .8 
Gal + Loss 2.8 2.8 2.3 3.6 3.5 

!>peeific Gravity 0.925 0.945 
60° 160°F 

0.911 0.970 0.963 

Tend to Coke None None Slight None None 
Moisture 0.45 0 .25 0.93 0.48 0.21 0.14 4.34 0.32 4 .14 0.56 
Ash 79 .37 85.68 75.45 86 .79 67.77 79.04 62 .77 75.56 64 .24 70 .92 
Sulfur 6.98 6 .38 1.98 1.81 0.45 0.5J 1.83 1.18 3.07 1.97 
Hydrog<!n 1.31 0.49 1.73 0.68 1.74 0.36 1.76 1.27 1.53 0.68 
Total Carbon 11.49 7.73 15.86 8.39 16.53 7.82 18.34 7.52 15.22 6 .71 
Nitrog<!n 0 .36 0.29 0.53 0.36 0.15 0.51 0.35 0.35 0.23 
Oxygen 0.04 3.52 1.85 12.94 11 .96 10.45 13.8 11.45 18.93 

Silicon, SiO, 60.74 61 .04 67 .34 66 .29 47 .58 47.02 40.62 40.64 23.49 24 .33 
Aluminum, AI, 0, 13.76 13.76 15.99 15.59 10.Q7 9.83 11.28 11.29 9.67 9.69 
Iron, Fe,O, 1&.30 15.29 7.22 7.20 4.79 4.56 5.76 5.61 4 .24 4.16 
Calcium, Cao 0.83 0.89 0.57 0.55 20.87 19.70 27.08 27 .04 51.92 51.65 
Magnesium, MgO 1.52 1.55 1.68 1.36 8.39 7.99 6.43 6.07 0.75 1.31 
Sodium, No,O 0.67 1.09 1.14 1.53 1.18 3.07 0.50 1.0; 0.66 1.08 
Potassium, K10 4.91 4 .88 4.60 4.65 3.05 2.93 1.61 1.62 075 0.76 
Phosphorus, P, S, 0.17 0 .18 0 .28 0 .24 0.36 0.38 1.84 1.81 2.31 2.29 
Titanium. TiD, 0.88 0.86 0.92 0.91 0.44 0.45 0.68 0.69 0.42 0.46 
Sulfur, SO, 1.01 0 .76 0.52 0.43 2.89 2.36 4.88 4.10 6.1)2 4.46 

H.oting Valu., 8tul1 b 2,617 1,699 3,120 1,558 2,296 310 2,543 1,010 1,669 496 

2,133 2,135 ~ .665 
Ash Fusion, OF 2.205 2,160 2,680 

2,245 2,200 2,695 
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Table 2. e li·Yield Data Obtained in the 2·lnch·Diameter Fluidized·Bed Retort 

Oil 

Fischer Water Yield 

Retorting Oil Yield Assay + Mass of Experi-

Yype of Tempera- Feed From Tests Oil Yield Gas Balance Fischer mental 
Run Tested ture Rate gall gall + outlin Assay Errors 
No. Oil Shale of g.'hr wt % ton wt % ton Loss % wt% % 

032 U.S. Oil Shale 700 115.7 1.1 6 3.02 3.1 8.0 3.8 93.4 37.4 - 2.8 
Celina, TN 

025 U.S. Oil Shale 800 131 .8 2.45 6.38 3.1 8.0 3.8 94.3 79.0 - 1.9 
Celina, TN 

045 U.S. Oil Shale 900 130.6 2.77 7.22 3.1 8 .0 3.8 99.3 89.4 + 3.1 
Celina, TN 

046 U.S. Oil Shale 1000 132.6 2.74 7.14 3.1 8.0 3.8 95.9 88.4 - 0.3 
Celina, TN I 

041 U.S. Oil Shale 700 167.2 1.07 ~ . 79 3 .1 8.0 3.8 94 .0 34 .5 - 2.2 
Celina, TN 

033 U.S. Oil Shale 800 153.2 2.29 5.97 3.1 8.0 ~ .8 99.3 73 .9 ~ 3.1 
Celina, TN 

039 U.S. Oil Shale 900 165.8 2.61 6.80 3.1 8.0 3.8 96.5 84 .2 + 0.3 
Celina, TN 

040 U.S. Oil Shale 1000 162.5 2.71 7.06 3.1 8.0 3.8 97.3 C7 .2 +1.1 
Celina, TN 

044 U.S. Oil Shale 700 199.0 1.05 2.74 3.1 8.0 3.8 94.8 33.9 - 1.4 
Celina, TN 

043 U.S. Oil Shale 800 179.0 2.09 5.45 3.1 8 .0 3 .8 97.7 67.4 + 1.5 
Celina, TN 

042 U.S. Oil Shale 900 206.4 2.14 5.58 3.1 8.0 3.8 94.7 69.0 - 1.5 
Cel ina, TN 

036 U.S. Oil Shale 1000 190.5 2.31 6.02 3.1 8.0 3.8 93.0 74.5 - 3.2 
Celina, TN 

053 Sunbury Oil 900 182.6 6.14 16.00 6.5 16.4 5.5 93.5 94 .5 - 1.0 
Shale, KY 

052 Colorado 900 120.6 7.34 19.12 8.7 23.0 3 .7 96.5 84.4 +0.2 
Oil Shale 

057 Moroccan 900 153.2 6.63 17.27 7.1 17.7 7.8 86.9 93.4 - 5.3 
Oil Shale 

058 Israeli 900 162.7 4.15 10.81 5.4 13.6 7.7 87.7 7 0.9 - 4 .6 
Oil Shale 
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Figure 2. Contour Plot of Oil Yield as a Function of Feed Rate and Retorting Temperature 

I raeli oil shale was available and selected 
to study the effect of oil-shale size distribu
tion on retorted-shale oil yield. In addition, 
Israeli oil shale ha a very small average pore 
size with an approximate pore populatioil of 
108 pores per square centimeter, which is 
about one order of magnitude less than that 
of the Colorado oil shale. Four batches of the 
Israeli oil shales of size distribution 60 x 80, 
30 x 45 , 20 x 30, and 14 x 20 mesh with a 
respective average size of 0.21, 0.50, 0.72, 
and 1. 13 millimeters were subjected to the 
retorting study in the 2-inch-diameter elec
trically heated fluidized-bed retort. The bed 
temperatures were 9000 F. The fluidization 
velocity uti lized was three times minimum 
fluidization velocity for each size, and the 
resulting avtlrage residence times were in the 
range of 42-47 minutes. It was found that oil 
yields were virtually all identical with a value 
of 75 percent of the Fischer assay. We there
fore concluded that the shale oil yield is 
not a function of oil-shale particle distribu
tion within the 0.2 1- to 1. t 3-mm range. Other 
oil shales from Sunbury, Kentucky ; Piceance, 
Colorado; Morocco; and Israel were also tftst 
retorted at 9000 F usiilg varied feeding rates. 
Respective oil yields of 94.5 percent, 84.4 
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percent, 93.4 percent, and 76 .9 percent of 
Fischer assay were obtained. No effort wa 
made to recover the uncondensables and the 
accompanying water vapors. The representa
tive oil-yield data are hown in Table 2. 

The Fischer assay of fresh shales in terms 
of gallons per ton , ultimate analysi and 
heating values of the fresh and spent shales, 
and elemt'ntary analy is of the fresh shale are 
shown in Table 1. It i intere ting to note that 
abou t half of the carbon is retained in the 
spent shale for CeI.:. a and Sunbury oil shales 
which have low calcium-carbonate content 
and is reflected in the heating values of the 
spent shales. 

The 6-Inch-Diameter 
Fluidized-Bed Combustor 

The experimental facility and major 
dimensions of the 6-inch-diameter !aboratory
scale fluidized-bed combustor (FBC) are 

. shown schematically in Figure 3. This 6-inch
diameter FB unit is a refractory-lined 
cylindrical ves el. The bed region is 16 inches 
tall. The expanded freeboard section, 8 inche 
in diameter, is 100 inches in height. The 
6-inch FBC unit ha a conical air-distributor 
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Figure 3. Six-Inch-Diameter Fluidized-Bed Combustor, Schematic Diagram 

plate which has an open area of 2.77 percent 
of the total distributor area. Fluidizing air 
from the plenum pas es through ixty-four 
l/8-inch-diameter nozzle arranged in three 
concelltric circles. Solid fuel from the hopper 
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is fed directly into the bed by a l-inch
diameter, variable-speed metering screw with 
a water-cooled jacket. Limestone, when 
needed, is fed directly into the top of the 
expanded bed through a 3/4-inch screw 



feeder. Spent-bed material can be extracted 
from the combustor through a 3/4-inch
diameter drainpipe at the bottom of the 
conical di tributor or removed through an 
overflow tube which penetrates the com
bustor side wall at an angle of 30° with the 
vertical axis of the combustor. The overflow 
pipe is typically set such that a bed level of 
4-1/2 inches is main tained. The bed solids are 
discharged into a lockhopper which is period
ically emptied. The products of combustion 
are passed through two cyclones connected in 
series. The flue gas is filtered through a 
porous metal filter for ultimate dust removal 
before its final release to the atmosphere. 

Flue gases are continuously sampled for 
carbon monoxide, carbon dioxide, sulfur 
dioxide, nitrogen oxides, oxygen , and hydro
carbons. The carbon-monoxide and carbon
dioxide levels are measured by non-dispersed 
infrared analyzer, sulfur dioxide by flame 
photometric analyzers, oxides of nitrogen by 
chemiluminescence analyzers, oxygen by 
thermomagnetic analyzers, and total hydro
carbon by flame ionization. 

Combustion Test Activities 

Colorado, Celina (Tennessee), Sunbury 
(Kentucky) , Israeli, and Moroccan oil shales 
were selected for combustion in the 6-inch
diameter FBC unit. One may notice from 
Table 3 that oil shales from Colorado, Moroc
co, and I rael contain sufficient limestone to, 
at least theoretically, absorb the sulfur 
dioxide generated from the combt:stion of 
their inherent sulfur. METC's experience in 
the fluidized-bed combustion of these lime
stone-con taining oil shales indicated that, in 
fact, they can be burned without the addition 
of limestone or other modifications and meet 
the existing U.S. environmental regulations. 
These data are presented in Table 3. 

In view of the high limestone content in 
the oil shales from Colorado, Morocco, and 
Israel , a concept was developed to i olate the 
devolatilization of oil shale and the combustion 
of volatiles by effecting a pseudo two-staged 
fluidized-bed combustion process. The main 
theme of this design was to take advantage of 
the difference between the temperatures 

Table 3. Typical Experimental Results of Fluidized-Bed Combustion of Oil Shales 

~ SHALE COLORADO TENNESSEE KENTUCKY ISRAELI MOROCCAN 
PROCESS OIL OIL OIL OIL OIL 
VARIABLES SHALE SHALE SHALE SHALE SHALE 

OPERATING CONDITIONS 

BED TEMPERATURE (F) 1550 1530 1600 1300 1450 

SUPERFICIAL VELOCITY 
(ft/sec) 3.68 2.10 2.18 2.68 3.96 

STATIC BED DEPTHS (in) 6 6 6 6 4 

EXCESS AI R (%) 33 .50 53,39 58.76 44.20 40.0 

EXPERIMENTAL RESULTS 

COMBUSTION 
EFFICIENCY (%) 99.54 98.37 99.39 99.86 97.91 

SOl EM ISSION (lb/l 06 Btu 0.37 24 .32 8.80 0.26 0.29 

NOxEMISSION (lb/106 Btu) 0 .53 1.67 1.20 1.00 1.00 
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required for devolatilization and calcination 
in the e oil shales to preclude unnecessary 
energy consul1lPtion by the calcination 
reaction. The fluidized bed at the lower part 
of the oil-shale burning boiler wilJ have 
devolatilization as its main function. It is 
known that the fluidized bed is an excellent 
solid burner, primarily because the fluidized 
bed offers vigorous mixing between particles. 
However, the fluidized bed is a poor gas 
burner, primarily because of poor mass and 
heat transfer between the solid and gas phases 
for any bubbles rising through the bed. As a 
consequence, a gas bubble may pass through 
the fluidized bed without completing com
bustion. It is thus highly desirable to take 
advantage of the fluidized bed as a devola
tilizer or retort and burn the volatiles (gas 
phase) in the freeboard region. Secondary air 
will be introduced over bed to burn the 
volatiles to achieve high combustion effi
ciency and yet maintain the freeboard tem
peration within the temperature "window" 
for pollutant-emission control. For sulfur 
retention under atmospheric pressure, the 
optimum temperature is 1550°F. The relaxa
tion and reduction of nitrogen oxides to 
nitrogen and oxygen occur best in a tempera
ture "window" of 1450 to 1550°F. The 
burnout of carbon monoxide occurs at a 
temperature above 1300° F. The key to 
pollutant-emi ion control is the maimenance 
of an adequate freeboard temperature high 
enough for the completion of sulfur reten
tion, nitrogen-oxide relaxation and reduction, 
and burnup of combu tibles (carbon monox
ide and hydrocarbons) but low enough to 
preclude thermal NOx formation. 

A pseudo two-staged, combu tion-
concept, feasibility-verification test was con
ducted at METC to demonstrate the viability 
of achieving staged combustion in a fluidized
bed com bustion unit without incurring 
excessive calcination However, due to the 
poor insulation of the freeboard , a stable high 
freeboard temperatu re was difficult to main
tain. Therefore, relatively high nitrogen-oxide 
emission levels were observed for high excess 
air in the fluidized-bed combustion of oil 
shales. However, this is felt to be an artifact 
of the test combustion design. Otherwise, the 
process did function and the concept is felt to 
be viable. 

It is of great interest to point out that for 
the limestone-containing oil shales (Colorado, 
Israeli, and Moroccan), the sulfur-dioxide 
emissions were considerably below the EPA's 
sulfur-dioxide emission limit of 1.2 lb/million 
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Btu. The inability to maintain favorable 
conditions for nitrogen-oxide reduction and 
relaxation, such as the maintenance of free
board temperature, providing of reductants, 
etc., resulted in nitrogen-oxide emission levels 
on the order of 1.0 to 1.2 lb/million Btu. 
Current effort at \fETC are addressing the 
nitrogen-oxide emissions from fluidized-bed 
combustion of oil shale. We believe that we 
have obtained some very encouraging results. 

For eastern oil shales with high-sulfur 
content and low-lime tone content, the 
addition of limestone to insure compliance 
with EPA's sulfur-dioxide emission standard 
may be required. Current research at METC b 
also addre sing the sulfur-dioxide emission 
issue. It is expected that the sulfur-retention 
mechanics will be no different from the 
combustion of the high-sulfur bituminous 
coal. A calcium-to- ulfur molar ratio, Ca/S , of 
3 to 4 may be required to lower the sulfur
dioxide emi sion so as to meet the EPA 
standard. 

However, it should be pointed out that 
the high Ca/S ratio requirement could be 
attributed to the short sorbent residence time 
in the 6-inch-diameter bed. The small bed size 
requires constant withdrawal of spent-bed 
material. The high ash content of the eastern 
oil shale may also accelerate the process of 
spent-bed material withdrawal. Therefore, 
it i contemplated that a two-staged FBC may 
a1 0 be desirable &S a means to insure com
plete combu tion in the first stage and satis
factory sulfur retention in the second stage. 

The combustion efficiencies for all the oil 
shale were on the order of 98 percent or 
higher. Only in two cases was the combustion 
of oil shales below 98 percent. Therefore, it is 
concluded that fluidized-bed combustion of 
oil shale is a viable energy-conversion process 
for uil shale. 

Innovative Concepts of Oil-Shale Utilization 

The cost of energy calls for efficient 
utilization of energy. METC has conceived 
and reduced to practice a number of innova
tive concept!> for the efficient utilization of 
oil shales. It is indeed our pleasure to share 
this with the user public. 

• Pseudo Two-Staged Combustion: As 
mentioned before, the fluidized bed, due to 
it inability to implement good mass transfer 
between the gas bubble phase and the sur
rounding emulsion phase, is a poor gas burner. 
Hov/ever, because of the vigorous solid-solid 



mixing inside the bed, the fluidized bed is an 
excellent solid heater and co:nbustor. There
fore, it is proposed that the combustion of oil 
shale take place in two stages, functionally 
separating devolatilization and combustion. 
This pseudo two-staged combustion ca1l5 for a 
fluidized-bed combustor w'th a high or a 
diverted freeboard uch that the devolatili
zation in the fluidized bed and combustion in 
the freeboard can be isolated 0 avoid the 
excessive heat-consuming limestone-calcina
tion reaction. A conceptual design of an FBC 
system for high-cakium carbonate-bearing oil 
shale is shown in Figure 4. The retorting 

process i consummated in the fluidized bed 
at the left. The retorting teP1perature is 
maintained by the heat released in the free
board from the combustion of volatiles. 
Generally, the retorting process should be 
maintained sufficiently below the limestone 
calcination temperature. METC's in-house 
study has found that les than 50 percent 
calcination of I raeli oil-shale limestone 
could be maintaiJled when the fluidized-bed 
temperature was maintained below 1300°F. 
This is depicted in Figure 5 which provides 
test data on carbonate decomposition as a 
function of bed temperature. A differential 
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Figure 4. Conceptual Design of an FBC System for High-Calcium Carbonate-Bearing Oil Shale 
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temperature analysis for an oil shale can also 
assist in pinpointing the most favored retort
ing temperatures. 

The secondary air injected in the free
board region would bum the combustibles 
from retorting to a satisfactory extent. The 
heat of combustion would be extracted from 
the flue gas by a waste· heat boiler which is 
located at the right ide of the fluidized bed. 
Some of the heat of combustion in the 
freeboard would radiate down at the fluidized 
bed to keep the fluidized bed at a favorable 
retorting temperature. The waste-heat boiler 
volume also serves as a settling chamber where 
the fines are collected for disposal or as 
a heat source to assist at keeping the retorting 
fluidized-bed temperature at the most favored 
retorting conditions. 

A 

1500 

• Two-Staged Fluidized-Bed Combust
ion: This design physically separates the 
devolatilization combustion and sulfur ret en
tivn. A conceptual design of this type FBC 
system for eastern oil shale is shown in Fig
ure 6. In this approach, the retorting is 
conducted in a fluidized-bed retort with a 
slanted distributor to facilitak bed-material 
(spent-shale) movement. The heat of retort-

Figure 6. Conceptional Design of a Two-Staged 
FBC System for Eastern Oil Shale 
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ing is supplied by the partial combustion of 
oil shales. The spent shale passes through a 
waste-heat recovery fluidized bed , on the right , 
where the sensible heat of the spent shale is 
lIsed to preheat. the fluidizing and combustion 
air for the upper fluidized bed . Owing to the 
high inert content of the eastern oil shales, 
the sensible heat recovery from the large 
quantity of spent shale is an economical must. 

The products of retorting and preheated 
air from the lower fluidized beds enter 
the upper fluid ized bed, or the second stage, to 
complete combustion and pollutant-emission 
control. The gaseous retorting products, high 
in carbon-dioxide content, can enlarge the 
pore size of the calcium limestone uch that 
the threefold increase of the molar volume of 
the sulfated limestone does not result in plug
ging the pore openings and reduction of calci
um utilization. This design may be high in 
pressure drop, and shallow beds are preferred. 

• Twin-Bed Retort/Combustor: In this 
approach, the sen ible heat of the spent-bed 
material is utilized to supply the heat of 
oil-shale retorting. Figure 7 shows a concep
tual design, and the principal feature of the 
twin-bed retort/combustor fluidized beg is a 
partition wall which eparates the combustion 
and retorting compartments. Two in-bed 
passages and the design of the distribu tor 
plates keep the bed materials in the twin beds 
circu lating properly. The circulation of bed 
materials is accomplished by use of a slanted 
distributor and/or slanted distributor nozzles. 
The freeboarcl regions of the combustion and 
retorting beds are separated so as to avoid 
contaminating the product gases from retort
ing with the products of combustion. 

Raw oil hale is fed into the retort bed at 
a point where it i mixed with the hot spent
bed material from the combustion bed. The 
ensible heat of the pent-bed material heats 

the fresh oil shale to a temperature for 
oil-shale retorting. The gaseous retorting 
products pass through the freeboard region, 
leave the unit, and are transported to a 
hydrocarbon-recovery system for eventual 
hydrocarbon recovery. After the completion 
of retorting, the retorted oil shale flows into 
the combustion compartment for the burn off 
of the residual carbon. The gaseous products 
of combustion are directed to a flue-gas 
waste-heat recovelY system for the generation 
of process team. The hot-bed material , after 
some bleed off to control the total solid 
materials inventory in the bed , is recycled 
into the retort bed as a heat source. 
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The fluidizing gases in the combustion 
and retort beds can be different. For example, 
steam and/or easily recoverable inert gas (i.e., 
flue gas or carbon dioxide) can be used as 
fluidizing gas for the retorting bed. Air or 
oxygen can be used as the tluidizing gas for 
the combustion bed. 

The key to desirable performance is the 
keeping of a pressure eqUilibrium between 
these two separated beds to avoid contamina
tion of the retorting products by the com
bustion products. 

• Devolatilization Bed: The oil-shale 
devolation process takes place in a few 
seconds. The rate of devolatilization may 
subject the region near the feeder to a reduc
ing environment. The presence of sulfur 
compounds can cause the formation of metal 
sulfides on the metal surfaces exposed to the 
reducing and corrosive environment. Subse
quent instability in the location of the barrier 
of the reducing and corrosive environment 
may expo e the metal surface to an alternat
ing reducing and oxidation zone CAROl). 
Owing to the very nature of the metal oxides 
and sulfides, catastrophic metal failures can 
OCCur under this condition. This conceptual 
design, depicted in Figure 8, utilizes a devol
atilization sub-cell to allow substantial com
pletion of the devolatilization process in a 
fluidized-bed sub-cell with virtually a constant 
reducing environment and few to no metal 
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Figure 7. Twin-Bed Retort/Combustor 



surfaces present. In addition to its designed 
function of devolatilization, the devolatiliza
tion sub-cell can also serve as a header for 
feeding devolatized oil shale into a number of 
fluidized-bed comhustion cells. The devol
atilization sub-ceU is an integral part of the 
fluidized-bed combustor and recf'ives heat 
from the adjacent combustion cell via (;Qn
duction through the refractory partiti nand 
heat transfer from the overbed gases and 
reradiating ceiling. The devolatilization cell, as 
depicted in Figure 8, will have a low adiabatic 
refractory ceiling, which will al 0 insure a 
freeboard temperature high enough to pro
duce nitrogen-oxide reduction and relaxation. 
The volatiles generated are burned in the 
freeboard region and the devolatized oil shale , 
with considerable carbon content, is hurned 
in the primary fluidized-bed combu tion cell. 
Hot bed material overflows into a secondary 
combustion cell which achieves the fInal stage 
of combustion and recovers sensible heat 

FE ED ER .... ...tp.l1p 

t 
CLINKER AND 
TRAMP IRON 

from the hot spent-bed material to increase 
the overall efficiency of combustors. Im
mersed in-bed heat-transfer surfaces will cool 
the spent-bed material and preheat the 
fluidizing air for combustion. 

Conclusion 

Oil shale constitutes a major source of 
future fossil-energy supply in the form of 
direct combustion as well as retorting. Owing 
to the inherent high rates of heat and mass 
transfers inside the fluidized bed, the fluid
ized-bed combustor and retorting appear to 
be :l desirable process technology for an 
effective and efficient means for oil-shale 
utilization. The fluidized-bed operation is a 
time-tested , process-proven, high-throughput, 
solid-processing operation whi-;h may con
tribute to the efficient utilization of oil-shale 
energy. 

r-~-AIR 

COOLED SPENT 
BED MATERIAL 

Figure 8. Use of a Devolatilization Cell 
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The Dravo Traveling Grate Process 

for Oil Shale Retorting 

by 

Frank Forbes Forrest W. Kinsey 
Vice President, Oil Shale Technical Manager, Oil Shale 

Dravo Engineers and Constructors 
Pit tsburgh , Pennsylvania 15222 

Abstract. Dravo began investigating the use of the 
traveling grate for retorting oil shale in late 1979. 
The program for the development of the Dravo 
traveling grate process from the laboratory through 
the pilot plant will be reviewed. 

We at Dravo have been involved in a 
variety of mining and minerals processing 
projects for many decades and have become 
a world leader in the pyro-processing of 
iron ores through sinter ing and pelletiz-
ing. In this effort, we have developed 
rather intimate familiarity with the 
handling of bulk minerals and process 
gases for the treatment of minerals. 

As we become involved wi th oi 1 shale , 
we gained an appreciation for the com
plexities associated with retorting. We 
were witness to the evolution of modern 
retort technology, from t: he first verti
cal kiln design (figure 1) ·, which we 
engineered and constructed for the U.S. 
Bureau of mines, through present 
concepts . 

In 1979, it became apparent to us that 
a key element in the successful retorting 
of oil shale was adequate materials hand-

• 

F i gure 1 Bureau of Mines 
Vertical Shaft Kiln 
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ling and felt that the traveling grate 
would be an ideal means of retorting oil 
shale. 

We built a test retort (figure 2) at 
our Research Laboratory and began testing 
the parameters for oil shale retorting in 
ear ly 1980. We also came to appreciate 
the advantage of having a traveling grate 
pilot plant on which we could complete 
our te s ting and demonstrate our proce3s 
as soon as possible. This required a 
retort in place which could be modified 
to suit o ur purJoses (figure 3). We 
initiated discussions and ultimately 
acquired McDowell-Wellman in May of 1980. 

The pilot plant has been modified for 
the Dravo Traveling Grate Retort Process 
(figure 4). Ten test runs have been made 
to check out equipment and to verify pro
cess details. We are now ready for pilot 
plant testing for clients. 

Figure 2 Laboratory Batch Retort 
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Figure 4 Modified Oil Shale 
PiJ.ot Plant 

Parallel to the laboratory process 
development and the modification of the 
pilot plant, we began engineering the 
Dravo surface retort in order to define 
the details of a commercial sized facil
ity and derive capital and operating cost 
estimates (figure 5). Our work has con
firmed that the process is indeed vi able 
and, we believe, quite competitive. 

Figure 5 Proposed 50,000 TPD 
Oil Shale Pilot Plant 
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Process Development 

As we surveyed oil shale; developers, 
we found a common set of interests which 
we adopted as our Process Objectives , 
including: 

o Recovery of all the oil in the shale; 
o Development of an autogenous (self

fueled) process; 
o Use of all the shale mined; 
o Attainment of a high production rate; 

and 
o Installation of the facility at a com

petitive cost 

In order to achieve these objectives, 
we realized that we should try to meet 
certain additional requirements which any 
surface retorting operation would 
include: 

o Efficient handling of massive tonnages 
of stlale; 

o Employment of proven equipment; 
o Controlled heating of the 3hale; 
o Adequate cooling of spent shale; 
o Thorough removal of dust and oil from 

the gas stream; and 
o Production of a usable off-gas 

Our plan was to develop a shale oi 1 
process which would meet the objectives 
while satisfying all requirements in an 
economically viable manner . 

In the Dravo Retorting Process the raw 
shale will be retorted on a traveling 
grate (figure 6) . The retorting section 
will be divided into three parts: 
Zone 1, an intial heat-up zone; Zone 2, 
the burning of carbon and gas in the bed; 
and Zone 3, completion of shale 
retorting. The shale will then be cooled 
for disposal. Off-gases from the retort
ing and cooling sections, after cooling 
and oil recovery are reused in the pro
cess as heat carriers. Excess, or by
product gas, is bled from the system as 
necessa ry. 

Dravo Traveling Grate Oil Shale Retorting Process 

L 
0 01 

Figur~ 6 Dravo Retorting Process 



During retorting there is no relative 
movement between particles where abrasion 
could degrade the particles and disrupt 
the process. We <-an remove water from 
the shale concurrently with retorting or 
in a separate zone ahead of the retorting 
zone, if r.ecessary. 

In developing our process, we recog
nized that the traveling grate machines 
we had designed for iron ore sintering 
and pellitizing were durable, efficient, 
yet capable of processing large tonnages 
of ra'jO/ material. Likewise, Dravo's 
experience in handlir.g fines could be 
applied to the preparation of shale fines 
for retorting. Furthermore, we had broad 
experience ~eparating dusts, hydrocarbons 
and aerosols from large volumes of gases 
for processing plants we built. 

It was also clear that Dravo had the 
know-how to develop a process and then 
scale-up the technology for commercial 
size. Additionally, we had already built 
systems of proven dependability in the 
sizes envisioned for oil shale retorting. 

A traveling grate is a continuous 
chain of moving pallets for pyro
processing a wide variety of bulk 
materials (figure 7). For a proven pro
cess, such as the pelletizing or sinter
ing of iron ores, the process can be 
simulated and scaled up from a small pot 
grate (or batch retort), (figure 8) to a 
full size, continuous production unit. 
Dravo has built 68 traveling grate 
machines to date. All have beer designed 
from and have met process guarantees dev
eloped from ou r batch laboratory 
equipment. 

Laboratory Investigation 

The principal 
studied during the 
phase included; 

0 Retorting methods 
0 Particle size 
0 Bed depth 
0 Bed segregation 
0 Agglomeration of 

sintering, cold 
forming 

0 Pressure drop 
0 Gas flows 
0 Initial heating: 

~Time 
Temperature 

processing variables 
initial investigation 

fines; pelletizing, 
bonding, pressure 

0 Air (or oxygen) addition to the 
retorting zone 

Retorting tests were evaluated with 
respect to: 

o Oil removal, recovery, and properties; 
o Process rate; 
o Gas properties; and 
o Spent shale properties 

All the oil was removed from the shale 
and a high rate of recovery from the gas 
stream was indicated. 
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Figure 7 Straight-Line 
Traveli ng Grate 

Figure 8 Labor?~ory 
Sinter Pot 

During our test, we also monitored the 
rate at which raw shale could be 
retorted. This was measured in tons of 
raw shale processed per square foot of 
processing area per 24 operating hours. 
The time of processing for this calcula
tion was from the start of ret~rting 
until the average temperature of the 
spent shale was low enough to permit 
handling on conv'=yor belts . A high raw 
grate factor is lndicated from the test 
results. Processing 25,000 to 30,000 
tons of shale per day on D single machine 
is within existing technology based on 
Dravo's pyro-processing experience. 
Figure 9 shows the increase in size of 
grate machines over the years. The larg
est t rave ling grate on the world today is 
a Dravo machine built for a Brazil i an 
client. 

The heating value and quantity of by
product gas are principally dete rmi ned by 
the amoun t and pur i ty of oxyge, added, 
the efficiency of processing, and the 
amount of kerogen in the shale. A heat-
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Figure 9 Great Areas Built by Dravo 

ing value of 100-110 BTU/SCF is indicated 
in our process for 28 GPT North American 
oil shale. The ultimate use of air or 
oxygen would depend on an economic 
evaluation. 

The weight of spent shale for a 28 GPT 
Colorado shale would be 83% of the shale 
charged to the grate. Less than 10% of 
the carbonate is calcined and about half 
the carbon is burned out. Disposal 
problems are not unique from our 
analysis. 

Fines were successfully retorted in 
the batch retort. This portion of the 
test program was run using mainly pellets 
and briquettes. 

We ve rified the technical feasibility 
of agglomerating oil shale fines and 
recycling solids separated from the oil. 
The latter processing would eliminate a 
difficult disposal problem. We would 
~xpect agglomeration to be used, however, 
only if economically via!:lle for a given 
property. 

A water balance has been made for the 
Dravo process. Only a nominal amount of 
water is required to make up losses from 
the water sealing system. For such 
losses inside the hood, it is possible to 
recover the water. Approximately 5 
gallons of water per ton of raw shale 
retorted is recovered from a 28 GPT 
Colorado oil shale and is available for 
plant use. 

The by-product gas can be burned to 
produce steam and electr ici ty. Our 
analys~s shows that after all traveling 
ret<;>rt~ng pro~ess energy requirements are 
satlsfled, approximately 12.5 KWH per ton 
of shale retorted is available for other 
uses in the plant. 

Oil Properties 

Quality inspections 
are an indicator of 

of raw 
further 

shale oil 
upgrading 
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requirements. Typically, raw shale oils 
have high pour points, ~ontain appreci
able nitrogen, and are relatively lean in 
1050+ residue and naphtha content. The 
carbon/hydrogen ratio of most oil shales 
is slightly higher than that of petroleum 
crudes ranc;;ing from 7.2 to 7.4. In addi
tion, the composition and characteristics 
of shale oil are dependent on the compo
sition of the kerogen from which it is 
derived. To demonstrate this point, 
table 1 shows the properties of the oil 
recovered from laboratory retort tests on 
two totally different oil shales. 

'tABLE 1 
Shale Oil Quality from Different Shales 

Gravity 

°API 19.60 22.90 
Spec if ic 0.93!) 0 . 916 

Composition, Wt. % 
Carbon 84 . 50 82.49 
Hydrogen 11. 36 11.89 
Nitrogen 1. 91 1. 07 
Sulphur 0.62 0.62 

C/H Ratio 7.44 6.94 

Pour Point, of 85 90 

From the ref ine ! s po int of view, shale 
oil B would be the most desirable because 
of its higher hydrogen c ontent and lower 
percentage of nitrogen r esulting in less 
upgrading requir eme nts. 

In table 2, i nspections of a raw shale 
oil product from the Dravo retorting pro
cess are compared wi th those from other 
oil shale retorti ng processes and with 
Arabian Light crude. 

The quali ty of the oil produced from 
the Dravo Travelling Grate Process is 
comparable to the oil produced from the 
other processes and is most similar to 
that produced from the Paraho process. 
The data also suggest that most of the 
material boils i n the kerosene and gas 
oil range. 

• 
Tab le 2 

Oil Shale Re t o r ting Proc~ss 
Compa r isons Raw Oil Quall.ty Arabian 

Dravo Paraho Tosco II Union B Oxy-MIS g~~~ 
Retort Method Direct Direct 
API G,avlty 20 8 19.3 
Pour POint , • F 85 85 
Sulfur, WI. % 098 0.71 
Nitrogen, WI. % 1 82 2.00 
Viscosity @100' F, CP 75 a 78.5 
C/ H RatiO 7 41 74 
Naphtha ( 310· F), LV% a a 
Kerosene (310/500· F) 9 a 6 8 
Gas a ,l (500/ 1050· F) 83 a 842 
ReSidue (1050+ • F) 8 a 9.0 

Source Shale 0.1. Occtdenl.1 Petro'eum Corp()f'hon 
and 0"'0'0 COtpOf. llOn 

Indirect Indirect 
21.2 22.7 

80 60 
067 0.9 
t .85 2.00 

27.1 980 
73 73 
71 6 a 

14.0 12.8 
80 2 67.6 

4.5 136 

Direct 
24-25 
50-65 
0.64 
1.50 

158 
72 
1.3 

14 a 
80 2 
45 

/ 

34.7 
- 15 
171 
008 
5.5 
62 
23 
21 
42 
14 



Pilot Plant 

Dravo's Shale Oil Pilot Plant is 
located in Cleveland, Ohio, at our 
Research Center on South Waterloo Road. 
It was originally constructed in 1974, 
and operated for several runs. It has 
been revamped to conform with the latest 
Dravo technology and shale oil recovery 
methods. It is a circular grate having 
88 square feet of active grate area. It 
can process 300 tons-per-day of oil 
shale. 

The pilot plant flowshet:!t (figure 10) 
illustrateR the bas ic flow scheme of this 
facility. We duplicate the process com
pletely but the pilot plant does have 
some equipment differences from what we 
pro~ess in a con~ercial plant. Raw shale 
will be crushed and screened. Belt con
veyors will move the crushed shale to the 
traveling grate machine over a weigh belt 
scale for material weight recording. 

The slJale bed travels under the first 
retorting zone hood, which contains hot, 
oxygen-free, process gas. The first 
[f~torting zone covers several of the 
r.lach ine 's 12 wi ndboxes . 

Oil SHALE 

INERT GAS FROM 
INCINERA TOR 

NATURAL 
GAS 

The second and third retorting zones 
cover additional windboxes. The second 
retorting zone is fed by oxygen-enriched, 
recycled process gas. The third retort
ing zone is fed with oxygen-free process 
gas. 

The air that is injected into the 
second retorting zone hoods causes com
bustion of shale carDon to provide the 
heat for further retorting. At the dis
charge end of the retort zone, 100\ of 
the oil has been extracted f rom the 
shale, approximately 50\ of its carbon 
has been burned, and a significant per
centage of the shale has been cooled. 

The ccoling zone consists of the last 
several windboxes which has been fed with 
cool, oxygen-free process gas. 

The shale is then conveyed to the dis
charge area where the pallets are tipped 
and the shale falls into a water-sealed 
discharge hopper. A belt conveys the 
shale to a refuse pile for ultimate 
disposal. 

The retort gases are 
windboxes and ducted to an 
system. 

collected in 
oil recovery 

.--4=:'=:::::==::====~~~~~~ 
CO~~ER DEMISTER POT FAN 

/ 

TO INCINERATOR 
(INERT GAS GENEPATOR) 

Figure 10 Pilot Plant Flowsheet S~hematic 
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Our laboratory testing demonstrated 
that the 1000 tons of shale we retorted 
in the pilot plant is different from the 
shale tested prev iously, ev~n though both 
were from Colorado . We ran over a dozen 
tests to deterl'lline the optimum processing 
parameters. 

We have run 10 pilot plant tests to 
date. The first six were of 8-12 hours 
duration to test systems SUI 1 as the heat 
distribution under the burner, oil 
collection systems, gas and air flow dis
tr ibutions, etc. The last four were sus
tained runs. 

Pot and pilot plant tests indicated '1 

98-1001 oil removal and collection effi
ciencies up to 1001 of Fischer Assay oil 
under optimum conditions. This was under 
varying conditions in the retort and in 
the collection system. 
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The objective of the preliminary tests 
in the pilot plant was to (1) prove the 
process and (2) obtain a reliable operat
ing plant. 

Before, dur ing and subsequent to those 
tests, we have evaluated means of improv
ing the retort and have installed and 
tested equipment to accomplish this. 

Frcm the results to date, we are 
satisfied we have taken our retorting 
system from the batch-lat,oratory step to 
a continuous pilot plant operation. 

The Dravo traveling grate retorting 
process is simple and efficient yet dis
t inct from other processes proposed for 
shale oil recovery . 



Eastern Oil Shale Investigations at the 
University of Alabama 

H. Shafick Hanna 
AssociC1!e Professor 

by 

Carl Rampacek 
Director 

Minerals Resources Institute 
The University of Alabama 

Abstract. The School of Mines and Ellergy Development of 
University of Alabama is engaged in a research program incor
porating basic and applied studies, on a iaboratory and small 
continuous scale , to develop and evaluate innovative and 
advanced proces3 technology fOL recovering oil from Eastern 
Devonian shale . 

Three major aredS are under investigation : coucentration of 
the fossil energy values into enriched products using standard 
beneficiation techniques accompanied by recovery of the oil 
from the upgraded prod ucts using conventional extraction 
techniques; development and evaluation of fluid-bed retorting 
of raw and beneficia~ed shale to recover liquid hydrocarbons 
followed by gnsification of the char; and low to moderate 
temperature and pressure extraction of oil from raw and 
beneficiated ~ hale. 

A novel f~ature of th~ program is the application of 
standard flotation techniques to recover concentrates containing 
about twice the Fischer Assay values found in the raw silale. 
The be ~ficiation step offers the potential benefits of reduced 
capital costs of plant equipment, lower processing costs , lower 
energy requirements and decreased environmental impact. 
Furcher, because of lhe finely-divided state of the beneficiated 
products, they should have superior heat transfe r properties 
and greater chemical activity during retorting while permitting 
a broader c:,cice of equipment with which t r treat the shale. 

The second area of study, the fluidized-bed retorting of 
r 101 and benefic-iated oil shale, has tl,e objeclive of identifying 
various parameters favoring maximum oil Qnd gas recovery from 
the finely-ground shale and determining the merits of fluid-bed 
processing as an alternative to conventional retorting. 

The third &rea of research involves low to moderate 
temperature and pressure extraction of liquid hydrocarbons from 
Eastern shale . Preliminary studies have indicated that, under 
certain moderate conditions of t emperatur e and preo;sure, a 
substantial portion of the kerogen-based oil can be extracted 
by the use of organic solvents. The objective of the proposed 
studies therefore will be to further deve lop these novel 
processing approaches . 

Introduction 

The importance of dpfining additional domestic 
reserves of convention '. and unr.onventional hydro
carbon fuels is now well established . A potential 
and, yet unexploited , so urce of unconventional 
crude oil, gas and uranium may be the huge black 
shale deposits of Late Devonian-Early Mississippian 
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age underlying more than 250,000 square miles in 
the Eas tern and Central United States. The 
deposits extend from Alabama through Michigan, and 
from Texas to New York. l Large resources of 
Devonian shale, known as Chattanooga shale, have 
been reported for Alabama and the adjacent stat s 
of T~nnessee and Georgia . Initial estimates of 
the Eas tern oil shale resource are that over 2 ,000 



square miles of land area containing perhaps 2600 
billion barrels of oil would be suitable for 
surface min~ng.2 

Despite their wide occurrence, the Devonian 
black shales have been of secondary interest to 
the Western shales because of their low oil yield 
when subjected to the conventional retorting 
processes originally designed for the hydrogen
rich Western shales. Therefore, new , more 
efficient approaches are needed for ext racting 
the liquid snd/or gaseous ilydrocarbons from 
Eastern shales. Toward this end, a program, 
administered by the School of Mines and Energy 
Development (SOMED) of The University of Alabama, 
is underway to evaluate methods and processes 
for recovering the energy and non-energy mineral 
values from oil shale. Elements of the program 
encompass characterization and evaluation of oil 
shale samples from Alabama and adjacent shales, 
evaluation of certain advanced and/or near 
commercial retorting techniques as applied to 
Eastern oil shales, and investigations of new 
processing approaches to obtain maximum recovery 
of t~e energy values. Among the new approaches 
under investigation are the use of physical 
beneficiation techniques as an important first 
step in processing the Eastern spales; fluidized 
bed retorting and/or gasification; and the use of 
moderate temperature and presssure solvent ext~ac
tion ~echniques for extracting the kerogen from 
the shale . The program also include!> fundamental 
studies of the kinetics of pyrolysis and retorting 
characteristics of the shale. 

Chattanooga Shale Characterization 

The purpose of the shale characterization 
work at The l'niversity of Alabama is to develop 
more thorough physical, geochemical, lithological 
and resource inventory data on the Chattanooga 
Shale deposits in Alabama and adjacent states. 
These data will support and complement other 
phases of the program concerned with sample 
evaluation, beneficiation, retorting and extrac
tion, process evaluation and environmental studies . 
Part of the characterization study is directed 
toward comparing the characteristics of the 

Chattanooga and Western shales. 

Unlike the wealth of information relating 
to characterization of Western oil shale, the 
Eastern shales have received minimal attention . 
Except for recent studies most of the efforts 
have been focused on determining t he i norganic 
constituents of Eas t ern shales , particularly for 
the p~rpose of extracting uranium and such trace 
elements as vanadium, cobalt , nickel , and 
molybdenum .3 ,4 , S, 6 In a report on s t udies of 
the Antrim shale of Michigan , Lund has discussed 
the effects of the shale ' s mineralogical composi
tion on its retorting properties .7 

The Chattanooga shale is a fine-grained 
laminated shale. Mineralogically i t is composed 
of 16 to 22 percent of organic matter (kerogen) , 
about 31 percent of the clay minerals illite and 
kaolinite, 22 percent quartz , 9 percent feldspars , 
11 percent pyrite and mar casite, and otiler 
minerals such as calcite , apatite , tourmaline ana 
zircon. 8 Petrographic examination of thin sections 
indicates that the kerogen occurs as coatings on 
larger mineral grains as well as stringlikc 
concentrations and patches along laminae or 
bedding planes in the schist.9 

According to Swanson the kerogen which '. ives 
the marine black shales their characteristic 
color , consists predominantly of hydrogen-deficient 
"humic" substances derived primarily from cellulose 
and lignin, and smaller amounts of the hydrogen 
rich "sapropelic" matter derived from algae, 
spores and pollen.S Chattanooga shale, therefore, 
has a low hydrogen to carbon ratio and upon retort
ing gives low oil yields by the Fischer Assay 
method. The characteristics of Eastern aId 
Western oil shales are compared in Table I, which 
shows much lower Fischer Assay oil yields from 
Eastern shale than from Western shale even 
though their organic carbon contents are somewhat 
comparable. The data suggest that the standard 
modifipd Fischer Assay method does not indicate 
the full potential energy value of Eastern shales 
because it does not take into account a significant 
quantity of gas that can be recovered from the char 
and residual carbon produced during pyrolysis.7 

Table 1. Comparison of Analyses of Eastern and Western Oil Shales 

Alabama 10 Tennessee 11 Kentucky 12 Colorado 12 

Ultimate Composition 
(Dry Dasis) wt. pet. 

OrganiC Carbon 17.3 14.1 13.4 13.6 
Hydrogen 2 . 0 1. 55 1. 65 2 . 1 
Sulfur 4. 3 5 . 2 5.66 0.5 
Carbon Dioxide 0 . 5 0.5 15.9 
Nitrogen 0.4 0 . 4 0.5 0.5 

Ash 73.4 78.3 75.8 66.8 

Fischer Assay 

Oil Yield , wt . pct. 4.9 4.5 4 .0 11.4 

Assay , gal/ton 13 . 6 11.4 10.1 29 . 8 
Conver s j on to Oil , pct. 35.3 30.0 30.0 84.0 
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Sample Evaluation and Oil Yields 

Fischer Assay and sample evaluation studies 
of over 400 samples, collected by Geological 
Survey of Alabama (GSA) in a reconnaissance 
sampling pro~ram covering the area shown in 
Figure 1, have indicated the existence of two major 
types of Chattanooga shale: undeformed and deformed. 

Deformed shales are represented by surface 
and core samples collected from the flanks of the 
Wills Valley anticline in Jackson (JAC). Dekalb 
(DEK) . Blount (BLO). Etowah (ETO), Walker (WAL) 
and other counties in Alabama. and in Chattanooga 
(CHT) County in Georgia. These samples are 

characterized by low Fischer Assay oil yields 
(ranging from 0 to 5 . 2 gallons per ton), high water 
yields and high residual carbon in the spent shale 
as shown in Table 2 . 

Undeformed shales are represepted by surface 
and core samples collected from Madison (MAD), 
L mestone (LS), and Lauderdale (LAU) counties in 
Alabama. and Franklin (FRA) . Coffee (COF) , Marshall 
(MAR), Moore (MOO) and Lincolin (LIN) counties in 
Tennessee. This material is similar to that 
previously reported for samples from Tennessee 
and Kentucky. Oil yields from samples of this 
type are shown in Table 3 . The shales yield as 
much as 16 gallons of oil per ton with a probable 

EXPLANATION 

GENERALIZED 
OUTCROP LINE 

~ DEK-2 SAMPLE LOC ALITY 

Figure t. Diagram Showing the Generalized Outcrop Pattern of the Chattanooga 
Shale in the Study Area and the Location of Selected Samples Collected 
for the Fischer Assay Analyses. 13 

Sample lOll 

BLO-3 
BLO-4Ar. 
**DEK-Cl 
**DEK-C2 
DEK-9A 
DEK-lOB 
ETO-5 
ETO-6AS 
ETO-6T2 
JAC-7 
JEF-l 
STC-l 
STC-2 
WAL-2 
CHE-l 
*CHE-8 
COF-3H 
SEQ-l 

*Bulk sample average 
**Core hole average 

Table 2. Fischer Assay Yields of Deformed Chattanooga Shale 
From Alabama and Adjacent States 

Oil Water Spent Shale 
State Gal/Ton Gal/Ton Wt. % 

Alabama 0 11. 6 93 . 1 
Alabama 3.8 3.6 94.8 
Alabama 0.3 3.4 98 . 2 
Alabama 0.9 2.7 97 . 4 
Alabama 0 12.7 92.4 
Alabama 0 8.6 94.8 
Alabama 0 16.4 90 . 6 
Alabama 2.4 8.4 94.7 

labama 0 10.7 93.2 
Alabama 0 8.0 95 . 2 
Alabama 0 9.1 94 . 6 
Alabama 0 . 5 9.8 93.5 
Alabama 5.l 5.5 92.7 
Alabama 0 6.5 96.4 
Georgia 0 9.5 94.6 
Georgia 0 4.7 98.0 
Tennessee 4.0 3.6 95.2 
Tennessee 1.0 8 .5 95.0 

4 determinations 
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Gas and 
Loss Wt.% 

2 . 4 
1.2 
0.4 
1.3 
1.9 
1.6 
2.8 

. 9 
2.3 
1.4 
1.6 
2.2 
3.0 
1.6 
1.5 
0.4 
1.8 
1.0 



average yield of 10 to 13 gallons per ton . In 
light of their similarity to Kentucky and Tennessee 
shale oil yields , the research efforts at the 
University of Alabama have been focused on the 
undeformed shales. 

Wide variations in the Fischer Assay yields 
fo. the deformed and undeformed shales confirm 
the conclusions of other investigations that there 
is little correlation between the oil yields and 
the carbon content as shown in Figure 2. For this 
reason, efforts have been made to use a more 
precise method than the standard Fischer Assay for 
evaluating the hydrocarbon potential of Chattanooga 
shale. Thus, the "TOSCO material balance assay" 
method which more accu.ately determines the yields 
of oil , water, and product gas has been adopted to 
assist in the characterization studies. 13 A gas
tight thermogravimetric unit (Figure 3) designed to 
handle 10 to 30-gram samples nas been constructed 
in our laboratory . 

Fundamental Studies of the Pyrolysis 
Characteristics of Chattanooga Shales 

Our current research is designed to determine 
the critical operational factors that may increase 
the oil recovery from Eastern shales . Emphasis 
is being placed on such factors as the rate of 
heat1ng and soaking, pyrolysis temperature, and 
the effect of various additives during pyrolysis. 

Thermovolumetric analyses of CH4 ' C2H4' C3H8 ' 
H2CO and CO2 produced during the pyroly~is of 
Chattanooga shale were conducted and typical data 
are shown in Figures 4, 5 and 6 for a composite 
sample of Chattanooga shale from nor th Alabama 
and south Tennessee . The pyrolysis was conducted 
on a minus 2 plus 4 mesh size fractio n of the 
shale at a heating rate of 2°C/min. with no 
preheating (soaking). Initial analys~s of the 
above results indicate that most of the evolution 
curves obtained can be fitted with a first order 
kinetic mechanism . However , the appearance of a 
secondary peak in the case of C02 may suggest a 
more complicated evolution mechanism. A complete 
evaluation of these results, and others , conce=ned 
with the effect on the oil and gas yields of such 
factors as particle size, temperature of soaking 
and its duration, the rate of heating and type of 
sweeping gas, will be published at a later date. 

Characterization of Kerogen by 
Instrumental Methods 

A study underway by the Department of Physics 
is concerned with developing and demonstrating 
the practical feasibility of using nuclear magnetic 
resonance (NMR) and electron spin resonance (ESR) 
techniques to make rapid, nondestructive determina
tions of the quantity and quality of kerogen in 
Eastern shales . 16 

Table 3 . Fischer Assay Yields of Undeformed Chattanooga Shale 
From Alabama and Adjacent States 

Oil Water Spent Shale Gas and 
Sample IDII State Gal/Ton Gal/Ton Wt.% Loss Wt.% 

MAO-l Alabama 10.3 7.9 90.3 2.3 
*MAD-O Alabama 13.6 4.5 89.6 1.5 
**MAO-C2 Alabama 12.9 3.7 89.3 3.7 
MAO-2A Alabama 13.1 6.0 90.9 1.4 
MAO-2B Alabama 15.0 6.3 88 . 9 1.2 
MAO-3 Alabama 8.1 7.6 91. 9 1.3 
*"'MAO-C4 Alabama 12.3 3.1 90.5 3 . 5 
**MAO-C5 Alabama 10.0 2 . 7 92 . 0 3 . 3 
MAO-6A Alabama 13.7 6.5 88.7 3.2 
MAO-7A Alabama 13 . 4 4.9 90.0 2.7 
MAO-7B Alabama 11. 2 5 . 5 89.4 3.9 
MAO-8A Alabama 13.1 4 . 8 89.0 3. 8 
MAO-8B Alabama 11. 3 5.8 89.7 3.4 
LS-lA Alabama 9.9 8.9 88.7 3.7 
LS-2B Alabama 12 . 5 6.8 88.9 3. 2 
LS-3A Alabama 16.0 12.0 86.0 2.7 
LS-3B Alabama 12.1 10.5 86.8 4 .0 

FRA-3A Tennessee 9.5 4.9 91. 6 2. 6 
FRA-3B Tennessee 12.3 5.6 90 . 1 2.7 
FRA-4 Tennessee 9.5 9.0 88.8 3.8 
FRA-5 Tennessee 12.0 3.2 90.7 3.3 
GIL-14 Tennessee 14.8 8.3 85.1 4.9 
MAR-2D Tennessee 16.4 9.6 85.8 2.8 
~1AR-3 Tennessee 15 . 8 6 . 1 87.7 3.5 
MAR-4 Tennessee 15.6 7 . 9 86.0 4.5 
MAR-SA Tennessee 10 . 7 11. 2 88.0 3.0 
MAR-5B Tennessee 16.3 8.2 86.4 3.9 
MOO-2A Tennessee 11. 9 4 . 9 89 . 3 3 . 9 
M00-2B Tennessee 11.8 5 . 4 89 . 6 3.7 

*Bu1k sample average of 9 determinations 
"'*Core hole average 
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Figure 2. Relationship Between Fischer Assay Oil Yield and Organic Carbon Conten~2 
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Figur~ 6. Evolution Rate of Hydrogen From Pyrolysis 
of Chattanooga Shale 

It has been shown by other investigators that 
the total amount of hydrogen in a sample can be 
accurately measured by NMR and it has been 
recognized that, while most of the hydrogen in oil 
shale is associated with the kerogen, some hYY50gen 
may be present in other forms, such as water. 
Preliminary NMR measurements of Alabama shale have 
shown that the NMR signal is directly correlated 
with the amount of extractable oil as determined 
by the modifi ed Fischer Assay method . In addition , 
the kerogen and non-kerogen constituents of che 
shale have been distinquished on the basis o f 
hydrogen rela;<ation times. Some of the results 
are shown in Figure 7 . Figure 7 shows the 
results of the resolved NMR signals , Mo-MIOOmsec. 
and Mo-M150msec . ' as a function of the Fischer 
Assay of synthetic mixtures of kaolinite and 
high grade oil shale assaying 27 gallon/ton . It. 
both cases a straight line relationship exists and 
both curves predict cor r _ctly the Fischer ~say 
of the tested sample to be 18 ± ~ . 2 gallon/tun . 

The use of ESR as a tool to assist in better 
characterizing the Eas t ern oil shales also will 
be i~vestigated. Elect r on spin r~sonance signals 
can be obtained from samples containing free 
radicals or paramagnetic ions. Preliminary 
ESR measurements at the U"iversity of Alabama 
have detected and measured signals from free 
radicals and manganese in Western shales . and 
from free rad~cals and vanadium in Alabama 
shale. It is though t that free radical 
determinations will assist tn the ~dentifica
tion of organic groups in the Eastern shales 
that are related to the copverston of kerogen 
to oi l. In addition . the studies may demonstrate 
a rela t ionship between the paramagnetic metals . 
f r ee radicals and kerogen content of the shale. 



CI .... .... 
< 
Z 

400 

o 300 u; 
a: 
2 
Z 
c 200 
w 
> .... 
o 
en 
w 
a: 

-e- MO - M100 msoc. 

oOMO - M150 msoc. 

01L---------~--------~--____ --~~ 
10 20 30 

FISCHER ASSAY GAl.ITON 
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with NMR Response f"r Chattanooga 
Shale Sample 

In support of the NMR and ESR research, 
X-ray diffraction and scanning electron micro
scopic (SEM) examinations will be made of 
samples of raw shale, beneficiated shale and 
spent shale to determine the mineralogical 
constituents present and to relate them to the 
behavior of the kerogen during retorting. Such 
studies may reveal details of the structural 
characteristics of the kerogen during thermal 
decomposition. The effect of preheating 
kerogen-bearing samples in the temperature 
range of 150 to 4000 C also will be examined 
by N}m and ESR techniques to determine the 
hydrogen and free radical distribution resulting 
from the low temperature treatment. 

Beneficiat ion and Retorting Research 

The beneficiation and retorting research 
focuses on three major areas: (a) concentration 
of the oi l and uranium i nto enriched products 
using standard beneficiation techniques followed 
by recovery of the oil from the upgraded products 
using conventional and/or developing extraction 
techniques, (b) development and evaluation of 
fluid-bed retorting of raw and beneficiated shale 
to recover liquid hydrocarbons followed by 
gasification of the char; and (c) low to moderate 
temperature and pressure extraction of oil frel 
raw and beneficiated shale. 

Physical Beneficiation 

Physical beneficiation techniques have long 
been used on a large scale in the mineral and coal 
industry for obtaining enriched products from 
run-of-mine ore . These techniques normally involve 
crushing and grinding to liberate the ore for 
subsequent physical separation or concentration 
steps which rely on the differences in the physical 
and physIco-chemical properties of the ore 
constituents. 

Beneficiation of oil shale to recover kerogen
enriched products was proposed as early as 1920 by 
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Dolbear who used flotation to recover up-graded 
products for characterization studi~s.18 Later , 
the Bureau of Mines and others reported work on 
beneficiation of Western oil shaleo by flotat!on . 19 
The primary purpose of the Bureau ' s concentration 
schemes also was to obtain materials for character
ization studies . Subsequently , the potent ial 
benefits of up-grading Western oil shales was 
discussed and flotation was mentioned as part of 
a potential beneficiation scheme but details of 
the work were not presented . 20 Ln the above 
cited cases , the grade of products that might be 
obtained or the benefits that might be derived 
from beneficiating low grade oil shale euch as the 
Eastern shales we r e not considered . Fr om the 
information available , it can only be concluded 
that the beneficiation approaches used to treat 
the Western shales were not successful in pr oduc
ing substantidlly upgraded concentrates. 

Tests by the Mineral Resources Institute have 
shown that enriched oil shale produc t s can be 
recovered from Eastern oil shale by fine grinding 
and flotation. The tests are part of a br oader 
study to determine the technical feasibili t y of 
concentrating oil shale and other carbonaceous 
and bituminous raw mate r ials by physical methods . 
Results of preliminary tests on a Weste r n shale, 
Eastern shale , and an Alabama tar sand are given 
in Table 4. The tests demonstrate that Alabama 
raw shale containing about 10 gallons per ton 
of oil, can be upgraded to a product containing 
about 18 gallons per ton by the flotation 
procedure . Recovery of the oil-bearing "kerogen" 
constituents in the upgraded product was over 
95 percent. Almost one-half of the weight of 
the raw shale was rejected as essentially barren 
waste . As shown in the table, similar results 
were achieved with Western oil shale and Alabama 
tar sand samples. The process is described in 
a report (in preparation) which also presents 
an economic evaluation of a combined beneficia
tion/retorting process. In general, the process 
involves fine grinding followed by several 
flot ation steps to recover the enriched concen
trates . These tests are continuing. 

The concentration of the fossil energy 
values by flotation prior to retorting and/or 
other innovative oil extraction processes and 
approaches has significant potential benefits . 
Rejecting almost 50 percent of the raw shale 
while recovering an enriched concentrate for 
further retorting treatment will eliminate a 
bulk quantity of barren mineral matter that 
otherwise would be retorted. This would serve 
to reduce the size of processin~ facilities 
required to recover a given quantity of oil and 
thus lower the energy requirements . Additionally, 
by employing flotation, the need to selectively 
mine certain oil-enriched shale seams separated 
by partings of barren rock would be minimized. 

A comparison of the cost o f r eto rting benefi
ciated and raw shale is shown in Table 5. The 
data on raw shale retorting is for a Kentucky 
shale using the Paraho-process as evaluated by 
Davy }1cKee. 22 As determined by Davy McKee, the 
return on equity for retorting raw shale yielding 
12.5 gallons of oil per ton is about 12 percent 
for a stand alone venture at a selling price of 
$40.00 per barrel. By comparison, the return 



Table 4 . Flotation Concentration of Bituminous Materials 

Alabama Oil Shale 

Product 

Concentrate 
Waste 

Total 

Weight 
Percent 

55.3 
44.7 

100 . 0 

*Method of Analysis: Modified Fischer Assay 

Wyoming Oil Shale 

Product 

Concentrate 
Waste 

Total 

Weight 
Percent 

69.0 
31.0 

100 .0 

*Method of Analysis: Modified Fischer Assay 

Alabama Asphaltic Sandstone 

Product 

Concentrate 
Waste 

Total 

Weight 
Percent 

25 . 6 
74 . 4 

100.0 

*Method of Analysis : Solvation of Asphalt with Benzene 

Analysis* 

18 .0 
0.8 

10.3 

Analysis* 

80.5 
13.3 

59 .7 

Analysis* 

10 .0 
0.3 

2. 8 

Oil, gallons/ton 

Oil , gallons/ ton 

Distribution 

96.6 
3 . 4 

100.0 

Dis tri" 'ution 

93.1 
6.9 

100.0 

Asphalt, gallons/ton 
Dist ribution 

92.8 
7.2 

100.0 

Table 5 . Comparison of Costs of Retorting Raw and Beneficiated Shale 
(Dollars per Barrel) 

Operating Cost ~lining and Retorting 
Operating Cost - Beneficiation 
By Product Credit 

Capital Cost 

Other Debt Service, 
Equipment Replacement, 
IRR** 

Direct Retorting 
of Raw Shale21 

$23.51 
-0-

$(19 . 56) 

$12 . 07 

$16.02 

$23.98 

$40.00 

*Straight line depreciation of total initial capital required over 20 years. 

Beneficiation Followed 
by Retorting of Upgraded 

Products 

14. 37 
12 . 14 

(26 . 12) 

9 . 16 

9. 55 

23 . 98 

33 . 53 

**IRR (internal rate of return ~ 12% for Davy McKee's Process but higher IRR is expected for the MRI 
process. 

These figures are subject to further adjustment. 
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on equity for beneficiating the raw shale followed 
by retorting of the upgraded product (18 to 20 
gallons of oil per ton) appears to favor benefi
ciation followed by retorting of the upgraded 
product. 

From an environmental point of view. bene
ficiation should markedly alleviate the shale 
waste disposal problem. Mineral wastes generat
ing during physical beneficiation are no 
different in chemical composition than the mined 
material. Inasmuch as safe and environmentally 
acceptable systems have been developed for 
disposing of finely ground beneficiation plant 
wastes in impoundments. the adverse impact of 
disposing of about one-half of the oil shale mined 
should be decreased . 

The beneficiation test results ~eported above 
are only indicative of what can be expected by 
flotation . Systematic studies on the flotation 
characteristics of several samples of Eastern 
and Western oil shale are now underway to 
determine the mesh of grind. reagent combina
tions. and general flotation conditions favoring 
maximum recovery of enriched oil shale concen
trates having a higher oil content than shown 
in Table 5. Although the present investiga-
tions emphasize conc~ntration of the oil shale 
by flotation. the application of other mineral 
processing techniques such as selective floccula
tion and oil agglomeration also are being 
investigated. Several of these. in combina-
tion with flotation. offer the means for 
recovering the kerogen in the shale in even 
higher-grade products than are obtained by 
simple flotation. The various products 
obtained are being evaluated to determine their 
oil yield as well as to ascertain other 
beneficial returns that might be expected 
by combining beneficiation with conventional 
retorting. Adequate quantities of beneficiated 
products also will be generated during this 
phase of the study for use in oil extraction 
tests discussed in the sections which follow. 

The Fluidized-Bed Retorting 

The objective of these studies is to determine 
variou~ parameters favoring maximum oil and gas 
r~covery from finely-ground r aw and beneficiated 
shale and to determine the merits of fluid-bed 
processing as an alternative to conventional 
retorting approaches. 

As already discussed. finely groulld. kerogen
enriched concentrates can be produced from Eastern 
shale by beneficiation. Because of thc finely 
divided state of the beneficiated products. they 
should have superior heat transfer prope rties and 
greater chemical activity during fluidized-bed 
retorting. The reacto r provides ease of temperature 
control. good gas-solid contacting. high heat 
transfer and a high throughput capacity. 

Fluidized-bed processing of oil shale is not 
new. In recent years a number of patents have 
been issued covering the use 'J f the fillidized-
bed reactor for processing 0il shale by a combina
tion of retorting and crp~King to recover as much 
as 90 percent ot c:~::: ,,~l. 22-25 Most of these 
studies. however. have been focused on raw Western 
shales ranging from one-half inch to five inches 
in size . On the other hand. information on 
retorting of material as fine as the products 
obtained by beneficiating Eastern shale is lacking . 
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The present research. therefore . is oriented towards 
ascertaining the fluid-bed retorting c~aracteristics 
of the finely ground feeds produced from Alabama . 
Tennessee and Kentucky oil shales. For this 
purpose an externally heated batch-type reactor 
has been assembled and another semi-continuous 
laboratory unit is under construction . These units 
will be used for single retorting. and/or gasifica
tion. at different temperatures using preheated 
neutral or reducing gases such as methane . hydrogen. 
carbon dioxide . carbon monoxide and ot~ers as 
the fluidizing medium. This will be followed by 
two-stage retorting (under optimum conditions 
defined in the single-stage tests) to recover 
the readily available hydrocarbons and gases . 
Also. the residual carbon in the spent shale will 
be gasified to produce a low or medium Btu gas 
and additional liquid hydrocarbons . The composition 
and yield of the liquid and gaseous products 
obtained under the different retorting conditions 
will be determined and evaluated. 

Extraction of Oil From Shale at Low to 
~~derate Temperatures and Pressures 

Investigations in our laboratory on a potential 
process for extracting oil from Eastern oil shale 
at low to moderate temperatures and pressures have 
shown some promise. Numerous investigations have 
been made in the past t o characterize oil shale 
and explain the kinetics and chemistry of 
pyrolysis. 26- 28 Among the studies are those of 
lIill and Dougan who observed the behavior of oil 
s~ales at different temperatures and hypothisized 
the reactions taking place. 26 Their investigations 
suggested that at temperatures of 450°C to 620°C 
the kerogen in the shale is converted to bitumen 
and oil more rapidly than those products can escape 
from the oil shale particle pores ill which they 
are formed. Consequent ly . these products are 
confined in the pores. where they are polymerized. 
only to be decomposed and later released as high 
molecular-"eight hydrocarbons together with other 
gaseous products and chars. They theorized that 
the sequ~nce of events was conversion of kerogen 
to bitumen. to polymers. to oil. to gas and char. 

The reactions proposed by Hill and Dou£an 
have suggested that . if the bitumen fo rmation &tep 
can be controlled. the unpolymerized kerogen 
constituents in oil shale might be recovered by 
a simple dissolution step using organic 
solvents. 29 •30 • To demonstrate this. tests have 
been conducted using low temperature preheating 
of an Alabama shale with the objective of convert
ing kerogen to bitumen. This step was followed 
by extracting the bitumen with benzene at a 
relatively low temperature under autoclave 
conditions. The results of preliminary test s 
using this approach are given in Table 6 which 

Table 6. Solvent Ext raction of Oil From 
Eastern Oil Shale 

Preheat Oil 
Step Extraction Step Recoverv 

Temp. Time Solvent Temp. Pressure Time Gal/Ton 
(;0 Hr . CO psi Hr. 

--- --- Benzene 250 360 1 4.4 

300 0.5 Benzene 200 160 1 5.9 

Fischer 
Assay 11.2 



also shows th~ oil yield by the conventional 
Fischer Assay method. Although the oil recovery 
obtained by solvent extraction was only about 50 
percent of that obtained by conventional retorting , 
the results appear promising enough to warrant a 
more de t ailed study of this novel approach to 
processing the Eastern shales. 
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Abstract. Corrosion test coupons of carbon steel, 410 stai~less 
steel, and 304 stainles s steel were exposed at two process points 
in an indirect heating, rotary auger retort which was processing 
eastern oil shale. The materials response was characterized by 
weight change determination, meta110graphic examination and ele
mental analysis of corrosion scales . Alloy performance improved 
with increasing alloy content. The highest corrosion rate ob
served was 84 mils per year for a carbon steel coupon exposed at 
a location with a temperature of 455°C . Examination of the cor
rosion scales revealed su1fidation and oxidation as the main de
teriuration mechanisms. The results ~re interpreted in terms of 
the environment surrounding the coupons and experiences in other 
retorting operations. 

Introduction 

Oil shale technology, though not a totally 
new concept, is emerging as a pot entially \,iab1e 
source of energy. As in any ~ew field, informa
tion on related materials problems is limited and, 
in the case of Kentucky shales, is practically 
nonexistent . Because of the corros ive nature of 
oil shales under process conditions, materials 
problems ~re certain to arise . 

The development of oil s~a1e technology has 
been concer.trated in the areas of processing and 
resource characterization. As adequate process ing 
options emerge from the resear : h effort, techno
logical feasibility becomes jncreasing1y dependent 
on the availability of economically suitable 
materials for construction. Materials problems 
are recognized factors in the developme nt of new 
fossil fuel technologies (1). The majority of 
these problems can be addressed successfully using 
the solutions developed in related, well estab
lished industries. However, materials problems 
unique to the new technology may appear for which 
no solutions are developed. 

An example of that situat ion happened in 
direct coal liquefact ion plants where severe cor
rosion incidents were encountered in the distil
lation area of those processes. It was determined 
that the corrosion was the result of synergistic 
effects between chloride, phenolic, and basic 
nitrogen compounds present in the coal liquids 
(2 , 3). This is a problem with no direct parallel 
in the petr ochemical field. 

A s~cond example is the solid particle ero
sion problems which occur while conveying slurries 
in coal liquefaction plants or while operating 
fluidized bed coal combustors (4). This has 
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created the need for developing new materials to 
withstand these conditions since tomponents 
currently available had short lifetimes (I). 

Oil shale retorting poses different materials 
questions depending on whether direct heating (as 
i n in-situ underground retorts) or indirect heat
i ng operations are considered. A number of under
ground materials performance experiences have been 
recorded (5, 6, 7) mostly in the form of contro l 
equipment (thermocouple) fa i lures. The combustion 
area creates high temperatures and phenomena not 
unlike those encountered in coal gasi fication 
environments, including the formation of metal 
oxides and complex sulfides at the alloy-gas 
interface .. ~ome data obtained by expos i ng cor
rosion coupons in a simulated in-situ retort have 
been reported (7). The total amount of i nforma
tion available to date in this area is still 
small. Data on materials performance in indirect 
heating retort operations are even more scarce . 
The maximum process temperatures in the indirect 
heating case are usually lower than those used in 
direr. t heating retorts. However, this by itself 
does not ensure fewer problems . For example, in 
the fluidized bed combustion of coal the temper
atures encountered are lower than in tradit ional 
ut l 1ity bOilers, but because of thermodynamic and 
transpo rt effects, corrosion mechanisms are active 
that were not in the high temperature case. Pre
liminary experiments in laboratory environments 
approaching those of indirect heating retorting 
conditions showed that su1fidation is an active 
mode of corrosion (8). 

In addition to the retort itself, materials 
problems have been observed in the support opera
tions downstream of the retort. An example of 
this is the waste water by-product from the above 
ground oil shale retort operated in Estoni a by the 



U.S.S.R. The corrosive action of the waste water 
was traced to the presence of carboxylic acids 
(g) . 

Because phenols, chlorides, and amines are 
generated during the retorting process, their com
bination downstream of the retort (for example, 
during distillation of the shale oil) may result 
in corrosion problems similar to those encountered 
in the coal liquefaction plants. 

The Kentucky Center for Energy Resear ch Lab
oratory (KCERL), operated by the Institute for 
Mining and Minerals Research (IMMR), is engaged i n 
an extensive program to develop Kentucky oil 
shales as a significant factor in the energy 
picture. This involves a number of above-ground 
retort i ng processes . In 1 i ght of the potent i a 1 
materials problems in oil shale processing, the 
IMMR has set up several materials research proj
ects to identify problem areas early on and to 
develop feasible solutions. Long range goals 
involve understanding the meClanisms of milterial 
loss and the effect of process vari~bles such as 
temperature and chemical composition. Short range 
projects have been established in order to address 
immediate problems in materials selection. Two 
bench scale retorts are being operated at the 
Institute: one a fixed bed retort, and the second 
a fluidized bed retort . Coupons are being exposed 
to these environments and examined afterward to 
identify specific forms of corrosion that may 
occur . In addit ion, the Institute has made sev
eral runs on a larger, i ndirectly heated rotary 
kiln retort approaching industrial conditions. 
Coupons were exposed during these runs, and the 
results are documented in this report . 

Process Description 

The meta;lurgical specimens were exposed i n 
an indirectl y heated two-stage rotary auger kiln 
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retort. It consists of two inclining screw con
veyors connected in series and two product con
densers (Figure 1). A vapor draw off line con
nects each conveyor with a condenser. Burner 
heaters positioned along the lengths of the con
veyors raise the temperature of the shale and 
drive off the shale oil vapors. Saturated steam 
is injected at the entrance of eacn conveyor co
current to the process flow in order to displace 
oxygen from the system. 

For the sake of brevity, t ' ,e equipment asso
c iated wi th the f i rst stage of the process (cold
side) will be denoted with the posts~ript A, and 
for the second stage (hotside) postscript B will 
be used. 

The shale feed hopper is located ilt the lower 
end of c.onveyor A. Conveyors A and B are roughly 
3.5 meters long each, and 0.3 meters in di ameter . 
The shale is heated to retort t~cDeratures as it 
is slowly transported up ~he conveyor at approxi
mately 4 min per second . The vapor is condensed in 
a 0.15 m double-pipe condenser The shale is 
pushed to the apex of conve)or A and drops into 
conveyor B by gravity. The second vapor draw 
point is located at the apex of conveyor B. The 
second condenser is a 0.2 m double-pipp heat ex
changer . The spent shale is discharged throuo~ a 
lock hopper into a receptacle for storage or di s
posal . The condensed vapors from each exchanger 
are combined and the water separated out, yie11ing 
the end product, shale oil. The 110ncondensables 
are emitted out the stack. During the period when 
the corrosion moritoring coupons were in place, 
th~ retort was run for several tests, processing a 
total of 5070 kilograms of shale. Sources of the 
feed shale and amounts used in these tests are 
given i n Table 1. The retort was on stream for a 
total of 46 hours fo r conveyor A and 42 hours for 
conveyor B. Th e ave rage processing rate was ap
proximat ely 110 kg of shale per hour. 

SPENT 
SHALE 

Figure 1. Schemati c of the two sta ge rotary auger kiln retort. 
A, B a~prox i m a t e the l ocations of each coupon rac k. 
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Table 1. Shales Used in the Retort 
Experimental Runs With Corrosion 
Test Coupons in Place 

Shale kg. Shale 

Sunbury Shale 670 
Lewis Co., KY 

New Albany Shale 560 
Powell Co., KY 

Clevel and Shal e 590 
Lewis Co., KY 

New Albany Shale 620 
Bu 11 it t Co., K Y 

New Albany Shale 890 
Li nco 1 n Co., K Y 

New Albany Shale 690 
Nelson Co., KY 

Chattanooga Shale 1050 
Russell Co., KY 

Total 5070 kg. 

Other aspects of this process are described 
elsewhere in this conference proceedings (11) . 

Experimental 

Two racks containing three coupons each, 304 
stainless steel (SS), 410 SS, and 1050 carbon 
steel (CS) were built and mounted in the retort. 
Rack A was pOSitioned 1.1 meter from the shale 
feed hopper, rack B was located directly in front 
of the vapor draw off point at the ena of the 
second conveyor (Figure 1). The nominal temper
ature at rack A was 260'C and was 455'C (close to 
the highest process temperature) at rack B. 

Since a plugged coupling was available at 
both locations, pl ug~ were used as a convenient 

support for the racks. The lengths of the stems 
holding the racks were adjusted to avoid inter
ference with the screw feeder operation and yet 
adequately expose the coupons to the process 
environment. The coupon racks were simple struc
tures consisting of a short length of 308 SS weld
ing rod for support with a bend at the tip to 
retain the coupons. Coupons ~ere oriented paral
lel to each other and parallel to the process 
fluid flow. The coupons were squares, 12 mm on 
the side, with holes drilled through the center of 
the flat face to string them on the support. The 
squares were cut out of 3.2 mm sheet stock of each 
alloy; surface preparation consisted of light 
glass bead blasting. The alloy compositions were 
within the limits of their respective AISI desig
nat ions. 

Ceramic in~erts, 5 mill 00, 3 mm long served as 
spacers between the coupons. The function of the 
spacers is to separate the coupons and allow for 
exposure to the process stream on both faces. Nc 
electrical insulation was provided between the 
support rod and the coupons since galvanic cor
rosion was not expected to play an important rrle 
in the vapor spaces sampled. The base of the ~ , up
port rod was welded to the plug, allowing for easy 
insertion and extraction of the assembly. 

Materials were positioned with the 304 SS 
coupon closest to the screw, 410 SS in the middle, 
and the 1050 CS closest to the plug. 

Results 

The coupon r acks were extracted shortly after 
the end of exposure to the process conditions 
described earlier. At the time of retrieval, the 
coupons on rack A (260'C) were no longer suspended 
near the tip of the support rod, but were instead 
pushed closer to the plug end . The tip of that 
support rod was covered by fouling deposits. In 
addition, both ceramic spacers on rack A broke 
dur ing exposure, allowing the coupons to be closer 
together. Rack B (455'C) did not experience any 
signifi cant mechanical damage, and its coupons 
were thus exposed more evenly to the process 
stream. The as-retrieved appearance of both racks 
is shown i n Figure 2. 

Figure 2. Exposed coupon racks after retrieval from the shale r etort. 
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The racks were disassembled and the soot 
deposits removed from the coupons by lightly 
brushing and cleaning in methanol. Figures 3 and 
4 show the appearance of the individual coupons 
after ex~osure. The coupons removed from rack B 
(4SS·C) were darker than those from rack A 
(260·C). Also, for all coupons, the front face 

(closest to the process stream) was smooth~r and 
had thinner adherent deposits than the back face 
(closer to the p1U1 support). The carbon steel 
coupon from rack B (CSB) showed blisters nn the 
scale on both surfdces, whereas the carbon steel 
coupon from rack A (CSA) showed no blisters and 
much less surface effects. The surface of the 410 

1050 CS front 

Fi gure 3. 

410 front 410 ~S back 

304 SS front 304 SS back 

Appearance of coupons after their exposure at location A for a period of 46 hours at 
approximately 260·C. Both sides of the 10S0 CS ccupon presented si~i1a r appearance. 
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coupon from rack 8 (4108) was rougher than that of 
its counterpart from rack A (410A). Intermittent 
small patches of deposit remained adhered to the 
surface of 410A. 

Features of the faces of the 304 coupons were 
unique when compared to those of the other cou-

410 5S front 

304 55 front 

pons. The front of the 304 coupons from rack 8 
(3048) has patches of deposits adhered to its ~ur
face. The back face had rough, thick deposits on 
most of its surface. In the case of the 304 cou
pon for rack A (304/\), the back surface was cov
ered by a tar-like, dark, and very shiny deposit. 
The front of 304A was considerably more smooth . 

... , .-
Imm 

1050 C5 back 

4 10 55 back 

· - - - - '' '-. · . . . 

O
· . · . ~ . '. -.. . . ~ . 

· • " , f ~ ~ .. ~ 

. -- -. . -
. . -

". , 

304 55 back 

Figure 4. Appearance of coupons after their exposure at location B 
for a period of 42 hours at approximately 455 0C. 
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The coupvns were then evaluated for weight 
loss of base metal in order to establish average 
corrosion rates for the exposure period. This was 
done by cleaning the coupon of deposits and corro
sion scale and comparing the weight of the cleaned 
coupon with its weight before exposure to the 
retorting environment. The cleaning was by means 
of light glass bead blasting, which removes brit
tle deposits and scales while leaving the sound 
base metal virtually unaffected. Part of the cou
pon surface was masked during b~asting in order to 
preserve a portion of the scale and deposits for 
microscopic examination. The weight of scale or 
deposits unremovcd because of masking was esti
mated by careful weighing before and after blast
ing, and prorating on the basis of the extent of 
masked areas. An equivalent cleaned weight of the 
coupon was then obtained for the corrosion rate 
calculations. This method has been used success
fully in other corrosion monitoring investigations 
(10) . 

Table 2 shows the average corrosion rates, 
expressed in thousandths of an inch per year (mpy) 
(one thousandth of an inch = 2S.4 ~m), evaluated 
from the weight loss measurements. Since the 
actual total exposure time was less than SO hours. 
these corrosion rates should be interpreted only 
as representing relative trends of material behav
ior in lieu of long-time exposure data . 

In both rack locations. the order of alloy 
ranking from best to worst was 304 SSt 410 SSt and 
10S0 CS. These results correlate well with the 
total alloying content. At location A the average 
corrosion rate for carbon ~teel was 36 mpy. and 
both 410 SS and 304 SS corroded at less than 1 mpy 
each. The carbon steel exposed at location B de
graded at a rate of 84 mpy. which was the highest 
corrosion rate amongst the six coupons tested. 
The 410 55 at location B corroded at a rate of 
38 mpy. which was less than half that of carbon 
steel. As in the case of location A, the 304 
stainless at B corroded at a rate less than 1 mpy. 

Metallographic sections of the unblasted por
tion of the coupons were prepared. All coupons 
presented surface deposits in the form of adhered 
solidified organics and ash. but only three. C5A. 
CSB. and 410 B. developed a corrosion scale on the 

Table 2. Ave rage Corros ion Rates of Coupons 

Location A 260·C Locat ion B 4S5·C 

Coupon ~ Coupon !!!E.l+ 

10S0 CS 36 10S0 CS 84 

410 SS <1 410 SS 38 

304 SS <1 304 55 <1 

* 1 mpy equals 2S.4 ~ m per year. 
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metal thick enough to be examined metallographi
cally. Those three coupons had also shown a mea
surable weight loss as a result of their exposure 
in the shale retort. The metallographic sections 
were further examined with a scanning electron 
microscope (SEM). provided with X-ray energy dis
persive and wavelength elemental analyzers. This 
allowed for the identification of the constituents 
in the layers of scale. 

Figures S to 7 show unetched metallographic 
cross sections of the deposits and scales and the 
energy dispersive X-ray spectra for coupons CSA, 
CSB . and 410 B. A schematic has also been in
cluded in order to identify the specific scale 
locations referenced in the energy dispersive 
spectra. 

Four layered zones appear to be present in the 
scale on CSA. These are labeled A. B. C, and 0, 
where A is closest to the base metal. All four 
zones were rich in iron and sulfur with only minor 
peaks for other elements. The ratio of '~he X-ray 
svectrum peak heights for sulfur and iron was used 
in qualitively comparing the compositions of the 
various zones. The results are summarized in 
Table 3 together with the typical thickness of 
each zone. 

Table 3. Compos it ion of Scale - CSA Coupon 

Typical 
5/Fe Thickness 

Zone Peak Rat io urn 

A 0.S5 14 

B 1.83 8 

C 2.06 6 

0 1. 96 10 

Similarly , four zones were also identified on 
the surface of CSB. The S/Fe peak ratio and 
thickness of zones are listed in Table 4. 

In both carbon steel coupons, the inner scale 
had the lowest sulfur/iron peak ratios relative to 
the other three scales present. The peak ratios 

Table 4. Composition of Scale - CSB Coupon 

S/Fe 
Typical 

Thickness 
Zone Peak Rat io urn 

A 0.94 20 

B 1.64 30 

C 1. 64 40 

0 1.54 46 
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figure 5. Micrograph (top left), schematic of 
scale zones (lower left), and X-ray 
energy dispersive spectra (right) 
of a cross section near the surface 
of the 1050 CS A specimen, which 
was exposed at 260°C for approxi
mately 46 hours. The height of the 
peaks represents a relative estimate 
of the concentration of specific 
e1~ents at the point being analyzed. 
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Figure 6. Micrograph (top left), schematic of 
scale zones (lower left), and X-ray 
spectra (right ) of the 1050 CS B 
specimen, which was exposed at 
455°C for approximately 42 hours. 
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Figure 7. Micrograph (top left), schematic of 
scale zones (lower left), and X-ray 
spectra (right) of the 410 stainless 
steel B specimen, which was exposed 
at 455°C for approximately 42 hours. 
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for these rema1n1ng layers of scale were not sig
nificantly different from each other. It seems 
likely that in the carbvn steel coupons, layers B, 
C, and 0 are actually a single layer with minor 
compositional or morphological variations. Upon 
qualitatively analyzing both carbon steel specimen 
scales for the presence of oxygen with the wave
length elemental analyzer, it was found that in 
each case zone A was clearly oxygen rich relative 
to the rest of the scale. 

Four zones were apparent on the 410 B 
scale. These zones, unlike the carbon steel spec
imens, contained chromium, silicon, and smaller 
amounts of chlorine and calcium. The chromium is 
a constituent of 410 SS, and its presence was 
observed in the innermost zone only. Silicon was 
present in all four zones and is especially pro
nounced in the outermost zone, which also con
tained the chlo~ine and calcium. The presence of 
silicon, chlorine, and calcium is probably related 
to the mineral content of the shale. The S/Fe 
peak ratios and depth of scales for sample 410 B 
are given in Table 5. 

Discussion -----
. T~e surface appearance of the exposed coupons 
1S tYP1cal of components immersed in high temper
ature hydrocarbon streams. Most of the macro
scopic surface features are solidified organic and 
ash and are not directly related to corrosion 
products. 

The corrosion rates measured show commonly 
observed trends: the severity of the corrosion 
increases with temperature and decreases with 
increasing alloy content. As indicated earlier in 
the paper, the corrosion rate values reported here 
are the result of a relatively short exposure, and 
the values in mpy represent an extrapolation. 
Moreover, the small coupon size and rack position
ing limitations introduce uncertainties typical of 
coupon exposures in the field. Nonetheless, the 
reported rates can be contrasted with the 20 mpy 
acceptable limit commonly used in industry. That 
comparison would sug~est the future use of 304 SS 
at the 455·C point and of 304 SS or 410 SS at the 
260·C location. Some form of prote:tion (such as 
refractory lining) would be recommended if the 
other material(s) were chosen for each location 
and long-term operations were intended. The met
allographic cross-sections of the exposed coupon$ 
did not reveal internal deterioration or other 
microstructural damage of the alloys studied. 
These observations should be supplemented with 
future investigations of the effect of exposure on 
the mechanical properties of the alloys tested. 

The environment present at the material test 
points consists mostly of the gases emitted by the 
retorted shale combined with the sparging steam. 
An analysiS of the gases present in this partic
ular retort is not available. However, an idea of 
the gas composition can be obtained from the re
sults of laboratory retorting exoeriments by 
Coburn (12) using a Sunbury Shale representat ive 
of the feedstock of the rotary kiln in this test. 
The analysis of constituents of the shale used in 
those experiments is given in Table 6. The shale 
was indirectly heated at a rate of 4·C per minute 
and the gases evolved were examined with an on
line mass spectrometer. At those heating rates 
gas evolution reaches a peak at approximately 
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430·C. Near that peak the molar ratio of evolved 
H2S to H2 was within an order of magnitude of 
unity. Water was also evolved but its relative 
amount was not measured in those experiments. 
However, the amount of water vapor evolved was 
estimated as being comparable to that of H2' In 
the rotary kiln retort, the presence of steam is 
likely to have brought the water partial pressure 
to a much higher value, for example an order of 
magnitude higher than that of H2. 

Based on the above estimates and assuming 
Simple H2S-H?-S and H?O-H -0 equilibria, a 
region of llRelY enviH'nme~taf conditions can be 
shaded in the phase stabl il ity diagram for the 
system Fe-S-O. This has been done in Fioure e 
for a simplified diagram calculated for 455·C(13). 
The shaded region falls mostly within the iron 
sulfide fields and matches the experimental 
observation of an iron-sulfur-rich corrosion 
scale on the carbon steel coupons. The position 
of the shaded region is not incompatible with a 
corrosio~ path resulting also in the formation of 
an oxide layer nearer to the metal. The inner 
scales on the carbon steel coupon are oxygen-rich 
relative to the rest and may represent an approach 
to conditions created by such a corrosion path. 

At 455·C (and more so at 260·C) both 
corrosion and gas reactions may be sluggish and 
the application of the phase stability diagram can 
be limited. In addition, many of the features in 
the corrosion scales could be the result of 
on-stream changes of the process parameters 
instead of steady-state thermodynamic effects. 
Because of these limitations, the makeup 

Table 5. Composition of Scale - 410 B Coupon 

Typical 
Peak Rat io Thickness 

Zone S/Fe 11 m 

A 1.11 6 

B 1. 57 11 

C 1.57 20 

0 1.02 20 

Table 6. r~alysis of Sunbury Shale Used in Gas 
Evolution Experiments (Reference 11) 

Weignt 
Constituent Percent ---

Total N 0.27 

Total C 13.60 

Total H 1. 64 

Total S 3.24 

Total Ash 77.14 

Acid CO2 0.06 
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Figure 8. Simplified Fe-S-O phase stability diagram, calculated for 455°C . 
The shaded region represents an estimate of the environment 
present at the test point B. (s): solid pha~e (1): liquid phase. 

of scales that are more complex (as in 410 B) or 
formed at the lower temperature cannot be ade
q~ate1y interpreted at this time . Laboratory ex
periments under controlled conditions are pres
ently being conducted to answer some of these 
questions. 

The materials deterioration observed in this 
s t udy appears to be much less severe than that 
obser ved in in-situ or modified in-situ retort i ng 
environments (5, 6, 7). Estimates of a simulated 
in-situ retorting environment composition place it 
also in the metal sulfidation region (5). The 
much hiQher peak temperatures reached there (typi
cally lOOO·C) would account for faster reactions 
and transport, hence resulting in greater corro
sion rates . In view of the present results, there 
is no evidence of a corrosion trend reversal with 
increasing temperature . 

The results reported here represent an at
tempt to begin building a data base for materials 
selection in the construction of indirectly heated 
retorts processing eastern shales . It is hoped 
that other investigators will be encouraged to 
conduct additional stuoies in this area. 

Conclusions 

1. Alloy performance improved with increasing 
alloy content. At both the 260·C and the 
455·C locations, the 304 S5 coupons showed no 
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measurable weight loss during the testing 
period. 

2. Both C5 and 410 55 showed measurable corro
sion rotes that were greater at the hi~her 
temperature location. The highest corrosion 
rate measured was 84 mpy for carbon steel at 
the 455·C location. 

3. Most deposits on the coupon surfaces were 
solidified process substances. Corrosion 
stJles on the C5 and 410 55 coupons point to 
sulfidation as the main mode of material 
loss, with some indication of oxidation 
predominating near the metal surface . The 
sulfidation of iron is also predicted by 
estimates of the coupon environment at 455·C 
and thermodynamic data. 

4. The severity of corros ion appears to be much 
less than observed in similar studies in 
direct heating retorting e~vironments. 
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Abatract. The largest untapped fossil fuel resource in the 
United States is the oil bearing shales in the western part of 
the country and the black shales in the east. The oil shale 
resource concentrated in three western states is estimated to 
be equivalent to more than two trillion barrels of crude oil 
and a comparable amount in the lean deposits of the Eastern 
U.S. 

The Department of Energy (DOE) has established a research 
and devel opment (R&D) program for encouraging the development 
of the country's oil shale resource at a commercial scale to 
help in the mitigation of the present and future energy de
mands . The aim of the R&D Program is to stimulate the com
mercial production of oil shale by eliminating techni.:al and 
environmental barriers. This paper provides an overview of the 
DOE R&D Program, addressing its essential environmental 
elements. Particular emphasis is given to the Department's 
internal planning process. 

Introduction 

The Department of Energy completed an Oil 
Shale Management Plan for its research and 
development program about two years ago. The 
Plan has undergone several revisions, and al
though it is still in the draft stage, it pro
vides a basis for program development and has 
served to establish research priorities. This 
Plan is unique in that it integrates research 
activities that are conducted by two program 
offices supporting research dealing with oil 
shale. 

Organization 

Researc~. in the Department has been sup
ported by two principal components; the Office of 
Health and Environmental Research which resides 
in the Office of Energy Research, and the Oil 
Shale Division which resides in the Office of 
Fossil Energy. 

Prior to development of the program plan 
and the implementation of a unified approach, oil 
shale research in the Department followed a more 
or less traditional pattern. That is, the 
environmental scientists determined potential 
problems associated wi th oil shale development, 
but stopped ahort o f dealing with ways to elimi
nate these hazsrds. On the other hand, process 
development researchers, investigated the re-
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torting process , studied the physics and chemis
try of shale and its rock fragmentation proper
ties. However, research on environmental control 
development or testing of conventional controls 
was not within the scope of governmental spon
sored research, nor to our knowledge was it part 
of the emerging oil shale industry's approach. 
In fact, to Some extent, there were rewards for 
each side for either showing how bad the problems 
were or for b~ing able to prove that the problems 
did not exist . Surprisingly, in spite of all the 
process development research carried out to date, 
there is no actual performance data available for 
/tny em! ssion control devices with any pilot or 
larger size oil shale retort. 

A major contribution of the joint Program 
Plan was the unificat ion of the research of the 
environmental scientists and the process develop
ment engineers with the establishment of a common 
se t of 0 b jec t i ves. In the Plan, they wer" 
rp.ferred to as "deliverables" and includ e d: 

o an environmentally acceptable emission 
control strategy 

o development of systems for treatment and 
disposal of contaminated process waters 

o sound spent shale management systems 

o guidelines to ensure the health and 



safety of workers and the general 
public 

o documentation of regional ecological 
impacts 

o method for control of Rubsidence and 
socioeconomic impacts. 

The overall environmental goal is to focus 
the research on finding solutions to the various 
problems and to document the real consequences of 
oil shale operations. 

The specific objectives of the oil shale 
R&D program are: 

I. Develop a sound technology base to assist 
in second generation activities of industry 

2. Develop new unique technologies character-
ized by reduced environmental impact and 
increased thermal ~fficiency 

3. Develop improved environmental data; 
demonstrate and/or develop environmental 
control technology 

Every innovative process that is developed must 
satisfy four basic requirements. First, it must 
protect the health and safety of the worker and 
the general public. Second, it must be environ
mentally acceptable in terms of -protection of 
air , water, land, and environmental systems. 
Third, it must be economic. Fourth, it must 
conserv~ the resource. 

What is the Environmental Research Strategy? 

The strategy followed by the oil shale 
program is given in Figure I. The research 
process starts with a problem definition. This 
can take place in a variety of ways. In the most 
simple sense, from interviews with knowledgeable 
people. In the case of oil shale, the ba sic 
problems are reasonably well-defined a nd have 
been the subject of considerable public debate 
for some time. They are the familiar issues 
associated with air pollution, water contami
nation, solid waste disposal, "tc. The infor
mation assembled by the data base comes from 
experimental studies conducted both in the field 
and in the laboratory and from monitoring data 
from field operations. This information is 
organized and assembled via a risk analyst s 
step. The purpose of this analysis is to bring 
to bear appropriate environmental models of 
transport and pollutants in the environment, 
models for damage functions to both people and 
other organisms, and to ask questions as to the 
significance of the release of various residuals 
(what are the significant consequences, what will 
be the real cost in terms of human health and 
environmental damages). The primary function of 
this step 1.s to organize the data and the facts 
so that those who need to make judgements about 
the environmental acceptability of oil s hale 
processes have the benefit of a set of well
organized facts and figures. Based on these 
judgements, guidance can then be provided for the 
third principal step of control develcpment or 
the development of procedures for mitigating and 
minimizing the environmental impacts. In simple 
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terms, this process leads from problem definiti( ~ 
to analysis to problem solution or to documell
tation that a problem is not of sufficient 
significance to warrant concern. 

Data Base 
Problem 

Definition 

Figure 1. 

Control 
Systems 

Development 

Wh lit is the Environmental Strategy? 

How is the Work Done? 

The research activities include both 
generic as well as research that is specific to a 
series or a subclass of processes . Work that is 
generic is generally applicabJ e to any or all 
processes 8S a result of commonalities such as in 
mining and the treatment of various residuals in 
waste water. Other activities are specific to a 
class of processes because of unique character
istics of one class coP' ~red to another, such as 
indirect versus direct heating modes of operation 
or the fact that some processes produce spent 
shale of certain physical and chemical character
istics. The initial research is based on general 
concepts and models of how processes work and how 
that relates to particular characteristics of the 
waste products or the way in which the technology 
interfaces with the environment. For example, in 
the case of spent shale we know that its charac
teristics when placed within a large, compact 
pile will vary somewhat depending upon maximum 
temperature that was achie'/ed within the retort, 
generally whcther the retort environment tended 
to be oxidative or reducing in its character, the 
particle size distribution of the retorted shale, 
the amount of residual carbon, the water holding 
capacity , the compaction density of the material, 
and so forth. Research is then conducted that 
relates to specific studies in order to confirm 
various models that relate environmentsl behavior 
to charac:teristics of the process. Such vali
dation is essential in order to confirm and gain 
confidence in the solutions to the various 
environmental problems. Some of the research is 
carried out in the laboratory, while other 
activities are implemented in the field at 
operational sites or study sites. Both are 
important towards development of the data bas l' 
and evaluating the performance of controlled 
systems. The laboratory work is essential in 
order to achieve appropriate cont rol over many of 
the experimental variables that are known to be 
important. It is also important t o isolate the 
effect of one variable on an"ther, which is 
usually impossible to do at operational sites. 
The field r esearch also plays important roles in 
allowing confirmation of laboratory findings 
under real world conditions and permits the 
evaluation of the interaction of a number of 
variables which cannot be simulated in the 
laboratory. Figure 2 shows how various oper
ational sites have been utilized to ca rry out 
resea r ch in speci fie areas. For example, the 
Paraho operation at Anvil Point s has been used to 
conduct research activities related to water 
management and solid waste disposal. 
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Examples of Process Specific Studies 

Discussion of the Research Issues 

Solid Waste 

What are the Major Problems with Solid Waste 
Management? The most obvious problem in waste 
management is the tremendous amount of spent 
shale to be disposed of. At an average yield of 
30 gallons/ton, a 50 ,000 barrel per day oil shale 
facility will generate about 65,000 tons/day of 
spent shale. The question is how is this ma
terial to be isolated and stabilized so that (1) 
the surface of the pUe is resistant to wind and 
water erosion and, therefore, is not a chronic 
source of pollution to surface waters or the 
l andscape, and (2) no leaching of soluble salts 
into groundwater systems occurs . Numerous 
studies have been conducted with small quantities 
of spent shale in plots ranging from a foot to 
several feet in thickness. However, no experi
ments or demonstrations have been conducted on a 
pile which would be comparable to that developed 
for a commercial scale facility . Here we are 
talking about piles that cover many acres and may 
be as thick as a thousand feet . The principal. 
problem arises as a result of soluble salts which 
are contained in the spent shale. There is 
potential for these soluble salts to migrate to 
the surface and, as a result of this salini
zation, prevent vegetation from becoming estab
lished. In the absence of a stable plant com
munity, the surface remains vulnerable to wind 
and wa ter erosion. Another problem is that the 
soluble salts may in fact leach to the bottom of 
the pile and contaminate groundwater . There are 
many factors which affect the hydrological and 
salt flux wi thin a shale pile. Some of these 
are particle size density, compaction density, 
the amount of water used in cooling and C0m
pacting the pile, the depth of plant root pene
tration, evapotranspiration rates, the amount of 
infiltration of precipitation into the pile, and 
mine ral iza t ion reac t ions which al ter the solu
bility of the salts initially present in the 
spent shale. Thus, it Is uncertain as to which 
direction water and salts will migrate in a 
commercial scale solid waste pile and how stable 
will the ecological communities be which are 
established on the landscape . These then remain 
the Significant factors and the subject of 
experimental studies currently being conducted . 

What is the Solid Waste Strategy? For surface 
disposal of wastes, the strategy is to stabilize 
the surface using some form of plant ecological 
community to reduce leaching as a result of 
precipitation, to reduce erosion as a result of 
wind, and to provide for physical stability of 
the pile. With regard to underground disposal, 
such as would be applicable to in situ retorting 
and underground mining wi th surface retorting, 
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the strategy is to isolate the waste from ground
water intrusion and to minimize subsidence. 

Water 

What are the Major Problems with Water? The 
problems associated with water may be categorized 
into availability and contamination. Water 
availability is lhe key factor in the western 
U.S. On the other hand water for operations can 
be supplied in a variety of ways. For example, 
water ca~ be obtained through (1) development of 
impoundments to increase utilization and effec
tiveness of precipitation which falls on the 
area; (2) modifying the process, I.e., the 
development of improved technological processes 
which are more water conservative or more water 
efficient; (3) increasing the utilization 0f 
gro undwater (it is known that considerable 
amounts of groundwater exist but there is much 
uncertainty in terms of its distribution and 
local availability), a nd (4) import water from 
other river basins. H~wevcr, there are legal and 
technical uncertainties 'Ji th each of these with 
the exception of the process variability, and 
there are technical uncertainties so that it 
remains to be se~n how viable these options are 
in fact. 

The size of an industry that can be sup
ported with regard to various assumptions made on 
water availability is shown in Table 1. An eight 
million barrel/day production would require 
importat ion of water from other river basins. 
The other estimates are based on utilization of 
water from within the region but vary according 
to assumptions that are made with regard to 
current water use, projected use, and maintenance 
of stream flow requirements. The Colorado 
es t imatE is the most conservative and expresses 
the conc~rns within the state for competitive 
uses (e.g., agriculture) in a water scarce 
region. 

Table 1. Water Availability 

Assumptions 

o Import water 
o Building impoundments 
o Process variability 
o Uncertainty of r egion hydrology 
o Legal uncertainties 

There a re three principle concerns with 
respect to contaminated water. They include 
groundwater contamination from abandoned in situ 
retorting operations, the clean-up process water, 
and the disposal of mine water. The Department's 
research and development program focuses on this 
aspect of the waler questioll. 

What is the Water Clean-up Strategy? There are 
two general uses for contaminated water. It may 
be reused in the process or it may be used for 
environmental cont rols. Water used in the 
process, such as to gen~rate steam for retorting, 
must be cleaned to meet specifications of the 
equipment, e.g., boilers. We do not think 
that this use has environmental implications. 
Water used in environmental controls or 'where 
dispersal in the environment is likely, such as 



for irrigation, must be cleaned to meet environ
mental specifications or agricultural criteria. 
When contaminated process water is used to 
moisturize spent shale or irrigate waste piles, 
the principal concern is with runoff from the 
waste pile, contamination of surface streaQs, and 
the biological accul!lulation of residuals by 
plants growing in it. 

Air 

What are the Major Problems \~ith Air? We assume 
that any development which takes place will 
comply with the ambient air quality standards. 
Problems arise, however, because of the un
certainty in predicting characteristics of the 
me teorology of the region. Princi pa lly, the 
uncertainty exists with regard to the transport 
and dispersion of pollutants emitted at a given 
point within the region. Current models for 
predicting transport and dispersion within 
complex terrain are acknowledged to be grossly in 
error and, therefore, uncertainty remains as to 
t e effect of locating an industrial activity 
within the region on adjacent sensitive areas 
such as national parks and forests. Another 
major uncertainty exists with regard to the 
performance of even conventional emissi~n control 
equipment. Since no demonstrations have been 
conducted to date of any of the emission control 
devices on a demonstration or commercial size 
unit, uncertainty remains as to the effectiveness 
of these systems and whether or not they will 
perform as well with oil shale systems as they do 
in other industrial applications. Problems could 
arise as a result of the interference of chemical 
substances in emission streams with the perfor
mance of various cleanup devices. Other weak
nesses in o\!r knowledge of the air quality 
problem stem from insufficient knowledge of the 
chemical speciation of sulphur compounds in fuel 
gss and the presence of toxic components in 
gaseous emissions. The overall eollission control 
strategy is shown in Figure 3. 

Characterize~ Regional Air Concentration/w 
Emisaions ----,.. Hodel ~ Class 1 !.rea 

~L_-------
Develop Evaluating Existing Determine 
Control,.. Control Tecl>rology ~ Cont rol 

Technology ~quirements 

Figure 3. Air Strategy 

Health and Safety 

What are the Majnr Problems with Health and 
Safety? First, let us consider the case of 
underground mining with aboveground retorting. 
The principal problems here appear to us to be 
the ventilation of large gassy rooms, possible 
roof falls, and industrial hygiene requirements 
(i.e., what special precautions will be required 
in order to protect workers from fugitive emis
sions and exposure to potentially toxic o r 
hazardous materials ~s a result of inhalation or 
skin contact). 

In the case of underground retorting or in 
situ processing, the principal problems we see 
are the maintenance of a fire underground while 
workers are located below ground and similar 
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industrial hygiene requirements to those in
dicated above, but with the potential for more 
extensive exposure to volatile substances. 

What is the Health Research Strategy? With 
regard to the two principal exposure pathways, 
inhalation and skin contact, we see a rather 
practical and common sense approach being 
used as a first approximation to reduce exposures 
to acceptable levels. This would include venti
lation and fugitive emission control . Venti
lation is probably the simplest way to reduce 
exposures and would be the preferred method for 
control. Once the maximum level of ventilation 
is reached, the next at tempt to reduce exposure 
would be made through improved controls ur 
fugitive emissions within the working area . 0: f 
further controls would be required to reduce 
exposures due to inhalation, various forms of 
breathing apparatus would be looked to. In the 
case of skin contact, two further steps would 
involve relying on personal hygiene procedures 
and protective clothing in order to reduce 
exposure to skin. 

What is the Safety Strategy? Research on occu
pational safety often receives secondary or 
tertiary importance in research programs. Yet, 
with regard to workers risk, safety is apt to be 
equally importsnt to occupational health in oil 
shale operations. Our strategy will be to rely 
on the following approaches: 

o maximum credible accident scenarios 

o building on coal, metal and nonmetal 
experience 

o determining the need for permissible 
equipment and the ramifications of such 
a need 

How Does the DOE Program Interact With 
Regulations and ~Iith Other Agencies 

The oil shale program works closely with 
other groups and agencies to accomplish the 
research objectives . For example, the program 
has been highly inter!<ctive with industry and the 
American Petroleum Institute on research relating 
to occupational health and wi th the Hine Health 
and Safety Administration on safety research; 
many of the studies relating to groundwater 
contamination and emissions control have been 
closely coordinated wi th the offices of the 
Department of the Interior , particularly the U.S. 
Geological Survey. In other cases , we have 
supported cooperati"e studies and have collabo
rated with the Environmental Protection Agency 
and the Department of Health and Human Services. 
In addition, close ties have been maintained with 
the various state offices in Colorado with regard 
to both regulatory requirements and issues as 
well as research topics. Most recently, the 
progrsm has worked closely with the Environmental 
Protection Agency on environmental control 
technology. Our goal is to see that oil shale as 
an emerging technology is capable of meeting and 
even exceeding present day rules and regulations 
but also that oil shale processes will be able to 
meet the standards of tomorrow. 



Eastern Oil Shale Program 

To date, \IIuch of the activity associated 
with o~l shale has been conducted in a small area 
of Culorado, Utah, and Wyoming. Exploiting the 
extensive eastern oil shale deposits would appear 
to have the advantage o f reducing the environ
mental and socioeccnlJlllic pressures on the western 
resource by providing an alternative resou r e for 
development. However, there are several more 
environmental concerns that must be addressed. 
The Department 's strategy in implementing re
search in this area will pa~allel our efforts in 
the western shales . There are of course differ
ences between the two r.esources that must be 
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considered, such as, the acidic eastern soil 
versus the basic western soil. The:-efore, the 
production of oil from eastern shales could 
generate a problem of mine acid drainage compar
able to that now caused by the mining of coal. 
It is imperarive that methods be developed for 
the prevention of scid drainage leaving the mine 
property before there is extensive eastern shale 
development. This will be a very high priority 
research area for the program. Other high 
priority areas are in the development of novel 
concepts that have low environmental impact and 
acqu i ring a data base to determine potential 
environmental haz rds. 



Industry and Environmental 
Comments on Kentucky's Proposed 

Oil Shale Regulatory Program 
by 

Richard Shogren 
Administrator, Office of Special Projects 

Department for Natural Resources and Environmental Protection' 
Frankfort, Kentucky 40601 

I\bstrac!. Due to an increased interest in I1llnlng Kentucky's oil 
shale resources, the 1980 Session of the General Assembly passed 
legislation (KRS 350.600) mandating the Department for Natural 
Resources and Environmental Protectio'1 (DNREP) to "develop regu
lations for 0il shale operations to minimize and prevent their 
adverse effects on the citizens and the environment of the 
COlTlllonwealth." ne Department designed the proposed regulations 
with an emphasis similar to existing coal mining regulations. 
The Department filed the proposed oil shale regulations with the 
Regulat i ons Compiler on June 30, 1981, as mandated by the legis
lation. 

Public comment on the proposed regulations has been 
extensive. Industry representatives have criticized the r~ :J IJla
tions as placing severe constraints on the development of a ~ajor 
new industry and recOl1l11ended withdrawal of the proposed regula
tions until technical studies are completed which better define 
environmenal impacts. Environmental representatives fear that 
the oil shale industry will create severe environmental impacts 
and support stringent regulations . The Kentucky DNREP will sub
mit a formal responSE to the comments in December , 1981, with 
recomme nded changes in the proposed regulations. 

Introduction 

Due to an increased interest in mlnlng 
Kentucky's oil shale resources, the 1980 Session of 
the General Assembly passed Kentucky Revised 
Statute (KRS) 350.600 mandating the Department for 
Natural Resources and Environmental Protection 
(DNREP) to "develop reg ulations for oil shale 
operations to minimize and prevent their adverse 
effects on the citizehs and the environment of the 
Commonwealth. ,, 1 The legislation provided that the 
regulations be based on the best available sound, 
scientific and engineering data and be consistent 
with existing standards for land, water and air 
protection. 

Commercial oil shale mi nir'\l is currently pro
hibited by KRS 350. 600 until adoption of the 
proposed regulations. The existing legislation 
does provide that persons may conduct core 
drilling. experimentation, r~moval of samples, or a 
pilot and demonstration plant wrich involves the 
mining of not more than five acres for production 
of oil shale in anyone county. Written notifica
tion of the intent to nerform such operations must 

be filed at least fifteen days prior to commence
ment of operations with the Secretary of DNREP. 
The Department has the authority to monitor such 
operations and to collect sound and reasonable 
scientific and engineering data upon which 
regulations pertaining to the oil shale mining 
operations can be based. 

The Department utilized the format of the 
state's coal regulatory prog~am extensively in 
developing the oil shale 'gulations because of 
similarities between shale mining and coal mining. 
Chapter 30 of Title 405 of the Kentucky Adminis
trative Regulations (KAR) was reserved for the 
proposed oil shale regulations which were filed 
by the Department with the COlTlllonwealth's Regula
tions Compiler on June 30, 1981 . Table 1 shows 
the organization and descriptive titles for the 
proposed regulations . 

Following publication in the August 1 issue of 
the Administrative Register of Kentucky,2 four 
public hearings to review the regulations were held 

* The conclusions and interpretation made in this p~per are those of the 
aut' ,or. The Kentucky Department for Natural Resources and Environmental 
Protection has not yet determined the form or emphasis nf its final oil 
shale regulations. 
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in September, 1981. Approximately 200 interested 
cit1zens attended th~ hearings which were held 1n 
t·lorehead. Ri chmond, Ba rds town and Lex i ngton, 
Kentucky. A total of 38 separate cOfl111ents were 
submitted at the four public hearings. Due to 
major i~terest indicated by both potential opera
tors and environmentalists, the initial September 
15 deadline for public comnents was extended to 
October 15 . As of October 20 . the Department had 
received 20 add ; tiona1 written commen~s in addition 
to those submitted during the public hearings.3 

This paper briefly summarizes the contents of 
the regulations , major concerns indicated by the 
public comnents and obse rvatio~s resulting from the 
public comnent orocess. 

-
Table 1. 

DescriptIve TItles of Proposed Regulations 
Appll.cablc to 011 3hale taning 

Title/ChaEt . /ReS· 

405 KAR )O:OlQ 
405 KAR )0:020 
4 05 KAR )0:0)0 

405 KAR )0:040 

405 KAR )0:060 

405 KAR )0:070 

405 KAR )0:080 
405 KAR )0:090 

4 05 KAR )0:100 
405 KAR }O: 110 

405 KAR )0: 120 
405 KAR )0 : 130 
40 5 KAR )0:140 

4 05 KAR )0:150 

405 KAR )0: 160 
405 KAR )0: 170 
405 KAR )0:180 
405 I<AR )0:190 

405 KAR )0: 200 

405 KAR )C:210 
405 KAR )0:220 
405 KAR )0:2)0 
4 05 KlIR )0:240 

405 KAR )0: '50 
405 KAR )0:260 

405 KAR )0: 270 
405 KAR )0:280 
405 KAR )0:290 
4 05 KAR )0:)00 
4 05 KAR 30:310 

405 KAR )0:320 

4 05 KAR )0:))0 
405 KAR )0:)40 
• 05 KAR )0:)50 
405 KAR )0: )60 

405 ~AR )0: )70 
4 05 KAR )0:380 
4 05 KAR )0:)90 
405 K.\R )0: 400 
405 KAR )0:410 

Descri2tlve Tltle 

Oeflnitions. 
General Provisiono;. 
General requlrements for performance 
and lIabilIty insurance. 
Amount and duration of performance 
bonds . 
Form, terms 3nd condi tions of per-
formance bonds and llabl.lity Insur-
ance. 
PC\)Cedllres, crIterIa and scho;'!dule 
tor reledse of pC l foclTlance bond. 
Dand forfeIture. 
General provisions for inspection 
and enfo rcement. 
Enforcement. 
PubllC partic.lpation tn l.nspection 
and enforcemen t . 
Oil shale exploration permIts. 
Otl shale operation permits. 
W~1..:.ten approval required for trans-
fer of permit; successor 1n 1n e rest. 
011 shale records open to public 
1nspect lon; confldential n"ture of 
Ct:rtaln data. 
Date requi rements. 
Ci tlzen demands for enforcement. 
Petitions ·or ru lemak1ng. 
Process and crlteria for designating 
lands unsuitable for oil shale oper-
ations. 
PetItlon requirem~nts tj desIgnate 
lands unsultable . 
Slgns and mar~ers. 
Postmlning land use. 
Air rp.sources protectlon . 
Protection of fl Sh , wildlife and 
related envlronmental value~. 
Use of exploslves . 
Access roads, haul road s , overland 
conveyor systems, pipellnes and 
other transport facilltles. 
Caslng and seallng of drilled holes . 
Prlmc farmland. 
Topsoi 1. 
Protectlon of the hydrologlc sj'stem. 
Oi'.lerSlOn of flows and water wjth 
drawal. 
Water quality standards. ('ffluent 
limitatIons and mOnltorlng. 
Sedimp.nt control measures. 
Leachate control. 
Permanent lmpoundments . 
Disposdl of wastes other than exceS5 
SPOll. 
DIsposal of excess spoll materla!s. 
Spent sh3le disposal. 
Backfl!llng and gradIng. 
Revegetation. 
In SltU operatlons. 

Source: Kentucky Department for Natura! i.asources and 
Envlronmen al Protectlon , Bureau of Surface Minlng 
Recla matlon and Enforcement, Reg ul atIons for 011 Shale 
Operatlcns - Inforr.latlonal Copy , August. 1981.""': 
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Summary of Proposed Oil Sha ·'e Regulations 

General Provisions 

The proposed regulations require any person, 
partnership or corpvration desiring to initiate oil 
shale exploration or operations to file with the 
DNREP, Bureau of Surface Mining Rec1amatio~ and En
fOt'cement, for a permit to conduct the operations. 
A val id permit must be issued before operations 
may corrmence (KAR 30:020). For a lijrge operation, 
each permit applicant must dehionstt'ate, utilizing 
necessary technical, scienti fic and engineerir,g 
data, the impacts their operation will have on the 
envimnment. Data used in this justification must 
be derived from studies on eastern shales having 
comparable characteristics to shales n the proposed 
project area. I f the appl i cant cannot demonstrate 
the extent and magnitude of possible adverse environ
mental impacts of the facility, its size shall be 
limited to a pilot project . 

Pilot Projects. A pi lot project is defined as an 
operation which disturbs less than 25 acres annual
ly or produces 1,000 barrels or less of shale 011 
per day, whichever is smaller. This section was 
included in the regulations to encourage industrial 
development of pilot projects. Data from studies 
on pilot projects would provide information on 
env ironmental impacts, which could be incorporated 
into the regulations, before a commercial facility 
is started. 

Permit Classes. Two types of permits are defined 
i n the proposed regulations: exploration and oper
ation permits. Ex ploration permits are valid for 
two years and provide for gathering of surface or 
subsurface geologic, physical or chemical data at 
proposed mining s ites. Exploration opet·otions 
must be conducted in accordance with the environ
l"e~ta1 protection standards in the proposed regu-
1 ations. 

Operation pemtits are valid fOr' a term of five 
Jear~ excep t for pil ' ~ proj ect permits whi ch are 
valid for two years. An operation permit allows oil 
sha le extraction , experimentat1nn, exploration, pro
ces.i ing , waste di sposal dnd reclamation activities, 
or removal of overburden for the purpose of deter
mini ng the locat ion , quality or quantity of a natu
ral oil shale deposit, or activity to fa r ilitate or 
accomplish the extraction or removal of oil shale . 
Ail of the premises, facilities, roads and equipment 
used in the mining and processing of oil shale from 
a designated area are def;ned as part of the dis
turbed area. 

~loration Permit Requirements. KP.R 30: 120 out
lines the contents of an exploration permit appli
cation. Casic requirements for this type permit 
are: (1) a description of the proposed exploration 
area, (2) a descript ion of the me thods to be used 
to conduct oil shale exploration and reclamation , 
(3) an estimated timetable for conduc ting each 
phase of the exploration and reclamation, (4) esti
mated amounts of oil shale to be removed and a 
description of method s to be used to determine 
these amounts, and (5) a description of t he methods 
to be used to comply with the app1 icab1e performance 
standards of these proposed regul ations . The 
Uepartment will have 21 days in v,hich to notify the 
appl icant of the completeness of the application. 
After filing of a complete exploration permit appli
cation , the Department will have 60 days in which 
to act on the application . 



0Reration Permit Requirements. KAR 30:130 outlines 
t e contents of an operatlon permit application, re
quirements similar to the coal mining pennit appli
cation process. Some of th2 requirements for this 
type permit are: (1) maps showing location of oper
ation and surrounding landowners, (2) a transporta
tion plan, (3) a plan for restoration of prime farm
land (if applicable), (4) a postmining land use plan, 
(5) a blasting plan, (6) a topsoil handling and 
restoration plan, (7) a backfilling and grading plan, 
(8) a revegetation plan, (9) a spoil disposal plan, 
(10) a plan for handling of waste materials and acid
forming and toxic-forming materials, (11) a surface 
water control and OlOnitorin9 plan, (12) a groundwater 
control and monitoring plan, (13) an air resources 
protection plan, and (14) a fish and wildlife plan. 
The Department will have 21 days in which to notify 
the applicant of the completeness of the application. 
Because of the complex nature of the operations per
mit application, the DEpartment will have 120 days 
after filin9 in which to act upon the complete appli
cation. 

Permit Approval Tenns. All permits will be reviewed 
at the midlife of the permit to ensure that the 
0peration is being conducted in complialce with KRS 
350.600 and appl icable regulat10ns. Fees for all 
permits will be $500 p~r application und $50 ~er 
acr-e. No permit may be transferred aJ'1d no operation 
can be succeeded to by another wi thout the prior 
written approval of the Department (KAR 30:140). 

Prior to issuance of a permit, an applicant must 
make certain demonstrations showing that the opera
tion is consistent with all applicable e~vironmental 
laws of the Commonwealth. The proposed operation 
must be deSigned to reduce adverse effects to the 
hydrologic balance, must not be within an area where 
oil shale operations are prohibited and must not 
adversely affect fragile lands (such as a wild river 
and lands with uncommon geologic features), or con
stitute a hazard to life or to physical damage to 
specified facilities. An applicant's past compli
Jnce histo ry is considered in the Department's 
review of dn appl i cation. Anyone injured by all order 
or determination of the Department has the right to 
an administrative hearing to contest the order or 
determi nat ion. 

Baseline Data. Extensive baseline data (KAR 30:160) 
to describe the envi ronment of the proposed si te is 
required before any mining operations begin. As 
determined by the DNREP, baseline (existing condi
tion) data shall be required in the following areas: 
air quality and meteorology , water quality and 
quanti ty, aquatic and terrestrial flora a:ld fauna, 
and historic, geologic, pedologic and archaeological 
features. This data provide~ d reference point for 
evaluating ongoing studies, and will prove beneficial 
in identifying existing problems which might be 
attributed to oil shale operations. The minimum 
period of data collection shall be o~e year. Samp-
11ng and monitoring locations used in the baseline 
data collection may be used to collect data during 
the active life of the operation and thereafter to 
assess the environmental impacts of the operation. 
The Department has the authority to require appli
cants to collect technical or engineering data for 
an oil shale operation to assess the impacts of 
such activities on the envirorment and natural 
resources. 

Regulation Amendment. An important provlslon of 
the proposed regulations provides for adaptability 
as new data and technology becomes available. The 

275 

provlslon allows pet1tions to be filed by any per
son in order to initiate a proceeaing for the 
issuance, amendment or repeal of any regulations 
(KAR 30:180) . 

Site Inspections. Regul ar inspections shall be 
made of all oil shale operations (KAR 30:090). If 
an inspector observes a violation of the regula
tions, a Notice of No .. -compliance and Order for 
Remedial Measures will be issued (KAR 30:100). An 
inspector, upon issuance of a Notice of Non-compli
ance and Order for Remedial Measures, shall re
inspect the permit area on or soon after the date 
given in the Notice or Order for completion of 
remedial measures. The correction of a violation 
does not affect the right of the Department to 
assess civil penalties for that violation pursuant 
to these regulations or to impose any other appl l
cable sanctions as authorized by law. After an 
adminstrative hearing, violators may be penalized 
under KRS 350.990(6) which imposes civil penalties 
of not ,nore than $25,000 with each day of continuing 
violation deemed to be a separate violation. 

Any person having an interest which is, or may 
be adversely affected by an oil shale operation, may 
request that the Department inspect the operation 
(KAR 30:110). Within ten days of the inspection, 
or if there is not inspection, within 15 days of 
receipt of the person's written statement, the 
Departmer.t shall send the person an explanation of 
the reasons why no inspection was conducted , or, if 
an inspection was ~dde, a description of the en
forcement action t aken. 

Any person having knowledge that any of the 
statutes and regulations perta;ning to oil shale 
operations are not being enforced may bring such 
failure to enforce to the attention of the Depal't
ment (KAR 30:170). After a demand for enforcement 
is received, the Department must respond in writing 
to the person maklng the demand and explain the re
sult of an investigation and the action, if any, the 
Department has taken or intends to take. If the 
Department refuses after an unreasonable time to 
enforce the law, then the citizen has the right to 
initiate an ~ction to compel enforcement in the 
circu it court of the county in which the operation 
is locdted. 

All oil shal e records of the Department wi 11 be 
open to public inspection except any record or infor
mation which constitutes a trade secret or confiden 
tial business information and is designated as such 
by the Department upon the sa ti s factory showi ng by 
the O\~ner of such record (KAR 30:150). 

Bond Procedures 

Bond procedures and requirements are similar 
to those for coal mining . All permittees must pro
vide the Department with performance bond coverage 
and public liability insurance to provide for per
sonal injury and property damage pl'otection (KAR 3D: 
030) . Operation permits will have a minimum amount 
of $5 ,000 per acre, but in no event shall an oil 
shale operation permit be for an amount of less than 
$20 ,000. The amount of bond shall be reviewed and 
may be adjusted at any time during the life of the 
permit. Bonds may be surety, cash, certificates of 
de;>osit, letters of credit or acceptdble escrow 
accounts (KAR 30:060) . 



The regulations (KAR 30:070) provide for three 
;:>hases of bond release which are t~ed to progress 
on land reclamation. Partial release of bonds occurs 
on a schedule of 60% for Phase 1, 25% for Phase 2 
and 15% for Phase 3. Phase 1 is considered ended 
when the permittee completes backfilling, regrading, 
topsoil replacement and drainage control, and a 
planting report for the area h~s been submitted to 
the Department. Phase 2 is considered complete when: 
(1) revegetation standards have been successfully 
met, (2) water quality and drainage control standards 
are satisfied, (3) soil productivity has been re
stored if prime farmland is involved, and ( ~) pro
visions for future management of any permanent im
poundment have been implem~nted. Phase 3 is con
sidered complete when the permittee has success
fully completed all oil shale operations in accor
dance with the approved reclamation plan and has 
achieved compliance with requirements of the pro
posed regulations and the applicable liability 
period. Bonds may be forfeited for failure to 
reclaim, revocation of permits, or fer such other 
good cause as the Department determines (KAR 30:080). 

Lands Unsuitable for Mining 

The reyulations establish a petition procedure 
for the designation of certain lands as unsuitable 
for all or certain types of oil shale operations. 
Petitioners must have an interest in certain 
important values of the land which is or may be 
adversely affected by oil shale operations (KAR 30: 
200). Examples of such values are: damage to 
important historic, cultural, sLientific or 
aesthetic values or natural systems; reduction of 
long range agricultural and silvicultural lands and 
production; reductions in availability of water 
supplies; and endangerment of 1 ife and property by 
affecting natural-hazard lands. The petition pro
ccdur~ for designating lands unsuitable provides a 
mechanism to :dentify for industry areas which are 
unsuitable for oil shale operations prior to apply
i ng for a permit. 

T~e re~ulations defi~e procedural requirements 
(KAR 30 : 190) for all petitions including processing 
procedures, public notices and public heDring pro
cedures. The Derartment shall designate an area as 
unsuitable for all or certain types of oil shale 
operations only after evaluating the validity of 
petitioners' request and results of the rubl ic 
hearing. 

A designation of unsuitability may be rescinded 
If it can be demonstrated by new evidence, 
technology or a specific method of operation that 
all or certain types of oil shale operations can be 
conducted on the land without adversely affectin9 
the conditions which led to the desi gna tion. 

G~neral Environmental Controls During Mining 
Ci"perations 

Fugitive dust control measures are to be 
employed during shale mi ning operations (KAR 30: 
340). These measures shall include watering, 
chemical stabilization and paving of roads, 
stabilizing areas adjacent to roads, restricting 
travel to established roads, mi ni mi zing area of 
disturbed land, revegetation of di s turbed lands and 
planting of special windbreak vegetation at critIcal 
pOints. 
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Oil shale permits shall comply with specific 
requirements and measures for the protection of 
fish, wildlife and related environmental values and 
enhance such resources where practical (KAR 30:240). 

The permittee must comply with all ~pplicable 
local, sta te and federal laws and regulations and 
KAR 30:250 in the storage , handling, preparation 
and use of explosives. A blasting plan and schedule 
must be submitted to the Department and meet 
established standards in KAR 30:250. 

Transpertation Facilities shall be designed, 
constructed and maintained according to specific 
grade and drainage provisions to reduce sediment and 
other impacts on the hydrologic balance (KAR 30:260). 

Exploration holes, core holes, boreholes or 
other exposed underground openings must be appro
;:>riately cased, sealed or managed to prevent acid or 
toxic drainage from entering ground or surface waters 
(KAR 30:270). 

Disturbances to the hydrologic balance shall be 
minimized through practices which prevent or limit 
water pollution or changes in flo~ls (KAR 30:300). 
Water diversions shall be designated to be adequate 
to pass safety the peak runoff of a 10 year, 24 hour 
precipitation event for temporary diversions, or a 
100 year, 24 hour precipitation event for permanent 
diversions with dra~nage areas less than 200 acres, 
or larger events specified by the Department for 
drainage areas greater than 200 acres. 

Surface drainage from disturbed areas shall 
be passed through sedimentation ponds (KAR 30:300). 
Discharge from these pond~ shall meet effluent 
limitations if the discharge results from a stonn 
event less than a 10 year, 24 hour storm. When 
deemed necessary by the Department, leachate 
containment structures shall be constructed below 
sources of leachate not meeting ~Iater quality 
standards (KAR 30:340). Such structures shall be 
ma intained until leachate mee ts applicable water 
quality standards (KAR 30:350). 

Was te ~lanagement Procedures_ 

Classes of Waste. Wastes as soc iated with an oil 
shale operation are defined in three categories: 
min ing wastes and processing wastes (KAR 30:360), 
excess spoil materials (KAR 30:370) and spent shale 
(KAR 30:370). DNREP may requil'e necessary tests 
and data to determine whether mining and/or pro
cessing waste materia ls are classified as hazardous. 
Drainage from acid-forming and toxic-forming 
materia ls shall be prevented from entering ground 
water and surface water. Methods to be used may 
include buryi ng and treating the mate rial or pre
venting water con tact with the material. All acid
forming and toxic-forming materials shall be covered 
with a minimum of four feet of non-toxic and non
comb ust ible mater ial and impermeab le liner~ as 
required by the Department. 

~s_~. 2P.Q.i! __ J2_isposal. Spent shale has a volume as 
muc~ ., 20 greater tha n raw shale . This character
istic ;,lay result in excess spoil materia l (KAR 30: 
370) being disposed of in mine workIng , and also in 
areas approved for di sposal of this excess ma terial. 
The major requirements for the design of a fill for 
excess spoil material are as follows: (1) spoil 
shall be placed to ensure that leachate and surface 
runoff will not exceed effluent standards of KAR 30: 
320 , fill will be stable, and disposal areas will 



be suitable for reclamation compatible with the 
natural surroundings; (2) fill shall be designed 
using recognized professional standards and 
certified by a registered professional engineer; 
(3) slope protection shall be provided to minimize 
erosion; (4) disposal areas shall be located on the 
most stable area available; (5) spoil shall be 
placed and compacted to ensure a long-term static 
safety factor of 1.5; (6) final configuration must 
be suitable for postmining land use plan; and (7) 
an underdrain system shall be required when 
applicable. Prior approval of DNREP shall be 
necessary before disposal of excess spoil in head
of-hollow or valley fills. 

Spent Shale Disposal. Locations for burying spent 
shale areas (KAR 30:380) shall meet the following 
criteria: (1) $pent shale fill areas be designed 
using recognized professional standards and certified 
by a registered professional engineer, (2) the 
bottom and sides of the disposal areas shall be 
lined with an impermeable material to prevent 
leachate from entering ground or slirface waters, (3) 
spent shale shall be placed in layers and compacted 
to obtain optimum density, (4) spent shale shall be 
cooled to a temperature approved by the Department 
before covering, (5) disposal areas shall be covered 
with an impermeable material of sufficient depth to 
prevent surface water from entering spent shale, 
(6) a minimum of four feet of non-toxic forming and 
non-acid forming material shall be placed on the 
impermeable cover, (7) minimum static safety factor 
of 1.5 for the fill, (8) fills shall not be con
structed in the 100 year floodplain of any perennial 
stream and a stream channel may not be changed to 
meet this requirement, (9) all surface drainage from 
undisturbed areas above the fill shall be diverted 
away from the fill, (10) lEJchate ponds shall be 
constructed below all spent shale disposal areas 
and (11) spent shale disposal areas shall meet 
the requirements for topsoil and revegetation. 

Reclamation of Mined Areas 

Lands affected by oil shale operations shall 
be restored in a timely manner to conditions 
capable of supporting uses equal to or higher than 
predisturbance conditions (KAR 30:220). Separate 
regulations exist for prime farmland and non
prime farmlands. The proposed oil shale mining 
areas are located in an area of Kentucky con
taining more prime farmlands than the coa l fields 
of Kent ucky. The regulations were written to 
ensure that the productivity of this valuable 
resource is restored if mining occurs on prime 
farmlands. 

Prime Farmland. The regulations define prime farm
land according to specific soil characteristics and 
require that these soils be identified by a soil 
survey conducted by a soil scientist, who has 
experience and knowledge in conducting soil surveys 
in accordance with the standards and procedures of 
the National Cooperative Soil Survey Program (KAR 30: 
280) . The minimum depth of soil to be restored is 
48 inches. The permittee may demonstrate the recon
structed soil productivity by either growing crops 
to comparable predetermined target yields, to be 
established by the Department, or by a comparison of 
soil survey ',nformation and data before and after 
mining to meet various ~oil parameters, which are to 
b~ developed by the Department. The permit liability 
period is for a minimum of seven years and the first 
two or three years may be used to gro~ grasses and 
legumes to protect the reconstructed soil from 
erosion. 
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I~on-prime Farmland. For oil shale operations 
occurring on non-prime farmlands (KAR 30:290) , the 
regulations require that a minimum depth of 24 inches 
of soil, subsoil or soil substitute material be 
restored on the disturbed area. The r~gulation sets 
standards for the removal , storage and redistribution 
of topsoil, and requirements for determining topsoil 
substitution material. 

Backfilling. Mined areas do not have to be back
filled to achieve approximate original contour con
figurations (KAR 30:390). Backfilling materials shall 
be selectively placed and compacted, and topsoil 
replaced and seede1 in accordance with vegetation 
requirements. A minimum static safety factor of 1.5 
shall be achieved for all backfilled areas. 

Revegetation. A revegetation regulation (KAR 30:400) 
establishes the standards for disturbed areas, and 
also that the temporary or permanent vegetation be 
effective in stabilizing the redistributed soil 
against erosion. The success of the vegetation may 
be demonstrated by the comparison of ground cover 
and productivity must equal the approved standards 
for the last three years 0f the seven year liability 
period . 

Summary of Public Hearing Comments 

Extensive comments were made at four oil shale 
public hearings or submitted in writing to the offi
cial record for the public hearings. Generally, 
most comments can be categorized as coming from in
dustry sources or from environmental interest groups. 
The comments by persons representing potential devel
opers were more extensive than comments from environ
mental interests. Comments submitted by individual 
citizens \~ere directed toward environmental concerns. 
Major comments supporting industry interests were 
received from Pyramid Minerals, Mobil Oil, Phillips 
Petro leum, and the Kentucky Department of Energy . 
Major environmental comments were received from 
Appalachia-Science in the Public Interest and the 
Kentucky Rivers Coalition. 

The summary of comments presented below has 
been organized into five general categories. Wher
ever possible, the sunmary reflects the emphasis 
that was placed on the comments by the individuals 
or organlZations which made the submission. Each 
of the summary sections highlights those remarks 
considered to be industry recommendations and those 
made by environmental interests. The five cate
gories for summarization are as follows: 

1. General remarks; 
2. Baseline data requirements and characteris

tics of permits; 
3. Disposal requirements for 'solid and liquid 

wastes; 
4. Differences from existing coal mining regu

lations; 
5. Other comments. 

In some cases, certain comments in a section may 
appear contradictory. The sequencing of the com
ments is the author's interpretation of the rela
tive prioritization. 

Genera 1 Rema rks 

Withdraw Regulations. A number of the commenters 
representing industry groups believe that the entire 
set of regulations are premature and should be with
drawn. ~lany of these comments were ba sed on the pre
mise that insufficient scientific and ~echnical study 
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results exist to be able to define regulations for 
oil shale mining. The economics and mining and pro
cessing technologies of the oil shale industry are 
still not fully understood or defined. To establish 
regulations at this stage of the industry'~ develop
ment is not reasonable. Rather, extensive research 
and testing of techniques is needed to justify the 
definition of reasonable standards for development 
of the industry . To allow this research to occur, a 
relatively brief set of regulations is needed which 
provides flexibility for evaluation of alternate 
techniques for oil shale mining and processing. Ir
dustry supporters expressej the view that there 
should be provision for experimental practices for 
pilot plants, an appropriate step for an industry 
that is just beginning to come of age. This gen
eral position was advocated by Mobil Oil, Phillips 
Petroleum and the Kentucky Department of Energy, 
and, to some extent, by Pyramid Minerals. 

Excess Departmental Discretion. A second major con
cern which WJS expressed by most of the respondents 
who favor less stringent regulations is that an 
excessive amount of departmental discretion exists 
in the regulations. Clear standards and responsi
bilities for a permit holder should be identified 
through further research and specifically stated in 
the regulations. A reduction of discretionary inter
pretation by the DNREP will allow the requirements 
of the regulations to be clearly understood by indus
try, the Department, and the general public. Indus
try comments strongly opposed the lands unsuitable 
regulation (30:200) which provides too great a dis
cretionary responsibility to the Department in de
fining lands where oil shale mining would be pro-
hi bi ted. 

Additional Regulations. A third general criticism 
by industry representatives \~as the lack of several 
procedural regulations that commonly exist to pro
vide flexibility in the permit review process. Pro
ponents of industry would like to see variance pro
cedures defined in the regulations to provide options 
for minor deviations from the regulations where this 
is appropriate. Additionally, a clear statement is 
needed of the appeals process that is available to 
permit applicants in the event they disagree with 
departmental interpretation of the regulations. 

Responses from environmental groups also 
requested a significant change in regulatory autho
rity. DNREP should have specific authority in the 
regulations to issue sunmary cessation orders when 
a significant danger to human hedlth exists. 

Potential Environmental Problems. Environmental 
gr0ups expressed the view that the Department should 
not have the discretion to approve operations larger 
than the size limits identified in the proposed regu
lations (25 acres or 1,000 barrel per day capacity). 
No large development should be allo\~ed until clear 
proof exists that the proposed reclamation procedures 
work, that underground systems will not be affected 
by pollution and that surface watEr systems will not 
be destroyed by acid drainage from the oil shale oper
ation. 

The potential environmental ilarm by a poorly 
regulated oil shale industry is irmlense. Commercial 
oil shale operations have been described as being as 
large as 50,000 barrels of oil per day which would 
require the mining of at least 100,000 tons of shale 
per day and probably in excess of 100,000 tons of 
overburden per day. These operations are proposed 
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to be long-term investments which would exist for 
twenty to thirty years. A single operation over this 
span of time will consume hundreds of acres of land 
and have major potential impacts on water quality, 
groundwater elevation, existing terrain, and existing 
structures, roads and crop areas within a mining area. 
The oil shale belt pas~es through the richest agri 
cultural land in the state and the impacts on agri
cultural production could be severe . The effective
ness of the reclamation techniques that are proposed 
in the regulations is not known because of the ques
tions that remain concerning the entire mining/retort
ing procedure and the characteristics of spent shale. 

Baseline Data Requirements and Chara~teristics of 
Permits 

The major problems which industry has are the 
size restrictions and time limits defined for an 
operations permit (30:020; 30:130). The size re
striction of 25 acres of annual disturbed area is 
too severe for a pilot project. The proposed time 
limit for a pilot permit of two years is probably an 
insufficient time for a retorting facility to be 
built . An operations permit time limit of five years 
for a commercial oil shale ~~eration is comp letely 
insufficient for a major site investment which will 
last a total of twenty years or longer. These types 
of restrictions will prevent the industry from ever 
acquiring the financing to begin site operations. 

Environmen~al groups support the concept of a 
size restriction on initial operations and indicated 
that an appropriate acreage ceiling should be deter
mined by the Department. There was no strong sup
port from the environmental groups for the 25 acre 
size limit as opposed to a higher acreage limitation. 

A second ma~or criticism by industry supporters 
was di rected to the exploration permit requirements 
(30:120) which are excessive since minimum environ
mental impacts are expected. The bulk of explora
tion activity will consist of the extraction of core 
samples which do not involve anyon-site oil extrac
tion process for the shale or create any type of 
environmental pollution. A number of comments recom
mended that the exploration permit regulation be 
withdra~;n. One suggestion was that a general explo
ration permit regulation for all types of mining was 
needed. 

A third recommendation by one industry repre
sentative was that pilot plant operations should be 
allowed under a separate regulation which would pro
vide for more flexibility and experime~tation than 
operations permits for large conmercial plants. A 
suggested time period for a pilot project was five 
years with an area limitation of 250 acres. As 
stated above, environmental interests strongly sup
ported a pilot project as a preferred initial mining 
operation. 

A fourth major co ent made by industry repre
sentatives was that baseline data requirements are 
excessive for oil shale mining. Several commenters 
indicated that the baseline data requirements regu
lation (30:160) should be entirely withdt-awn and 
reworked. There is not presently any justi fication 
for more stringent regulations for oil shale oper
ations as opposed to other mining operations. En~ir
onmental comments supported a number of the base
line data requirements as being necessary to deter
mine impacts of any mining and processing operation. 
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Disposal Reguirements for Solid & Liguid Wastes 

COllments regarding the proposed disposal 
requirements for solid ~/astes from the mining and 
processing of oil shale (30:300 to 30:400) are the 
nnst controversial sections within the proposed 
oil shale regulations. Industrial interests believe 
that the proposed disposal stdndards are far too 
stringent and completely unjustified . HOI/ever. 
environmental interests believe that the standards 
might not be stringent enough and were certainly 
not too stringent in terms of the potential for 
major environmental problems. On this particular 
issue . both industrial and environmental interests 
expressed the view that there was insufficient 
technical infonnation from which to make a final 
determination . The DNREP has attempted over the 
past nine months to undertake or sponsor studies 
that wll increase the amount of infonnation avail
able on eastern shales or to research existing data 
which would more clearly support a disposal tech
nique . Prel iminary results of several technical 
studies sponsored by DNREP are being presented at 
the 1981 Eastern Oil Shale Symposium. 

Industry Position. Conlllents strongly oppose the use 
of impermeable liners around spent shale disposal 
areas. Spent shale is not a hazardous waste. 
Industry laboratory tests on retorted and combusted 
shales prove that EPA concentrations for toxic 
mineral s are not exceeded. The proposed provisions 
for disposing of spent shale are completely unrea
sonable and treat spent shale as if it was a hazar
dous waste. Existing and past oil shale operations 
in other countries have demonstrated that spent 
shale does not create environmental problems. In 
fact. spent shale has many characteristics which 
can make it feasible to use as a construction 
material. Further. leaching tests perfonned on 
Kentucky shale indicate that there is not a problem 
with metals leaching out in concentrations suffi
cient to create environmental problems. Carbon and 
natural sulfur will be combusted and their quanti
ties greatly reduced during the processing of spent 
shale. The major reduction in proporticns of sulfur 
and carbon should eliminate any Significant problems 
that might be related to them. The two major regu
lations pertaining to disposal of e~cess spoil 
materials and spent shale (30:370 a~d 30:380) should 
be withdrawn until current scientific and technical 
studies are completed. 

Enviro:lmenl,.al Position. Commenters stated that spent 
shale will almost certainly create major sulfuric 
acid problems which will encourage the release of 
soluble heavy metals. Studies of weathering of west
ern shale with relatively low sulfur contents (less 
than one percent) have shown a major change in pH 
toward a more acid condition. High sulfur eastern 
shale (two to five percent) I"/ould have more serious 
oxidation problems than western shale which will 
create major acid releases. While leachability 
characteristics of spent shale depend on the retort
ing process. it is likely that leaching of small 
quantities of metals for most processIng techniques 
will be significant enough to create a toxic con
centration. As a result. an impenneatle 1 iner around 
the spent shale is essential. 

Other comments were di rec ted to the effects of 
acidic conditions on reclamation. A current study 
underway iilt the University of Kentucky is designerl 
to test the importance of depth of topsoil in 
improving productivity. Preliminary resu~ ts of 
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that test indicate little improvement "in soil pro
ductivity is gained below two fee t of topsoil if the 
spoil material below the topsoil has been limed so 
that potential acid problems are eliminated. The 
add i tion of lime is recommended as the major solution 
for solving acid waste problems. Generally. substi 
tution of deeper soi l horizons for topsoil is not 
advisable since high acidity. high clay and 101"/ 
nutrient conditions exist below existing topsoil. 
The importance of carefully separating and marking 
the different layers Jf soils which are stripped 
off to get to the spent shale is emphasized in 
order to achieve a high productivity on reclaimed 
land. 

Differences From Existing Coal Mining Regulations 

A common criticism by potential developers was 
that many of the proposed oil shale regulations were 
more stringent than coal mining regulation~ . Speci
fic comments were directed to the follow"jng: 

1. The seven year period for operator recla
mation responsibility and full bond 
release is greater than the five year 
period for coal. 

2 80nd requirements for reclamation of 
mined land are much higher than bond 
requirements for coal mining . 

3. General bondi ng and insurance f1rocedlJres 
are n~re stringent in the proposed regu
lations than for coal mining. 

4. Topsoil requirements are greater for oil 
shale mining than for coal mining. 

5. The requirements for buffering an oil shale 
operation from stream and other critical 
land uses near the pennitted site are more 
stringent than for coal mining. 

6. Blasting requirements are more stringent 
for oil shale operations. 

7. The prime farmland requirements are more 
stringent for 0:1 shale operations . 

In each of these cases. it I"/as recomnended that the 
proposed oil shale regulations be amended so that 
the regulations are not more stringent than those 
currently provided for coal mining. 

Comments from environmental groups disagreed in 
some of these cases. Generally. the bonding limits 
proposed in the regulations were felt to be rea
sonable or low considering the potential investment 
in oil shale operations and tr.~ cost of reclaiming 
land if the Department had to assume responsibility. 
A number of respondents indicated that an infl·ation 
scale shou~d be provided for the bonding requirements 
within the regulations. Another comment was that 
because of the amount of shale that will have to be 
moved per day to meet the requirements of a commer
cial processing plant. more strict blasting noti
fication procedures within the regulations were 
quite appropriate. Finally. given the questions 
that remain relative to success of any reclamation 
plan. the seven year period proposed in the oil 
shale regulations was felt to be justified. 

Other Comments 

A comment by industry representa ti ves ques
tioned the appropriateness of the postmining land 
use regulations (30:220) which monitor land use 
during reclamation. Since approximate original con
tours are not required in the proposed oil shale 
regulations. this monitoring is unnecessary. The 



issue of returning land to equivalent prem1n1ng pro
ductivity should be determined by soil testing, not 
land use monitoring. 

Another comment indicated that certain statu
tory exemptions which are similar to these for 
coal should be included in the regulations for oil 
shale. Thus, mining operations which have less than 
two acres of mining area should have a special per
mit which has less stringent regulations than a 
large mining operation. Similarly, coal regulations 
exempt operators producing less than 250 annual tons 
from requiring a permit; a similar exemption should 
be applicable to oil shale. 

Although it does not ~;r~ctly relate to the 
regulations, a concern expressed by environmental 
interests was the perception that oi l shale would 
lead to a boom-bust economic condition for local 
communities . During construction of a processing 
plant, ther0 would be a great demand on local ser
vices to sat1sfy the requirements of ccnstruction 
workers who would temporarily reside in an area. 
After operations begin, the demand for these services 
'~uld decrease substantially. The net result would 
be a negative impact on an area's economy since many 
of the rural counties which exist in the oil shale 
mining area lack the community services to absorb the 
short-term needs of transien~ construction workers. 

A related general comment was that there is 
no reason to rush into develnpment of this resource. 
The value of oil shale is going to increase in time 
as other petroleum resources that are easier to 
obtain are exhausted. There is no expectation that 
the need for petroleum products will ever be com
pletely eliminated; petroleum proJucts are go ing 
to be a major requirement for the U.S. economy 
for the foreseeable future. As a consequence, a 
wise course of action to take is one of more 
thorough research to identify the best techniques 
to efficiently mine and process oil shale. 

Observations from the Public Hearing Process 

The Kentucky Department for Natural Resources 
and Environmenta l Protection is currently in the 
process of preparing an Affirmati ve Consideration, 
a response to the comments that were raised during 
the oil shale publi c hearings. This response will 
address all of the issues and questions raised by 
those comments. No final decisions have been 
reached as of this conference concerning changes in 
the regulations or the resp0rlse to any of the com
ments that have been raised at the public hearing. 
The discussion below represents the views of the 
author only. 

The Oil Shale Industry Will Develop Slowly in 
Kentucky 

Unless a major reduction in foreign oil sources 
occurs, Kentucky's oil shale industry cannot be 
expected to develop very rapidly despite the vast 
underground resources which appear to be economi
ca ll y access ible . The reasons for expected slow 
development go well beyond the current lack of tech
nical data on mining and processing of eastern oil 
shale. First, the recovery rate for shale oi 1 1S 
relatively low for eastern shales; yields have been 
estimated as ranging from 10-15 gallons per ton of 
shale to as high as 25 gallons of shale, the var ia
tion ~epending upon the process technology which is 
used. In contrast, the yields of western shales 
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in the Green River formation located in western 
Colorado and eastern Utah have been estimated at 
25-30 gallons per ton of shale, rates that are 
independent of the process technology which is used. 
Accessible reserves in the western shale belt area 
have been estimated to exceed reserves in the eastern 
sha 1 e a rea. 

A second factor which will contribute to the 
slow development of the industry is that costs for 
a large retorting facility to extract oil from the 
shale are very h5gh. The October 5, 1981, issue 
of Synfuels Week esti~ated the cost of a 50.000 
barrel per day processing plant as being about $2.8 
billion. Since western oil shale has higher yields 
than eastern shales, it has attracted more interest 
by developers. The funds to finance even a medium 
size plant in Kentucky are likely to be limited 
unless the cost of oil rises substantially or the 
supply of oil available outside this country is 
sharp ly reduced. 

The above factors would seem to indicate that 
the short-term impact of oil shale mining and pro
cessing within Kentucky's 2 ,600 square mile Devonian 
oil shale belt is very small . A single commercial 
site may have an impact area of several square miles 
due to extensive mining and processing , but the pro
portional impact in the oil shale belt would be very 
sma 11 . 

Oil Shale Mining is Not Like Coal Mining 

There are several major differences from oil 
shale mining as compared to coal mining. First, it 
is unlikely that there will be extensive impacts 
over a large area of the state as have been the case 
with coal mining because of the opportunity that 
small developers have to extract and mine coal. 
Whereas hundreds of mines are in operation ;n eastern 
and western Kentucky, the number of shale mining and 
processing operations is anticipated to be small. 

A second factor which differentiates coal from 
oil shale mining and operations is that the raw 
sha le must be processed at a high cost in order to 
produce oi 1. The oil sha 1 e mi ni ng is not goi ng to 
lead to ex tensive transportation of the raw shale 
product to a multitude of locations where the pro
duct can be used directly to produce energy. The 
effectiveness of any oil shale operation will depend 
on mining as much raw shale as possible adjacent to 
the processing plant. This is important because the 
shale has to not only be transported to the pro
cessing retort, but also returned to the open mine 
for burial after extraction of oil has occurred. 
For most retorting processes , the volume of spent 
shale will be greater than the raw shale due to the 
difficulty of compacting spent shale into the volume 
originally occupied by the ra~1 shale. As a conse
quence, the ground elevation of the mined area will 
increase, or nearby low areas will be filled with 
some composite of spent shale and overburden. 

Even for a small processing plant, the volume 
of spent shale produced will be substantial. A 
10,000 barrel per day processing plant with a yield 
of 16 gallons of oil per ton of oil shale would 
require the processing of 26,600 tons of shale per 
day. This is equivalent to about 440,000 cubic feet 
of shale per day, which is 10.1 acre feet cf shale 
per day or 3 ,000 acre feet of shale per year. Three 
thousand acre feet of shale is equivalent to covering 



100 acres of land to a depth of 30 feet. While pre
liminary indications indicate that spent shale will 
not be hazardous nor will it be toxic. the possible 
impacts of burying 3.000 acre feet of shale per year 
in a mined area that has had groundwater dnd surface 
flow characteristics disrupted is relatively unknown . 
These concerns aCCJunt for the Department's view 
expressed in the proposed regulations that spent 
shale should be handled with great caution. 

Conclusion 

Kentucky's proposed oil shale regulations are 
based on existing coal mining regulations. Due to 
lack of data concerning the mining of eastern oil 
shales. the regulations were prepared assuming worst 
case impacts. Studies prepared on western oi! 
shales by the Envil"Onmental Protection Agency indi
cate that many unanswered questions remain concern
ing the environmental impacts of oil shale mining 
and processing. The Department filed the proposed 
regulations on June 30 . 1981 . as mandated by Kentucky 
statutes. 

Representatives of the oil shale industry have 
1ndicated that current form of the proposed regula
tions will greatly restrict development opportunities. 
and that the regulations are not based on scientific . 
technical and engineering data. Environmentalists 
are concerned that less stringent regulations will 
lead to abuses by appl icants for oil shale pennits. 
The limited knowledge of spent shale characteristics 
means that abuses could cause major negative environ
menta 1 i mpac ts. 

Western oil shale resources favor development of 
the industry in tnat area rather than within the 
eastern oil shale belt. Further. the character of 
the industry is such that mining operations are cer
tain to be limited to a small area around a retorting 
facility. 

Both environmental and industry grou~s agree 
that a pilot retorting plant of limited size is the 
most appropriate first step to take in the develop
ment of the industry. Si nce the opportuni ty fOl" 
development of a pilot plant is limited to a small 
number of potential developers, it would appear 
best to make major modifications in the regulations 
to allow more flexibility for development to Dccur. 
Since various environmental groups have major concerns 
about the industry. close monitor~ng of the effects 
of a pilot plant on the local environment is desirable. 
Given the size of the oil shale resource. L multitude 
of potential sites exist for locating a pilot plant. 
The Department should work with prospective dev ~lopers 
to identify a site where the potential for negative 
environmental impact~ is minimized. 
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The Kf'ntuci<y General Asssnbly through the 
adoption of KRS 350.600 mandated the Kentucky 
[leparonent for Natural Resources and Environmental 
Protection to promulgate reasonable regulations 
for the mining of oil shale in the Ccmronwealth. 
Although the statute itself consists of sane six 
soort paragraphs, the Departrrent for Natural 
Resources and Environnental Protection has proposed 
scme 137 pages of regulations. tm attsnpt will be 
made in thi.s paper to ccmnent on several portions 
of the proposed regulations and to canpare those 
to the proposed coal mining regulations of the 
Ca!m:mwea] th. 

The Departrrent's overall approach to oil 
shale regulation is one o[ the extreme conservatism. 
In its preparation of the oil shale regulations 
the Department for Natural Resources and Environ
mental Protection chose to apply nearly every prop
osed coal regulation to the infant oil shale 
industry. One should keep in mind that the 
Department ' s proposed coal regulations were written 
in response to, and as a mirror image of, the 
United States Department of the Interior ' s 
permanent coal mining regulations. In essence then, 
the Department r.as stated that Washington's regula
tions concerning the coal industry are also proper 
for Kentucky's infant oil shale ll1dustry. Kentucky's 
approach therefore creates an oil shale regulatory 
scheme at least as stringent, and rrore stringent 
in sane areas, as its coal mining regulatory scheme. 
The Depa...4:ment' s approach seems rather odd when 
very little is known about the mining and processing 
of eastern oil shale. 

The General Assembly stated, through its 
adoption of KRS 350.600, that the Department for 
Natural Resources was best suited to develop oil 
shale regulations because of its expertise 
(experience) in the regulation of coal mining. 
The Department may have misunderstood its mandate 
and thought it was to si.rrply apply all of its coal 
regulations to the oil shale industry; and to 
further use its "expertise" and its crystal ball 
(however cloudy) to promulgate elaborate regulations 
for an industry, the e:nvirormental effects of which 
are canpletely unknown to itself, to industry and to 
the so called environmentalists. 
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Resources and Environnental Protection. However, 
in an attsnpt to relay necessary information to 
the reader, we have divided our presentation into 
four areas: Permitting Regulations, Per formance 
Bond Regulations, Perfonnance Standard Regulations 
and Enforcanent Procedure Regulations. 

The brief time period of this presentation 
prohibits the discussion of IlUch detail. Rather , 
and attsnpt will be made to ~are the proposed 
Kentucky Oil Shale Regulations to the proposed 
Permanent Coal Mini.'1g Regulations of Kentucky and 
to draw the reader's attention to several key 
distinctions. The reader must decide the effect 
the regulations will have upon the oil shale 
industry if they go into effect substan~ially as 
proposed. 

Permitting 

The proposed oil shale regulations addressing 
permitting are 405 KAR 30: 020, 405 KAR 30: 120, 405 
KAR 30 :130, 405 KAR 30 :140 and 405 KAR 30 :160. Of 
these regulations, the following deserve comment as 
they canpare to the proposed permanent coal mining 
regulations of the Ccmronwealth. 

Oil Shale Regulation 405 KAR 30 :020 §l 

Section 1. Applicability. The reg
ulations in Chapter 30 of Title 405 
shall apply to any oil shale opera
tion conducted on or after the effect
ive date of these rer;'llations on lands 
containing oil shale deposits and any 
other lands used, disturbed, or redis
turbed in connection with or to 
facilitate such operations or any 
other activity related to oil shale 
developnent. The extraction of oil 
shale by a landowner for his own 
agricultural related use from land 
owned or leased by him is exerrpt frem 
the requiranents of this chapter. 
[ anphasis added 1. 

Ccmnent 

This section is intended to describe those 
operations that are subj ect to the oil shale 
regulations. The regulation exanpts extraction of 
oil shale by a landowner for his own agricultural 
related use. 



Ca!q?arable Coal ~ation (In-Part) 405 KAR 7: 020 
E In (115) 

(115) "Surface coal mining 
operations" means activities 
conducted on the surface of 
lands in COl1Ilection with a 
surface coal mine and surface 
operations and surface impacts 
incident to an underground 
coal mine. Such activities 
include excavation for the 
purpose of obtaining coal, 
including such coomm metl-i:xis 
as contour, strip, auger, 
mountaintop rem:>val, box 
cut, open pit, and area 
JTlining, the use of explosives 
and blasting, and in situ 
distillation or retorting, 
leaching or other che:nical 
or physical processing, and 
cleaning, concentrating , or 
other processing or prepara
tion, and the loading cf coal 
at or near the mine-site. 
Such activities shall not 
include the extraction of 
coal by a landowner for his 
own noncarmerci.al use fran 
land owned or leased by him .... 

Ccmnent 

This provision also contains a similar 
exanption as that created by the oil shale regula
tions. ~ver, there is no requirenent that 
the individual use the coal for agricultural 
purposes. 

************************** 
Oil Shale Regulati.on 405 KAR 30 : 020 §6 (1) and 
(2) 

Section 6. Extraction and 
Processing Operations. (1) 
/my person engaged in an oil 
shale operation shall dan::m
strate to the department 
utilizing necessary technic-
al, scientific, and engineering 
data the impacts their 
operation will have on the 
envirorrnent . Such data used 
in the justification shall 
have been ~eneratea on eastern 
shales ba~ catq)arable 
characterlstlc~e shales 
in the location of the proposed 
project <:rea. 

(2) In the event the 
applicant cannot dem:>nstrate 
to the department' s satjsfaction 
the extent and magnitude of possible 
adverse envirorrnental impacls of the 
facility, its size shall be limited 
to a total annual surface disturbance 
of twenty-five (25) acres or a produc
tion capacity of 1000 barrels per day 
whichever is smaller. Total surface 
disturban-.:e shall include, but not 
be limited to, areas upon which mining 
activities occur or where such activi-
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ties disturb the natural land surface, 
lands affected by the construction 
of new roads or the improvE!llB1t or 
use of existing roads to gain access 
to the site and f0r haulAge, lands 
acccmrvdating conveyor systE!llS, and 
excavations, ~rkings, in;louncblents , 
dams, ventilation shafts, entry ways, 
I;pent shale banks, spent shale 
disposal sites, dunps, stoclq. iles , 
overburden piles, spoil piles, 
tailings, roles or depressioru.. rep;>ir 
areas, storage areas, processir.,r :::;.:eas, 
shipping areas and other areas upon 
which ar s ited structures, facilities, 
or uther property or materials on the 
surface, resulting from or incident 
to such activities. (err;r.asis added) . 

Ccmnent 

lhis regulation simply establishes an in;lossi
bility. /m operator will not be able to obtain 
an oil shale permit unless he can dem:>nstrate to 
the Department (utilizing existing technical, 
scientific and engineering data) the :iIqJac:: that 
the operation will have on the envirortnent . The 
data used in the justification nust have been 
generated on e8lltern shales having c.arparable 
characteristics to the shale in the location of the 
proposed project area. The Department <bes not 
acknowledge the reality that the data does not exist . 
HoIvever, the regulation <bes provide that if the 
applicant cannot so demms trate, the size of the 
entire operation shall be limited to a total annual 
surface disturbance of twenty-five (25) acres or 
a production capacity of 1,000 barrels per day 
whichever is smaller . 

Canparable Coal Regulation None 

Ccmnent 

The Department has never related the size of a 
mining operation to the applicant's abiliry to 
dem:>nstrate its technical, scientific and engineer
ing expertise in the mining sciences . 

******~****************w*~ 

Oil Shale Regulation 405 KAR 30: 130 §3 (1) and (2) 

Section 3. Term of Permits. (1) Except 
for pilot projects, an oil shale mining 
pennit shall be valid for five (5) 
years from the date of issuance. A 
permit shall terminate, if the permittee 
has not substantially C<XlllX!Il.ced tho! 
oil shale operation covered by the 
pennit within thre (:;) years 
of the issuance of the permit. 

(2) Pilot Proj ects . A permit 
for a pilot project shall be 
valid for a term of ~ (2) 
years fran the date of issuance. 

Ccmnent 

This section sets forth a five year term for 
all oil sr.dle permits except for pilot projects 
which wi .... l have a ~ (2) year term. Although no 
definition of "pilot project" appears in the 
regu1atjDns, it is the general understanding lhat 



a pilot project is an operation consisting of less 
than 25 acres or 1,000 barrels per day. 

CcnJ>arable Coal Regulaticn N:me 

Ccmnent 

There is no "pilot project" provision in the 
coal regulations . Coal exploration is provided for, 
rut is not analogous to ....nat is believed to be 
intenc.lw by the DepartInent' s tenn of "pilot 
project". 

************************** 
Oil Shale Regulation 405 KAR 30: 130 §IO (1) and (2) 

Section 10. ~t Review of 
Outstanding Permits. (1) The 
department shall review each 
pennit issued and outstanding 
under this chapter during the 
tenn of the pennit. This 
review shall occur not later 
than the middle of the permi t 
tenn . 

(2) After this review, the 
departInent may, by order, require 
revision or nodification of the 
permit provisions or may increase 
the annunt 0 E the bond ta ensure 
compliance with all applicable 
stat~tes and regulations . 

O:mnent 

This prC'll.S1on empowers the Deparl:rne1t to 
increase bond anount during the life of the permit 
in order to "insure compliance with all applicable 
statutes and regulations ." This authority to 
increase bond amunts is lIl.lCh broacl.er than the 
Depart:IIelt's auth:>rity to increase bonds posted 
pursuant to coal mining pennits. 

~arable Coal Regulation 405 KAR 10:020 E §4 (1) 

Section 4. Adjustment of annunt. 
(1) The annunt 0 .( the performance 
bond liability applicable to a 
pennit shall be adjusted by the 
department as the acreage in the 
pennit area is increased or 
decreased, or when the depart_ 
ment detelmines tt-.dt the cost of 
future reclamation, restoration 
or abatanent work has changed 
substantially. Increase in 
performance bond liabilitv sha:l 
not affect existing obligations 
of sureties witho1.:t their consent. 

Ccrrrnent 

Although the DeFartment has the authority to 
increase bonds posted purs=t to coal mining 
pennits, the criteria for increase is lII.lch clearer 
and the autoority therefore =h nore limi.ted. 
************************** 
Oil Shale Regulation 405 KAR 30:130 §13 (9) (g) 

Section 13. Criteria for Permit 
A?proval and Denial. N.J applica-
tion for a pPrmit and no oil shale 
operation shall be approved or allowed, 
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unless the application affirmatively 
daronstrates and the departrnent 
determines on the basis of information 
set forth in the application, and 
other avail..tble information as 
necessa:;:y, that : 

(9) The proposed permit area is: 

(g) Not within 300 feet, measured 
horizontally, of an occupied dwelErg 
unless the applicant sulmits with 
the pennit application a wr:.tten 
waiver f'"U!l the owner of the d-relling 
consenting to such an 0peration within 
a closer distance of the d-relling 
specified in the waiver. The waiver 
~t be ~lY and intelHyently 
g1Va an e separate friiIi a ease 
or eed unless the lease or deed 
contains an explicit waiver . 
[alphasis added ). 

Callrent 

The phrase "~ly and intelligently given" 
is new language. How the Department will deterr:line 
if these two requiranents will be tIEt sOOuld prove 
to be intere~ting. 

Comparable Coal Regulations 405 KAR 24:040 E ~2 (5) 
(a) 

Section 2. Permit application review. 
Unless the required approvals or 
waivers are obtained, upon receipt of 
a complete application for a surface 
coal mining and reclamation operation 
permit, ~:nd subj ect to 'Jalid E'Xisting 
rights, the department shall reviE!l<' 
the application and deny the permit 
if it determines that the lands which 
l.Ould be disturbed by the proposed 
operation include: 

(5) Lands within 300 feet, treasured 
horizontally, from ant occupied ciwelling, 
unless the owner of the dwelling has 
provided a written w&iver consentine 
to surface coal min1ng operations 
closer than 300 feet. 

(a) The applicant shall sul:rnit with 
the permit application a written 
waiver from the owner of the dvel1 ing, 
consenting to such an operation withm 
a closer distance of the dwell-
ing spec5.fied in the waiver. 
Va11d waivers obtained prior to 
August J, 1977 are valid for the 
purposes of this paragraph. Waivers 
obtained fran previous owners shall 
remain effective for subsequent 
owners who had knowledge of the 
existing wa1ver at the titre of 
purchase. [€!ll'hasis added). 

Ccmnent 

This reeulation provides fOI a similar 
wai'1er, but there is no requiranent that it 
be "kr.owingly and intelligently" given. 



PerfoDlll'lTlce Bonding 

The proposed oil shale regulations addressing 
performmce bonding are 405 KAR 30: 030, 405 KAR 
30:040, 405 KAR 30:060, 405 KAR 30:070, and 405 
KAR 30:080. Of these regulations, the following 
deserve CCIlIl1E!1t as they carpare to the proposed 
per.nanent coal mining regulations of the Ccmron
wealth. 

Oil Shale Regulation 405 KAR 30:040 §2 

Section 2. Minimun AlIDunt. The 
mininllDl <m:lunt of bond for explora
tion permit:> invol i.n& drilling 
and coring shall be $2,000 For 
all other oil shale operation permits 
the mi.nirnun arrount of bond per acre 
shall be S5, 000, but. in no event 
shall such a bond be less than 
$20,000. 

Ccmnent 

This regulation establishes minilllun per 
acre bond arrounts for oil shale operC'tions; and 
also provides for bonding for exploration operations. 
'The coal regulations are quite different . 

Comparable Coal Regulation 405 KAR 10:020 E 82 

Section 2. 11inirm.m arrount . The 
minirrun arrount of the bond for 
surface coal mining and reclama-
tion otJerations at the time the 
permit is issued ~hall be $10,000 
for the enti.re Ilrea under one 
pennit. 

O::mnent 

No bond is required for coal exploration 
ope.rations and there is no minirnun per acre 
established by this regulation. The ntininun 
total bond per permit is half t he arrount set 
for oil shale. 

*********************** ** * 
Oil Shale Regulation (Ill-Part) 405 KAR 30 : 040 §3 (2) 

Section 3 (2) In addition to 
the period necessary to achieve 
croq:>liance with the require-
ments of all appli=able statutes 
and regulations and the conditions 
of the permit, the perj0d of 
liability under performmce 
bonds shall continue for a period 
of seven years beginning with the 
last year of substantially augment
ed seeding, fertiliz ing, irrigation 
or other v;ork .... [ enphasis added). 

Carrnent 

This regulation sets forth a period of liability 
substantially longer than that set forth for coal 
mining. 
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'Y.raablC Coal. Regulation (In-Part) 405 KAR 10 · 020 
----) --

Section 3 (2) In addition to the 
period necessary to achieve eroq:>li
ance with all requirenents of KRS 
Chapter 350, Title 405, Chapters 7 
through 24 and the permit including 
the standards for the success of 
revegetation as rL~red by 405 
KAR 16 : 200E and 405 KAR 18 : 200E, 
the period of liability under 
perfonnance bond shall continue 
for a period of five (5) y~s 
beginning with the last year of 
substantially augmented seeding, 
fertilizing, irrigation or other 
v;ork. . . . [enphasis added). 

Ccmnent 

.This regulation sets forth a liability period 
of fwe (5) years for coal mining operations. 
There appears to be no reason for the longer term 
set forth in the oil shale regulations. 
**************~*********** 
Oil Shale Re~ation 405 KAR 30:060 §l (1) fII'ld (2) 

(a), (b) an I.c) 

Section 1. Types of Performmcc Bond . 
(1) The fonn fur the performmce 
bond shall be prescribed by the 
department . 

(2) The perfonnance bond sl-.all be 
either: 

(a) A surety bond, or 

(b) A cash bu'Tld, which may include 
certiticates of deposit, letters of 
credit, and acceptable escrow accounts, 
or 

(c) A combination of these bonding 
methods as approved by the 
department . 

~t 

This regulation sets forth the general 
:-equil·enents for perfonnance bond liability 
ll1Surall.::e . There is no provision for incremental 
bonding. 

~ble Coal Regulation 405 KAR 10 :010 E 2 (2) 

Section 2 (2) (a) Liability 
on the perfonnance bond shall 
cover all surface coal mining 
and reclamation operations to 
be conch.lcted within the pennit 
area until all rec1anation 
requirements of Title 405, 
Chapter 7 through 24 have 
been met. After the aIroUnt 
of the bond has been detennin-
ed for the permit area in accord
ance with 405 KAR 10:020E, the 
permittee or applicant way 
either file: 

2. An incrancntal bond 
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schedule and the new perfonn
ance bond required for the first 
incrE!lla1t in the schedule. 

Cam'ent 

The propoded coal regulations provide the 
flexibility for incremental bond. 

* * ****** ** ********** * **** * 
Oil Shale Regulation 405 KAR 30:080 §3 (1) (d) 

Section 3. Criteria for 
Forfeiture. (1) The 
deparoren shall have the 
authority to forfeit a bond 
if : 

(d) For such other good cause 
as the departlIe1t detennines 
is sufficient. 

Cam'ent 

'This regulation grants the Department 
extremely broad authority to forfeit bond~. 
Absolutely no criteria are set forth in this 
paragraph, although the entire section is 
entitled : Criteria for Forfeiture. Neither 
the Department nor the operator, has any idea 
as to what is meant by this regulation. 

Comparable Coal Regulation None 

Cam'ent 

Bond forfeiture criteria are set forth at 
405 KAR 10:050 E. Language silJ1:ilar to that 
of the oil shale regulation does not appear 
in the coal regulations. 

Perfonnance Standard 

The proposed oil shale regulations addressing 
performance s tandards are 405 KAR 30 : 020, 405 KAR 
3~ : 2l0, 405 KAR 30 : 220, 405 KAR 30:230, 405 KAR 
30 :240, 405 KAR 30 : 250 , 405 KAR 30 : 260, 405 KAR 
30 : 270, 405 KAR 30 : 280, 405 KAR 30 :290, 405 KAR 
30 :300, 405 KAR 30 :310, 405 KAR 30 :320, 405 KAR 
30 :330, 1-lO5 KAR 30 :340, 405 KAR 30 :350, 405 KA.~ 
30 :360, 405 KAR 30 : 370, 405 KAR 30 :380. 405 KAR 
30 :390, 405 KAR 30 :400 and 405 KAR 30 :410 . Of 
these regulations, the following deserv'1'! COIITll€I1t 
as they canpare to the proposed permanent coal 
mining regulations of the CamorMealth, 

Oil Shale Regulation (In-Part) 405 KAR 30 :350 ~4 

Section 4. Public Notice of Blasting 
Schedule. At least ten (10) days, 
but not nnre than twenty (20) days 
before beginning a blasting program 
in which explosives that use nnre 
than the equivalent of five (5) 
pounds of 1NI' are detonated, the 
permittee shall publish a blasting 
schedule in a newspaper of general 
circulation in the locality of the 
proposed s ite. Copies of the schedule 
shall be distributed by lMil to local 
governments and public utilities 
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and to each residence within one-half 
(1/2) mile of the blasting sites 
described in the schedule. The 
permittee shall republish and 
redistribute the schedule by mail 
at least every three (3) 1lDl1ths .... 

Cannent 

The redistribution schedule set forth in this 
regulation is !lOre stringent than that set forth 
in the coal regulations. 

Table Coal Regulations 405 KAR 16: 120 §3 (1) 

Section 3 (1) (c) The permittee 
shall republish and redistribute 
the schedule by lMil at least 
every twelve (12) 1lDl1ths. 

Ccmnent 

This regulation provides for the redistribution 
of blasting schedules annually. 

* ** * * *** ****************** 
Oil Shale Regulation 405 KAR 30 :290 §2 (1) 

Section 2. Removal. (1) Topsoil 
shall be removed fran areas to be 
disturbed, after vegetative cover 
that ~uld interfere with the use 
of the topsoil is cleared frcm those 
areas, but before any drilling, 
bladting, mining, or other surface 
disturbance of those areas. The 
mininun depth of topsoil and sub
soil lMterial or topsoil substitute 
lMterial to be restored on non
prime fannland areas shall be 
twenty-four (24) inches, in accord
ance with Sectl.on 4T emphasis 
added J. 

Cannent 

This regulation presents a nnst significant 
departure from the coal regulations. The require-
ment to segregate 24 inches of material apparently 
has no scientific basis and ~uld prove to be an 
extremely expensive requirement for oil shale operators 

~able Coal Regulation 405 KAR 16: 050 §2 (2) 
an 3) 

Section 2(2) All topsoil shall 
be removed in a separate layer 
fran the areas to be dis turbed, 
unless use of substitute or 
supplemental materials is 
approved by the department in 
accordance wit!: subsection (5) 
of this section. If use of 
substitute or supplemental 
materials is approved, all 
materials to be redistributed 
shall be removed. 

(3) If the topsoil is less 
than six (6) inches in depth, 
a six (6) inch layer that 
inclUdes the A horizon and 



the unconsolidated materials 
inmediately below the A horizon 
or the A horizon and all 
unconsolidated material if the 
total available is less than 
six (6) inches, shall be 
r€llX)ved and the mixture 
segregated and redistributed 
as the surface soil layer, 
unless topsoil substitutes 
are approved by the department 
pursuant to subsection (5) of 
this section. [emphasis added] 

Cooment 

The coal regulation i s a much lIDre unreasonable 
approac.l). The Depart:nent is keenly aware of the 
extensive debate over this provision and is 
also aware of the scientific research concerni.~ 
root zones. There appears to be IX) justification 
for 405 KAR 30 :290 §2 (1). 

************************** 
Oil Shale Regulation (In-Part) 405 KAR 30: 310 §l (2) 

Section 1. Diversions and 
Conveyance of Overland Flow 
and Shallow Ground Water Flow, 
and Epheneral Streams. . . The 
following requirements shall 
be tret for all diversions and 
for all collection drains that 
are used to transport water 
into watertreaonent facilities 
and for all diversions of over
land and shallow ground water 
flow and ephemeral streams: 

(2) To protect fills and 
property and to avoid danger 
to public health and safety, 
peInanent dive~sions shall be 
constructed to pass safely 
the peak runoff fran a 
precipitation event witl) a 
lOO-year recurrence interval, 
or a larger event as spec~f~ed uy 
the deperonent. . . . [eIl\)hasis added]. 

Cooment 

The Depa:rtmEnt has, without any apparent 
scientific basis, substantially changed the 
performance criteria for diversion facilities. 

~arable Coal Regulation (In-?art) 405 KAR 16:080 
(2) 

(2) To protect fills and property 
and to avoid danger to public 
health and safety, permanent 
diversions shall be constructed 
to pass safely the peak nmoff 
fran a precipitation event with 
a ten (10) year recurrence interval, 
or a larger event as spec~fiea by 
the department .... [emphasis added]. 

Cooment 

The Department' s adoption of a 100 year stand
ard for oil shale and 10 year standard for coal 
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camot be reconciled. If the Department believes 
the 10 year standard is adequate the oil shale 
standard should be changed. 

************************** 
Oil Shale Regulation 405 KAR 30 : 340 

Leachate Control 

Cooment 

There is IX) counterpart to this regulation 
present in the coal regulations. 

Cariparable Coal Reg\tiLltion None 

Canrent 

None 

************************** 

Oil Shale Rsgulation 405 KAR 30:360 ~2 (2) 

Section 2 (2) Final disposal of 
such wastes shall be in a designat-
ed disposal site in the permit area 
or other appropriate disposal areas 
approved by the depaI tment . Disposal 
sites shall be desjgned and construct
ed with appropriate water barriers 
on the bot:tan and sides of the 
designated site. Wastes shall be 
routinely ~acted and covered 
to prevent canbustion and fran 
becaning windbome. When the 
disposal is canpleted a m:inirrun of 
four (4) feet of nontoxic and 
noncclribustible cover shall be 
placed over the site soil material .... 
[aIphasis added]. 

Cannent 

The depth of cover requirements of this 
regulation is double that of the coal regulations. 

9amParable Coal Regulation 405 KAR 16 :150 §l (2) 

(2) Disposal. Final disposal of 
such wastes shall be in a designat-
ed disposal site in the pennit area 
or other appropriate disposal areas 
approved by the depart::lW1t. Disposal 
sites shall be designed and construct
ed with appropriate water barriers 
on the bottan and sides of the 
designated site. Wastes shall be 
routinely canpacted and covered 
to prevent canbustion and windbome 
waste. w'hen the disposal is canplet ed 
a nrirUIrnJm of two (2) feet of soil 
cover shall be placed over the site .... 
[emphasis added ]. 

Cooment 

This regulation requires only ~ feet 0f cover 
for coal waste disposal. There appears to be no 
rational basis for the Department I s departure 
in their proposed oil shale regulations. 



************************** 
Oil Shale Regulation 405 KAR 30 : 380 

Spent Shale Disposal 

Ccxrtrent ---
There is m counterpart to this regulation 

present in the coal regulations. This section 
is probably unnecessary :inasIruch as the disposal 
of waste is handled by Olapter 405 KAR 30: 360. 
By establishing this separate section, the 
Departtnent is obviously intending to apply 
different criteria to tOe disposal of spent shales 
verses other wastes. 

Enforcenent Procedures 

The proposed sr.ale regulations addressing 
enforcenent procedures are 405 KAR 30 :020, 405 
KAR 30:090, 405 KAR 30:100, 405 KAR 30:110 and 
405 KAR 30 :170. 
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Ccmnent 

The enforcaDa1t regulatior. set forth in the 
proposed oil shale package are virtually identical 
to those contained in the Departmmt ' s coal mining 
regulations. My potential operator should be 
aware of the Department's approach and of 
their decision to include the SIIlle "citizens rights" 
regulations in their present regulatory scheme. 
Finally, the oil shale industry should be aware 
that the enforcenent provisions 'il.UJld not only 
apply to a typical operation, but also to pilot 
projects and oil shale exploration. 

Conclusion 

Although the Departmmt has intended to 
extensively and conservatively regulate the oil 
shale industry, there is sane expectation that t!1e 
Kentucky General Assemb. y, during its 1982 session, 
will take a very close look at the proposed 
regulations. The General AssembJy may choose tC' 
re-write, amend or delete from the present oil 
shale package; or i.; may choose to statutorily 
direct the Departlllent to engage in such regulation 
reoorking. It is our opinion that the final 
version of the oil shale regulations has not yet 
been written. 
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Abstract. The purpose of this paper is to research and evaluate 
the potential economic impact that may result trom synthetic 
fuels ~evelopment in Fleming County, Kentucky . The goal of 
this paper is to objec tively present the anticipated economic 
benefits and cos ts that can result from the commercialization 
of extracting kerogen f~om oil shale in rural southeastern 
Fleming County, Kentucky . 

Introduction 

In 1980 , the Buffalo Trace Area Development 
District cont~ac ted for the preparation of an oil 
shale feasibility study for Fleming and Lewis 
Counties . The Study within its s cope, determined 
that the resource is present and commercialization 
appea rs feasible . This study is the basis of 
synthetic fuel plant assumptions in this paper. 
This paper assumes commer cial feasibility and 
evaluates the economic impact on Fleming County, 
based on a 10,000 barrel per Jay processing plant 
on a 2 ,000 acre site in southeastern Fleming 
County . Other assumptions include that the 
processing technology is the type developeJ by 
the Paraho Corporation and the resources are ob
tained by surface mining. 

The paper emphasizes the local economic 
impact based on: (1) population, (2) labor 
force/employment, (3) personal income , (4) housing, 
(5) retail sales, (6) education, (7) transporta
tion, (8) health ca re, (9) government , (10) law 
enforcement/fire protection , and (11) utility 
services . 

The method of research relies on personal 
interviews, publications and study reviews. The 
basic methodology is to assess cu rrent economic 
condi tions and determine how the synthetic fuel 
development will change the economic en'Jiron
ment of Fleming County, Kentucky . 

Fleming C~unty Profil~ 

Fleming County is the selected area for 
analysis for this paper . Fleming County is chosen 
to be the o"!'Ject area as a result of the study 
completed for the Buffalo Trace Area Development 
Distric t by the Davy McKee Corporation . Fleming 
County is a rural county with a popula tion of 
12 , 332 persons , which has historically relied on 
agriculture for economic stability. 1 In 1980, 
one out of every four per~ons depended on agri
culture for a livel';'hood . Major nonagricultural 
employe rs in Fleming County a re the Randall 
Corporation, U.S. Shoe Corporation , Kentucky 
Department of Transportation District Nine Office, 
and the Fleming County Hospital. 
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The largest single source of personal income 
in Fleming County is agr iculture . Over twenty
six percent of the county personal income is 
a ttributable to agriculture . Following are 
manufacturing and trade which account for nineteen 
and thirteen percent respecti"ully . The average 
weekly .lage in Fleming County for nonagr iculture 
employment is $170 . 75. This represents only 
seventy-three percent of the statewide average. 3 

In 1970, Fleming County had 4,055 year-round 
occupied housing units. Only 2,119 of all housing 
units in Fleming County have all plumbing facili
ties and forty-two percent or 1,719 of the total 
number o f units were identified as being sub
standard. The substandard percentage is over 
double the statewide percentage . The county 
housing stock is represented by Sixty-three per
rent being built before 1940 with only ten percent 
built after 1965 . 4 Between 1970 and 1978 , the 
average annual number of housing sales in the 
county was only forty-nine with the 1978 average 
sales price being $27 ,600 for a previously occu
pied home. 5 

Fleming County contains one public school 
system with five elementary schools, one middle 
school and one high s=hool . The county also has 
recently opened a vocational wing at the high 
school in Flemingsbur g . The fall 1980 enrollment 
of the Fleming Count y school system was 2,387 
scuden t s . Student/teacher ratios. for each level 
are as follows: elementary - 16:1; middle school 

16:1; and high school - 19:1 . 6 

Flemingsburg, the hub of economic activity 
in Fleming County, is served by Ken t cky Highways 
11 , 32 and 57 , all AAA-Rated trucking highways. 
U. S. 68 is approximately fifteen miles from the 
Flemingsburg via Kentucky Highways 32 and 165 . 
The nearest interesta te facility is at Morehead 
via Kentucky 32, appr oxima tely tw nty-f i ve miles 
distance. In t erstat e 75 in Lexington is approxi
mately fi fty-seven miles distance. 

There is no rail service directly serving 
Flemingsburg. However, rail service is available 
at Flemingsburg Junct ion, three miles west of 
Fl emingsburg in Fleming County . Air services are 
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fuels development in Fleming County , Kentucky . The goal of 
t his paper is to objectively present the a nticipated economic 
benefits and costs that can result from the commercialization 
of extracting kerogen from oil shale in rural southeastern 
Fleming County , Kentucky . 

Introduction 

In 1980, the Buffalo Trace Area Development 
District contracted for the preparation of an oil 
shale feasibility study for Fleming and Lewis 
Counties . The Study within its scope, determined 
that the resource is present and commercializat ion 
appears feasible. This study is the basis of 
synthetic fuel plant assumptions in this paper. 
This paper assumes commercial feasibility and 
ev~luates the economic impact on Fleming County, 
based on a 10,000 barrel per day processing plant 
on a 2 , 000 acre site in southeastern Fleming 
County. Other assumptions include that the 
processing technology is the t ype developed by 
the Paraho Corporation and the resources a r e ob
tained by surface mining . 

The paper emphasizes the local economic 
impact based on: (1) population, (2) labor 
force/ereployment, (3) personal income , (4) housing, 
(5) retail sales, (6) education, (7) transporta
tion, (8) health care, (9) government, (10) law 
enforcement/fire protection , and (11) utility 
servic~s. 

The method of research relies on personal 
interviews, publications and study reviews . The 
basic methodology is to assess current economic 
condi tions and determine how the synthetic fuel 
development will change the c~onomic environ
ment of Fleming County, Kentucky. 

Fleming County Profile 

Fleming County is the selected area for 
analysis for this paper. Fleming County is chosen 
to be the subject area as a result of the study 
completed for the B ... ffalo Trace Area Development 
District by the Davy McKee Corporation. Fleming 
County is a rural county with a population of 
12,332 persons , ~hich has historically relied on 
agriculture for economic stability.l In 1980, 
one out of every four per~ons depended on agri
culture for a livelihood. Major nonagricultural 
employers in Fleming County are the Randall 
Corporation, U. S . Shoe Corporation, Kentucky 
Department of Transportation District Nine Office , 
and the Fleming County Hospital. 
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The largest single source of persona l i ncome 
in Fleming County is agricultur e . Over t wenty
six percent of the county personal income is 
attributable to agriculture . Following are 
manufacturing and trade which accoun t for nineteen 
and t hirteen percent respectfully. The average 
weekly wage in Fleming County fo r nonagriculture 
employment is $170 . 75. This represents only 
seventy-thr ee percent of the sta t ewide aver age . 3 

In 1970, Fleming County had 4 , 055 year-round 
occupied housing units . Only 2,119 of all housing 
units in Fleming County have all plumbing facili
ties and forty-two percent or 1,719 of the total 
number of units were identified as being sub
standard . The substandard percentage is over 
double the statewide percentage . The county 
housing stock is represented by sixty-three per
cent being built before 1940 with only ten per cent 
built after 1965. 4 Between 1970 and 1978, the 
average annual number of housing sales in the 
county was only forty-nine with the 1978 average 
sales price being $27,600 for a previously occu
pied home. 5 

Fleming County contains one public school 
system with five elementary schools , one middle 
school and one high school. The coun t y also has 
recently opened a vocational wing at the high 
sC:lOol in Flemingsburg . The fall 1980 enrollment 
of the Fleming County school system was 2 , 387 
students . Student/teacher ratio~ for each level 
are as follows: elementary - 16 :1; middle school 

16:1; and high school - 19:1. 6 

Flemingsburg, the hub of economic activ:!.ty 
in Fleming County , is served by Kentucky Highways 
11, 32 and 57, all AAA-Rated trucking highways. 
U. S . 68 is approximately fifteen miles from the 
Flemingsburg via Kentucky Highways 32 and 165. 
The nearest interestate facility is at Morehead 
via Kentucky 32, approximately twenty-five miles 
distance . Interstate 75 in Lexington is approxi
mately fifty-seven miles distance . 

There is no rail service directly serving 
Flemingsburg. However, rail service is available 
at Flemingsburg Junction, three miles west of 
Flemingsburg in Fleming County . Air services are 



available from the Fleming-Mason Airport located 
seven miles north of Flemingsburg in Mason County , 
Kentucky . ;he nearest scheduled airline service 
is Blueerass Field in Lexington, Kentucky , approx
imately f~fty-seven miles distance . The nearest 
navigable waterway to Flemingsburg is the Ohio 
Rivec a t Maysville, Kentucky seventeen miles 
north . 

Retail sales in Fleming County totaled 
$36,550,000 in 1979 . The largest groups of re
tail sales in Fleming County were auto dealers, 
thirty-seven percent , and food stores, twenty
eight percent. 7 

Fleming County in Fiscal Year 1981 had an 
assessed evaluation for real estate of $148,263,150 
and $29,831,020 for tangible property . The City 
of Flemingsburg had an asses sed property value 
for real estate of $1,217,900 and $267,234 for 
tangible property . In the same year, Fleming 
County Fiscal Court had a general fund budget of 
$419,460 and a coad fund budget of $418,245 . The 
City of Flemingsburg had a Fiscal Year 1981 gen
eral fund of $382,000 . 8 

Fleming County and the City of Flemingsburg 
a r e served by a total of twelve full-time police 
staff . Fire protection Is provided on a volun
teer basis with a total of forty-six volunteer 
firemen throughout the County . 9 

Electrical utility services are provi~ed by 
the Kentucky Utilities Company in Flemingsburg 
and its immediate adjacent areas . The remainder 
of the county is served by the Fleming-Mason 
Rural Electric Cooperative Corporation . Natural 
gas is available in Flemingsburg and a limited 
adjacent area by Columbia Gas of Kentucky, Inc . 
Water service in th county is provided by the 
City of Flemingsburg, Fleming County Water. Associ
ation, and the Western Fleming Water Distric t. 
Sewer service is only available i n the Fl mings
burg area. 

Proposed Oil Shale Development 

This paper determlning the potential impdct 
of oil shale commercialization in Fleming County 
bases its findings on the location of a oil shale 
plant as described in the r ecently completed 
report by the Davy IcKee Corporation entitled 
"Synthetic Fuels from Eastern Oil Shale . " The 
s~~dy directed its scope of research to the 
geographic area of Fleming and Lewis Counties. 
(See Figure 1) The following brjefly describes 
the proposed oil shale development as proposed 
in the study . 

The Buffalo Trace Study proposed ric ie-top 
mining to supply 30,000 tons per day of oil shale 
to a surface retorting facility. Mining locations 
were proposed in two locations . These are: 
Pea Ridge and North Ridge in southeas tern Fleming 
County. (See Figure 2) The Study examined two 
processing technologies, the Paraho and Hytort. 
This paper assumes the Paraho Retort based upon the 
reconunended processing technology of the Study. 
The plant is designed for a 30 ,000 ton per day 

~:~~~t!~ga:~~:~i~;~ldT~:pi!;n~oor:~~!~~:~18Pproxi-
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KENTUCKY 

Figure 1: Location of Fleming and Lewis Counties, 
Kentucky. 

FLEM'NG COUNTY 

Vigure 2 : Proposed Fleming County Plant Site 
with llaj or Highways Shown . 

Based on plus or minus twenty-five percent 
capital cost estimates, the initial plant invest
ment cost fo r the Paraho Retort is $504 million. 
This cost is for a "grass-roots" plant, which 
includes mining, mineral handling, r e torting, oil 
recovery facilit ies to meet environm~ntal standards 
and all necessary off-sites . Total initial 
capital required for the Paraho Oil Shale Plant 
is $647 . 2 million. Gross annual opera ting cost 
for the Paraho Plant is $63 .1 million. The net

ll 
oper ating cost was determined at $10 .6 million. 

Tm act Assessment -----

The methodolo~y used to examine the economic 
impact of the commer cialization of synthetic fuels 
from oil shale in Fleming County was prepareci by 
Murphy/Williams Urban Planning & Housing Con
sultants. The report entitled "Socia-Economic 
Impact Assessment: A Methodology Applied to Syn
t:1etic Fuels," was prepared in April, 1978 for 
the U.S . Department of Energy. 



The ~mpact methodology utilizes a community 
development model based on socio-economic profiles 
of el even m~n~g dom~nant counties in the Un~ted 
States . The county prof~les are intended as a 
working tool and potnt of reference for socio
economic issues. The methodology is not a sub
stitute for judgment, nor can it produce precise 
accuracy. However, as an analyt~cal tool, the 
the methodology can prove helpful to decision
makers . 12 

There are two factors which sh_:Jld be pointed 
out as significant in the use of this model . 
First, the profile based on eleven mining dominant 
communities has more relevance to the operation 
phase than construction phase . The methodology 
provides limited r esources for the characteri
zation of transit construction work force . Second, 
the occupational mix of synthetic fuels d~ffers 
from that in the profile counties or traditional 
mining ~ndustry in general. Th~s results from 
the fact that synthet~~ fuels require resource 
conversion rather than simple extraction. 13 

The impact assessment from ~he co~nity 
development model prov~des gross est~mates based 
on the location of an oil shale synthetic fuels 
plant in Fleming County, Kentucky. The model is 
used to determine impact at the county level. To 
interpret how the impact w~ll effect Fleming 
County requires two additional steps. 

First, the assumed plant locat~on is in 
rural southeastern portion of Flem~ng County ~th 
the closest community of significant size being 
Morehead, KY, located in Rowan County. The 
purpose of this paper being to determine the 
impact on Fleming County, requires identify~ng 
the impact applicable to Fleming County. 

The second requirement to determine t.he 
impact on Fleming County is to examine the end 
results of the model which is based on a "typical 
community" and characterize the impact on Fleming 
County based on examination of the existing econo
mic factors. The economic effects are e& timat ed 
based on the determined gross impacts of oil 
shale development and the unique characteristics 
of Fleming County. 

Identification of the Impact Area 

The definition of the impact area is ~mpor
tant as the magnitude and geographic instances 
of ~mpact are a function of the geographic size 
of the area. For this study, two areas of impact 
are defined. First, is the primary effected 
area, which includes the geographic area which 
is anticipated to be the recipient of the great
est demographic, land uS economic and social 
effects reSUlting from the construction and 
operation of the oil shale plant. The second 
a r ea of ~mpact ~ll receive a lesser effect as a 
result of the distance from the proposed project. 
The second area of impact constitute& the com
muting region from which construction workers are 
expected to commute either on a daily or weekly 
basis. 

Operational Phase 

The primary impa c t area is of greatest 
intere&t for this study in determining ~pact to 
Fleming County. The political subdivisions, 
public facilities, businesses and citizens in the 
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primary effected area are more significantly 
effected by the construction and operation of the 
proposed synthetic fuels plant , than the &econd
ary or commuting region. 

Figure 3 identifies the geographic Jefinition 
of the two impact zones suggested . The boundaries 
as defined were determined by a judgment evalu
ation of : (1) geographic distance; (2) tim£. 
travel ; (3) existing commuting patterns; (4) 
identifie~ labor market area; and (5) identifi
cation of cities as providers of markets (i . e . 
retail trade, services, community facilities, 
etc.). 

PRIMARY IMPACT - SECONDARY IMPACT---

Figure 3: Pr~ary and Secondary Impact Areas as 
Identified 

The primary effect area as identified is 
composed of eight counties . The eight counties 
are; Bath , Carter, Fleming , Lewis, Mason, Nicho
las, Robertson, and Rowan. Each of these counties 
are located within twenty miles of the assumed 
oil shale plant site in Fleming County. 

After identifying the primary impact counties, 
significance of the it.\,act by county was deter
m~ned . The significance of impact is identified 
by the percent of gross impact applicable to each 
~ounty identified in the primary effec te~ drea . 
The percent of gross impact applicable to each 
county was calculated as a function of existing 
population, factored by distance to the assumed 
oil shale plant site . 

Popula tion was selected in comparison to 
distance by assuming that county population 
equates ~th labor supply, public facilities and 
services , reteil markets, housing markets and 
cultural opportunities . TI,e distance factor was 
determined by the distance hom the proposed 
plant site to the community OF most significant 
population in the county. Hl)w ~ver, in the in
stance of Carter County, two cO:lllllunities were 
identified as having significant p~pulation 
concentrations. In this situation the center 
point between these two communities was located 
and used for cetermining distance. 



The entire operation phase impact is as&umed 
to be limited to the primary impact area. Based 
on a described method of calculating percent of 
the impact by the county, the results are shown 
in Table 1. 

Table 1. Percent of County Impact in the 
Primary Effected Area. 

County Name 

Bath County 
Carter County 
Fleming County 
Le\>is County 
Mason County 
Nicholas County 
Robertson County 
Rowan County 

Percent 

10% 
14% 
19% 
10% 
11% 

5% 
1% 

30% 

As shown, the significance of gross impacts 
determined for the oil shale plant is nineteen 
percent for Fleming County in the operation 
phase . Rowan County is identified as the county 
of most significant impact with thirty percent. 

Construction Phase 

The community development model provided 
gross impact results for demographic and social 
factors during the construction phase. In this 
paper the only analysis of these results is an 
identification of the secondary impact area. The 
secondary impact area is defined as an area 
expected to provide workers commuting un a daily 
or weekly basis during the construction phase. 

Fleming County Impact Assessment 

Introduction 

The applicability of the gross impact of the 
proposed oil shale plant is determined as nIne
teen percent for Fleming County . Based on the 
methodology applied , nineteen percent r ~~ks 

Fleming County second in significance ot impact 
during the operation phase. This fact may appear 
surprising. However, the oil shale plant site 
proposed is in a sparsely populated portion of 
southeastern Fleming County . The area economy is 
characterized by agriculture and timber pro
duction . The nearest communities of significant 
size are Morehead in Rowan County with a popu
lation of 7,773 and Flemingsburg in Fleming 
County with a population of 2,826 .14 Each 
community is twelve miles from the proposed plaul 
site. 

Residents in thp proposed synfuel plant site 
area depend on Flemingsburg and ~lorehead as the 
major market and service areas . Due to the fact 
that Morehead contains a population of over twice 
that of Flemingsburg, more market and service 
opportunities exist. Thus, the determined greater 
impact associated to Rowan County rather than 
Fleming County appears realistic. 

Impact Analysis 

Synthetic fuels development can signific antly 
impact economic, demographic and social land use 
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and physical environmenl of a community or com
munities. Given this information, the following 
model estimates; (1) economic impacts, (2) 
demographic and social impacts, (3) land use 
impacts, and (4) local government impacts. Tables 
2 through 6 detail the estimated impact of oil 
shale commercialization . The impact analysis is 
not limited to the politicJl subdivisions of 
Fleming County, Kentucky . The analysis as shown 
estimates the total impact of the synthetic fuels 
plant . Association of the magnitude of impact of 
Fleming County is made following the determination 
of total impact . 

Table 2. Economic Impact of Oil Shale Com-
mercialization in Fleming County. 

Fleming 
E~onomic Impacts Total Impact County Impact 

P~rmanent Employment 
Peak Construction 2 , 627 499 
Operating Phase 900 171 

Local Secondary 
Employment 

Peak Construction 1,655 314 
Operating Phase 1,278 243 

Local Secondary 
Employment - By 
Industrial Cate-
gory (70% Capture 
Rate) 

Operating Phase 
Construction 146 28 
Transportation 207 39 
Commercial & 
Public Utilities 75 14 

Wholesale Trade 56 lJ 
F.I.R.E. 74 14 
Personal Business 49 9 
Professional 
Services 174 33 

Government 142 27 

Total Annual Employ-
ment Earnings 

Primary Employment 
Peak Construction $55,734 , 432 $10,589,542 

Primary Employment 
Operating Phase 18,830,700 3,577 , 8J3 

Secondary 
Employment 
Peak Constru c tion 21,986,675 4,177,468 

Secondary 
Employment 

Oper-l ting Phase 16,978 , 230 3,225,864 

Total Local Income 
Peak Construction 85,493,217 16,243,711 
Operating Phase 42,970,716 8,164,436 

Per Capita Income 
Peak Constru c tion 14,282 14,282 
Operating Pha se 13,222 13,222 

Local Retail Sales 
Operating Phase 17,188,286 3,265,774 

Local Services 
Operating Phase 3,580,893 680,370 



Table 3 . Demographic and Social Impact of Oil 
Shale Commercialization in Fleming County 

Demographic & Social 
Impacts Total Impact 

Female Employment 
Primary 
Peak Construction 
Operating Phase 

Secondary 
Peak ConRtruction 
Operating Phase 

Total Population 
Peak Construction 

Working Age Males 
Working Age Females 
Other Population 

Operating Phase 
Working Age rules 
Working Age Females 
Other Popu1stion 

Population/Age 
Distribution 
0-5 Years of Age 

Peak Construction 
Operating Phase 

5-17 Years of Age 
Peak Construction 
Operating Phase 

18-29 Years of Age 
Peak Construction 
Operating Phase 

30-44 Years of Age 
Peak Construction 
Operating Phase 

45-64 Years of Age 
Peak Construction 
Operating Phase 

65 + Years of Age 
Peak Construction 
Operating Phase 

Social Services 
Personnel 

Peak Construction 
Physic ians 
Registered Nurses 
Health Support 

Personnel 
Police & Firemen 

Cperating Phase 
Physicians 
Registered Nurses 
Health Support 

Personnel 
Police b Firemen 

School Enrollment 
Peak Construction 
Operating Phase 

Sch"ol Teachers 
Peak Construction 
Operating Phase 

Total Households 
Peak Construction 
Operating Ph3se 

S3 
36 

828 
636 

2,627 
1 , 287 
2,072 

990 
881 

1,379 

862 
335 

1,431 
933 

1,898 
910 

1,138 
634 

623 
328 

36 
III 

6 
36 

12 
18 

5 
26 

8 
11 

1,288 
840 

58 
38 

1,294 
787 

Fleming 
County Impact 

10 
7 

157 
121 

499 
254 
394 

188 
167 
262 

164 
64 

272 
177 

360 
173 

216 
120 

118 
62 

7 
21 

1 
7 

3 
3 

1 
5 

2 
2 

245 
160 

11 
7 

246 
150 
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Table 3. (Cont'd) Demographic and Social Impact of 
Oil Shale Commercialization in Fleming 
County. 

Demographic & Social 
Impacts Total Impact 

Total Housing Needs 
Peak Construction 
Ooerating Phase 

Housing Needs by Types 
Single Family 

Peak Construction 
Operating Phase 

Mobile Home 
Peak Construction 
Operating Phase 

Multi-Family 
Peak Construction 
Operating Phase 

640 
496 

498 
207 

285 
124 

Fleming 
County Impac 

270 
157 

122 
94 

95 
39 

54 
24 

Table 4 . Land Use Impact of Oil Shale 
Comm~rcialization in Fleming County 

Land Use Impact 
Fleming 

Total Impact County Impact 

Land Requirement Syn
fuel Plant Oper
ating Phase 

Retail Sales by 7ype 
Operating Phase 

Hardware 
General Mechandise 
Food Stor!!s 
Auto Dealers 
Gas Stations 
Appliances 
Furniture 
Eating & Drinking 
Drug Stores 
Miscellaneous Retail 

Retail Building Space 
Operating Phase 

Hardware 
General Mechanics 
Food Stores 
Auto Dealers 
Gas Stations 
Appliances 
Furniture 
Eating & Drinking 
Drug Stores 
Miscellaneous Retail 

Service Receipts by Type 
Operating Phase 

2,000 

$ 1,409,439 
1,323,498 
4,761,155 
3,351,716 
1,650,075 

996,921 
378 ,142 

1 ,031,297 
618,778 

1,667,264 

28,189 
26,470 
39,676 
83,793 
41 , 252 
19,938 
12,605 
17 ,188 

8,840 
55,575 

Hotels & Motels $ 886 ,576 
329,442 
687,531 
433,288 
243,501 

Auto Repair 
Miscellaneous Repair 
Amusement & Recreation 
Lega l Services 
Niscellaneous 1,020,554 

$ 267,793 
251,465 
904,619 
636,826 
313,514 
189 ,415 

71,847 
195,946 
117,568 
316,780 

5,356 
5 ,029 
7 ,538 

15,920 
7,83~ 

3 , 788 
2,395 
3,266 
l,679 

10,559 

$ 164,649 
62,594 

130,631 
82,325 
46,265 

193,905 



Table 4. (Cont ' d) Land Use Impact of Oil Shale 
Commercialization in Fleming County 

Land Use Impact 

Commercial Services I 
Building Space 
Operating Phase 

Hotels & Motels 
Auto Repair 
Miscellaneous Repair 
Amusement & Rec. 
Legal Services 
Hiscellaneous Services 

Office Employment 
Operating Phase 

Construction 
Transportation 
Comm. & PU 
Wholesale Trade 
F. I.R.E . 
Personal Business 
Professional Services 
Government 

Office Building Space 
Operating Phase 

Construction 
Transportation 
Comm . £, PU 
Wholesale Trade 
F.I.R . E. 
Personal Business 
Professional Services 
Government 

Land Requirements 
Building Space 
Retail Service Office 
Parking Space 
Other Land Required 

Hanufacturing Employment 
Operating Phase 

Flemjng 
Total Impact County Impact 

19,257 
8,236 

22,918 
28,886 
8,117 

51,028 

15 
21 

8 
6 

37 
25 

174 
43 

2 , 250 
3 ,150 
1,200 

900 
5,550 
3,750 

30,450 
7,525 

526,742 
987,643 
378,596 

99 

3,659 
1,565 
4,354 
5,488 
l ,542 
·1 ,695 

3 
4 
2 
1 
7 
5 

33 
8 

427 
598 
228 
171 

1,054 
712 

5,785 
1,430 

100 . 081 
187,652 

71,933 

19 

Industrial Building Space 
Operating Phase 54 ,450 10,345 

Land Required - Industry 
Operating Phase 

Parking Space 
Other Land Required 

Land Requirements -
Residential 
Operating Phase 

Single Family 
Mobile Home 
Hlilti-Family 

Land Requirements -
Schools 

Land Requirement~ 
Operating Phase 

Playgrounds 
Neighborhood Parks 
Communiry Open Space 

Estimated Land Cost 
Police 
Fire 
Government Admin!". 
Health 
Library 

25 ,740 
16,038 

165 
41 
12 

11 

6 
10 
12 

$ 10,400 
!l , 320 
3 ,900 

46,020 
7,995 

$ 

4,891 
3,047 

31 
8 
2 

2 

1 
2 
2 

1,976 
1,581 

741 
8 , 744 
1 ,519 
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Table 4. (Cont ' d) Land Use Impact of Oil Shale 
Commerciaiization in Fleming County 

Land Use impact 
Fleming 

Total Impact County Impact 

Land Requirements -
Other Public 
Facil Hies 9 2 

Residential Roads 
Arterials 4,734 900 
Collectors 8,717 1,656 
:-linor Streets 29,106 5,550 

community Street System 
Arterials 8,333 1,583 
Collectors 7,588 1.442 
Minor Streets 32,016 6,083 

Land Requirements -
Minor Roads 

Operating Phase 1,792,115 340,502 

Table 5 . Local Government Coat Impact of Oil 
Shale Com~ercialization in Fleming 
County 

Fleming 
Local Government Costs Total Impact County Impact 

Facility Deveopment 
Costs 

Operating Phase 
Playgrounds $ 56 , 745 $ 10,782 
Neigh~orhood Parks 129,675 24,638 
Commercial Open Space 18,037 3,427 

Total Capital Costs 
(Including Land Costs) 
Operating Phase 439 , 270 83,461 

School Enrollment 
Elementary School 605 115 
High School 23'; 45 

Building Space 
Operating Phase 

Elementary Schools 72 ,600 13,794 
High Schools 35,250 b,127 

Facility Development 
\:osts 
Elementary Schools $ 2,468,400 $ 468 ,996 
High Schools 1,198,500 277,715 

Other Costs 
Furnishings 
Parking 
Paving 
Landscaping - Total 440,028 83,605 

Total Capital Costs 
with Land 
Operati.ng Phase 4,271,205 811,529 

Facility Development 
Costs 
Arterials 974,928 185,236 
Collectors 556,129 105,664 
linor Streets 1,184,614 225 ,077 

Total Capital Costs 2,905,768 552,096 



Table 5. (Cont'd) Local Government Cost Impact of 
Oil Shale Commercialization in Fleming 
County. 

Fleming 
Local Government Costs Total Impact County Impact 

Facility Development 
Costs 

Police 
Fire 
Government Admini. 
Health 
Libraries 

Total Capital Costs -
Community Facilities 
with Land 
Operating Phase 

Non-resid~ntial Faci'ity 
Development Costs 
Operating Phase 
Sanitarj Sewers 
Storm Drainage 
Water Supply 
Gas & Electric Util. 

Utilities Total Capital 
Costs 
Operating Phase 
Facility Development 

Costs 
System-Wide Develop. 
Costs 
Sanitary Sewers 
Water Supply 
Gas & ElectL~~ity 
Utlilties 

Solid Waste Collection -
Total 
Capital Costs 
Operating Phase 

Development Costs 
Landfill Costs 

Annual Capital Costs -
Debt Service 
Total 
Adjusted Total 

General Operation & 
Maintenance Costs 

Elementary 
High Schools 

Bussing Costs 
Elementary Schools 
High Schools 

Operating & Maintenance 
Costs - Schools 
Operating Phase 

Elementary Schools 
High Schools 

Operating & Maintenance 
Costs 

Arterials 
Collectors 
Minor Street 

Operating & Haintenance 
Costs 
Police 

30,000 
104,000 

65,000 
767,000 
133,250 

1,275,885 

325,766 
306,632 
466,994 
101 ,878 

5,765,406 

476 ,649 
224,766 

, 79,793 

24 , e4~ 
2 , 148 

1,335,714 
1,211,533 

659,450 
256,150 

5,899 
3,024 

665 ,34 9 
259,174 

10,416 
7,191 

20 ,170 

84,500 
84,500 
39, 000 

5,700 
19,760 
12,350 

145,730 
25 ,317 

242 , 418 

61,896 
58,260 
88,729 
19,357 

1,095,427 

90,563 
42,706 

34,161 

5,101 
408 

253,786 
230,191 

12: ,296 
4'J ,669 

1,121 
575 

126,416 
49 , 243 

1,979 
1,366 
~ ,83 2 

16,055 
l6,05~ 

7, HO 

297 

Table 5. (Cont ' d) Local Go':ernment Cost Impact 
of Oil Shale Commercia lization in 
Fleming County. 

Fleming 
Local Government Costs Total Impact County Impact 

Health 
Libraries 
Recreation 

Operating & Maintenance 
Costs 
Sanitary Sewers 
Storm Drainage 
Water Supply 
Gas & Electric Util. 
Solid Waste 
Collection 

Operating & Maintenance 
Costs - Other Govern
ment S" rvices 

Total Operating & Main
tenance Costs 
Adjusted 

393,250 
13,000 
32,500 

32,500 

35,750 
406,20;0 

30,875 

274,000 

2,361,426 
1,679,901 

74,717 
2,470 
6,175 

6,175 

6,793 
77 ,187 

5,866 

46,930 

448,671 
319,181 

Table 6. Local Government Revenues Impact of Oil 
Shale Commercialization in Fleming 
County . 

Fleming 
Local Govern't Revepues Total Impact County Impact 

Residential Building 
Values 

Operating Phase 
Single Family 
Mobile Ho 
11ulti-Family 

Residential Property 
Value 
Operating Phase 

Non-Residen t '~l Pro
perty Value 
Operating Phase 
Retail 
Servjces 
Office 
InduOl try 

Non-Residential Pro
perty Value - Total 
Operating Phase 

Total Value Taxable 
Property 

Local Property Tax 
Revenues 
Operating Phase 

Other Locally Raised 
Revenues 
Operating Phase 

Intergovernment Local 
Revenues 

$ 17,856,000 
3,312,000 
2,790,000 

25,395,480 

6,670,528 
3,461,033 
1,917,125 
1,089,000 

13,925,946 

39,321,426 

865,071 

493,091 

950,713 

$ 3,392,640 
692, 280 
530,100 

4,825,141 

1,267,400 
657,596 
364,2~4 

206,910 

2,645,930 

7,471,071 

164,364 

93,687 

180,636 
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Table 6 . (Cont' d) Local Government Reven'Jes Impact 
of Oil Shale Commercialization in 
Fleming County. 

Local Covern't Revenues To~al Impact 
Flend.ng 

County Impact 

Total Local Revenues £,308,875 438,687 

Population 

The impac _ analYSis dete1:mi' led ar. additional 
population of 617 will locate i'1 Fleming County 
as a result of the oil shale plant location. This 
rep1:esents a 5% growth when compared to the 1980 
population of 12,332 . 15 

The communi ty development model reveals that 
the population increase will be composed of 188 
working age males, 167 working age females, 241 
persons in p1:ework~ng age categories, and 21 
persons retircmenc age. Table 7 provides de
tails of population by age distribution and 
also examines the percentages by age category 
compared to 1970 Fleming County age distribution 
characteristics. 

Table 7. Population Impact Growth by Age 
Group in Fleming County. 

Percent 
Group Number Of Total 

0- 5 64 10~: 
5-17 177 29% 

18-29 173 28% 
30-44 120 19% 
45-64 62 10% 
65+ 21 4% 

Source: Buffalo Trace A~ea 
Integrated Program Design, 

Labor Force/Employment 

1970 Fleming County 
Percent of Total 

8% 
25% 
15% 
16% 
22% 
14% 

Development District, 
1977 , p. II-14. 

The impact of the proposed oil shale plant 
is calculated to create 171 new jobs for plant 
employment and 243 new secondary jobs for Fleming 
County, representing a nine percent increase in 
employment compared to the 1980 total emplo)~ent 
statistics of 4,744. This figure compared to 
3,644 persons in non-agricultural employment in 
1980 represents an eleven percent employment in
crease. 16 

As noted, 171 of the 414 new jobs are direct
ly attributed to the oil shale plant. However, 
the remaining 243 jobs are created by secondary 
employment and result in various industrial 
categories . Table 8 shows the resulting secon
dary employment by category and compares the 
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distribution to existing charactcristi-s 
of the county. The capture rate for secondary 
employment is assumed to be seventy-two percent. 

-
Table 8 . Secondary Employment Impact by 

Industrial Category in Fleming County. 

Percent 1979 Percent 
Industry Enployt:lent Of Total Of Total 

:ining & 
Quarrying 0 0% 0% 

Construction 28 16% 5X 
Trans . , Conlm . 

& Utilities 54 31% 6% 
Wholesale 0-

Retail Trade 20 11% 34% 
Fire 14 8% 5% 
~ervices 60 34% 50% 

i>ource: Kentucky Department for Human Resou1:ces, 
BU1:eau for !anp0wer Services, Research and 
Statistics Branch, Kentucky Labor Force Estimates, 
Annual Averdges, 1979, pp. 30-31. 

Personal Income 

The calculations from the community develop
ment model p1:esent a most dramatic change in 
pe1:sonal income as a result of the location of the 
oil shale plant . It was dete1:mined that the total 
local income resulting to Fleming County from the 
plant location will total $8 ,164,436. This repre
sents an amount equal to thirty-four percent of the 
1980 wages in Fleming County. The additional 
annual income of $8 ,164, 436 almost equals the 
income derived from farm activities in Fleming 
County which is $8 , 835,000. 17 

The 1980 average weekly wages by industrial 
category in Fleming County ranged from approxi
mately $95.00 to $270.00 a week. As a result of 
primary employment f1:om the oil shale plant the 
predicted weekly wage for the 171 persons employed 
by the plant would be $402 . 37. The ave1:age weekly 
wage calculated for secondary employees 1:esulting 
from the plant location is $255.48 . These weekly 
wages point to an average per capita income of 
$13 , 222 .00 for the new population . This compares 
to an eXisting per capita income in Fleming County 
of $4,680. 18 

Dete1:mination of impact upon housing shows 
during the operational phase of the oil shale 
plant 150 new households wlll occur in Fleming 
County . Projected total housing needs from thse 
nell households total 157 units. A break-down of 
thp housing needs by type js : single family _ 
ninety-four; 1'1Obile home - thirty-nine; and multi 
family - t>lenty-four. 

As can be seen the housing demands will be 
substantial over a short period of time. The 
housing needs in Fleming County are approximately 
112 to 178 per five yedr period through the year 
2000 . The location of the impact of the oil shale 
plant in Fle.-'ng County will require the doubling 
of new huusi'1g UlUcS over a fjve- vear term. 



Education 

The conununity development impact model deter
mined the plant location impact upon the Fleming 
County School System would consist of 160 new 
students requiring seven additional teachers . 
This compares to a 1980 Fleming County School 
enrollment of 2387 students . 19 

As determined from the model the school 
system would require an additional two acres for 
serving the additional pupil needs with develop
ment cos ts estimated at $468,996 for elementary 
schools and $227 , 715 for the high school. The 
additional costs attributable to general oper
ations and maintenance are $125,296 for the 
elementary schools and $48 , 669 for the high 
school. Annual busing costs are estimated to 
increase $1 , 696 . 

Transportation 

Transportation impact as defined by the 
impact analysis consists of three areas: land 
requirements , capital cost, operation and 
maintenance costs . The scope of the analysis 
was limited to the streets and highways. 

Land requirements were first identified in 
three categories for improvement needs . These 
three groups and subdivisions are as follows: 

1 . Residential Roads 

2 . 

a . Artierials 900 feet 
b . Collectors 1656 fee t 
c . Minor Streets 5550 feet 

Conununity Street Systems 

a . 
b . 
c . 

Arterials 1583 feet 
Collectors 1442 feet 
Minor Streets 6083 feet 

3. Hinor Roads - 340 , 502 feet 

The development cost for the three sys tems 
identified are arterials - $185,236, collectors
$10,664, a nd minor streets - $225 ,077 . Operation 
a nd maintenance costs for the three same systems 
are as follows: arterials - $1,979 , collector s -
$1,366, and minor streets - $3,832. 

Retail Sales 

The total increases ia retail sales calcu
l a ted for Fleming County as a result of the oil 
shale plant location is $3,265,733 . This 
figure represents nine percent of the 1979 retail 
sales total for Fleming County.20 Table 9 illus
trates the retail sales impact by major gr~ups. 

Health Care 

The impact analysis indicates the need for 
eight additional health service personnel. A 
breakdown of the eight personnel is: one 
physician , five registered nurses, and two health 
support personnel. 

Health facility improvement cos ts (excluding 
land costs) are estimated to be $145 ,730 . Oper
ation and maintenance costs are expected to 
in crease $74,7l7annually . 
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Table 9 . Increased Retail Shale i n Fleming County 
Attribut able to the Impact of t he Oil 
Shale Pl a nt. 

1ajor Group Retail Sales 
Percen t c . 
Total Sales 

Food 
Eating & Drinking 
General Uerchandise 
Home Furnishings 
Auto Dealers 
Drug Stores 
Other Stores 

TOTALS 

$ 904,619 
195 , 946 
241 , 465 
261,262 
636,826 
117,568 
898,033 

$ 3 , 265,773 

Government Cost a~d Revenues 

28% 
6% 
8% 
8% 

20% 
3% 

27% 
~ 

The community development lnodel provides 
estimates of the costs and rev~~ues during the 
operation phase of the oil shale ,lant . Addition
al government costs resul t ing from the synthetic 
fuel plant location are associated with the 
following areas: recreation, schools, roads and 
streets, public services (police , fire, libraries , 
etc.), public utilities , and solid waste . Each 
of these impact areas are examined by estimated 
rapital costs and operation and maintenance costs. 
Table 10 provides a breakdown of estimated costs 
by category . 

-. 
Table 10. Estimated Local Government Costs 

For Fleming County by Categor y. 

Opera tion & 
Area Capital Costs Mainten3nce Costs 

Recreation $ 1l3,462 $ 175,659 
Schools 811,529 1,178 
Roads & Streets 552 ,096 122,882 
Public Services 242 ,417 96,021 
Public Utilities 1,262,862 96,021 
Solid Haste 5,509 46,930 

TOTAL $ 2,957 ,875 $ 448,671 
Adjusted Total $ 2 ,64 2 ,883 $ 319,181 

The community development model assumes 
annual ca pital cos ts as the partial payment on a 
twenty-five year loan at seven percent interest. 
Also assumed is the loan r esults from single 
bond issue. By making this assumption . total 
annual debt service will be $253,786 . Byex
Cluding minor streets, gas and elect ric, the 
adjusted annual debt service total ia $230,191. 

Local government revenues are based on r e
ceipts from residential and nonresidential pro
perty taxes, locally raised revenues and inter
government revenue transfers . Table 11 shows the 
amount of revenues associated to each service. 



Table 1]. Es timat ed Local Government Revenues 
for Fleming County by Category 

Source Revenues 

Property Taxes 
Other Locally Rai sed 

Revenues 
lntergovl: rnment Revenue 

Transfers 
TOTALS 

$ 164,364 

93,687 

180,636 
$4 ,381.687 

In evaluating costs versus revenues, it was 
first calculated that additional annual costs of 
Fleming County local government is 0549 ,1 72 . 
In comparison to projected annual revenue of 
$438 ,686, a short fall of $110 , 686 is evi
denced . 

The determination of a $110,6e6 short 
fall, is based upon the methodology of Murphy/ 
Williams . Howev~r, the model does not adequately 
provide for minerals severence tax revenu 's that 
would be applicable to the proposed project. 

Current Kentucky tax laws provide for a 
minerals severence tax . The tax applicable to 
oil shale is levied at 4.5 perc,'n t of the gross 
value of minerals severed or processed in Ken
tucky.2l As currently interpreted for oil shale, 
the tax would be levied as 4.5 percent of the 
value of c rude oil. Approximately fLfty percent 
of the tax levied by the state is r eturned to 
the county government where ~he extraction 
occurs . 22 

Assuming the value of crude oil at $40 a 
barrel, with production of 10,000 barrels a day, 
365 days per year, local government annual rev
enues from the mine r als seve r ence tax would be 
$3,285 , COO . It is eaSily evidenced that the 
model developed by Murphy/IHlliams did net pro
vide for the existence of 4.5 percent miner als 
severence tax. 

By including the receipts of mineral sever
ence tax revenues in a ddition to revenues deter
mined from the impact model, no local government 
deficit can be expected for Fleming County. An 
annual surplus of $3,174,314 is indicated . 

Although Fleming County is the focal point 
of this paper, it is important to note that the 
benefit from the minerals severence tax is 
applicable only to the county of mineral ex
traction. By excluding Fleming County from this 
analysis, the model inJicated that the remaining 
seven counties of primary impart will receive 
annual revenues of $1 , 870,189 while annual 
costs total $2 ,342,061. This is a shortfall 
of $471,872 or twenty percent annually. 

Law Enforcement/Fire Protection 

The impact analysis indicates the ~eed for 
three additional police and firemen in Fleming 
County as a result of the oil shale plant 
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location. Additional facility development coats 
are estimated at $7,676 for law enforcement and 
$21 , 340 for fire protection. Annual op r-
atiop cos ts will increase $16,055 for each . 

Utilities 

The impact of the oil shale plant location 
will necessitate $84 ,160.12 in nonresidential 
natural gas and electric improvements . To make 
these service improvements $34,161 in the 
system-wide improvements will be required . To tal 
improvement costs will require $137 , 677. 

Water 

Water improvement costs associated to the 011 
shale plant impact will be incurred as a result of 
residential development , non-residential develop
ments, system-wide improvement costs and in
creased operation and maintenance costs. Resi
dential and non-resid ntial costs are $385 , 777 
and $88,729. The total of $474,507 would 
most likely equate as 11.9 miles of water lin~ 
extenoions. This is assuming $40,000 per mlle of 
extensions. 

System-wide improvements necessary as a re
sult of extensions of water service are calcu-
lated at $42,706. Increased operation and 
maintenan ce costs are estimated at $6 , 793. 

Sewerage 

Increased sewage costs are also associated 
to residential developments, non-residential 
developmentG, sys tem-wide improvement costs and 
increased operation and maintenance costs . 
Resiiential and non-residential costs are 
$143,943 and $bl ,896 respectfully. The 
equivalent of the total cos t of $205 ,838 
number of extension miles i~ 5.1. This is also 
assuming $40,000 per mile. 

System-wide improvemen t costs required to 
serve the improvem nts are expec ted to cos t 
$90,563. Increased operation and maintenance 
costs ar~ eEtimated at $6,175 . 

Conclusions 

Several conclus ions can be made based on the 
impact assessm nt of tne oil shale plant location, 
in comparison with the socio-economic profile of 
Fleming County . The impact conclusions and recom
mendations are oriented to the operation phase. 

In formulating the following conclusions, 
each area of impact was examined as to the 
significance of impact in view of the current 
county profile . The analysis is w~de acknow
ledging the limitations and assumptions of the 
methodology techniques used . This paper attempts 
not to provide an exac t determination of impact 
for preparation of conculsions and recommenda
tions, but rather to gen , ~ally define the impact 
as a decision-making toolto be complimented with 
goo<' judgment. 

1. ew Fleming County jobs c r eated directly by 
the oil shale plant total 171. Secondary 
employment provldes an additional 243 new 
jobs. 



2. The resulting population growth of 617 in 
Fleming County will be much younger, 
characterized by sixty-seven percent being 
age twenty-nine or younger. 

3. The additional jobs created in the secondary 
employment market will be characterized by 
greater demand in the area of transpor
tation, communication and utilities . 

4 . Personal income will dramatically increase 
from existing levels because of the new 
jobs created by the oil shale plant. Per 
capita income projected by thohe persons 
employed as a result of the oil shale plant 
w':'ll be $13,222. A negative impact that can 
result by the higher income will be existing 
employers being required to compete with the 
same labor force with a much low~r pay scale, 
which will most likely force existing 
employers to compete by offering higher 
salaries. 

5. New housing units required will total 157 
as a result of the increase in population of 
617 . This impact parallels what is currently 
projected as the five-year requirement of 
additional housing needs in Fleming County. 

6. A new student enrollment of 160 requires 
seven additional teachers, as a result of 
the oil shale plant location . 

7. Street and road improvements will require 
3n investment of $515,977. Operation and 
maintenance cos ts for these new roads and 
streets will require an additional $7,177. 

8. Retail aales are expected to increase 
$3,265,773. This represents a nine 
percent increase over 1979 Flem.ing County 
retail sales. 

9. Health care profess.ionals will require an 
additional eight personnel which will in
clude one physician, f.i'/e ' regis tered nurses, 
and two health support personnel. Health 
facility improv2ment costs are estimated at 
$145,730 w.ith operation and maintenance costs 
increasing by $74,717 . 

10. Fleming County as a result of receipts from 
the Kentucky Mineral Severence Tax from the 
oil shale plant operation, can expect a 
$3,174,314 local government surplus. If 
not for mineral severence tax rece.ipts, a 
short fall of $110,686 would be evidenced . 

11 . The remaining seven counties of primary impact 
will receive revenues of $1,870,189, with 
annual costs totaling $2,342,061. This 
represents a short fall of $471,872 or 
twenty percent annually. As a result of this 
shortfall, alternatives available to the 
seven counties of primary impact (not .includ
ing Fleming County) wo~ld be deferred 
capital outlays which would result in in
adquate services, deferred maintenan ce costs 
leading to deteriorating facilities and in
adequate operatin~ capital reducing public 
services (police, fire, etc. ), and/or higher 
taxes 
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12. The impact will create the need for three 
additional police and three additional fire
men in Fleming County . Additional 
development costs would require investment 
of $7,676 for law enforcement and $21,340 
for fire protection. Annual operatir,g cost 
would increase $16,055 for each. 

13 . 'fotal electric and natural gas i"''''rnvements 
will cost $137,677 to serve the new 
population. 

14. Water service improvements required 
will total $517,212 . 

15. Sewage system improvements will total 
$296 ,402. There will be an increase of 
$6,175 in annual operation maintenance cost. 
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Abstract. The potent ial mineral beneficiation routes fo r oil 
shale are compared using separation efficiency as a cons istent 
measure of separation. Two general types of oil shale separa
tions are compared. One type is based on a density difference 
between the kerogen and the minerals and the other type of 
separation is based on the wettability difference. Wet tability 
separations are twice as efficient as the density separations , 
but even the wettability separations are ~ long way from being 
100% efficient. 

All of these separations are performed in water and as a 
result require the concentrate to be dried before being retorted. 
For this reason, a dry separation method would be desirable. 
Such a method is electrostatic separation. Experiments are des
cribed which use this separation method. The results of these 
experiments show very low separation efficiencies for all size 
ran ges investigated. 

Introduction 

Oil Shale is a composi te material consis t ing 
of kerogen and minerals . Depending on its grade , 
oil shale may contain between 5 and 35% kerogen , 
which decomposes upon heating at 500-600·C into 
crude oil . Conventional processing of oil shale is 
a three-step process which includes mining , crush
ing and retorting . Such processing means t hat a 
large portion of the retort feed consists of rela
tively inert minerals. This dilute feed makes the 
retort larger snd more expensive to operate. Proc
essing, which includes mineral beneficiation , at
tempts to reject much of the miner als before tr.e 
retort step . A simplified flow shee t for the min
eral beneficiation of oil shale is shown in Figure 1. 

Mine 
~ 

Crush 
~ 

Gr ind 
J 

Beneficiate --t Was te 
J. 

Dry? 

J 
t.gglomerate? 

~ 
Retort ----+ Crude Oil 

~ 
Was te 

Figure 1. Flow sheet for the mineral beneficiation 
of oil shale . 
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This process includes the extra steps of: 

1) Grinding the oil shale to its "liberation size ." 
2) Performing a physical separ a t ion of the oil shale. 
3) Drying the kerogen concentrate if the separation 

was performed in water . 
4) Agglomeration of the ke r ogen concentrate if its 

particle size distribut ion is too small to be 
retorted efficiently. 

5) Disposal of mineral gangue which may be wet . 

Each of these extra steps incurs a cost . To be 
feasible, the sum of these extra costs must be less 
than the savings produ~ed by a smaller re t ort . Both 
the cos ts of beneficia tion and the savings of a small
er retort a re highly dependent upon t he oil shale 
grade . For a very high grade oil shale, the cost of 
a beneficiation process would be mo r e than that of a 
simple retort process, whil~ , for a very low grad e 
oil shale, the cos t of a simple retort process would 
be more than that of a beneficiation process. The 
grade at which the crossover occurs is dependent 
upon the methods used for grinding , separation, and 
retorting . 

To determine the feasibili ty of mineral benefi
cia t ion of oil shale, several questions must be 
answered. These questions are in the areas of grind
ing, separation and retorting . 

Grinding 

1) Wha t is the effective "liberation size." 
2) Where is the kerogen in this "liberated" ma terial. 

a) as discrete particles? 
b) attached to mineral particles? 
c) smeared on the mineral surfaces? 



3) Is this "liberstion" dependent on the type of 
grinding? 

Separation 

1) What physical property should be used for 
separation? 

2) Does t he efficiency of the separation depend 
on what size the particles are or how they 
were grou:ld? 

3) What is thl" rate of disengagement? 

Retorting 
1) What type of retort should be used? 
2) What is the retort rate of different size 

particles? 

Once these technical questions are answered, we 
can evaluate which route (i.e ., grind, separate, 
retort) will lead to an overall process which is 
most economical for a given grade of shale. 

This work is confined to the technical ques
tions associated with the separation step . Several 
physical properties have been used to obtain a 
physical separation of the kerogen from the min
erals. The most popular physical property used was 
the density differp.nce betwe~n kerogen (~1.07gm/cm1 
and the minerals (~2.7gm/cm). The other most pop
ular physical property used was the wettabilitv diff
erence - kerogen is oil wetting and the minerais are 
water wetting. 

Literature Review 

Due to the different types of separation and 
the different grades of oil shale used in experi
ments, it is very difficult to compare the separations 
based on kerogen recovery or enrichment ratio. 
These separations need to be compared on a consist
ent basis. Such a comparison can be made with 
either the separation factor or the separation ef
ficiency. 

Consider the generalized separation draw~ below. 

~ Separator c:: TBOP 
In ottom 

The s~paration factor, a, is given by2 

where 

XT1(l_Xl) 
a

l 
a -7 __ -11:;-

x; (l-Xi) 
(l) 

x; = % wgt of component 1 in Top Stream 

% wgt of component 1 in Bottom 
St ream 

The Geparation factor has a rangc of values from one 
to infinity correspondi.ng to no separation and com
plete separation, respectively. The separation ef
ficiency, n, is given byl 

(2) 

where Ri corresponds to the recovery of component i 
in the top stream. The recoveries are given by 

R -1 (3) 
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(4) 

where 

Q -T 
flow rate of the Top Stream, 

Q -I 
flow rate of the Input Stream, 

~- %wgt of component i in the 
Input Stream. 

The separation efficiency has a range of values from 
zeto to one corresponding to no separation and com
plete separation, respectively. 

For each separation method, it is necessary to 
consider what particle size was used . Oil shales 
arc composed of mineral particles which are on the 
order of lO~m in diameter. 10 True liberation, if it 
exists at all, does not occur at sizes larger than 
~l~m . For separations which utilize particle sizes 
larger than ~lO~m , the separation is made between 
kerogen rich particles and kerogen lean particles. 
Such separations are highly dependent on the type 
of stratification in the oil shale and the methodS 
used to crush and grind the oil shale. 

Density Separation 

Density separ'ltions use a liquid ,.hich has a 
specific gravity between 1.07 and 2.7. In this li
quid kerogen, rich partic : es float and mineral rich 
particles sink. Since settling rate is proportional 
to the square of the particle diameter, small par
ticles settle at a slower rate than large particles . 
Therefore, density separations which operate on 
small particles will have slow disengagement rates 
unless the gravity force is increased. The gravity 
force may be increased by using a centrifuge or a 
cyclone . Results obtained from the literature on 
various density separations are summarizec in Table 
1. 

Settling experiments by Knowles 3 on -37~m oil 
shale particles were performed with various density 
liquids over a three-day period. The best separa
tion (n=27.9%) for these experiments was obtained 
with a liquid with a density of 2.1Sgm/cc. Cen
trifugation e~periments with a +180-2S0~m sample 
gave a lower separation efficiency (n~lO%). 

A settling cascade was used by Larson, et al.' 
on large +6,OOO-19,OOO~m particles of oil shale. 
The maximum separation efficiency of 14% was ob
tained at the second stage where the liquid den
sity was 1.9Sgm/cc. 

Roberts and Schaefer Resource Servicess has 
evaluated a heavy media cyclone. Their results show 
a separation efficiency of 36%. No information was 
given concerning either the particle size used or 
the liquid density used for the 20 ton test. 

Wettability Separations 

Two types of wett tibility separations have been 
investigated. The results of these separations 
are also summarized in Table 1. One method involved 
mixi ng a water slurry of oil shale with a solvent 
for kerogen. The results of this separation were 
kerogen containing organic phase pellets and a 
water slurry of n,incrals. Pelletization experiments 



Table 1. Separation Method Comparison 

Input 
Grade Particle Size 
(gpt) (\J m) 

Densitx SeEarations 
Settling 30 . 7 -37 
Centrifuge 12.5 +lBO -250 
Settling 25 . B +6,000 -19,000 
Cyclone "'30 

Wettabilit~ SeEarations 
Pelletization 44.3 -150 

Flotation 2B.4 BO%<15\J Di 

we r e performed by Reisber g6 on -150\Jm oil shale 
particles . A separ ation efficiency of 69 . 2% was 
obtained using heptane as the solvent. The other 
separation method based on wettability was froth 
flotation . This method used air bubbles to collect 
kerogen particles f r om a water slurry of the oil 
shale . Froth flotation experiments wer e performed 
by Fahlstrom7 on ground oil shale with BO% <15\!m . 
A separation efficiency of 75% was obtained using 
an oil as a collector. 

In conclusion, density separations give mod
erate separ ation efficiencies . Density separat ' ons 
appear to be limited by the degree of liberation 
that can be obtained for particle sizes which will 
settle at reasonable rates. Wettability separations 
give higher separation efficiencies. Based on the 
relative separation efficiencies of these two sep
aration methods, it is expected that complete lib
eration does not occur with conventional grinding 
to -37\Jm and that at this size kerogen will be 
smeared on mineral surfaces . 

All of these separations are wet separations 
and would require an expensive drying step before 
the concentrate was retorted. Could the process 
economics be improved by using a dry separation? 
What types of dry separations are feasible for oil 
shale? The balance of this work is an evaluation 
of the electrostatic separation of oil shale - one 
of the potential dry separation methods. 

Electrostatic SeEaration 

As shown in Figure 2, electrostatic separations 
are performed by subjecting the particles to a 
corona discharge which charges the particles. As 
the charged particles leave the corona aren they 
are discharged . Conducting particles discharge 
quickly while non-conducting particles discharge 
slowly. The slowly discharged ~articles stick to 
the rotor and the quickly discharged particles are 
free to follow a normal trajectory . The particles 
which stick to the rotor are removed by either the 
A.C.corona or the brush scraper. The technique has 
proved successful for non-dusty powder mixtures like 
Fe20] and Si02 or Si02 and Ti02~ 

EXEerimental 

A 50 kg sample of Western oil shale was obtained 
from O~cidental Research cf Irvine, California. The 
sample had a specific gravity of 2.20gm/cc «hich 
corresponds to a grade of "'25 gal/ton . Half of the 

Liquid Separation Separation 
Density Factor Efficiency Ref 
(gm/cc) a n C:O 

2.15 3.9 27.9 3 
2.35 2.9 10.0 3 
1. 95 3 . 2 14.5 4 

Heavy 4 . 5 36.0 5 
Media 

H20 + 42 . 7 69.2 6 
heptane 
1.0 71.0 75.0 

sample was crushed and screened t o gi ve s ever al size 
ranges . Each of these size ranges was separa t ed 
with a Carpco electrostatic separator . 
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Crushing 

A 4 inch jaw crusher was used to reduce the par
tical size of the oil shale from 3-7cm to -lmm . 

Screening 

Using 8 inch U.S . Standard sieves and a Rotup 
shaker , a 1/2 hour screen analysis was performed on 
a representative sample of the crushed oil shale. 
The results of this analysis are shown in Figure 3. 

Figure 2 . Configuration of Carpco Electrostatic 
Separator. I-feed ?in, 2-rotor, 3-D.C. 
corona discharge electrodes, 4-A.C.corona 
electrode, 5-brush, 6-Conductors hopper, 
7-middings hopper, B-insulatcrs hopper . 
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Figure 3. Size Analysis of Crushed ~~terial . 
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Figure 4. Kerogen Analysis of Each Size Fraction. 

The mean size of the crushed material was approxi
mately 500 Ilm . Screen analyses performed for 1 hour 
and l~ hours were essentially the same as that for 
~ hour . 

500 gm samples in various size ranges were 
obtained by screening 25 kg of the crushed shale. 
These samples were used for electrostatic separa
~ions. 

Analysis 

The amount of kerogen in any oil shale sample 
was determined by the weight loss between 110· C 
and 560· C. The method used for this analysis was 
to dry the s ample at 110· C overnight . Then a 1 gm 
sample was placed in a furnace at 560· C for 1 hour . 
When the sample was removed from the oven, it was 
placed in a desiccator to cool before it was 
reweighed. The results of this analygis for the 
screened oil shale fractions are shown in Figure 4. 
The larger size fractions have more kerogen in them 
than the smaller size fractions . 

Separation Results 

A Carp co High Tension Research Separator Model 
HT (36) 111-15 with a vibrator y feed bin was used 
f or all separations . The operating par ameters of 
the s eparator a r e given in Table 2. A 500 gm 
sample was r emoved fr om a 1100C drying oven and 
placed in the f eed bin. 

Table 2. Operat i ng Cond i tions fo r Carpco 
Electrostatic Separ ator. 

Rotor Diameter 
Rotor Speed 
Feed Position 
Splitter Position 

1 
2 

Electrode Position 
1 
2 
3 

Brush Position 
Electrode Potential 

1 
2 
3 

DC Current 
Feed Rate 

36 cm 
80 rpm 
90· 

340· - 1 cm from Rotor 
280· - 4.5 cm from Rotor 

60· - 3 cm from Rotor 
35· - 3 cm from Rotor 

240· - 1 cm from Rotor 
220· 

+ 25 ± 1 kv DC 
+ 25 ± 1 kv DC 

7 ± 1 kv AC 
10 - 20 Il amps 

1 - 4.5 kg/hr 
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The rotor was started and an infrared lamp which 
heats the rotor turned on. The vibrator feed rate 
was adjusted so that a uniform layer of particles 
was fed to the rotor. The feed wab turned off and 
the sample which had been deposited i n the right 
hopper returned to the feed bin. The electrode 
potentials were then set and the feed started again 
at the same rate as before. The time required for 
the bin to empty was recorded , which allowed for 
calculation of the feed rate . The weight and % 
kerogen of the material collected i n the three hop
pers was determined. From these measurements the 
separation factor was determined using the % kerogen 
for the material in the conductor hopper as XT and 
the % kerogen of the material in the non-conductor 
hopper at 95~(see Equation 1). The separation fac
tors for each size range are gi ven in Figure 5.Very 
Jow separation factors were observed for all size 
ranges; however, as the particle size decreased, the 
separ ation factor increased . Different feed rates, 
rotor speeds , splitter positions and D. C. currents 
were tried to improve the separation ; however , these 
variables d1d not significantly change the separa
tion factor ~hat was obtained for a given size range . 

~ 
1.50 a: 

0 
~ 
U 0 « u. 
z 1.25 
0 
1= « a: 0 « 
a.. 
~ 1.00 

0 200 400 600 800 
SIZE ~m) 

Figure 5. Electrostatic Separation Factor, a, for 
Each Size Fraction. 

Discussion 

By lumping the hopper ~lhere the insulators were 
collected with the hopper whele the middlings were 
collected, we have a two stream separation which may 
be analyzed by the separation efficiency. For the 
+0 - 4S Ilm size range, the highest separation factor 
was observed at a m 1.35. The separation efficiency 
for this size range was calculated to be a mere 2.57. . 
For all other size ranges the separation efficiency 
was smaller. 

For these separation experiments, the kerogen 
was concentrated ever so slightly in the hoppe-
which contained the conducting particles. This ob
servation is contrary to the findings of Mukai, et 
al. e for coal. In those experiments the ash mineralo 
were concentrated iu the hoppers which contained the 
conducting particles. At this juncture we aske1 two 
questions: 1) why is the e ectrostatic separation of 
oil shale so poor ? and 2) how are oil shale a~d coal 
different? 

Microscope investiga t ions of the crushed and 
screened oil shale particles showed that the indiv
idual particles were covered with a layer of much 



smaller particles. These much smaller particles 
were primarily mineral particles in the - 44 ~m size 
range. This particle coating made the particles 
behave in the electrostatic separator ike mineral 
particles because the surface charge of the particles 
determined whether or not they would stick t~ the 
rotor. Washing the oil shale with water removed this 
particle coat. These washed oil shale particles were 
dried and used for an electrostatic separation . For 
the + 250 - 355 ~m aize range, a separation factor of 
2.64 anrl a separation efficiency of 29.3% was 
ohtained. For this separation, the kerogen was con
centrated In the insulator and middling hoppers, and 
the minerals were concentrated in the conductor 
hopper -- a behavior similat to that observed with 
the electrostatic separation of coal. e 

Conclusions 

As a complete1ydry separation ~ethod for oil 
shale, the corona discharge is not sufficiently 
efficient to be commercially practical. A much 
m~re efficient separation was obtained when the 
oil shale particJes were washed with water before 
separation; however, this defeats the purpose of 
a completely dry separation. The separation 
ef f iciency of the electrostatic separation of the 
washed material is similar to that obtained wi th 
density separations. Density separations give 
only moderate separation ef f i c iencies which 
depend on the particle size of the oil shale and 
the liquid density. By far the most efficient oi l 
shale separation is based on the wettability dif f er
ence between kero&en and the minerals. This type of 
separation is performed wet and may require both 
drying and agglomeration steps before the concentra te 
can be retorted. For these reasons, the search f or 
a dry separation method f or oil shale should 
continue . 
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Abstract . Oil shales from the eastern United States 
are receiving increasing attention as potential sources 
of refinery feedstocks . In order 0 define potential 
refining factors for these materials , shale oilcl pro
duced from Kentucky oil shale deposits have been eval 
uated . Results are presented for the whole crude oil 
and representative refining fractior.s derived there 
from . These properties are contrasted with similar 
data f~om western U. S . shale oils , graphically dem
onstrating the differing character of these materials . 

INTRODUCTION 

Deposits of materials known as oil 
shale are found worldwide . These ma
terials , which are of vary in eolo ical 
origin , present the common factor of re 
leaSing hydrocarbon- likp compo~nds upon 
thermal treatment . These deposits have 
repeatedly gained attention as potential 
energy sources , but never quite attained 
full commercial ~tatus in this country . 
Commercial retorting was practiced , how- 1 
ever , in Scotland during the late IBoo ' s . 

Major oil shale deposits in the United 
tates are generally broken into western 

and eas ern categories . The western shales 
generally are found in very hick seams 
with relatively hi h oil yields of 15- 30 
gallons per ton or more . These factors 
have led to a focus of major atten ion 
on the western shales . As a result , heRe 
materials , and particularly the oils de 
rived therefrom , are well charac erized 
including previous work by these re 
searchers . 2 , 3 , 4 , 5 , 6 

Eastern oil shales are found in rna or 
deposi s ex ensively through Ohio , Ken
tucky , Tennessee , Ind ana , and M chi an in 
particular . These deposits in eneral show 
thinner seams and lower assay ( enerally 
less than 15 gallons per ton) than the 
western shale , and have received propor
tionately less attention . Ma or propon
ents of these resource§ in past years were 
Jillson 7 and Crouse , 1 , ~ , 9 with Crouse in 
part i cular performing detailed retort in 
studies of these materials . La er , re 
searchers from the Laramie Energy Tech
nolo y CenterlO , ll also performed eval
uations of these deposits , primarily 
by studies of core samples . 
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Major focus on these resources , how
ever , did not occur until the 1970 ' s , and 
in particular he late 1970 ' s . The major 
effort on eastern shales during the early 
portion of this ~er od was performed by 
Dow12 for gas production and IOT13 for 
hydrocarbon liquids . Other s udies were 
also performed by Wen , et al . 14 Major 
efforts be,an uring the latter part of 
this er od , ~articularly ~y the state of 
Kentucky , 15- 1 7, Monsanto , l and Davy McKee 
and Cleveland Cliffs . 1 9 These efforts , and 
the necessity for evaluation of all poten
tial energy sources ava lable to the United 
States , have led to a veritable hotbed of 
present activities in this area . Emphasis 
on eastern shale research by DOE20 and ex
tensive 1 asing efforts by some refiners 
and private investors underscore this ac -

i vlty . 

The Ashland Petroleum Company Research 
and Development Departmen maintains review 
of the rna ority of hese efforts . As a 
major refiner in this re ion , our interest 
must lie in the potential of these rna erials 
to serve as refinery feedstocks . As notpd 
previously , studies on western shale oils 
provide the basis for much of our present 
efforts or. eastern shale oil . 

More specifically , data repor ed here 
in for western shale oils were derived for 
oil samples from both Occidental ' s in situ 
retort #6 as well as the Paraho above - ground 
retort at the Anvil POints , Colo ., facility . 
These samples were provided under co .trac 
tual agreement with the United tates Air 
Force , contract number F336l5 - 7B-C- 20Bo . 

In order to maintain an up - to - date 
data base on hese mater als , several 
eastern shale oil samoles have been obtained 
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from various Kentucky shale sources . Of 
interest to this report , two samples were 
obtained in five - gallon quantity and evalu
ated for potential refining properties . 
Sample 53- SH was obtained through the ef
forts of Major Don Potter , USAF , and was 
retorted by private means from an undis 
closed Kentucky shale source . Process 
ability of sample 53- SH has previously been 
reported . 21 Sample 08 - SH was obtained from 
John Kuhn of the Kentucky Center for 
Energy Research Laboratories . This sample 
was produced in April , 1981 , on a Crouse 
type retort owned by Pyramid Minerals and 
operated at Olive ~ill, Kentucky . 

~hese samples were then utilized with 
the objective of determining pertinent re 
fining properties of each shale oil , plus 
the properties of relevant fractions de 
rived therefrom . Future work will deter
mine actual refining response of these oils 
and oil fractions . 

EXPERH1J::NTAL 

Each sample was purged of excess water 
and sediment by simple filtration and dis 
tillation techniques as necessary prtor to 
analysis of the oils . The dewatered , sed
iment - free oils were then sampled and sub 
jected to complete chemical and physical 
evaluation . 

Subsequent treatment of the two shale 
oil samples is exhibited in Figure 1 . Eac~ 
sample was distilled on a one inch diameter 
externally heated distilling column having 
a three foot length of random- packed 1/16 
inch laf3 helices . The oil samples were 
fractionated sequentially to atmospheric 
equivalent temperatures of 4000F and 600 0 F . 
The 6000F+ bottoms material was transferred 
to a second apparatus , consisting of a flask 
with no packing , and distilled to an atmo
spheric equivalent 10000F temperature . 
Pressure measurement was accomplished by 
use of a tilting McLeod manometer . Very 
low pressure and minimal residence time 
were maintained in order to retard thermal 
decomposition of the sample . 

RAW SHALE OIL 

NAPHTHA ----- II SP- 400°F) 

I-__ -OISTILLATE 

(400 - 600 o F) 

1-_~~v . G . o . 
(&OO- lOoo"FI 

'-___ ~RES IOUUM 

(1000 oF+I 

Figure 1. Shale Oil Fractionation 
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Samples of the naphtha (IBP- 400
0

F) , 
distillat~ (400- 6000 F) , vacuum gas oil 
(600- 1000 F) , and residuum (lOOOoF + ) frac 
tions were subjected to analytical evalu
ation in a manner similar to the analysis 
of the crude shale oil~ . Results and i m
plications of the data derived for each 
crude shale oil and its fractional com
ponents will be presen ed in the sections 
that follow . 

To supplement the evaluation , a 
sample of Arabian Light (ABL) crude pe
troleum was fractionated in an identical 
manner and subjected to the same evaluation 
procedure . Data shown herein are derived 
from that specific crude oil sample . 

OIL EVALUATION 

Raw Shale Oil 

Properties of the two raw oil samples 
are shown in T&ble 1 . Interestingly , pro
perties of the oils appear very simil~r ; so 
much so that the assumption that the two 
samples were produced from similar shale 
sources appears valid . While sample 53- SH 
exhibits higher nitro en content as well as 
slightly lower gravicy and sulfur content , 
virtually no major differences are apparent . 

Yields of the various boiling frac 
tions from distillation of each of the 
Kentucky shale oils were nearly identical , 
as shown in Figure 2 . Gravity of the 53- SH 
sample is somewhat lower than the 08- SH 
sample . Characterization factor (K) for 
the two oils is identical . Hydrogen con
tents of the full range oils are similar 
with 53- SH slightly lower in hydrogen than 
08- "1; . 

Heteroatom concents are character
istically high for the two eastern 011s , 

TABLE 1. PROPERTIES OF EASTERN SHALE OILS 

53-Sri 08-SH 

GRAVITY, °API 10.4 11.5 

K FACTOR 10.6 10.6 

ELEHENTAL: 

HY DROGEN, WT'I. 9.19 9.63 

NITROGEN, WT'I. 1. 86 1.17 

SULFUR, I'T'I. 1. 57 2.16 

OXYGEN, 1.T7. 1. 26 1. 60 

POUR POINT, of -5 <-20 

TOTAL HETALS, PPt! 52 :5 



NAPHTHA DISTlLUlTE V. G.O. 

~ 53 ' S H o OI ' SH 

RESIDUUM 

Figure 2. Eastern Shale Oil Distillation Yields 
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Figure 3. Heteroatan Contents 

as seen in Figure 3 . Nitrogen content of 
the 53- SH ~ample is con~iderably higher 
while sulfur content is somewhat lower than 
the 08- SH sample . Oxygen content , as de 
termined by fast neutron activation anal 
ysis , is slightly lower for 53- SH . 

Both eastern shale oji samples exhibit 
low pour points and relati~ely low levels 
of metals conta~ination . Iron and ni ckel 
constitute the major contaminants i n sample 
53- SH , while iron and arsenic serve that 
role in oB- H. High levels of other con
taminants are to be found in the eastern 
shale oils as well . Organic chloiides were 
detected at ?~B ~pm in 53- H, while OB - SH 
showed ~nly IS ppm chloride . Salt (NaCl) 
content was high for bo h samples: B. 9 
and 6 . 9 pounds per thousand barrels for 
53- SH and OB- SH , respectively . Bottoms , 
sediment and water (ASTM 0-96) was hIgher 
at 1 . 1 vol% for 53- SH compared to 0 . 15 vol% 
in OB- SH . Phenol and the isomers of cresol 
and xylenol were detected at 1 . 4 wt% in 
sample 53- SH and at 0 . 4 wt% in OB - SH . 
Maleic anhydride value is hi gh for bot h 
53- SH and OB - SH (3B . 5 and 50 . 0 , respec 
tively) indicatIng a potential for unstable 
handliDg and storage p~opert ies . This 
analysis , however , is complicated by the 
high level of heteroatoms present . Rams 
bottom carbon residue for the two samples 
was determined to be 3 . 2 wt% in the case 
of 53- Hand 5 . 2 wt% for OB - SH . 

Comparison between shale oils from 
the East and those of the Green River 
formation in the West is shown in Table 2 . 
The most striking contrast be ween these 
oils are the type of hydrocarbons which are 
derived . Western shale oils have typically 

TAE ... E 2 . PROPERTIES OF EASTERN OILS VS. WESTERN 
OILS AND PETROLEUH 

ABOVE ARAEIAN HEXICAN 
53-SH 08-SH IN SITU GROUND LIGHT NAYA 

GRAVITY, °API 10.4 11.5 23 . 6 20.9 33.3 22 . 2 

K FACTOR 10.6 10.6 11 . 6 11.4 11.9 11.7 

ELEHENTAL : 

HYDROGEN, ,wT% 9.19 9.63 11. 0 11.43 12.8 

NITROGEN, WT% 1. 86 1.17 1.42 1. 97 0 . 09 (> 0.3) 

SULFUR , WT% 1. 57 2.16 0.53 0 . 62 1. 80 3.40 

OXYGEN, WT"1. l. 26 1. 60 1. 21 1. 04 0.13 

POUR POINT, OF ·· 5 <- 20 +65 +70 <-20 <-20 

TOTAL HETALS , PPH 52 55 67 106 27 340+ 
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been characterized as bein r.ighly paraf
finic . This is apparent after considerin 
the relat i vely high hydro en content , 
higher characteri~ation fac or , and hi~her 
po r pOints as compared to cas ern oil . 
The two subjLct oils , on the other hand , 
appear to be hi hly aromatic in character. 
This is su gested in part by t~~ir lower 
hy ro en contents , lower r.haracterization 
factor and much lower pour po nts. This 
rait has been reco nized by 0 her investi 

gators . 14 This information carries s ron 
implica ions for the refiner since highly 
aromatic naphthas serve as ideal high 
oc ane asoline precursors . Conversely , 
high severi y treatment of higher boilin 
materials is indicated in order to redur.e 
heteroatom contents , increase hydrogen 
con ent and mee transportation fuel 
3peclfications . This high aromat ic con
tent would n fact be de r mental to the 
produc i?n of hi h quality di sel and 
tu~'bine fuels . 

Fi~ure 4 shows boiling ran Q dis -
ribu ion for the eastern shale oil as 

opposed to those of he West and a petrol
eum crude . Sli htly more naphtha and re 
siduum are derived from these eastern oils 
compared to the western oils . The !;ulk 
of the eastern oil lies in the v~cuu~ as 
oil (600- 10000 p ) boilinr, ran e . This is 

rue of the wes~ern 0 Is as well . 

In Figure 3, hpt;~r'oatom con ents are 
shown for the sub ect oils as well as for 

wo di:ferent western shale oils . Ni 
trogen conten shows cons derable vari
ability and is high (1- 2 wt%) in both 
eastern and western shale oils . Oxy en 
ontent is sli htly , but consistently , 

hi her for the subject oils than for oils 
from western shale . 'ulfur content of 
the eastern shale oils is much hi her than 
that of he western oils , nearly 350% 
hi her in some ca es . Removal of this 
hi ,h sulfur consti .uent should sill 
oec r readily a he severities requ red 
for ni ro en removal . 

The much lower pour . o ints of the 
ea~tern oils indicate the absence of many 
of the ranspor ation problems anticipa e 
for oils from the western shales . Toal 
me als content , also , is l ower in he 
eas ern oils . The arsenic con ent in 
par icular is much lower in the eastern 
oils indicating fewer hazards 0 ca alytic 
processes , no 0 men ion hea~th and envi 
ronmental considera ons . Hi her quan-

ies of or anic chloride , salt and B. &W 
are found in the eastern shale 0 Is . 
Phenolic con ent varies for both eastern 
an #cstern oils , b is of the same o rder 
of ma nitu e in each . Maleic anhydri e 
val e is comparably high for eas ern and 
western oils , iven the analy ical limi
tations men ioned earlier . Carbon residue 
is consistently lower in oils from wes ern 
shales . 

In Table 2 some proper ies were iven 
for eastern an wes ern shale o ils, as well 
as for wo petroleum crudes . ~ignifl~an 
differences are noted mmeJiately in 
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gravity , hydro en ano he eroa 0m contents . 
The hi hly aromatic character of the 
eastern shale oils is a ain evident wh en 
contrasted with the higher gravity , char
acterization factor , and higher hydrogen 
content of the petroleum crudes . 

~3 seen in Figure 4 , the fract i onal 
yield distribution is quite different for 

he Kentucky shale v ils versus a typical 
Arabian Light crude 011 . ~ne petroleum 
crude shows a much more even boiling range 
distribution with s~gnificantly more 
naphtha (IBP- 4000 F) and d stillate (400-
6000 F) . 

Compared to tro petroleum crudes , the 
S~Jject shale oils contain much higher 
levels of nitrogen and oxy en , ?~ seen in 
Figure 3 . In spite of the high sulfur con
tent of he eastern shaie oils , this is not 
ou si e the realm ot the petroleum crudes 
processed n mAny ref neries today . The 
Mexican Maya cru e , for example , conta .ns 
more sulfur than ei her 53- SH or OB - SH . 

There is some variability in metals 
con ent between oils from eastern shale 
and petrole m crude 0il . Hi her levels 
of arsenic were de ec ed in the eastern 
shale oils , ~hile the reverse was tr~e in 
the case of vanadium content . 

In general , hi her levels of con
taminants were found to exist in the 
Kentucky shale oil versus petroleum crudes . 
More phenolic comoouno_ , organic chloride , 
salt , B &W , and hi ~er maleic anhydride 
value were attributed to the eas ern oils . 

80 
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200 400 600 800 1000 

TEMP., OF 

Figure 4. Boiling Range Distribution 



Naphtha (IBP- 400 0 p) 

Properties of the IBP- 400 0 p portions 
of the two sub ect oils are shown in Ta Ie 
3 . Yields of this fraction af er distil 
lation were nearly Iden ieal for 53- SH and 
OB- SH as were ravlty , K factor and hy
drogen content . 

Nitrogen content rema ins hi her for 
53- SH compared to OB - SH naphtha . Sulfur 
remains lower in this fraction of 53- SH 
c0mpared 0 oB - H, and oxy en conten like
wise is slightly lower for 53- SH . 

Excep for the hi her heteroatom con-
ent , few contaminants are fo nd in his 

fraction of the subject oils . No metals 
we r e detected for naph has from e her 
sample . Phenolic compoun s were found 
in 53- SH , but due to sample limitations 
the analysis was not performed on the 
OB- SH naphtha . Due to the urn formin 
tendencies induced by this level of 
phenolics , storage st~bility 0f motor 
fuels derived from these naphthas would 
be adversely affected . 

Figure 5 revea ls the levels of satu
rate , olefin and aromatic hydrocarbon types 
in naphthas from the two Rub ect oils . A 
fairly even distribution is seen , though 
the aromatics content reported may be 
biased by the hi h heteroatom contents . 
The analysis was performed using the 
fluorescent ind cator adsorp i on method . 

In ':'able 3 are iven the properties 
of naphthas from he w~ subject olls and 
two western sha]e o ils for comparison . As 
can readily be seen , gravi y , character
iza on factor and hydrogell conten are 
Rlightly lower for the eastern oil naphthas 
than for their wes tern counterpar s . 

100 

80 

'fP. 60 
o 
> 

40 

20 

----- ,--

~ I 371 

- - -- - f-

£ 
U. 2'-5 

---~ r-

I 35.9 

53-SH 

--- - ,-- ---- ,-- -- - r--
10 

/ F= (0.') 
27.7 / 

39.1 / I 
/ I 

, I-- I 
, I 

--- , 
I r-

I 
37 2 I 

31.3 I 91.1 
I 

-- -- -- ~ -
21.1 35.0 

08-SH IN smJ ARABIAN 
LIGHT 

Figure 5. Naphtha Hydrocar bon Types : 
Shale Oils Vs. Petroleum 

Naphtha y i eld from he eastern oils 
is about twice that reported for the two 
western shale oils . Both subject o ils 
con ailled approximately 10 vol% naphtha 
compared to 3 . 5 vol% naphtha for the in 
situ oil and 4 . B vol% naphtha for the 
above - round oil . 

High le vels of hetp.roatoms are found 
in the oils derivp.d from both eastern and 
western shales . The data indicate hat 
the eastern shale oil naphthas are slightly 
lower in nitrogen contene and consis ently 
higher in the amount of sulfur re3ent . 
No values were available for oxygen con
tent in the west ern shale oil naphthas . 

Phenol ic components are found in 
lar er propor i ons in the western shale 
oil naphthas as compared to naphthas from 
the eastern oils . 

TABLE 3. EASTERN SHALE OIL NAPHTHA VS. WESTERN AND PETROLEUH 

53-SH OB-SH IN SITU ABOVE GROUND ARABIAN LIGHT 

GRAVITY, °API 3B .B 39 . 3 40 . 7 43.3 63.4 

K FACTOR ll.2 11. 2 11.6 11 . 2 12.3 

ELEMENTAL: 

HYDROGEN, WT"/. 11.99 12. as 12.38 15.07 

NITROGEN , WT"1. 1.16 0 . 36 1. 02 1.40 0 .0001 

SULFUR , WT% 1. SO 1. 73 0.80 1. 06 0 .05 

OXYGEN, WT% 0 . 61 0.75 0.04 

PHENOLS , WT% 1.77 2. ~ 4 3.98 a 
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A grea deal of similarity exists 
between the eastern and western shale 
oil naphthas regarding hydrocarbon types . 
This can be seen in Figure 5 . The east 
er n oils st i ll ap:ear to demon~t.rate a 
hi gher level of aromatics in this frac 
t i on although , as ment i oned previously , 
some analytjcal interferences are intro
duced by the high level of heteroatoms . 

Table 3 also provides a comparison 
between properties of naphthas derived 
from Arabian Light crude oil and those 
of the subject eastern shale oils . Al 
though not shown in the cited table , 
napht~a yield is much hi her from 
Arabian Light crude oil than that de 
rived from the eastern oils studied . 
Nearly a 30 vol% yield of naphtha was 
distilled from the crude oil while the 
eastern shale oils produced only about 
10 vol% of IBP- 4JO oF material . 

The Arablan Light naphtha again ex
hibits a higher characterization factor 
and much higher gravitl and hydrogen con-
ent than naphtha from 53- : H and OB- SH . 

These traits combine 0 sug est a high 
paraffin and naphthene content as opposed 
tA the even distribution of hydrocarbon 
ypes seen in the eastern shale naphthas . 

The comparison shown in Figure 5 sub 
stantiates his conclusion . 

As expected , he eroatom levels in the 
eastern shale oil naphthas are extremely 
high as compared to the petroleum naphtha . 
The Arabian Li ht naphtha contains hardly 
any nitrogen , and less than 0 . 1 wt% of 
sulfur end oxygen combined . These da a 
imply that relatively higher processin 
severities and hy rogen supply will be 
required for produc ion of high quality 

motor fuels from the eastern s~ale oil 
naphthas . 

Phenolic components represen yet 
another contaminant absent from the petrol 
eum based naphtha . Although the eastern 
shale oil naphthas contain lower levels 
of phenolic species han their western 
shale oil analo ues , they still exhibit 
a much higher phenolic content than pe rol 
eum naphtha . 

Q.istillate_<-400- 600 0 F) 

Properties of istillate mnterial 
from 53- SH and OB - SH are shown in Table 4 
along with properties of wester~ shale oil 
and Arabian Light distillates for com
parison . 

The two subject oils show similar 
yields , ravity , characterization factor , 
and hydro en conten~s ap well as nearly 
identical viscosities . The same trend 
is observed for heteroatom contents as 
seen in the naphtha fraction , i . e ., 
nitroger. appears higher while sulfur and 
oxygen co~_en s are lower for 53- H com
pared to OB- SH . No metals were de ected 
in either of the Ken ucky shale oil dis 
,ilIa es . orne phenolic 8omponents have 

been found in he 400- 600 F fractions of 
the subject oils , but the available 
analytical method& have precluded detection 
of phenolic types with molecular wei hts 
greater than xylenol . 

On comparison with distilla e materlal 
rom the western s~ale Oils , it can be 

seen that 00 h eastern shale oil distil 
lates exhibit lower ravity , K factor and 
hydrogen contents . This trend follows the 
same pattern observed in the lower boiling 

= 
TABLE 4. EASTERN SHALE OIL DISTILLATE VS. WESTERN AND PETROLEUM 

S3-SH 08-SH I N SIT;] ABOVE GROUND ARA.BIAN LIGHT 

GRAVITY. °APT 22 .7 23 .0 31. 6 30.7 39.6 

K FACTOR 10 . 7 10 .7 11.6 11.2 11 .9 

ELEMENTAL : 

HYDROGEN. WT% 10.6B 10.81 11.5 12. 0 13 . 83 
NITROGEN. WT% 1. 42 0.7il 1.17 2 . 23 0.0015 
SULFUR. WT% 1. 36 1. 74 0.59 0 .85 0 . 69 
OXYGEN. WT% 1. 29 1. 66 

0.04 

VISCOSITY. SUS @ lOOoF 35. 2 34.5 4 . 9 39.9 34. 2 
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fraction . Nitrogen content of tne eastern 
oil distillates is marginally lower while 
sulfur content is substantially higher than 
that found 1n the western shale oil dis 
til~ates . No oxygen data were available 
for the in situ and above-gro~nd distil 
lates . 

Viscosities of the eastern shale oil 
distillates are of the arne order of 
magnitude as distillate from the above
ground retorted wes'ern shale oil . A 
considerably luwer viscosity is observed 
in the case of the in situ distillate . 

Arabian Light crude oil distillate 
shows higher gravity and characterizar.ion 
factor as well as much hi her hydrogen 
content compared to the 53- SH a~d OB - SH 
distillates . Heteroatom content of the 
crude oil based distillate is generally 
much lower than the eastern shale eil 
distillates . Sulfur represents the most 
abundant heteroatom in the petroleum dis 
tillate and is still less than half that 
sep.n in the Kentucky shale oil distillates . 

Interestingly , viscosities are almost 
iden ieal b~tween the eastern shale oil 
and petroleum distillates , indicating 
that the same handling and pumping char
ac eris ics might be exp~cted to apply 
to both . 

Vacuum Gas Oil (600 - 10000 F) 

The vao fraction represents the most 
abundant liquiv portion , about 50 vol% , of 
each of the eastern shale oil samples . 
Proper ies of the vao from 53- Hand oB- H 
are shown ~n Table 5 , alon with properties 

of analogous fractions from the Green River 
shale oils and Arabian Li ht crude oil . 

At first glance the OB- SH sample 
appears to have slightly higher gravity 
and K factor and to contain m0re hydrogen . 
However , after subjecting the appropriate 
fraction to simulated distillation analysis 
it is evident tha a slightly higher con
centration of lower boiling components 
existed in the OB- SH sample . Apparently , 
less efficient operation of the distil
lation unit was maintained during frac 
tionation of the OB- SH oil . 

Higher Ileteroatom contents are, as 
expected , found in the hi her boiling 
fractions . The pat ern continues be
tween fractions of the two subject oils ; 
that is , higher nitrogpn content and 
lower sulfur and oxygen levels were 
detected in 53- H VGO compared to oB- H 
VGO . 

The eastern oil VGO samples show 
very similar pour points , as well as 
low metals content . The OB- SH VGO is 
slightly higher in metals , ow in to 
a 13 ppm contribution from ~rsenic . 

Table 5 also shows properties of VGO 
from Green River shale oils . These ma
terials show much higher gravities than 
their eastern counterparts , higher K 
factors and nearly 2 wt% more hydrogen . 
The high paraff_n content of the western 
shale oil VGO is obvious in view of the 
very hi h pou~ pOints compared to the vac 
derived from eastern shale oil . 

Nitrogen content is highly variable 
in tnis fraction , with the eastern oil 

TABLE 5. EASTERN SHALE OIL VGO VS. WESTERN AND PETROLEUM 

53-SH OO-SH IN SITU ABOVE GROUND ARABIAN LIGHT 

GRAVITY, °API 6 . 5 S.2 23 .2 21. 7 26.0 

K FACTOR 10 .4 10.6 11.6 11.4 11.S 

ELEMENTAL: 

HYDROGEN, WT% 9.04 9.19 11.S 11.4 12.62 

NITROGEN, WT% 2.14 1. 59 1. 62 LSI 0.05 

SUI.FUR, WT% 1.65 2 .04 0.51 0.65 2.1S 

OXYGEN, WT% 1. 53 1. 90 O.OS 

TOTAL METALS, PPM 1 16 22 19 1 

POUR POINT, of +30 +25 +75 +65 +60 
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fraction . .itrogen content of the eastern 
oil distilla es is marginally lower while 
sulfur content is substantially higher than 
that found in he western shale oil dis 
tillates . No oxygen data were available 
for the in situ and above - ground distil 
lates . 

Viscosities of the eastern shale oil 
distillates are of the same order of 
magnitude as distillate from he above 
ground retorted western shale oil . A 
considerably lower viscosity is observed 
in the case of the in situ distillate . 

Arabian Light crude oil distillate 
shows higher gravity and characterization 
factor as well as much higher hydrogen 
content compared to the 53- SH and OB - SH 
distillates . Heteroatom content of the 
crude oil based distillate is generally 
much lower han the eastern shale oil 
distillates . Sulfur represents the most 
abundant heteroatom in the pe roleum dis
tillate and is still less than half that 
seen in he Kentucky shale oil distillates . 

Interestingly , viscosities are almost 
identical between the eastern shale oil 
and petroleum distillates , indicating 
that the same handling and pumping char
acteristics might be expected to apply 
to both . 

Vacuum Gas Oil (600- l0000p) 

The VGO fraction represents the most 
abundant liquid portion, about 50 vOl% , of 
each of the eastern shale oil samples . 
Properties of the VGO from 53- Hand OB- H 
are shown in Table 5 , along with proper ies 

of analogous fractions from the Gree~ River 
shale 011s and Arabian Li ht crure oil . 

At first glance the OB- SH sample 
appears to have slightly higher gravity 
and K facior and to contain more hydrogen. 
However , after subjecting the appropria e 
fraction to simulated distillation analysi3 
it is evident that a slightly higher con
centratIon of lower boiling compone n ts 
existed in the OB - SH sample . Apparently , 
less efficient operation of the distil 
lation unit was maintained during frac 
tionation of the OB - SH oil . 

Higher heteroatom contents are , as 
expected , found in the higher boiling 
fractions . The pa ern continues be
tween fractions of the t wo subject oils ; 
that is , higher nitrogen content and 
lower sulfur and oxygen levels were 
detected in 53- SH VGO compared to OB - SH 
VGJ . 

The eastern oil VGO samples show 
very similar pour points , as well as 
low metals content . The OB - SH VGO is 
slightly higher in metals, owing to 
a 13 ppm contribution from arsenic . 

Table 5 also shows properties of VGO 
from Green River shale oils . These ma
terials show much higher rav1ties than 
their eastern counterparts , higher K 
factors and nearly 2 wt% more hydrogen . 
The high paraffin content of the western 
shale oil VGO is obvious in view of the 
very hi h pour pOints compared to the VGO 
derived from eastern shale oil . 

Ni ro en content is hi hly variable 
in this frac ion , with the eastern oil 

TABLE 5. EASTERN SHALE OIL VGO VS. WESTERN AND PETROLEUM 

53-SH OB-SH IN SITU ABOVE GROUND ARABIAN LIGHT 

GRAVITY, °API 6.5 B.2 23.2 21. 7 26.0 

K FACTOR 10.4 10.6 11. 6 11.4 11. B 

ELEMENTAL: 

HYDROGEN, WT% 9.04 9 . 19 11.B 11.4 12 . 62 

NITROGEN, WT% 2.14 1. 59 1. 62 1. B1 0.05 

SULFUR, WT% 1. 65 2.04 0.51 

OXYGEN, WT% 1. 53 1. 90 

TOTAL METALS, PPM 1 16 22 

POUR POINT, OF +30 +25 +75 
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showin slightly more nitrogen on he 
avera e . Sulfur , however , is much more 
ab ndan in the eastern oils ' 600- 10000p 
frac ion . No cxy en data is available 
for V00 rom the ,reen River shale 0 Is . 

Metals contamination is sligh ly 
higher in the western s~ale oil VGO . 
Arsenic is the major con aminan' in thir 
fraction of the western oils . 

Properties of vao from Arabjan Li h 
petroleum , sho~n in Table 5 , reveal much 
higher gravity , K fac or and hydrogen 
con en han heir com arable fractions 
from he eas ern shale oils , an the yiel 
of OO - lOOOoF material from Arabian Li ht 
pe roleum is abou half that from the 
eastern shale oils . 

fietero:ltom contents are , naturally , 
much hi her or he eastern shale rna erial 
with one excep ion : sulfur is more 
ab ndant in vao from Arabian Light petrol
eum han in the Kentuc ky shale oil VGO . 
Metals content is extreme ly 101 for he 
petroleum based V,O al d itR po r pOint is 
about wice that of he V,O from 53- .H and 
OB- ~f!. 

Res idu __ "LLlQ.OOoF+) 

Propert i es of he residuum from the 
fract ona ion of 53- SH Bcd OB- Sf! are lven 
in Table 6 . The materials are quite 

similar and are characterized by high 
densities and low hydrogen contents . 

4nalysis of heteroatom contamination 
again reveals a higher ni rogen content in 
the 53- H residuum and lower sulfur a n d 
oxygen contents than i n OB - SH . Metals 
contamInation is highest in thIs fraction 
of both subject oils with iron being the 
major contributor . Arsenic concentration 
is much hi her in the OB - SH resi uum . 

Residua from he western shale oils 
exhibi a lower density , hi her K factor 
an higher hydrogen content . Heteroatom 
contents of 'he eastern shale oil residua 
are consis ently higher; and sulfur , in 
particular , is si nificantly higher for 
the eastern shale mater al . Toeal metals 
content of the western shale oil res i dua 
is somewhat lower than that found in the 
eastern materials . Arsenic content is 
intermedia e between the 53- SH and OB- SH 
samples . 

Arabian Light reSiduum , shown also in 
Table 6 , exhibits a density intermediate 
between the eastern and western shale oil 
resi ua . Once a ain , higher K factor and 
hydrogen content are characteristic of the 
pe roleum based residuum . Higher yields 
of resi uum are derived from the crude oiJ , 
about 23 voll , as compared to about 12 vol~ 
and 15 vol% for 53- SH and OB - H, respec
tively . 

TABLE 6. EASTERN SHALE OIL RESIDUUM VS. WESTERN AND PETROLE1Jlo1 

53-SH 08- SH IN SITU ABOVE GROUND ARABIAN LIGHT 

SPECIFIC GRAVITY 1.161 1.167 0 . 9522 0.9665 1. 0029 

K FACTOR 10 . 5 10.3 11. 8 11. 7 11 . 9 

ELEMENTAL: 

HYDROGEN, \OlT% 7 .1 7 . 2 11.09 10.60 10.12 
NITROGEN, WT% 2. 71 2. 1B 1. 54 2.45 0 . 28 
SULFUR, WT% 1. 38 1. 96 0. 49 0.5 B 3.32 
OXYGEN, WT% 1. 80 2 . 34 0. 25 

IRON, PPM 174 171 111 138 14 

NICKEL, PPH 13 2 36 23 10 1B 

VANADIUM, PPtf 7 12 2 2 68 

ARSENIC, PPH 1 66 40 32 <1 
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Sulfur is concentrated more heavily 
in the petroleum bottoms , while n1 rogen 
and oxygen are more abundant in rE idua 

rom the Kentucky shale oil samples . 
~otal metals content in the petroleum 
residuum is about one- third that of the 
eastern shale oil bo toms . No arsenic 
was detected and greater levels of 
vanadium exist in the Arabian Light 
residuum as ~ompared to the 53- SH and 
OB - SH residcla . 

CONCLUSION 

The two sample oils derived from 
Kentucky shale studied herein exhibit 
very similar physical and chemical pro
perties. both in the full range oils and 
in the fractions distilled therefrom . 

The eastern shale oils examined can 
be characterized as hi hly aromatic oils 
with lower API gravity , lower hydrogen 
contents and lower pour points than their 
western shale oil rela_ives . Comparably 
high heteroatom contents are observed in 
oils derived from eastern and western 
shales , but sulfur content of he eas ern 
oils studied is substantially higher than 
that found in oils retorted from the Green 
River shales . 

Fract i onation of the subject samples 
yielded an abundance of material boiling 
in the 600- 10000 F range , with slightly 
more naphtha and residuum produced than 
that found in the western shale oils . 
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Eastern Shale Oil to Finished 

Petroleum Products 
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Abstract. The key to upgrading Eastern shale oil to finished 
petroleur.1 products is primary and secondary hydrotreating. 
The primary hydrotreating of the crude shale oq would 
require new capital invpstment at an Eastern ,-efinery. 
Existing refinery hydrotreating facilities would serve as 
secondary hydrotreating . Tennessee shale oil hao, a low pour
point and is transportable to refineries without upgrading 
facilities at the retort. 

Introductioll 

The firs , step in t he definition of a ro~te 
for upgrading shale oil to salable products is to 
conduct a marketing study to dete~ine the desired 
products. One need on 1y to read the recent 1 iter
dture to realize the markets for refined petroleum 
prOducts are changing and demand for leaded gaso-
1 i ne, fuel oil, res i dua 1 fuel oi 1, and coke is 
shrinking. A refiner of Eastern shale oil can 
expec t ccxnpetiti on from Eas tern and lies tern coa 1 , 
the natllral gas industry, coal liquefaction, coal 
gasification, Western oil shale, and nuclear 
power. The r,lost prudent shale oil refining route 
is probdbly one that maximizes yields of compon
ents that are suitable for blending fuels that are 
used in the tran~portatio n sector-motor gasoline, 
diesel fuel, and jet fuel. These fuels have been 
traditionally obtained from petroleum . 

Crude Shale Oil Pour-Point 

I f the crude shale oil produced by retort
ing is not transportable because of higr. pour
point or because of degradation in sto ragE, it 
'llil l be necessary to partially upgrade the crude 
shil1e oil at the retort site. Several routes are 
available: 

Coking 
Addition of pou r- point depressants 
Hydrogenation 

Coking cracks the oil into lighter oils 
that have lower pour-points. Coking is probably 
not an acceptable r,lethod because the coke has a 
low selling price, and the yields of oil are 
greatly reducEd. Since Eastern shales have l ow 
oil yields, this route is clearly not acceptabie. 

Pour-point depressants can be used. 
However, not all types of depressants are suitable 
for r,la ny oils. Also, pour-point depressants do 
not improve the yi e 1 ds of the r,lOS t des i rab 1 e 
products from the shale oil refining. 

Pour-Point can be improved by hydrogena t i ng 

321 

the crude shale oil. Pour-Point is improved by 
converting sulfur in the oil to hydrogen sulfide; 
the nitrogen in the oil is removed as ammonia. 
Oxygen in the oil is converted to water. This 
route has the advantage that it also improves the 
quality of the oil shipped to the refinery. The 
principal disadvantage is that hydrotreating is 
expensive. This is a significant disadvantage 
because most Eastern oil shale ventures (mine and 
retort) are being sized for 10,000 B/O versus 
50,000 B/D for a typical synfuel venture. Thus, 
hydrotreating at the retort site would lose 
considerable advantages of scale. 

The oil that we have produced from Tennessee 
shales in our laboratory studies appears to have a 
low enoug h Dour-point (about 5°F) such that the oil 
is trdnspOl' .ab 1 e as produced from the reto rt with
out additio~al treatment. However, this conclusion 
should not be extrapolated to all Eastern shale 
applications. 

Siting Factors 

To keep environmenta l impacts within 
acceptable 'imits, most Eastern oil shale mines 
and retorts will probably be sized for 10,000 B/D 
of crude shale oil. This will require the oi l from 
several of these ventures be shipped to a central 
ref inery for upg rading to salable products. U. S. 
refineries are presentiy opera ting at only 65% of 
capacity. Hence it appears that existing refin
eries should be utilized rather than building new 
o~es specifically designed for Eastern shale oil. 

For a refiner to make a committment to the 
refining of Eastern shale oil, it will clearly be 
necessary that several retorts be scheduled to 
come on stream at roughly the same time. 

The transportation of the crude shale oil 
from retort to refinery by river barge would 
probably be the most desirable method. The oil 
would probably be r.loved by pipeline from the retort 
site to barge facilities. Thus, mine sites located 



near navigable rivers appear to be desirable. 

.Hydrotreati ng 

Our studies with Tennessee shale oils have 
iuentified the presence of nitrogen, sulfur, and 
oxygen in the bitumen. He be 1 i eve the fi rs t step 
in the refining process would be the removal of 
nitrogen, sulfur, oxygen, and heavy metals, 
particularly heavy metals and nitrogen which are 
catalyst poisons. A hydrotreater with some kind 
of guard bed for removal of heavy metals would 
probably be used. Hydrotreating would also have 
the advantage that the hydrogenation would increase 
the yields of lighter components which are suitable 
for transportation blending stocks and hence more 
valuable. l~e believe that hydrotreating is the 
key upgrading process for refining Eastern shale 
oil s. 

The hydrotreating would be done in two 
basic pa rts. The first would be a hydrotreatrnent 
of all the shale oil for gross removal of nitrogen, 
other impurities, and catalyst poisons. After 
crude fractionation, some additional downstream 
hydrotreating would be required to protect more 
sensitive catalysts. 

After the primary hydrotreater, the upgraded 
oil would be fractionated. One fraction would go 
uirect1y to gasoline blending. Another somewhat 
higher boiling fraction would go to a reformer with 
the reformate going to gasoline blending. Other 
higher boiling fr~ctions would be hydrotreated and 
these products would go to jet fuel and diesel 
fuel. The fraction with boiling range of 650°F 
pius w3u1d probably go to a hydrocracker to 
increase gasoline yields even more. A fluid 
catalytic cracker cou ld probably be substituted 
for the hydrc~~acker although the gasoline yields 
would be less. He bel ieve Tennessee shale oil is 
aromatic and hyd,ocracking may be more desirable 
than fluid catalytic cracking. 

We believe that considerable secondary 
hydrotreating will be required after the shale oil 
has gone through crude fractionation. Naphtha 
hydrotreating will be required to remove gum 
formi ng materi a lsi n order to improve storabil ity. 
If octane ratings are to be improved, some of the 
naphtha may be processed in catalytic reformers. 
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Since reformer catalyst is quite sensitive to 
nitrogen, the reformer feed should be hydro
treated. 

Distillates that are to be used for diesel 
and jet fuel blending should probably also be 
hydrotreated to improve storability. Jet fuel 
would probably require a more severe secondary 
hydrotreat than diesel. 

Atmospheric and vacuum gas oils produced 
from shale oil could be used as feed to hydro
crackers or fluid catalytic crackers to improve 
the Yle1d5 of blending stocks for transportation 
products. Because catalysts for catalytic 
cracking are nitrogen sensitive, a secondary 
hydrotreat to get the nitrogen content down to 
several thousand ppm will be required. The same 
is true if gas oils are used as feed for hydro
crackers. 

The important point to realize about 
secondary hydrotrea ti ng is that there are r.lany 
large refineries operating in the U. S. with 
imported sour crude, and the secondary hydro
treaters are already in place operating on 
fractionator cuts. Thus we believe that existing 
secondary hydrotreaters could be utilized if sour 
foreign crude is replaced with Eastern shale oil. 
Thus, the principal new refinery investment would 
be for primary hydrotreating. 

We also believe there is an important 
transportation advantage for Eastern shale oil. 
Eastern shale oil would probably move to refineries 
on barges utilizing the inland waterway system and 
would replace a 9,000 mile tanker lifting from the 
tliddle East. 

Conclusions 

Crude Tennessee shale oil will probably not 
require treating at the reton; site to be 
transportable to refineries. Hydrotreating is the 
key upgrading process . The primary hydrotreater 
would require new capital investment. The second
ary hydrotreating would be done in existing 
facil ities. 
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Abstract . Results a r e shown for the acid extractability of several 
minerals from: (1) raw shale, (2) shale that has been retorted 
with hydrogen under pressure , and (3) retort residue that has been 
subjected to an oxidative r oast . Six elements (AI , Go , Fe , Mo , D, 
and V) have been identified as having the greatest potential for 
economical recovery. Conceptual process flowsheets for their 
recove ry are presented . 

Introduction 

The United States depeuds on foreign sources 

analyses were perforwed by the optical f luorescence 
method, wh ile analysis tor all other metals was by 
Inductively Coupled Plasma Spectrometry . 

for s upplies of many metals including aluminum, 
cobalt , a nd nickel . Eastern shale contains these 
elements as we ll as i ron , molybdenum , uranium , and 
zinc . Recovery of minerals as a by- product of oil 
r ecovery could have economic as well as strategic 
benefits . Addit ionally , mineral recovery coule have 
environmental advantages since the leached shale 
residues would be more inerl than the retort r esidues . 

Metal recovery from Chattanooga shale is not a 
new concept , and several researche rs have ex~lo red 
uranium r ecovery by a sulfuric acid leach . I , Work 
at Ranstad , Sweden , 3 has also been underway for sev
e r al years on recove ry of uranium t r om shale via 
sulfuric acid leach . Previous work has emphasized 
sulfuric acid leach because (1) the technology for 
urani um recovery is well known a nd (2) the sulfur 
contained in the shale is a source of s ul f uric acid . 

Although previous studies on metal recovery 
from shales have focused on uranium, substantial 
research which has been done on oetal (primarily 
aluminum) recovery from clays and coal combustion 
ash may be applicable to shale . Early studies with 
these materials also used sulfuric acid as a disso
lution agent . 4 , 5 Difficulties in obtaining a suf
ficiently pure alumina product and in acid recycling 
led to interest in othe r systems , such as that using 
hydrochloric acid . 6, 7 Recent studies at Oak Ridge 
Nationa] Laboratory (ORNL) have concentrated on 
metal r ecovery from fly ash via a hydrochloric acid 
leach . 8- 10 

Metal Leachabili ty 

The Chloride System 

The reference shale [provided by Institute of 
Gas Technology (IGT)] used in this study was obtained 
from Clay County , Tennessee . The metal content of 
the reference material is shown in Table 1 . Uranium 
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Table 1 . Metal Content of the Reference 
Chattanooga Shale Used in 
Leaching Studies . 

Concentration 
Element (ppm) 

Al 64500 
B 78 
Ba 640 
Be 3 
Ca 3000 
Co 69 
Cr 214 
Cu 106 
Fe 70600 
K 23100 
Li 33 
Mg 6825 
Mn 126 
Mo 205 
Na 3126 
Nb 11 
Ni 338 
P 699 
Pb 14 
Sc 11 
Sr 57 
Th 6 
Ti 3508 
U 64 
V 366 
Y 13 
Zn 124 
Zr 105 



A product value analysis of the reference shale 
(Table 2) clearly indicates that aluruinum (as alu
mina) should be a major product of interest . II Our 
studies wi th fly ash have shown tha t when alumina is 
a major product, the chloride system has important 
advantages over the s ulfate and nitrate systems. S ,9 
Thus our r ecent studies on Chattanooga shale concen
trated on treatment via hydrochloric acid leach . 

Table 2 . Chattanooga Shale Product Value Analysis. 

Value Possible products 
($ per short ton of shale) 

Alumina (A1203) 
Cobalt (CO?03) 
Iron (Fe203) 
Molybdenum (Mo03) 
Uranium (U 30S) 
Vanadium (V20S) 

Effect of HYdrocarbon Liberation 
on Metal Recovery 

24 . 51 
3 . 20 

10 . 49 
4 . 90 
3 . 75 
3 . 68 

This study Loncentrated on metal recovery from 
the residue of the IGT HYTORT process,which is rep
resentative of the state-of-the- art in Chattan oga 
or Eastern shale development. However, other hydro
carbon liberation processes may prove as effective 
and possibly more economical . The retort residue , 
presently envisioned as waste, also contains sig
nificant residual carbon and sulfur and thus may be 
gasified for heat recovery and sulfur r emoval . 12 
Consequently, 3-h reflux-temperature leaches using 
excess 6 N hydrochloric acid were performed on 
(1) raw shale , (2) retort residue (i . e . shaJe sub
jected to a reducing atmosphere), and (3) retort 
residue processed for heat recovery and sulfur 
removal in an oxidizing atmosphere at 650°C for 4 h . 
The resulting metal removal values are shown in 
Table 3. 

The data indicate that significant quantities 
of the metals of interest (AI, Co, Fe, Mo , U, and V) 
are extracted by the direct hydrochloric acid leach . 
Treacment of the raw shale appears more suitable for 
uranium recovery than for recovery of other me tals. 
As expected , prior treatment of shale for carbon 
removal genprally increases the metal removal values . 
The lower v,'lues for recovery of molybdenum and 
uranium from the r e tort reSidue may r esult from the 
exposure to the r etort redUCing atmosphere since 
both elements are known t o exhibit lower acid solu
bilities in the r educed state. Subjecting the 
retort reSidue to an oxidative roast increases the 
leachability of both metals . The roast also appears 
to increase the leachability of aluminum, although 
the reason for this is unclear . The overall data 
confil'm that metal recovery depends on retorting 
conditions . 

Process Development 

As indicated by the reflux-tempera ture leach 
data (Table 3), metal removal from the three mate
rials used appears to be feaSible . Howeve r, th 
leachates of each material will require different 
(although not unique) proceSSing schemes for the 
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Table 3. Metal EXtractlon Values from 3-h 
Reflux-Temperature Leaches with 6 N 
Hydrochloric Acid . * 

Extraction ~%) 
IGT Rc.lsted 

retort retort Element ShaJe residue*'" residue*** 

Al 31 63 79 B 53 59 86 Be 72 96 98 Ca 95 95 97 Co 30 97 100 Cr 82 60 80 Cu 17 34 84 Fe 15 97 99 K 29 62 71 Li 55 23 22 Mg 62 88 97 Mn 71 93 96 Mo 22 11 99 Na 8 24 27 Ni 45 95 98 p 99 93 95 Sc 43 77 86 Sr 49 70 72 Ti 4 5 8 U 75 56 67 V 26 74 96 Y 84 63 67 Zn 93 97 93 

*It should be noted that all feed materiaJs 
were ground to -35-mesh size prior to 
leaching . 

**Shale subjected to retort under hydrogen 
pressure at high temperatures . 

***Oxidized in air for 4 h at 6500C. 

recovery of the six elements of interest. Three 
possible approaches are presented in this study. 

IGT Retort kes idue 

Since the JGT HYTORT process is represen tative 
of the state-of-the-art in Eastern shale develop
ment, conSide rable effort was expended on metal 
recovery from IGT retort reSidue. X-ray diffraction 
analysis indicates that the sulfur in this residue 
is primarily associated 'dth the iron as FeS , and 
literature data indicate that sulfides con taining a 
Single sulfur atom (e.g" FeS) are relatively eaby 
to leach.

13 
fherefore , an ambient-temperature, 

excess-acid leach of the reSidue was performed with 
the results shown in Table 4 . As indicated, the 
24-h leach removes significant quantities of Co, Fe, 
Ni, U, and Zn. This ambient-temperature leach not 
only isolates three products of interest (see Table 
2) but also provides a significant purification of 
aluminum by remOVing Significant quantities of the 
Ca and P. Aluminum purification normally is diffi
cult in the presence of high concentrations of iron 
and the IA and IIA elements. 

The sulfur in the leach solution will be 
present as H2 S, suggesting the possibility of iso
lating Co, Ni, and Zn as sulfide precipitates. 



Table 4. Extractions Resulting from a 6 ! 
HCl Ambient-Temperature Leach of 
Retort Residue . 

Extraction (%) 
Leach time (h) 

Elemer.t 1 3 6 24 72 

Al 2 2 3 5 6 
B 5 0 9 6 15 
Be 0 0 12 26 26 
Ca 84 86 87 86 88 
Co 95 95 96 96 97 
Cr 41 4Z 42 50 52 
Cu 0 0 3 0 0 
Fe 89 90 91 90 92 
K 4 5 6 9 6 
Li 0 0 5 0 2 
Mg 5 8 10 17 23 
Mn 44 51 54 57 64 
Mo 0 0 6 0 0 
Na 4 5 6 7 8 
Ni 77 82 85 91 87 
P 82 82 85 82 84 
Sc 0 0 5 0 8 
Sr 47 49 50 49 50 
Ti 0 0 1 0 1 
U 30 66 65 
V 9 10 12 13 18 
Y 54 51 52 54 56 
Zn 67 72 78 69 80 

Results shown in Table 5 were obtained for an 
ambient-temperature leach using an acid-deficient 
system (0 . 6 N acid at 20% solids is the stoicr. ! o
metri~ amount required) at leach times of 1 hand 
24 h. The decreasing extraction of Co and Ni with 
longer leach time strongly suggests that precipita
tion has occurred. A mixture of Co-Ni-Zn sulfides 
could be sold as an ore concentrate. 2 

Sulfur removal may be accomplished via aeration 
in a manner similar to that used for wastewater 
cleanup . Determining the quar.tity and concentration 
of acid contained in the off-gas will be of para
mount importance in deciding whether the HzS can 
be routed to the disposal system used in the hydro
carbon liberation step or whether a separate HzS 
disposal scheme must be used . Need for a separate 
system would have a significant impact on the eco
nomics of metal recovery . 

Several approaches to removal of uranium from 
a chloride system are available in the literature . 
Uranium removal by solvent extraction with di-2-
ethylhexyl phosphoric acid in com~ination with 
trioctylphosphine oxide has been reported by Blake 
et al ., 14 with the uranium recovered as uranyl tri
carbonate by stripping the organic phase with car
bonated ammonia solution . The precipitated uranyl 
tricarbonate is calcined to U30a at 600·C. Seeley 1S 
has reported uranium extraction coefficients on the 
order of 104 from a chloride system using a quater
nary a~ine solvent. Kraus 16 reported uranium dis
tribution coeffic~ents on the order of 10 3 with 
quaternary a~ine polystyrene divinyl benzer.e ion 
exchange resin in the chloride system. 

The aqueous stream remaining after uranium 
removal contains primarily ferrous chloride , which 
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Table 5 . Extractions Resulting trom an 
Acid-Deficient Ambient-Temperature 
HCl Leach of Retort Residue . 

Extraction ~%2 
Element Run 2* Run 3** 

Al 1 1 
B 2 6 
Be 0 0 
Ca 81 82 
Co 68 1 
Cr 28 33 
Cu 0 0 
Fe 83 82 
K 3 3 
Li 1 3 
Mg 3 5 
Mn 37 43 
Mo 0 0 
Na 4 5 
Ni Z~ 1 
P 6r 56 
Sc 0 0 
Sr 25 31 
Ti 0 0 
V 7 6 
Y 44 45 
Zn 1 0 

*Leach conditions : 1 h at 20% pulp density 
with 0 . 5 N HCl (slightly acid- deficient) . 

**Leach conditions : 24 h at 20% pulp denbity 
with 0 .5! HCl (slightly acid-deficient) . 

can be converted to Fe203 (with hydrochloric acid 
recovered for recycle) using technology available 
from treatment of spent steel- pickling liquor . 17- 19 

The process involves the pressure oxidation of the 
ferrous chloride to ferric chloride in oxygen atmo
sphere at ~150·C and 145 psia . The ferric chloride 
is then hydrolyzed to Fe203 at ~l60·C with volati
lized acid recovered for recycle . 

The solid discharge from the ambient-temperature 
leach (i . e . leached retort residue) can then be 
processed for aluminum recovery . Table 6 summarizes 
results from a 6 N HCl, reflux-temperature leach 
(2nd stage) of retort residue that had been pre
viously subjected to a 24-h ambient-temperature 
leach in excess 6 N HCl (1st stage) . The data indi
cate that maximum 8llminum and vanadium removals can 
be achieved with a 3-h leach . The leach also 
extracts significant quantities of other elements, 
primarily the alkali metals , which must be removed 
from the final products . [Sato et al . zO have pre
sE.lted data on the extraction of vanadium from 
hydrochloric acid solutions using tri-~-octylphos

phine oxide (TOPO) or tri-~-butylphosphate (TBP») . 

The aqueous solution remaining afte r vanadium 
re~oval, containing primarily aluminum chloride , 
may then be processed for recovery of alumina 
(Alz03) by fractional crystallization via HCl 
sparging 21 in which aluminum (as A1Cl3'6HzO) is 
preferentially precipitated at high hydrochloric 
acid concentrations . Our scouting studies indicate 
that AIC13 · 6H20 crystals of sufficient purity can 
be obtained from the 2nd-stage leach liquur in two 



Table 6 . Extractions Resultin!;; from Second-
Stage Reflux-Temperature Leach . * 

Extraction ~%} 
Leach time (h) 

Element 0 . 25 1 3 8 

Al 15 36 77 78 
B 27 43 73 74 
Be 35 69 98 94 
Ca 49 62 66 71 
Co 92 98 99 97 
Cr 20 89 75 79 
Cu 60 52 55 38 
Fe 38 56 84 83 
K 24 43 72 70 
Li 8 13 25 20 
Mg 34 62 94 95 
Mn 46 39 91 89 
rio 21 22 17 21 
Na 10 19 20 19 
Ni 74 73 77 73 
p 56 64 87 85 
Sc 25 53 87 86 
Sr 24 31 53 49 
Ti 1 2 8 8 
V 32 53 83 84 
Y 17 23 41 35 
Zn 74 79 90 88 

*Leach conditions : 3-h , 6 ~ HCl , reflux-
temperature leach of the residue from a 
24- h , 6 ~ HCl, ambient-temperature leach of 
retort residue . 

c r ystallization stages . 22 Calcination of AIC13 ' 
6HoO to saleable alumina at ~500·C is well docu
me~ted . 23 

The acid liquor remaining after the crystalli
zation of AIC13 · 6H20 will contai. primarily the 
alkali metals and other elements of little or no 
commercial value . These can be isolated for dis
posal by one of two methods : (I) sparge crystalli
zation to precipitate the metals as chlorides (by 
raising the HCl content to ~35 wt %) or (2) t~eat

ment of a bleed stream with H2S04 (to precipitate 
the alkali earth metals as sulfates) . The method of 
choice ~ill depend primarily on environmental con
siderations in the dinposal of the waste salts 
(chlorides vs sulfates) . Therefore , identification 
of the waste components is essen~ial . With either 
method , the remaining liquor (laden with HCl) will 
be recycled to the leach step . 

IGT Retort Residue Subjected to 
Oxidation (Roastlng) 

As indicated by Table 3 , oxidation of the 
retort residue causes a substantial increase in 
extraction values for several elements in an excess 
hydrochloric acid leach at reflux temperature . The 
increased extraction value for molybdenum may make 
it a viable product from this material . An ambient
temperature leach of the oxidized retort residue 
gives no clear-cut metal separations , so the two
stage leach process described previously is not 
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Table 7. Extractions Resulting from a 6-h 
Hydrochloric Acid, Reflux-Temperature 
Leach of Roasted Retort Residue . 

Extraction ~ % } 
Roast tem~erature* 

Rlement 550·C 650·C 750·C 850·C 950·C 

Al 78 79 77 61 9 
B 83 86 82 43 15 
Be 94 98 85 39 13 
Ca 96 97 96 83 68 
Co 100 100 96 69 40 
Cr 92 80 79 57 43 
Cu 89 84 78 46 15 
Fe 99 99 99 95 88 
K 72 71 71 63 7 
Li 39 22 26 26 8 
Mg 97 97 93 ~O 17 
Mn 96 96 94 66 38 
Mo 99 99 97 78 70 
Na 27 27 39 40 16 
Ni 99 98 95 83 45 
p 96 95 92 84 71 
Sc 86 86 87 64 23 
Sr 71 72 75 60 24 
Ti 8 8 10 10 14 
U 66 67 63 41 18 
V 96 96 92 68 24 
Y 67 67 63 72 56 
Zn 99 93 84 65 20 

*Air roast for 4 h . 

applicable to this material . However , since a 
reflux leach removes substantial quantities of the 
six metals of interest, several components of the 
two-stage leach process may be used for product 
isolation . 

Table 7 presents the effects of roasting tem
perature on extraction values . The data show that 
phase changes or sintering occurring between 750 
and 850·C result in reduced extraction . Thus , the 
roast must be performed at lower temperatures for 
effectiv~ metal recovery . Data obtained by 
Spiewak24 with a sulfuric acid system suggest that 
the reduced extractions begin at roasting tempera
tures between 750 and 800·C . 

» 

The leachate resulting from a reflux-tempera
ture leach of oxidized residue contains a number of 
m~tals , including the six of most interest (AI , Co, 
Fe, Mo, U, and V) . The iron , present primarily as 
ferric chloride, may be isolated by anion exchange 
using Dowex 2-X8 resin . 9 , 25 The anion exchange 
strip liquor laden with ferric chloride can be 
processed to recover Fe203 and hydrochloric acid 
for recycle as described previously (note that the 
pressure oxidation step is not needed) . 

The effluent from the anion exchange may be 
processed for uranium and vanadium recovery in a 
manner similar to that described in the two-stage 
leach process . Vieux et a1 . 26 have presented 
results on the extraction of molybder.um from 
chloride solutions using a quaterna r y amine . 
Seeley 15 reported that tertiary or quaternary amines 



car. be used foe the extraction of both cobalt and 
molybdenum from chloride solutions . Kraus 16 
reported that anion exchange may a]so be used for 
cobalt removal. 

The remaining solution can be processed for 
the recovery of alumina as described previouqly . 
The isoiation of contaminants and recovery of acid 
for recycle could also be performed as in the two
stage process . 

Data shown in Table 3 indicate that a direct 
acid leach of raw shale is suitable only for uranium 
recovery . Since the presence of chloride in the 
hydrocarbon liberation step is known to cause cor
rosion problems, a sulfuric acid leach of the raw 
shale was performed (Table 8) . These results show 
that an ambient-temperature sulfuric acid leach 

Table 8 . Extraction~ Resulting from an 
Ambient-Temperature Leach of 
Shale with 6 N Sulfuric Acid . 

Extraction (%) 
Leach time (h) 

Element 0 . 25 1 24 72 
----

Al <1 2 1 
B 10 15 28 13 
Ba 0 0 0 <1 
Be 0 0 0 0 
Ca 74 91 95 92 
Co 18 21 32 24 
Cr 10 7 13 6 
Cu 11 19 35 22 
Fe 1 2 8 5 
Hg 2 3 9 6 
Hn l5 19 31 21 
Ho 7 12 20 13 
Na 5 3 12 52 
Ni 23 23 34 24 
Sr 13 14 8 
Ii <1 <1 <1 <1 
U 22 39 54 59 
V <1 25 2 <1 
Zn 26 12 62 59 

SHALE 

OIL/GAS 
PRODUCTS 

Co, Ni, Zn 

HCI 

removes significant quantities of uranium and only 
minor amounts of the other elements of i nte r est 
(with the possible exception of molybdenum and 
cobalt) . Uranium could then be recovered from the 
aqueous sulfate stream using commercially avai]able 
technology . 27 Items of concern here are : (1) Lhe 
effect of the leach on any subsequent hydrocarbon 
liberation step , and ( 2) the degree of dryness 
required for the hydrocarbon liberation step (which 
could have a significant impact on the economics of 
uranium recovery) . 

The s ulfur contained in the retort resid',e 
(i . e . , the sulfur removed as S02 by the oxidative 
roast) could be recovered as H2S04 and used in the 
shale leach step . The other metals of interest 
could be recovered as described previously from the 
roasted residue . 

Summary 

Results lire shown for metal leaching values in 
an acid system for three types of feed material: 
(1) Shale , (2) IGT retort reSidue, and (3) retort 
residue subjected to an oxidative roast . Although 
leach data are shown for 28 elements , only six have 
been identified as having potential commercial 
interest (Al , Co , Fe , Mo , U, and V) . Of the six, 
aluminum and iron have the greatest rotential com
mercial value . Preliminary data have permitted the 
formulation of three possible metal recovery schemes, 
whirh are summarized in Figure~ I and 2 . Although 
each process step appears to be technically feasi
ble , the role of cont3minants has not been demon
strated experimentally. In additioll , the processes 
make s ubstantial use of r <cycle streams, and 
potential problems associa . ed with contaminant 
IJuildup have not been asses.' ed . Development of 
suitable techniques for wast ' disposal would require 
the careful characterization 'f waste streams . 

Although three approaches to metal recovery 
have been presented, the oplimu& approach will 
depend on the hydrocarbon liberat lon step us ed . 
Uranium recovery from raw shale rna} require that the 
shale be ground prior to the leach ltep , and the 
presence of fines is incompatible wl \c some retort 

HCI 

U F. 

He l 

WASTE 

Figure 1. Metal recovery from IGT retort residue. 
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Figure 2 . Metal recovery from roasted residue . 

schemes . Also, the effect of residual water in the 
retort is unclear . The use of the two-stage or 
single- stag? treatment of retort residue for metal 
recovery depends on the retort at~osphere (i . e . , 
reducins or oxidizing) . However , it is clear that 
no matter which approach proves to be optimum, eco
nomic metal recov ry would have a favorable effect 
on the development of an Eastern shale industry. 
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Introduction 

A number of activities currently being 
undertaken suggest that Eastern Oil Shale 
Resources will be extensively developed in the 
near future. In Kentucky, it has been estimated 
that more than 200 , 000 acres of land has been 
leased for oil shale purposes. Options for leases 
have been obtained on hundreds of thousands of 
additional acres in several of our neighboring 
states , including Indiana, Ohio, Tennessee and 
Alabama. Several fe~ : bility studies for 
different methodologies of mining have been 
conducted, with more being initiated or monies 
being sought for their initiation. The federal 
government, through the Environmental Protection 
Agency and the Department of Energy, is monitoring 
and assisting in research projects on the 
development of the eastern oil shale industry, and 
some believe that the eastern industry may very 
soon surpass the more advanced western shale 
developments in the race for commercial 
production. 

As far as Kentucky is concerned, ou r oil shale 
resource is one of the nation's most extensive and 
most accessible, and on a Btu basis. there is 
more potential energy contained within Kentucky ' s 
oil shale than within it's coal resources. 

It has been contLnded that, environmentally, 
the mining of oil shale will not be extremely 
different from the mining of coal and o ther 
various minerals in Ke ntucky. Environmpntal 
controls established by the regulators are being 
modeled from the coal mining regulations, with 
concerns for variances between the two miniyg 
types only arising in a few key sec tions. 
Precise environmental impac ts, howevLr, are admit
tedly difficult to predict , especially in light of 
the sparse knowled ge which currently exis t s on spe
d fic mining and processing me~hodo logies to be 
used. 

An even more difficult concept to 
prognosticate for the oil shale industry in 
Kentucky , however, is the socio-economic !.mpact 
of the geographic area of the Knobs Region. The 
main focus of this paper will be to lay some 
groundwork for such impact, using an introduction 
and summary description of socioeconomic factors, 
followed by an analysis of selected factors. 
This study was based on the observation that the 
issue of oil shale development in Kentucky was 
being connected very closely or even tied directly 
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to the impac ts of the coal mining industry, more 
specifically that of eastern Kentucky. It was 
apparent that the agenda for discussion of oil 
shale was derived too often from a list of well 
known coal mining inpacts, including 
environment&l, legal, and financial, as weli as 
socio- economic categories. 

This formulation of the oil shale issue on the 
basi s of coal mining impacts is not wrong, but 
actual evaluation of the issue in the same manner 
is. Conditions in the coalfields cannot be 
applied automatically to the Knobs region and its 
oil shale deposits . The la tter area and the 
impacts of an emerging or fully developed oil 
shale industry must be assessed on the ir own 
merits or deficiencies. 

Therefore, the purpose of this study is, not 
on I} to introduce impact factors a pplicable to the 
n il shale region, but also to explore whether 
these impac t s differ between the coalfields and 
the oil shale region. An associated purpose is to 
identify contras t s within the 011 shale region, 
since distance variations will not justify the 
application of broad generalities borrowed from 
~ other r e gion, not just the eastern Kentucky 
coalfields. 

This stutly did not under take a comprehensive 
treatment of all socio-economic factors. Somp 
cannot be quantified, while others belong to the 
domain of public policy analysis and 
decision-making. This necessarily excludes some 
very visible public issues such as desirability of 
growth, land use, cultural values, and aesthetics. 
T~e intent was to examine a sufficient number of 
factors in order to establish the existence of 
differences on a inter-region and intra-region 
basis. Such evidence will support the independent 
evalua tion of the oil shale region, not 
pre-judgement decided on the te s timony of some 
other region. 

Description of Study Area 

Physiography 

The Knobs Region's physiography is an 
extension of the Bluegrass reg ion , with the Knobs 
themselves being erc.sion remnants of the uplands 

located behind the escarpments (i.e. the 
Appala c hian mountains to the southeast wherein the 
Eas tern Coal Fields lie). The western half of the 



Knobs are gently rolling and more or less 
continuous with the Outer Bluegrass Region . The 
eastern half of the Knobs Region contains long 
wide valleys extending into a rough and hilly belt 
of the Knobs proper. The Kenturky River and some 
of it's major tributaries are entrenched into the 
region ' s gently rolling uplands. 

The Eastern Coal Field's physiography is much 
less subdued , and presents a sharp contrast to 
that of the Knobs Region . For the most part, it 
is characterized by broad uplands of moderate 
relief combined with narrow ridges bordered on 
each side by deep valleys with precipitous walls . 
The Kanawha section, which forms the largest part 
is a much dissected plateau characterized by 
narrow , crooked valleys and narrow , irregular, 
steep-sided ridges. The local relief of rhe 
Kanawha section increases from 300 or 400 ft. in 
the north to about 2 ,500 ft. in the sou th part of 
the region. Some major streams are entrenched in 
flood plains of moderate width, bU 2 most of the 
smaller creeks have no valley floors . 

Study Area Delineation 

This study will compare data between a group 
of counties in which oil shale deposits may be 
easily extracted and a group of counties that are 
current coal producers . Because the focus on the 
impacts of coal production tends to be directed at 
the eastern Kentucky coalfields, only coal 
counties from that region will be studied. 

- N-

~ 

Oil shale counties were sjlected from a 
general geologic map of Kentucky (Figure 1). The 
intent was to choose the principal, con tiguou s 
deposit counties. Some count ies were omitted, 
although deposits are indicated . 

Coal counties selected from eastern Kentucky 
were those with a product!on of approximately 
250 , 000 tons or more in 1979 . 

The resulting counties chosen for study are 
shown in Figure 1. The peripheral counties of 
both groups lie adjacent t o each other, but the 
middle areas are separated by a four county band. 
These four separat:ton counties are characterized 
more by small coal production than by the presence 
of any small oil shale deposit outcrop. 

lr the representative analysis section , 
contras ts will be mdde between counties within the 
oil shale group (also referred t o as Knobs 
Region) . Two s ubgroups were established , the 
"nor theast('rn " and the "central". Member counties 
were as follows: 

Northeastern 
Subgroup 

Bath 
Estill 
Fleming 
Lewis 

Montgomery 
Powell 
Rowan 

Central 
Subg roup 

Boyle Larue 
Bullitt Lincoln 
Casey Madison 
Clark Marion 
Garrard Nelson 

STUDY AREA DELINEATION 

NORTHEASTERN SUBGROUP CENTRAL SUBGROUP D COAL COUNTES 

(Figure 1). 
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A total of 17 counties were selected in the 
oil shale group . 

The coal group (Eastern Coal Fields) included 
25 counties as follows: 

Coal Counties 

Bell Leslie 
Boyd Letcher 
Breathitt Magoffin 
Carter Martin 
Clay McCreary 
Elliott Morgan 
Floyd Owsley 
Harlan Perry 
Johnson Pike 
Knott Pulaski 
Knox Wayne 
Laurel Whitley 
Lawrence 

Existing Socia-Economics of The Oil Shale 
vs . The Coal Region 

Because of the overt distinctions between the 
physiographic characteristics of the Knobs Region 
and the Eastern Kentucky Appalachian Region, the 
resulting socia-economic development of both areas 
are also Quite distin~uishable. In reviewing the 
s tat istics for each economic development factor it 
can be seen that the Knobs Region's development 
has been, overall , more homogeneous, more 
sophisticated, more predictable and has occurred 
a t a significantly greater rate than the 
development which ha s occurred in the coal fielns . 
Below is a general comparison of each of the most 
important of these develo;ment factors . 

Labor Force Characteristics of Residents 

The total combined Labor force characteristics 
(or the seventeen counties compri~ing the Oil 
Shale Region, as listed on Insert A , inrlicate a 
st r ong diversity between the agricultural and 
non-agricultural labor . As might well be 
expected, the region's labor fo~ce is extended 
over several types, including agriculture . 
industry , mining and business. The Knobs Region 
includes large areas of prime farmland soil 
resources, both on slopes and ridge tops as well as 
in the bottomlands, and this tend s t o be the major 
reason for predominance in grazing and cropland 
deve lopmen t . 

The labor force for the Eastern Coal Fields. 
on the other hand, is predictably coal-mining 
oriented

6 
An indication of this is di s played on 

Insert B , which depicts characteristics fo ~ the 
25 countie s comprising the Eastern Coal region . 
;Ionagricultural employment figures for both the 
coal region and t~ oil shale region a re included 
3S inserts C & D . Labor force and employment 
characteristics will be analyzed in detail in a 
later section. 

Median Family Income 

Insert E8 depicts the median family incomes 
for the oil shale regioll and the coal region. 
These figures do not reflect counties within the 
Standard Metropolitan Statistical Areas, (SMSA) 
which include Bullitt and Clark Counties of the oil 
shale region. These statistics will be analysed 
in detail in the Representative Analysis . 
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(IHIERT A' 

LABOR FORCE CHARACTERISTICS OF RESIDENTS: 111711 

OIL SHALE REGION 

COUNTY CIViliAN ; I I NQN -
LABOR FORCE EMPLOYMENT AGRICULTURAL AGRICULTURAL 

KENTUCKY 1,563,000 1,,>618,000 73."48 1,"02,851 

BATH 3.568 3.218 696 2.~22 

BOYl[ 12 .60B 11.918 696 11.222" 

BULLllT 16.IB9 1~.<S2 226 1~.226 

CASEY 6. 101 ~.144 921 4.823 

(I ARK 1~.lJl 14.412 911 13.441 

[ SIlLL ~.~58 ~.112 18 ~.034 

fl nU\IrfG 4. 86~ 4 . ~~9 1.125 3.434 

GARRARO 4 OB3 3.838 689 3.149 

LARU[ ~,147 4 .834 694 4 .140 

L[WIS 4 .831 4.430 ~94 3.836 

LINCOlN 6.428 ~.B24 1.110 4.604 

f--MAD~ 21.161 26.624 1.J83 2~.24 1 

MARION 6,884 6,383 982 ~,401 

MONTGOM[RY 1.861 1,316 630 6.686 

NriSON 11,091 10.218 959 9,259 

POW£lL 3.~10 3.216 103 3,113 

ROWAN 8.1 54 1.685 229 1,4~6 

TOTAL 
FOR REOtON 149.111 140.183 12.196 128.581 

AVERAGE 
rER COUNTY 8.810 8.281 111 1.~63 

(INSERT II' 

LABOR FORCE CHARACTERISTICS OF RESIDENTS: 111711 

COAL REGION 

COUNTY CIVILIAN ; I NON -
LABOR FORCE EMPLOYMENT AGRICUL lURAL 

AGRICULTURAL 

KENTUCKY 1,563,000 1,478,000 73.048 1,402,851 

B[ll 12.639 11 . 656 63 11.593 

BOYO 22.261 21 .090 232 20,858 

BR[ ATHI IT ~.1l8 ~.204 164 ~.04D 

CARI [R 1.686 6.858 401 6.451 

CL AY 1.306 6.621 212 6.349 

Hlion 3.522 3.246 14~ 3,101 

fLOYO 14.511 1l,382 46 1l.336 

HARLAN 12.012 10,910 43 IO . 93~ 

JOHNSOr. 2.242 1.693 63 1.630 

.NOTT 4.534 O,OBI 4 ~ 4 .036 

'NO' 12.096 11,214 339 10.815 

LAUR[l IB.202 11,IB9 669 16.520 

LAWR[ NC[ 3,159 3.32~ 226 3,099 

L[SlI[ 4.555 4 ,131 23 4 . 114 

L£TCH[R 1.416 6 ,349 I~ 6,334 

""CREAR' 4. 016 3.634 56 3.~18 

MAGOI f IN 4 . 426 3.913 63 3.BSO 

MAR liN 1.111 1.411 38 1.433 

MORGAN ~,OIO 4. 514 385 4 .189 

OWSLEY 1.103 I.~ 244 1.264 

PERRY 12.609 11.599 IU 11.055 

PIKE 29.194 21,289 31 21.2~2 

PU"ASKI 20,310 19 .035 1.250 11.1BI 

WA YNE 1.~56 1.004 981 6 .013 

WHIllEY 9,991 9 .1 48 lOB 9,040 

TOTAL 
FOR REGION 241.219 228.19B 6.062 :22,136 

AVERAGE 
PER COUNTY 9 .889 9.1 28 243 8.885 



(lNIERT C) 

NON'GRICULTURAL EMPLOYMENT BY INDUSTRY, BY PLACE OF WORK: le7e 

OIL SHALE REGION 

All MINING I CONTRACT TRANSPORTATION, WHOLESALE I FINANCE, 
COUNTY 

If~DUSTR1ES QUARRYING CONSTRUCTION 
MANUFACTURING COMMUNICATIONS, 

RETAil TRADE 
INSURANCE. I SERVICES OTHER 

I PUBLIC UTI-ITES REAL ESTAll: 

KENTUCKY 1, 145,554 ~4,257 611,074 2118,111111 511,772 200,707 50,11110 3'\11,1103 7,013 

BATH 905 0 120 19 49 205 47 462 · 
BOYlE 10 ,442 · 411 3,699 537 2,743 316 2,648 57 

BULlITT 4,501 · 263 1,205 141 1,053 160 1,627 21 

CASEY 2, 424 · 136 1,268 67 383 '5 508 · CLARK 10,648 · 375 4,397 1,231 2,353 326 1,899 68 

ESlJ LL 2,046 · 99 499 73 478 67 592 0 

HElliNG 2 411 · 83 593 100 608 98 898 8 

GARRARu l.B55 · 102 644 24 400 76 593 · 
LARUE 1.683 0 90 496 67 43 2 95 494 10 

LEWIS 1,831 · 28 951 64 229 B5 472 0 

LINCOLN 1,965 · 100 412 47 42B 111 168 9 
!!AOISON 16,3lIO 56 426 4,571 275 4,488 402 6,111 50 
!!ARION 3,157 · 94 804 80 735 127 1,219 23 

!!ON I GOIIERY 6,378 · 295 2,741 139 1,646 221_ 1,309 16 

NELSON 5,919 91 549 1,163 280 1,411 181 1,628 10 

POWELL l,4S4 31 180 332 104 258 49 499 0 

ROWAN 5,472 · 251 713 242 1,489 157 2,590 · 

TOTAL 79,411 .. 3.608 25,101 3,502 19,345 2,569 24,319 .. 
FOR REGION 

AVERAGE 
4, 675 .. 212 1.411 207 I. 138 151 1.434 .. 

PER COUNTY . NOI 01SCLOSED .. INCOMPLETE DATA 

(lNI.RT D) 

NONAGRICULTURAL EMPI:OYMENT IY INDUSTRY, BY PLACE OF WORK: le7e 

COAL REGION 

All MINING I CONTRACT TRANSPORT A TIOH, WHOLESALE I FINANCE. 
COUNTY 

INDUIITRIES QUARRYING CONSTRUCTION 
MANUFACTURING COMMUNICATIONS, 

RETAil TRADE 
INSURANCE. I SERVICES OTMP 

I PUBLIC UTlJTES REAL ESTAll: 

KENTUCKY 1,1 45,564 5 4 ,257 1111,074 21111,111111 58,772 2118,707 50,11110 3311,1153 7,013 

BELL 8,973 1,952 352 849 607 2,169 397 2,634 12 

BOYD 25 , 111 196 3.340 7,492 1, 680 5,336 923 5,876 333 

8REATHITT 2 657 444 37 265 216 551 96 1,048 · 
CARTER 3,868 202 193 1,000 87 932 160 1,248 47 

CLAY 4 462 1 435 61 189 169 872 87 1,647 · 
ELLIOTT 636 172 5 53 28 57 . 306 · 
FLOYD 9,854 3,31 4 439 533 456 2,084 338 2.685 6 
HARLAN 10,354 4,043 330 468 354 2,049 250 2,860 · 
JOH NSeN 5, 411 849 221 561 447 1,511 216 1, 596 10 

KtlOTT 2,751 1.086 194 29 124 371 36 911 · 
KNO.: 5.099 610 223 1.31 4 163 1,164 138 1,475 · 
LAUREL 10,851 478 959 3,851 428 2,386 278 2, 424 47 

LAWRENCE 1,988 116 107 89 236 539 59 843 0 

LESLIE 1,118 498 46 44 127 239 . 802 0 

LETCHER 5,661 2,589 115 99 201 934 148 1,571 · 
IIcCREARY 1,836 269 85 357 65 368 57 618 · 

Continued, next paqe· 
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Insert D, continued , 

NONAGRICUlTURAL EMPLOYMENT BY INDUSTRY, BY PLACE OF WORK: 1878 

COAL REGION 

ALL ....a a CONTRACT mANSPORTA TlON, WHOlESALE a FINANCE, 
COUNTY 

INOUSnES QUARRYING CONSTRUCTION MAHUF ACTURING COMMUNICATIONS. 
RETA .. TRADE 

INSURANCE, a SERVICES OTtER 
, PUBLIC UTUTES REAl. ESTATE 

KENTUCKY 1,1 45,554 54,257 811,074 2\1e,8\l1I 511,772 288,707 50,11110 3311,853 7,013 

""GOfF IN 1,635 543 13 215 89 215 48 513 0 

""RTI N 4, 131 3,014 43 27 95 359 75 518 0 

MORGAN 2,286 346 84 461 209 465 5 647 18 

OW SLEY 452 100 15 0 4 95 15 223 0 

PERRY 9 620 3 624 493 179 583 1 918 237 2 582 * 
PIKE 20,477 9,153 895 298 936 3,708 578 4,891 18 
PULASKI 13,932 221 589 4, 337 780 3,138 570 4 253 44 
WA YNE 3,303 104 179 1,447 88 582 93 805 * 
WHITLEY 9,252 1,125 574 1,294 387 2,542 330 2 921 78 

TOTAL 
166,434 36,483 9 ,592 25,451 8,559 34,650 .* 45 ,R97 .. 

FOR REGION 

AVERAGE 
6,657 1, 459 384 1,0 18 342 1,386 *. 1,836 .. 

PER COUNTY 

* HOT OISCLOSEO . * INCL OMPfTl DATA 

(INIEIIT E) 

MEDIAN FAMILY INCOME FOR NON-METROPOLITAN COUNTIES: 11180 

OIL SHALE REGION COAL REGION 

COUNTY AMOUNT COUNTY AMOUNT 

KENTUCKY $ 15,815 KENTUCKY $15.615 

-sm- 10,000 S[LL 9,400 

SaYlE 11.200 SREATHITT 1,000 

CASH 10,100 CART[R 12.000 

~.S11lL 10,800 

FLE" I NG 10,100 

CLAY 6,800 

HlIon 8,300 

GARRARD 14, 100 FLOYD 10,100 

LARUE 12,000 IlARLAN 9,900 

lEWIS 11,500 JOHNSON 9,400 

LI NCOLN 11,100 KNOrT 1,200 

M OlSON 14, 200 KNOX 1,400 

M RION 12,100 LAUR[l 10.100 

_ IGO"ERY 14.100 LAWRENCE 9,200 

NELSON 13,900 LESLIE 1,100 

POWHI 
:~:::.-ROWAN 

L[JCHER 9, 100 

IWiOffiN 8.000 

M RTIN 1,500 

""CREARY 6,800 

I40RGAN 8.000 

OWSL[y 5.300 

PERRY 10.100 

PIKE 11,900 

PU' ASKI 11. 400 

WAYNE 6.900 

WHITL£! 9 .100 

Transportation Resources 

In observing the three major modes of 
transpor tation in the oil shale and coal regions -
highways , rail and waterways - it can be seen that 
the oil shale region has a more advanced, more 
accessible and more flexible overall 
transportation network . 'l'his is an obvious 
consequence of the region ' s t opog raphy and 
industry development. There are, within t he oil 
shale region, at least nine major rall lines, 
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three of which facilitate traffic density of 30 
million annual gross tons . All of these maj or 
lines a r e "through lines", connecting with all 
major areas of the country. The oi l shale region 
also contains an advanced highway system of three 
interstates and seve ral dozen " MA" (80,000 LB 
Gross Load Limit) and "M" (62,000 LB Gross Load 
Limi t) highways , forming a complex and in t egrated 
road n etwork. In water transportation , the 
Ken tu cky River : ransects the region, but the 
river's commerce transport is very limited and not 
considered as economically feasible as other 
available methods . On the other hand, the Ohio 
River , wh ich adjoins several of the oil shale 
re~~on's counties , is a no t able asset t o the 
area ' s industrial develo pmen t; a nd continues to 
playa major role in the movement of agricultural, 
industrial , and mining produ c t s . 

In thE: Coal Fields , freigh t service is the 
most predominant industrial transportation mode . 
In th is region, like the oil shale region, there 
also exists three major freight lines that move 
over 30 million annual gross tons each . The 
remainder of the network , however is comprised 
mostly of smaller lines with traffic densities of 
less than 5 million annual gross tons each. None 
of these smalle r lines are "through" lines , 1:ut 
carry " single destination" traffic , and connect to 
larger lines for system integration. The highway 
system in the region is also somewhat mo r e 
an t iquated than that which was described for the 
oil shale fields . Two interstates, both on the 
periphery of the coal region, are the most 
advanced port~on of the region's total road 
system . Less than twenty-f ive "AM" and "AA" 
r oads pass through the region' s 25 counties, some 
of which are not conside red connector r oads . No 
commercially navigable wa terway s pass through the 
coal region. 

Both the highway and the rail system of the 
region are direct consequences of the coal mining 
industry, designed for the specific purpose of 
trans pogting cOdl, and reflective of that 
purpose , 
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Immediate Impacts of Industrx 

As a basis for disCussing 
oil shale industry on its 
development, it is important 
the industry's more immediate 

the impacts of the 
long-term economic 

to briefly describe 
and obvious impacts . 

First, necessities of the industry's growth 
will include s ignifican t increases in employment, 
income and population , as well as secondary growth 
impacts on support and community services. 

The mining of the shale will require 
allocation of large se:tions of land and, combined 
with the construc tion of oil shale processing 
facilities , will mandate the development of new 
r oads and rail systems , diverting some 
prioritizations in overall land-use planning 
schemes. 

Environmental resources of the Knobs Region 
will also be significantly effected by the 
development of oil shale, and depending on the 
mitigation factors requi~ed , may ~ave a small or 
large effect on the region's economic development. 
Specifically , mining and processing of oil shale 
will affect : 

1. 3urface water quality, through 
direct discharge to streams, surface 
runoff, and groundwater contaminated 
leachates . These changes could have 
direct effects on drinking water sources 
and survival of natural ecosystems 

2 . 

3 . 

4. 

and croplands . 

Groundwater quality , through the 
disruption of subsurface flow , and 
contamination by leachates. These 
results could also have direct effects 
on some communities where groundwater is 
depended on for drinking and products 
developmen t. 

Vegetation and soils , through the removal 
of the vegetation and topsoil itself for 
mining purposes and the stockpiling and 
long-term storage of spent shale on the 
surface as well as adjacent to vegetated 
areas. Because of the hilly terrain of 
the oil shale region, stabilization of 
the cleared slopes and reestablishment of 
vegetative cover may prevent the mined 
areas from other uses for an extended 
pe'iod of time. Soils and vegetation 
currently play an important role in the 
economics of the Knobs Region, so the 
amounts of vegetation anrl topsoil to be 
disturbed in the development of the 
industry will be a large factor in the 
resulting economi~ picture. 

Fauna , through the disruption of the 
animal communities themselves, and, 
even more so, as a secondary effect of 
the disruption of the surface water, 
ground water, and vegetation. Like soils 
and vegetation , the effects on the fauna 
will tend to negate the use of the land 
in it's original use for an extended 
period of time. 
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Representative Analysis 

Purpose 

The primary purpose of this paper is to 
address in a more detailed manner selected factors 
that are representative of those introduced above. 
Various terms of analysis will be employed. 

Reasons for representative, and nOl complete, 
analysis are several. First , some factors do not 
lend themselves to quantitative measure. Second, 
data for some factors is extremely limited . 
Lastly , the subsequent analysis is intended to 
raise the issuL of careful background 
investigation before hasty comparisons are made 
between the : oal industry of Kentucky and its 
potential oil shale development, or before the 
entire oil shale or the Knobs region is assumed to 
be perfectly homogeneous. If representative 
evidence is introduced to give the study of these 
questions some credence , then a preliminary effor t 
has been made to describe more thoroughly the 
actual impact of oil shale development in 
Kentucky. 

Influencing the Choice of factors to be 
studied in more detail WaS a goal of incorporating 
some of the visible issues that have been raised 
about the coal industry in eastern Kentucky. Not 
all of them will be treated , but the analysis has 
been built around aspects that were convenient for 
a rudimentary study. Included in the following 
sections will be an introduction to issues such as 
land use, income differentials, and employment 
concentration , location, and diversification. 

Data is presented and summarized on 
twenty-five coal producting counties of eas t ern 
Kentucky and seventeen counties of known oil shale 
deposits in northeastern and central Kentucky. 
Subgroups of th: counties are considered in order 
to emphasize diffeCl'!nces between and within the 
two principal groups. The county is the baSic 
unit of analysis due to the availability of data. 
Specific Counties for analysis have been 
iden tif ied above. 

Land Use 

Although coal mining has focused considerable 
at t ention on the use of land, aJ.most no large 
scale activities compete with mining in eastern 
Kentucky. Areas of substantial size have been 
reserved for parks and forests, but this use will 
not become widespread . 

One type of land use that does occupy large 
areas is agriculture . A comparison was made of 
the average percentage of land in farm t.se in 
1978 . T1. e results are shown in the following 
t"ble: 

Average Percent of Farmland lO 

17 oil shale counties 

25 coal counties 

7 "northeastern" oil 
shale counties 

10 "central" oil 
shale counties 

71 

21 

59 

79 



The difference between the oil shale and coal 
counties is ~ramatic. Eight of the coal counties 
had percentages of two or less. Within the oil 
shale group, the northeastern counties that are 
nearer the coal counties had less area in farmland 
than did the ten central counties farther removed 
from any coal production where the average was 
79%. 

This data demonstra tes that, not only is 
farming a predominant land use in the oil shale 
rorea , but also that a significant change in 
farmland usage occurs within the shale bearing 

region . The impact of development on the Knobs 
COuld vary to some extent, depending on the 
competition for farmland. 

Income 

Median Family . Wage differentials between the 
higher paying mining industry and other employers 
have been wide enough to cause some disruption in 
worker attraction and retention. Median family 
incomes from the two oil shale and coal county 
groups "ere averaged. The following table 
indicates the resulting calculations: 

Average Median Family Income, 1980 11 

* 15 oil shale counties 

* 24 coal counties 

7 "northeastern" 
oil shale counties 

10 "central" oil 
shale counties 

*SMSA counties unavailable 

$12 , 500 

$ 8,700 

$11,600 

$13 , 200 

Median family income differs to a great degree 
between the two major groups. Considerably less 
difference is evident within the oil shale 
coun ti es , but the lower "northeastern" subgroup 
resembles more closely the coal counties than the 
"c.entral" subgroup_ 

Since the coal industry has high wages for the 
most part, the low median incomes may illustrate 
the gap between minjng and other coalfield wages. 
The higher incomes in the oil shale areas may 
indicate that high wage mining and processing jobs 
will not create a gap that will be as disruptive 
to other employment areas as has occurred in the 
eastern Kentucky coalfields . 

Weekly Wage 

Another approach to income was to investigate 
weekly wages in all industries. The results are 
shown in the next table : 

Average Weekly Wage, All Industry 1979 12 

17 oil shale counties $177 

25 coal counties $236 

The higher ~ate in the coal counties i s due 
primarily to the mining industry which paid an 
ave rage weekly sahr:, of $355 during the same 
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period . It is evident that the weekly non-coal 
wage is substantially lower than even the average 
oil shale figure of $236. This indicates the gap 
in wages between industries in the eastern 
coalfields. 

There was no meaningful difference between the 
countie3 of the oil shale group . Considering the 
effect of coal mining jobs , the weekly wage of the 
oil shale areas is higher than the non- coal wage 
in the coal counties . Less differential in wag~s 
resulting from the development of oil shale mining 
and pro::essing should occllr in these counties. 

Employment 

In the following sections , a projection of 
potential oil shale industry employment has been 
made in order to create a comparison model for use 
with employment data of the coal indus t ry which 
already exists. A feasibility study for Fleming 
County, Kentucky, established an employment level 
of 900-1100 for a mining and processing plant with 
a 1'31'acity of 10,000 barrels of shale oil per 
day . 

It was assumed that potential oil shale 
development would equal two similar plant s , or a 
total of 2 ,000 workers, per county. This 
employment was considered primary and able to 
produce secondary se rvice jobs that would require 
addition to the new employment total for each 
county. Statewide and r~%ional employment data 
for Kentucky were reviewed and primary to 
secondary employment ratios were calculated at an 
average of three to one. Primary employment 
included mi ning, manufacturing, and farming . 
Since oil s hale i.ndustrialization will build to 
some extent on existing services that will not 
expand proportionally, the ratio for oil shale was 
assumed to be two to one. Therefore , 2,000 oil 
shale and 4 ,000 service workers were added to each 
county's existing employmen t data . 

Principal Illdus try Ratio . The first employment 
factor assessed was the simple ratio of oil 
shale/coal industry worke rs to total working 
force . As assumed in this paper, 2 ,000 persons 
were coun t ed as the oil shale employment in each 
county. The resulting ratios are as follows: 

Employment Ratio, 1979 15 

17 oil shale counties 16 

25 coal counties 15 

7 "northeastern" oil 
shale counties 20 

10 "central" oil 
shale counties 14 

15 high produ.tion 
coa~ count ies 21 

* Bell, Breathitt, Clay , 
Knott, Knox, Lawrence , 
Morgan, Perry, Pike . 

Floyd , 
Leslie , 

Harlan, 
Letcher, 

Johnson, 
Martin , 

From this very general index, the effects of 
employment ratio on both groups is very similar . 
The oil shale ratio would be lower if it were not 
assumed that two mining and processing plants were 



developed in each county. On the other hand, the 
coal industry figure reflects the actual state of 
affairs . 

More useful comparisons can be made within the 
oil shale region and between the oil shale region 
and between the oil shale and high coal production 
counties . The "northpastern" oil shale counties 
have a higher ratio of employment than do the 
"central" counties . Fifteen high production coal 
counties have an industry ratio similar to the 
"northeastern" oil shale group, but 50% higher 
than the "cent ral" oil shale group. 

Based on this factor , the oil shale region has 
a distinctive variation within its reachps. In 
addi tion , the "northeaster .. " oil shale group is 
ve ry similar to the large production coal 
counties. It i8 this latter group that receives 
the most attention about the effects of a large 
scale industry. 

Location Quotient. A measure utilized in regional 
and nat\'?,nal economic analyses is the location 
quotient . This is an indication of how 
representative a specific industry is with re s pect 
to a larger area. If a region was characterized 
by representative indus trips , then it wi ll be 
classified as diversified and less subject to the 
dominance or fluctuations within one or a few 
industries. 

One persistent condition in the eastern 
Kentucky coalfields has been the dominance of the 
coal industry and the reFulting lack of 
diversification and susceptibility to economic 
fluctuations . Calcula tion of a location quotient 
may indicate whether a similar condition might 
result from the development of oil shale mining 
and processing. 

Location quotients for manufacturing and 
farming were adopted as two indicators for 
comparison . Employment in these two sectors were 
divided by total employmen t (including the assumed 
oil shale primary and secondary additions). The 
same ratio was calculat ed for the larger area, 
which in thi s case was Kentucky. The formula for 
the location quotient wa s: 

Industry A in coat (oil shale) 
Total employment in coalfields 
(oil shale region) 

Industry A in KY 
Total employment 
in Kentu"ky 

A quotient of or ncar one indicates a 
representative and diversified industry . Higher 
or lower quotients arc characteristic of 
industries that are not representative of larger 
areas a nd that art! not located in diversified 
areas. 

The next table s ummarizes the findings for 
manufacturing and farming location qu otients: 

Loca tion 
t7 18 

guotients ' 

Manufactu r ing Farming 
17 oil shale counties 0.52 1.03 

25 coal cOl'nties 0.64 0.57 
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7 "northeastern" oil 
shale counties 

23 coal counties less 
Boyd and Pulaski 

0.40 

0.42 

0.95 

0 . 52 

These calculations show that the impact of 
either the oil shale or coal industry leaves a 
less diversified manufacturing sec tor than a 
farl'ling sector. 

With respect to farming, the coal counties are 
less diversified than the oil shale counties, and 
no clear distinctions within each group are 
apparent. The "northeastern" oil shale subgroup 
and a modified subgroup of coal counties without 
two highly industrialized counties differed very 
little from the parent groups . 

A n.ore significant contrast can be drawn from 
the manufacturing quotients. The coal counties 
remain more diversified than the oil shale group. 
However , in combination with the farming 
quotients, the oil shale region is still more 
diversified. 

As fo und in other factors, the "northeastern" 
oil shale coun tie s show a difference from the 
remainder of the group . Additionally, they 
compare vcry favorably to a 23 coal county 
subgroup that is derived by omitting Boyd and 
Pulaski counties, which are marginal coal 
producers, but highly represented by manufacturing 
employment. This comparison suppOrL& evidence 
that the "northeas tern" subgroup is more closely 
contrasted with the coal producing counties than 
the r emainder of the oil shale region. A further 
conclusion is that the "northeastern" subgroup and 
tAle coal counties are less diversified from the 
remainder, o r " centra l" subgroup, of oil shale 
counties . 

Diversification . A more general type of measure 
for diversif\~ation is thp coefficient of 
specializa tion . The more specialized a region 

is, the less diversification would be found in 
i t's industry or employment mix. A coefficient is 
determined by firs t calculating the ratio of 
available employmen t sectors to t otal employment 
in a region . A similar ratio is calculated for a 
larger a rea. Then , each percentage in the e tudy 
region is compared with the larger area 
percentage, and th .. differences for all sectors 
are added . A higher number is indicative of a 
spec ialized, or less diversified, economy. 

In this s tudy , seven sectors were ut ilized -
manufacturing, farming, contract construction, 
transportation/communica tions , wholesale and 
retail trade, finance/i nsurance, and se rvices. 
The larger a rea used was Kentucky. 

Coefficients were determined f o r the oil and 
coa l groups, as well as the two oil shale 
subgroups . The results a re shown in the next two 
tables: 



20 21 Coefficients of Specialization ' 
Oil Shale and Coal Counties 

% flifference 
Sector KY Oil Coal Oil Coal 

~lanufacturing 24.6 18.5 18 . 6 6.1 6.0 

Farming 6.1 9 . 0 4.4 2.9 1.7 

Construction 6.0 5.4 7.1 0 . 6 1.1 

Trans/Cooun . 5 . 2 5.3 6.3 0.1 1.1 

Trade 23.7 25 .2 25 .7 1.5 2.0 

Finance 4.4 3.5 3.8 0.9 0.6 

Services 30.0 33.1 34.1 3.1 4.1 

Total 100.0 100.0 100.0 

Coeffici nt 15 . 2 16.6 

. 22 23 Coefficients of Specializat~on ' 
Northeastern (NE) and (Central Cc) Suhgroups 

% Difference 
Sector KY NE C NE C 

Manufactut:ing 24.6 15. 2 19.8 9.4 4.8 

Farming 6.1 9.0 9.0 2.9 2 . 9 

Construction 6.0 5 .6 5 . 3 0 .4 0.7 

Trans/Comm 5.2 4.1 5.8 1.1 0.6 

Trade 23.7 26.0 24.9 2.3 1.2 

Finance 4.4 3 . 9 3.3 0.5 1.1 

Services 30.0 36.2 31.9 6.2 1.9 

Total 100.0 100.0 100.0 

Coefficient 22 . 8 13.2 

The coefficients for the two principal groups 
do not differ substantially. Since this indicator 
is a general one the results demonstrate that the 
impacts of the oil shale and coal industries are 
similar over their respective a r eas . 

A significant contrast was found within the 
oil shale region. The "northeastern" subgroup was 
more specialized than the "central" subgroup . 
This leads to the potential conclusion that the 
oil shale industry will be more dominant in the 
northeastern area than the remainder of the 
region. In this respect, and in cowbination with 
the preceding derivation of location quotient the 
northeastern subgroup more closely resembles the 
coal counties than the other oil shale counties. 
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Conclusion 

This study has analyzed a set of development 
factors and impacts on the oil shale and eastern 
coal producing regions of Kentucky. Both general 
and detailed analyses ,,;ere performed. For 
purposes of comparison with existing coal county 

data, potential oil shale county development data 
was establlshed by assuming a level of direct and 
int-irect employment in each of the oil shale 
counties. Additionally, the oil shale region was 
divided into northeastern and central subgroups in 
order to investigate the existence of contrasts 
within the area. 

The analysis results indicate that definite 
contrasts exist between the oil shale and coal 
regions and within the oil shale region itself. 
Inter-region differences were evident in labor 
force, income, transportation and land use. 
Intra-region contrasts for oil shale were apparent 
for the factors of land use, income , principal 
industry ratio, and the two diversification 
indexes of location quotient ~nd coefficient of 
specializa tion. 

In some respects, the northeastern oil shale 
counties resemble more closely the coal producing 
counties of eastern Kentucky from the other oil 
shale counties. 

These contrasting factors are related to many 
of the issues raised about the existing coal 
industry and the potential development of an oil 
shale industry. It is such differences that 
suggest any broad generalizations transferred from 
the coal region to the oil shale region are 
i"appropriate. 

The oil shale region should be analyzed on its 
oW11 basis during fut~re efforts to evaluate 
development impacts. Independent decisions are 
justified solely on the evidence of distinct 
contrasts between regions, regardless of the 
tendency to equate coal mining and oil shale 
development. Even more reason for this kind of 
decision-making rests on the differences that 
exist within the oil shale region. In either 
case, this' study argues for the arrival at impact 
evaluations of potential Kentucky oil shale 
industry that are not preconCEived conclusions 
about the coal mining industry of the same state. 
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Environmental Research for Eastern 
Oil Shale 
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Ab stract. The U.S. Environmental Protection Agency's Indus
trial Environmental Rese~rch Laboratory in Cincin~ati, Ohio 
(IERL-Ci) has pe rfor-iled research r elated to oil shale processing 
and disposal since '973. More recently. the Laboratory 
has become involved in r esearch related to oil shale mining. 
The major thrust ot this research work has been directed 
toward the large oil shal e deposits located in Colo r ado 
and Utah ... ,ere much of the pilot scale development of the 
oil shale industry has been concentrated. Increased etnphasis 
in developing Eastern oil shales has heightened interest 
i n defining and r esolving envir onmental cottcerns r elated 
to these extensive resources. 

IERL-Ci is interested in defining environmenta l problems 
related to Eastern oil shale development, eva1ualing thp 
lransferabi1ity of environmental control technology from 
related areas, such as Western oil shale development a nd 
lias tern coal mini-g, to Eastern oil shale development, and 
in developing new control lechnology as necessary. Initially, 
samp l es of Eastern retorted oil shale. such as HYTORT, are 
being evaluated to assist in the development of technology 
applicable to spent shale disposal in the East. Research 
sponsored by IERL-Ci is being closely coordinated with other 
Federal and state agencieR. 

INTRODUCTION 

PLimary empha"is in the production of shale 
oil has focused on the marlstone deprsits of the 
Green River Furmation located in Colorado, Wyoming, 
and Utah . H·storically, extensive mining and re
torting research has been conducted in this area or 
on its sha1p in anticipation of a commercial oil 
shale industry. Recently. private sector interest 
has been exhibited in the production of oil from 
the development of Devonian shale outcrops loca t ed 
in Kentucky. Ohio and Indiana. 

The Environmental Protection Agency's (EPA's) 
Industrial Environmental Research Laboratory lo
ca t ed in Cincinnati. Ohio (IERL-Ci) has performed a 
substantial amount of env ironmental research work 
rela ted to oil shale development. This research 
has emphasized the eva luation and development of 
methods to control pollutants of various oil shale 
mining and r eto rting processes, including the 
problems associated with the ultimate disposal of 
the spent shale. This research is in support of 
the Clean Air Act , the Federal Water Pollution 
Control Act, and the Resource Conservation and 
Recovery AC t . 

Research emphasis has been directed at western 
oi l shale resources. Recently, a small environ-
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mental research program for easte rn shale develop
ment was initiated emphasizing identification of 
environmental problems and the evalua tion and 
lransferabi1ity of control technologies from 
related fields. Three key categories of potential 
pollution problems from eastern oil shale develop
ment are to be add ressed: (l) Mining (includ ing 
mine drainage, dust. and mine area reclamation); 
(2) Shale Processing (air and water pollution); 
and (3) Solid Waste (management and disposal). 

NlNING 

The mining category is basically a multimedia 
investigation of the extraction activities leading 
up to shale processing and conversion to a fuel 
product . The mining phase of the shale oi l pro
duction process can impact air and water quality, 
water supply, land uses, noise levels, aquatic 
and terrestrial biota and worker health and 
safety.1 Mining of eastern shale appears to 
exhibit the classical problems that mine operators 
have wrestled with when ext rac t ,ng othe r minerals 
in the East. These potential problems include 
mine drainage. sediment control, trace metals, 
and control of organics and ac~ds. Many eastern 
soils and rocks have significant potential for 
producing sulfuric acid presenting mine operators 



in certain locations with mine drainage treatment 
problems. Research to characterize this drainage 
should yield information on specific constituents 
which may be prevalent and require special treat
ment and handling. 

Although particulates should be less trouble
some in the humid East than from mines in the 
semi-arid to arid West, research should characterize 
and quantify fugitive dust from large-scale eart h
moving operations and blasting, loading, trans
porting and crushing unit operations. 

Since many of the proposed mining methods 
for shale are identical to those in coal mining 
(mountaintop removal, area mining, room-and
pillar) th same reclamation problems will face 
the oil shale operators. Depending on specifics 
of State and Federal regulations, they will be 
concerned with s lope stabil ity, revegetat ion, 
hydrologic balance, and return to approximate 
original contour. Disposal 0i ~assive amounts of 
spent shales in mine workin~ s and pits may, how
ever, complicate the reclamation picture beyond 
that encoun.ered in coal mining. Information is 
necessary to define any special problems associated 
with handling and placement of spen t shal es which 
have not been evident in placement and disposal 
of coal mine wastes. 

Since many of the expected environmental 
impacts from eastern oil shal e mining are similar 
to those impacts found in coal mining, it is 
logical to expect much of the coal mining environ
mental control t echnology to be applicable. For 
example, the character of sediment from oil shal e 
mines should differ little from coal mine sediment. 
Although sediment control remains a primary concern 
of coal surface mining oper~tions, the techniques 
used at coal milles such as sediment ponds and 
debris basins, silt fences, straw bale dikes and 
gulley plugs, and rapid cover by vegetation could 
be applicable. Treatment systems for acid or 
alkaline drainag , trace metals, etc., may also 
be directly transferrable from coal mining. Some 
tailoring of treatment systems may be necessary 
for removal of specific param t e rs or organic 
compou nds found in association with 01 1 shale 
deposits. 

Although emission factors may differ because 
of varying ove rburden and mineral characteristics 
of shale deposits in the East, cont r ol of fugitive 
dust may be similar to that applied at coal mines 
or other earth-moving activities developed for 
eastern mines. 

Reclamation and r evegeta tion work for su rfac e 
oil shale mines in the easte rn U. S. should be 
simila r to that for coal mines, with consid e ration 
given to differences in re6ulations and standards. 
The major exception is disposal of spent shale. 
This by-product is expecLed to diffe r significantly 
from coal mine and preparation plant waste in 
leaching pote ntial, physical ' . and shape , and 
compaction and stability ch, ~ ristics . If the 
oil shale industry deve l op. 1. the East, infor
mation will be needed to both characterize pollut
ants from spent shales and develop environmentally 
sound disposal configurations . 
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SHALE PROCESSING 

Atmospheric emissions of sizeable concentra
tions could OCcur as a result of processing 
castern oil shale. Estimating enviro~mental 
impacts from an emerging industry, such as oil 
shale, is difficult because there are no operating 
units to supply information. 

The magnitude of potential air pollution 
emissions, discussed below, from eastern oil 
shale processing is based on several assumptions : 

1. Using retorti~g teChnologies being 
developed for western shale, 

2. An oil yield of 42 l/tonne (10 gallons' 
ton), and 

3. A retorting operation of 8,000 m3/day 
(SO,OOO bbls/day) with an on stream 
efficiency of 90%. 

Estimates for some of the Criteria Pollutants 
are summarized in Table I. These are compared 
with IGT' s es timate of pollutants from the HYTORT 
process 2 , which is expected to be one of the 
processes used in retorting eastern shales. 

Table 1. Estimat ed Emissions of Air Pollutants 
(ToOl;es/day) 

Particulates 
Sui fur Oxides 
Nitrogen Oxides 
Hydrocarbons 

Parciculates 

EPA 

2-4 
l-8 

12-20 
0.S-3 

HYTORT 

12 
S 

16 
1 

Opinions on the sever ity of the particulate 
emission problems from oil shale r eto rting opera
tions range from no expect d problem to a severe 
problem. To support an 8,000 m3/day oil shale 
industry, about 182,000 tonnes/day would have t o go 
through the system, potentially emitting pollutants 
at every step. 

A wide range of particulate emissions have 
been r eported for western oil shale ret o rts. The 
latest permit estimatps indicate a range of l-2 
tonnes/day 3. Using tho se estimates and the fact 
that eastern shale has nearly lS % morp ash content 
and that twic e as much raw shale is projected to be 
processed each day, the particulate emissions 
from eas tern oi l sha le could be as high as 4 . 3 
tonne~ /day. This estimate does not correspond well 
with the estimate for HYTORT. However, when fac
tors for fugitive emissions generated in other 
parts of th e oil shale ope ration are added, the 
particulate emissions estima t e would agrep morp 
closely with the HYTORT estima te. 

Sulfur Oxides 

The es timation of sulfu r pmis~ions from 
eas tern oil shale retorting is more uncertain 
than the particulate estimate. Eleme ntal analysis 
of pastern oil shale s hows tRat the sulfur concen
tration (approximate ly 2.0%) is about a factor of 
2 higher than western shale. If this fact is 
couplpd with the other a ~sumptions made fo r partic
ulates, one would expect the sulfu r problem for 
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eastern shale to be about four times greater than 
for western shale. A range of 1-2 tonnes/day is 
projecled for western shale3 and extrapolating to 
eastern shale, up to eight tonnes/day could be 
expected. 

However, there was a considerable differ' Ic e 
in the geological history of the two shales. The 
sulfur in the eastern shale is almost exclusively 
in pyritic form and under reducing conditions does 
not react. If lhis is the case, the sulfur 'missions 
would be lower than the western shales and near 1 
tonne/day or less. 

In many of the oil shale retorting technologies 
air is used to burn a portion of the shale. The 
heat generated by combustion is drawn into the 
shale and retorting occurs. This is not a reducing 
condition and th pyrite would be turned into 
sulfur oxides . The emission rate under these 
conditions could be great r than 8 tonnes/day 
because of the additional pyrite in eastern shale. 
In reality, the answer probably lies bet·,·nen the 
two extremes of 1-8 tonnes/day. 

Nitrogen Oxides 

Oxides of Nitrogen are usually not derived 
from the retorting operation itself, but from the 
combustion products associated with retorting . 
Recent estimates of oxides of nitrogen from western 
shales wer in the area of 6-10 tonnes/day. Using 
the same rationale expressed above, they mighL 
expect Lo double to about 12- 20 tonnes/day for 
eastern shale. Mod eling effort s by oil shale 
developers and EPA indicate that 6-10 tonnes/day 
of NO would not violate the ambient air standard 
of loB ug/m3 (0.05 ppm). The effect of doubling 
Lhe emission rate would have to be modeled before 
the impact could be estimated. 

IGT4 indicates a sizable concentration of 
nitrogen in the oil (1.5%). If the oil was burned 
on site without clean up an additional burden of 
NOx would be placed on the environment . 

Hydrocarbons 

Hydrocarbons present in the offgas means that 
a portion of the product is lost, and the overall 
efficiency of the procesr. decreases. Consequently , 
such ('missions are important from both the process 
and environmental standpoint. Using the same 
assumptions developed for the ea rli e r discussions, 
it is estimated that the hydrocarbon emissions for 
eastern shale will be in the range of 0.5-3 tonnesl 
day. 

Perhaps the most striking difference in the 
developmenl of eastern oil shale versus oi l shale 
in the West is the availability of large volumes 
of relalively clean watrr . In western oil shale 
operation&, water is looked on as a resource and 
r ecycled several times through the plant. Most 
western oil ahale plants plan to clean up their 
wastewater for its next best u&e and plan for a 
zero discharge . 

In areas like Kentucky, Ohio, and Indiana, 
the availability of water lowers its relative 
value to the process, and less care may be taken 
to maXlmlze its use. It has been suggested thal 
eastern oil shale opera tior.s may have water for 
discharge, implying a need for waste water treatment. 
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The extent of water recycle versus discharge for 
eastern oil shale facilities will be determined by 
the costs of treatment for reuse versus treatmenl 
required for discharge rather than the scarcity of 
water which applies in the West. 

The concept of transferring control technology 
or m thods to the oil shale industry from parallel 
or relateu industries is the basis of our research 
efforts. For those parameters in oil shale efflu
ents that are unique, further definition of 
applicable control methods will be needed. 

Any new pollution control systems developed 
for oil shale effluents will concentrate on making 
present control methods more effective or in 
reducing the overall cost of pollutant control . 

SOLID WASTE 

The principal solid wastes from an Eastern 
Oil Shale operation include: overburden, inter
burden and wasted lean oil shales, retorted (spent) 
oil shale, raw oil shale fines from particulate 
control devices, and hazardous wastes (including 
those listed as hazardous wastes and those deter
mined to be hazardous by testing). Overburden, 
interburden and wasted lean oil shales would 
be produced in significant quantity by most types 
of surface mining operations. Disposal of these 
materials by return to the mine pit appears most 
likely though valley fills and h,qd-of-hollow 
fills may also be considered. Najor environmental 
concerns from mining have already been discussed. 

Retorted (~pent) oil shale will probably 
be returned to the mine pit or dispobed of in 
surface landfills. Major environmental concerns 
include impacts upon air quality from dusts or 
ga.eous emissions, upon surface and groundw1ter 
quality from runoff and l~achates, upon aesthetic 
values due to changes in landscape or vegetation 
types and upon mass stability of disposal sites 
and embankments . 

Raw oil shale fines such as those from bag
houses or other particulate control devic es may 
have a possible (but as yet undefined) potential 
for auto oxidation or auto ignition which would 
impact air qualiLy. They will also have a sig
nificant potential for producing fugitive dust 
if disposal is not properly handled. These proper
ties should be carefully evaluated prior to propo.ing 
co-disposal with other oil shale solid wastes. 

Hazardous wastes from oil shale operations 
pose a significant risk of impact upon the environ
~ent and should be handled in conformance with 
regulations for hazardous wastes in a manner 
similar to hazardous waste from other industries. 
Spent catalysts will likely be hazardous, but 
may have potential for recycle/reuse if the volume 
produced is large e nough. Sludges will be produced 
from oil-water separatorti, as well as air and 
water tr~atment systems. Though some sludges 
may be listed hazardous wastes, many will have 
to be tested to determine their classification. 
Co-disposal of hazardous and non-hazardous wa stes 
may be possible. However, this practice may 
result in the mixture being classified as hazardous. 
Unless the volume of hazardous wastes from oil 
shale facilities proves to be quite large, it 
may be more cost effec~ive to dispose of these 
wastes at established hazardous waste disposal 



sites rather than to operate hazacdous waste 
sites at oil shale facilities. 

A substantial amount of reseacch has been 
sponsored by EPA, The Department ~f energy (DOE), 
lhe Depart~ent of the Interior (DOl), and the oil 
shale industlY to develop control teChnology for 
the disposal of retorted oil s~ale in Colorado and 
Utah. Although many important questions remain 
regarding disposal of retorted shale in the West, 
it would be beneficial if the body of information 
already obtained could be applied to disposal of 
eastern retorted shale. The extent to which this 
western technology can be transferred to the East 
is unknown but several serious differences exist 
which may preclude the ~irect transfer of western 
retorted shale disposal technology to the East . 
These differences include : 

1. Western oil shale is actually a kerogenaceous 
marls tone, not a true shale as exists on the 
East. 

2. Western oil shale contains a substantial 
amount of carbonate material, while eastern 
shales generally will have far less carbonate 
material and are likely to have more pyrite. 

J. We utern retorted shales generally produce an 
alkaline (pH 8-12) leachate. Easter .• relorl ed 
shale leachates will likely be much more 
acidic. 

4. Breakdown of the carbonates in western shales 
induces a cementateous property in the spent 
shale . The extent to which this properly is 
developed depends upon the carbonate content, 
retorling temperature, residence time in 
retort and particle size. Since eastern 
shales generally laCK the high carbonat 
cont~nt, it is not likely that this cementateous 
property ~ill be as evident in eastern retorted 
shale. 

5. The climate of we ~tern disposal sites differs 
greatly from the East. The ~este rn disposal 
sites are arid to semi-arid having low precip
itation and high e vaporation rates. This 
substantially impacts coqsiderations for 
control of runoff and l eachates. 

6. The vegetation species and re,ngetation tech
niqueb used in the arid and semi-arid West 
have little utility for the Last. 

Centrol teChnology for hazardous wastes is 
~y.pected to be applicable to both western and 
easle rn sites and will be gcnpral1y similar to 
other industries. The principlps of control tech
nology for retorted shale disposal in :he ~est 
s~ch as use of liners, drains , covers, and selected 
placement should apply in the East. However, the 
specifics of land fill design could be suh~tantially 
different . 

RESEARCH ACTIVITIES 

T:,rough the cooperation of Phillip" PLtroleum, 
The institute of Gas TeLhnology, and the Common
weallh of Kentucky, a sample of eastern oil shal~ 
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retortpd by lhe HYTORT technology has been obtailled 
for laboratory lesting. The HYTORT spent shale 
will be tpst d at Colorado State University as 
part of an EPA program for determining hydraulic 
properlies of sp nl shales from leading retorting 
processes. This program which is the only specific 
research effort we have iqitiated related to 
eastern shales has the following objectives: 

1 . Determine the chemical Lomposition of leach
ates as a funLtion of pore volumes of the 
effluent from several different sppnt oil 
shales under cenditions that will permit 
direct comparison between the spent shales. 

2. Compare the che[;lical composition of leachates 
from identical materials (both spent and 
raw shales) extracted by different laboratory 
methods. Possibl r. methods include (a) column 
leaching with de- ionized water, (b) shake 
tpots proposed by ASTM, snd (c) the RCRA 
Test. 

J. Conduct a comprehensive study of permeability 
and water holding capacity of spent shales 
as a function of compaction and loading. 
The permeabili ly and water holding capacily 
will be determi~ed for nine different combi
nations of compactive effort and loading 
conditions simulating aiffece nt points in a 
spent shale disposal site. 

The above te sting program will provide 
valuable information on the potential for wat e r 
movement through HYTORT spent shale disposal 
si tes and the r esul ting l eac hate quality . Thi s 
research may also provide a general indication of 
anticipated hy~raulic properties for easte rn oil 
shale retorted by other technologles. 

COORDINATION OF RESEARCH EFFORTS 

The Oil Shale Research Program of the IERL-Ci 
is coordinated wilh the industry itself and with 
efforts by o ther Federal and State agencies includ
ing the Department of Energy (especially the Office 
of Fossil Energy and the Office of Heal lh ~nd 
Environmental R(seerch), lhe Department of Interior 
(Bureau of Mines and U.S. Geological Survey), and 
the Commonwealth of Kentucky (Department of Natural 
Resources and Environmental Protection and Kentucky 
Department of Energy) . The EPA welcomes the oppor
tunity to meet and discuss oil shale research 
efforts with all interested parties--Federal, 
State, academic, and private--in the hope of 
furthering coordination of efforts and inLreasing 
our understanding of the environ~e ntal problems 
and thei r s~lutions. 

1. 
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A Preliminar!l Assessment of 
Environmental Impacts of Obtain~ng 

Oil from Chattanooga Shale 
by 
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Abst rac t. The env i ronmenta 1 impac t s 0 f produc ing 8000 m3 / d 
of oil from the Chattanooga Formation by means of underground 
mining and surface retorting have been assessed. TI,e major 
impacts were determined to be those associated with surface 
disposal of spent shale. Disposal of spent shale can have a 
significant impact on surface and groundwater quality as the 
result of trace elements and toxic substances leached from the 
shale . Changes in water quality from these releases and those 
associated with land disturbance can have significant 
long-term effects on aquat ic biota. Significant changes in 
land use and effects on terrestrial ecosystems can occur if 
large areas are covered with spent shale and cannot be 
revegetated. From this assessment, it was determined that 
additional information must be obtained about the resource and 
extraction processes before impacts associated with 
development of the Chattanooga Formation can be more precisely 
quantified. 

Introduction 

Interest in Chattanooga shale dates back 
approximately 25 years when Oak Ridge National 
Laboratory (ORNL) and ot'l~rs first began 
evaluation of the Chattanooga s hale formation as a 
possible sou rce of uranium. 1 Recently, interest 
in obtai,,: : .. oil from shale was renewe:!, in part 
by escalating petroleum prices and the stated 
objective of energy independence. This report 
asse sses the environmental consequences of 
developing an oil shale industry utilizing the 
Chattanooga Formation . It is part of a larger "in 
house" ORNL study that explored th~ technical and 
economic feasibility as well as the envi r onmental 
implications of developing the Chattanooga shale 
resource. 2 

The Chattanooga oil-shale re gion consists of 
21 counties in so··th-central Kentucky, 57 counties 
in central Tennessee, 16 counties in northeastern 
Alabama, and 3 counties in northWestern Georgia 
(Fig . 1). The most probable area for initial 
development is along the Highland Rim, where the 
shale lies at or near the surface. This 
assessment is restricted t o the prime resource 
area, consisting of 19 counties along the 
southern, eastern, and northern margins of the 
Highland Rim where the outcrop occurs (Fig. 1). fi~ure I . The Cha tta nooga Shale s tudy a rea (shaded). The prime 

resou rce area is considered t o be the outcrop alonf,! the 
No rthern, lastern, and Southe rn margins of the Na shvi lle 
Ba::.in (central, unshaded a rea). 

lResearch sponsored by the U. S. Department of 
Energy under contract W-7405-eng-26 with Unio n 
Carbide Corporation as part of Oa k Ridge National 
Laboratory's Exploratory Studies Program. 
Publication No . 161e, Envi ronmental Sciences 
Division, Oak Ridge National Laboratory. 
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This initial assessment is necessarily 
limited because the technology for producing oil 
from Devonian shales i~ not well advancec. TIlere 
has been no demonstration-scale mine, and retort 
in the Cha ttanooga shale region and extrapolations 
from laboratory-scale units are only of limited 

,/' 



value. Additionally, extrapolations from the more 
advanced development and processing of western 
shales are 1 imitt>d by the differences in origin 
and characteristics of the two shale resources. 
The marine origins, high pyrite, and trace metal 
content of the eastern shales may contribute to 
previously unforeseer. impac t s associated with 
development of the Chattanooga shale . 

Resource Description 

The Chattanooga Formation underlies 
approximately 70,000 km2 surrounding the Central 
Basin in Kentucky, Tennessee, and Alabama 
(Fig. 1). It outcrops at the boundary between the 
Central Basin and the Highland Rim and dips gently 
eastward away from the basin to lie at depths of 
580 m beneath the Cumberland Mountains. 2 The 
Chattanooga Formation overlies Ordovician rocks 
and is overlain in most areas by the Fort Payne 
formation, an extr mely hard, cherty, dolomit ;c 
limestone . The Fort Payne is not uniform 
throughout the shale region and ranges from a 
hard, water-bearing stratum in some portions of 
the area to highly weathered, fracturable areas 
near the outcrops.3 

The Chattanooga shale formation is divided 
into the Gassaway and Dowelltown members. 
Concentrations of both oil and uranium are greater 
in the Gassaway member than in the Dowelltown; 
consequently, the Gassawa~' member is more like ly 
to be developed first. The thicker areas .)f the 
Gassaway member occur along the northern and 
eastern portions of the Highland Rim and in the 
Black Warrior Basin of Alabama. 2 

Anticipated Extraction Technology 

Because uncertainties about rec overy 
t ech nologies exist, we made the fo llow ing 
assumption3 about the processes to be used. Along 
the Highland Rim, shale may be extracted by 
surface mining of the shale outcrop. In mos t 
portions of the shale region, however, underground 
"ining was assumed to be the primary method of 
shale extraction because the hardness of the 
overlying Fort Payne Formation and an unfavorable 
stripping ratio (greater than 2.5) would preclude 
surface mining . The areas along th e Highland Rim 
~here the Gassaway member occurs in thicknesses 
greater than 3 m (Fig. 2) will be developed first 
by surface mining then by underground mines which 
can be accessed from outcrop areas . Development 
of the resource in the Black Warrior Basin and 
other deep-lying seams would require construccion 
~f vertical shafts . 4 

In-situ processing of the Chattanooga shale 
was not consid<=red economicall y feasible because 
of its low rec overy efficiency5,6 and the low 
volume of oil present in the shales (average 
Fischer Assay 42 L/Mg). IJe assumed that 6000 to 
8000 m3/d of oil would be produced from 
abo',eground retorts by any of three approaches: 
(1) single mine and r e tort, (2) single retort with 
multiple mines, and (3) multiple mines and 
retorts. Production of thi s volume of oil would 
require, on a daily basis, about 190, 000 Mg of raw 
shale with a Fischer Assay of 42 L/Mg. 

The shale will be r etorted using 
conventional process such as Paraho, Petrosix, 
possibl y Union "B". 7 ,8 These methods 

a 
or 

are 
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expec ted lo produce an average of 48 L of oil/Mg 
of shale from the Chattanooga Formation . The 
Institute of Gas Technology (lGT) HYTORT process 
has been demonstrated to produce more than twice 
the Fischer assay yields from eastern shales . 9 
However, this process has not yet been 
demonstrated at a commercial or pilot scale and 
was not considered ~ proven process in this 
assessment. 

F1gur~ 2. An·as ...,1 thin 8 Km of outcrop having Cassaw3Y member 
lhtckncS8 of 3m or more. 

Several valuabl e by-products, including 
uranium, a luminum, iron, su 1 fur, armnonia, and the 
trace elements cobalt, copper, chromium, 
manganese, molybdenum, nickel, vanadium, and zinc, 
may be recovered from the retorted shale. 2 ,4 ,10 
Ammonia will be recovered from the retort 
off-gases and the shale roasted dfter retorting to 
r ecover rhe remaining sulfur. Following 
roasting, Jran ium and iron can be leached from tbp 
roasted sha·le. The elements remaining after the 
initial acid leaching will be bulk leached using 
either sulfuric lO or hydrochloric ll acid . 

The ORNL team estimated that retorting of and 
subsequent metals recovery from 190,000 Mg/d of 
raw shale would produce from 80,000 to 110,000 
Mg/d of spent shale. 2 The volume of this waste 
would be approximately 5.8 x 108 m3/20 years 
because the shale would expand by 80 to 1~0% of 
its original volume during processing . At most, 
only 50 to 55% of the spent shale was assumed to 
be return ed to the mine site for disposal . 2 The 
remainder (2.9 x 108 m3 ) must be disposed of 
above gr ound . 

Solid Waste Disposal 

Because large volumes of spent shale wi 11 be 
produced, its disposal may be the most serious 
environmental problem associated with development 
of the Cha t tanooga shale re source. The vol ume of 
solid waste produced by a 8000 m3 of oil/d 
facility would be approximately 9.7 x 104 m3/d 
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for a total production over an operational period 
of 20 years of 5 . S x lOS m3 • Approximately 
2 . SS x lOS m3 of the spent shale generated 
over 20 years of plant operation would require 
surface disposal. Because therf: are currently no 
regulations that require backfilling of spent 
shale, it is possible that disposal of the entire 
quantity would be on the surface. 

If extensive mining of the resource occurs, 
thousands of hectares of land surface could be 
required for disposal of spent shale . The exact 
area necessary for shale disposal will depend upon 
the depth and capacity of suitable disposal 
sites . In areas where the shale is removed by 
contour mining or mountain- top removal, most of 
the shale would most likely be disposed of in 
unmined valleys. Such valley fill operations 
involve lining the area with roc k drains, 
impounding runoff and seepage below the fillpd 
area, and in som cases rerouting runoff past the 
disposal area. Impoundments are built across the 
lower end of the valley and are filled with solid 
wastes. Valley fill of spent sha le may resembl e 
that used by the coal mllllng industry; however, 
spp.nt shale will be more finely crushed and will 
have a different chemiatry than coal Ini.,e spoil. 
Disposal of spent shale is not currently regulated 
so practices involved in disposal cannot be 
described with certainty; however, it is apparent 
that a minimum of several hundred hectares, 
probably considerably more, would be required for 
disposal of shale from an 8000 m3/d facility. 

Rpvegetation. Preliminary characterization of 
Chattanooga shale combined with studies on 
revegetation of western shale re sidues suggest 
tha c spent shale alone will not support plant 
growth. If the relorted shal is not r oasted and 
leached for metals recovery, the sulfur remaining 
in the shale can react in the presence of watpr to 
leach trace elements from the shale. To minimize 
impacts associated with trace elements eilher 
remalnIng in or leached from the shale, a 
reclamation plan will have to be divised thdt will 
stabilize and revegetate the spent shale for 
long-term s tability. 

Revegetation o f spent shale will aid surface 
stability, reduce erosion potential, help maintain 
surface and groundwa t er qualitv, preserve 
aesethetic values, and represent a first step in 
restoring a ba lanced, funct i,>oa I ecosystem. 
Expf:rience with r evegetating strip mines in the 
east suggests that liming to raise soil pH will 
frequ ntly be needed ou t that irrigation usually 
will not be necessary .1 2 It is important to 
recognize, however, lhat successful reclamation of 
Chattanooga shalf: wastes may be much moee 
difficult than pl c nting on mine ove rburd en. 
Water-holding capacity, pH, and levels and 
mobility of nutrients and toxic materials in lhe 
spent shale itself may be important in determining 
successful revegpt ~tion if plant roots penetrate 
the soil cap ! ring the spen t shale . Much 
research will be required to achieve successful, 
long-term revegetatio., using a diverse assemblage 
of native species. 

The primary effecls of surface disposal 
include disruption of current l and uses, loss of 
natural communities and habitats, loss of 
ecological and agricultural productivity, and 
potential alteration of air and water quality. 
The latter may also affect land use and cause 
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extensive alteration of the landscape . In 
addition to occurring over large areas, impacts 
from spent shale d ispos8 1 can be long term and 
cumulative if the disposal site ~annot be 
successfully reclaimed and revegetated. Research 
will be needed to determine the composition of 
spent shale, the stabilization and reclamation 
potential, and the revegetation requirements 
before specific impacts and mitigation measures 
can be identif ied . 

Water 
---Both surface and groundwater resources could 
be affected by Chattanooga shale development. 
These impacts can occur in association with 
mlnlng, retorting, metals recovery, and/or solid 
waste disposal. 

Impacts lO groundwater will be highly 
site-specific and will depend upon the geology of 
the area and the location of aqui fers asso<'lated 
with the overlying strata . On the Highland Rim, 
the predominant bedrock aquifers occur in the Fort 
Payne and the overlying Warsaw and St. Louis 
format ions.13 The Fort Payne formation forms an 
outcrop band as much as 25 km wide along the 
Highland Rim escarpment. The bedrock and 
overlying residuum within this outcrop band 
locally contain an aquifer which supplies most 
water used by humans and wildlife either through 
wells and springs, or by supplying the base flow 
to streams. 

There is a considerable potential for local 
dewatering of the aquifer overlying the shale 
during mining. The effec ts of undermining 
por tions of an aquifer are exppcted to range from 
liltle or no decline in groundwater levels to 
almost total dewatering of the aquifer within I km 
of the mine pe rim ter. If the base of the aquifer 
rests on the Maury and Chat tanooga shales, 
undermining would result in dewatering of portions 
of the aquifer. In areas where th e basal portion 
of th e Fort Payne is unweathered or unfrac tured, 
undermining would no t be expected to damage the 
aquife,- unless subsidence caused failure of the 
basal aquiclude. Areas in which porous zones 
penetrate to the base of the Fort Payne current ly 
cannot be identified. Qua ntificat ion of 
groundwater impacts can only be discussed o n a 
slte-speci fic basis following field testing of the 
aquifer. 

Impacts on groundwate r qua lity may result 
from leaching of raw shale in storage piles Bnd 
abandon d mine~ and from leaching of sol id wastes 
remaining after shale processing. Preliminary 
tests of raw shal leachates indicatp that 
leachate from exposed shdle will he acidic and may 
not meet drinkinr water criteria for concentrations 
of arsenic, copper. iron, manganese, zinc, and 
sulfate. 2 The sulfur remaining in the retorted 
shale that he. not been processed for metals 
recovery, may produc su I fides and sulfur i c acid 
and leach undesi rab 1 mela I I ic elements which 
could enter t he groundwate r system by 
infiltration, surface water inflow, or direct 
leaching r; f spen t shale disposed of underground. 
lhe leaching characteristics of ~he spen t shale 
residue remaining after retorting, roasting, and 
metal rec overy are unkno.m. Metals remaining in 
the shale following roasting may become acid 
soluble . 

Impacts on surface water from development of 
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eastern oil shale could OCCur during mInIng, 
stockpiling, retorting, metals recovery, and spent 
shale disposal. Impacts to protected wild and 
scenic rivers may Occur in association with any of 
these proceases. Specific impacts on surface 
water hydrology will result from increased runoff, 
erosion, and sedimentation resulting from 
vegetation removal during mining and 
construction. 14 The magnitude of these impacts 
will depend on the location of mine and disposal 
sites in relation to potentially affected surface 
waters. the slope and topography of the affected 
wa tershed (s), and the regu lat ions promu Igated to 
govern the mining, processing, and disposal of 
apent shale . 

Water quality of receiving streams can be 
affected by suspended materia l, toxic and 
carcinogenic aromatic hydrocarbons, salts, and 
inorganic trace constituents that Occur as the 
result of runoff from, erosion of, and percolation 
through raw and retorted shale or from wastewater 
produced during reto~ting.7,15,16 Leachates can 
emanate from the mine sites, the raw shale storage 
area at the retort site, the spent shale stockpiled 
for roasting and metal recovery, spent shale 
following the above processes, and process waters 
from retorting, roasting, alld metal leaching. In 
addition, water withdrawn for shale processing, 
potential accidental spills, and overflow from 
waste water containment areas may affect water 
quality. 

Water Use. Water use for a mining-retorting 
facility is based on the U.S. Office of Technology 
Assessment 17 calcula tion of 6 x 106 to 15 x 
10

6 
m

3
/year. To supply this volume of water 

would require a continuous flow of bet'~en 0.2 and 
0 .5 m

3
/s. Water resources of the Tennessee and 

Cumberland river basins of the Chattanooga shale 
region have adequate flow to supply 0.5 m3 on a 
continuous basis. Smaller rivers and streams 
which cannot support a large operation 090,000 
Mg/d) may provide a more-than-adequate year-round 
supply for a smaller facility . Siting a shale 
processing facility along a small river, however, 
may preclude further development along that river 
because a large percentage of the 7-d ay , 10-year 
low flow may be consumed by the shale processing 
facility . 

The pr~sent water use for the region consumes 
only a small percentage of the c ritical low flow. 
Water consumption during the critical-low-flow 
month could increase approximately lO times before 
exceeding the 7-day-10-year low-flow withdrawal 
limits. 

Air 

A commercial Chattanooga shale operation will 
emit general atmospheric pollutants capable of 
degrading air quality. Because ea stern shales are 
high in sulfur, emissions of S02 and other 
sulfur species are of primary concern. Total 
suspended particulates (T5P), nitrogen oxides 
(NOx ), carbon monoxide (CO), non-methane 
hydrocarbons (IIC), and oxidants can also Occur as 
emissions from oil shale processing facilities . 
Seve ral substances that are currently unregulated 
may also be emitted in significant quantltles; 
these inc lude ammon ia (Nil 3) , hydrogen su If ide 
(112 5), trace metals, and trace organics. 

Large releases of atmospheric pollutants .' re 
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of concern in the Chattanooga shale region, in 
part because of its geilerally poor conditions for 
atmospheric dispersion. These conditions Occur 
more frequently in the region than in most of the 
eastern United States. Low-level (below 150 m) 
temperature inversions exist about 45 % of the 
time with little major seasonal variation. 4 
Eighteen counties in the region have recorded 
viola.~ons of national primary or sel'ondary 
standards for S02, TSP, or photochemical 
oxidants. Of these counties, Davidson and Sumner 
are in the prime resource area (Fig. 1).18 

If we assume only retorting and no roasting 
and no control measures or stack recovery, 
emissions from a 190,000 Mg/d oil shale facility 
(producing 8000 m3 of oil/d) that uses shale of 
average (4.9%) sulfur content l9 would total 2250 
Mg/d of 112 S and ultimately 4500 Mg/d of 502' 
With environmental control technology capable of 
removing 99% of the sulfur, emissions from oil 
shale processing may be less than 90 Mg/d Or about 
one-half that expected from a 1000-MWe coal-fired 
power plant. 2 

The impact of particulates will depend partly 
on the degree to which trace metals in raw shale 
are entrained and emit ted in retort gases Or in 
waler droplets from cooling towers. Trace metals 
may accumulate in soils and vegetation, building 
to damaging levels for plants, animals , and 
man.

20 
Part iculates are generated in 

association with both mining and retorting and are 
usually produced from areal sources rather than 
from specific points, which make them difficult to 
estimate and control. 

Chattanooga shale contains about 0.5% 
nitrogen,21 most of which can be recovered as 
ammo nia from the retort off-gases . Combustion of 
the retort gases for process heat would produce 
NOx ' The po.ential ammonia and NOx emis.ions 
from a comme r cial shale facility are not known. 
Mountain States Research and Development 4 
estimated that about 4.5 Mg/day of NO

x 
might 

result from combustion of retort off-gases from an 
8000 m3/d eastern oil shale plant. At present 
there are no environmental control technologies 
for NOx ' 

The major geologic impact associated with 
development of the shale resource is that of 
subsidence . Areas closest to the shale outcrop 
areas would have the greatest pJtential for 
subsidence because the overlying strata are 
thinnest in these areas . Mines will have to be 
designed with suitable support mechanisms to 
minimize lhese impacts and to avoid min in$( under 
towns, hight ... ays, reservoirs, and other sensit lve 
areas. For the most part, however, the Fort Payne 
formati on is expected to provide a competent roof 
and provide little potentia l for subsidence . 

Land Use 

The direct impacts of shale development On 
land use, both along the outcrop area and on a 
regional scale, should be limited . The most 
intensive land-use change will occur at shale 
disposal sites (Solid Waste Disposal section), at 
the mine mouth, and at the processing plant . A 
surface mine that would supply 190,000 Mg/d of raw 
shale for a retorting facility would disturb 
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approximately 300 to 600 ha of land each year. 
Over a 20-year operating life of a plant, between 
60 and 120 km2 of land could be disturbed by 
mining. This figure does not include the areas 
for storage of overbu!"den, stockpiling of soils, 
and dis~osal of spent shale . 4 The area 
disturbed by mining lind the processing facility 
will cover an area ot approximately 60 ha . 
Because most mlnlng will Occur underground, 
~urface effects are expected to be limited to 
mine-mouth disturbance, subsidence, and isolation 
of venti lat ion exhaust systems . Land-use can also 
change as mining progresses and add i tional 
ventilation exhaust shafts become necessary. 
These shafts must be isolated because they emit 
dust and toxic gases such as methane and radon 
which may have a high potential for adverse 
impactJ on wildlife, agriculture, and human 
h altho If most of the spent shale from 
underground mini.ng is disposed of on the surface, 
the amount of land disturbed will be comparable to 
that of a surface-mining operation. 

The surface effects o f subsiden~e on land use 
should be minimal with initial nin!ng, but they 
will increase as the mining progresses and 
interior supporting structures deform and fail. 
Areas c losest to the shale outcrop areas have the 
g reatest potent ial for subs idenc e because th e 
overlying strata are thinnest in these areas. 
Although underground mines should be designed to 
mlnlmlze subsidence, some local subs idence will 
almost certainly Occur. The subsidence can re su lt 
in local accumulations o f runoff either as ponds 
or marshy areas, in structural damage to 
buildings , and in local, probably minor, chanl'les 
in forests. 

If reclamation of the spent shdle disposal 
sites is successful, the si~es could be su itabl e 
for grazing or recreation, but the low nutrient 
content of the shale and potential difficulty of 
stabilization and revegetation will limit return 
of the se areas to the i r original patterns of 
c r op land and forest. Removal of farm a nd forested 
l and from private ownership a nd use for o th er 
pu rpos es , such as mining Or spent shale disposal, 
is no t unprecedented in the Chatt anooya shale 
re gio n. 

Disposal of spent sha l e will hav~ a 
significant impact on soils because large volumes 
of waste material are gene rat ed. Soi l may be 
adversely affected either by burial beneath the 
shale (presumably in a valley fill) o r by being 
dug , transported, stored, and spread o ver the 
shale. Covering the spent sha le with soil may be 
necessary to enhance revege tat ion . The la r ge 
volume of solid waste produced over the 20- year 
life of the facility (5.8 x ]08 m3) could 
require up to a 10-to IS-em surface covering (good 
nutrient status and moisture holding abil ity) li nd 
a 3S··to 4S-cm moisture-holding subsoi l to augment 
r evege tation. Until the reve ge tation potential 
for spent shales and the desi~n for disposal sites 
are known , the impacts to regional soild either 
through burial or use in revegetation cannot be 
determined precisely. However, disposal of all 
spent shale from a site would cove r an area o f 34 
km

2 
to a depth of 30 m. This is compa rable to 

covering Manhattan Island to a depth o f 30 m or 
five stories. 

Eco sys tems 

Effects of oil shalp d~velopment on both 
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terrestrial and aquatic ecosystems will depend on 
the (1) mining method, (2) retort process used, 
(3) source terms for the waste process stream, (4) 
chemical and physical characteristics of both raw 
and spent shale, (5) stabilization of spent shale 
disposal sites, (6) suitability of spent shale as 
a plant growth medium, and (7) reclamation and 
long-term revegetation of spent sh'lle with diverse 
plant communities. 

Terrestrial. Development of a Chattanooga oil 
shale industry will primarily impact forests and 
cultivated fields and pasture (Land section) . 
Forest types of the region include oak-hickory, 
cedar, pine, maple-beech, and elm-ash-cottonwood 
forests. Virtually all phases of development, 
including mining, construction of the retort plant 
and support systems, and disposal of spent shale 
will produce impacts to terrestrial ecosystems. 

Avai lable ~vidence ind icates that the 
problems of spent shale dispo ~ al will be serious 
in terms of the volume requiring surface disposal, 
the terrestrial ecosystems impacted by dbposal, 
and the prob lems assoc iated with revegetat ing the 
shale and establiShing productive ecosystems. 

A substantial amount of relatively natural 
and significant agricultural areas Occur fores t s 

in the 
constitute 

prime resource area. These areas 
an important part of the habitat 

for many wildlife species, including requirements 
game . 

Construction of processing facilities or 
disposal of spent sha ~ e (So lid Waste Disposal and 
Land sections) in forests and riparian habitats, 
rath e r than in agricultural areas, would be of 
greatest ecological concern because these areas 
support a greater diversity of plant and animal 
life. In addition these areas provide multiple 
uses (e . g., loggi.ng, rec reation) as compared to 
agroecosystems . 

Apart from the direct destruction or 
disturbance of terrestrial habitat, oil shale 
operations may have other impacts on terrestrial 
ecosystems . Re l e ases of signi ficant quant it ies of 
S02 . NOx , and oxidants from processing of 
eas tern shale could str~ss local forests. Trace 
metals r e leased as particulates from the mine and 
sha Ie-hand 1 ing areas, and in the gaseous re leases 
from the retorting and metal ext r action processes 
could be taken up by vegetation and passed on to 
consumers . 22 Based on stud ies of western sha Ie, 
eastern shales may also have the potential for a 
higher fraction of aromatic hydrocarbons than 
conventional crude oil . 16 Spills of product oil 
and process wastes from shale processing could 
contaminate soil with these and other organic 
pollutants, a number of which have been shown to 
have toxic, teratogenic, and carc inogenic 
properties . Other impacts include noise effects 
on wildlife and effects on terrestrial biota 
resulting from degradation of water resources. 
Only broad qualitative designa tion s of impacts to 
terrestrial ecosystems are possible at this 
point. Additional 10C .H and regional-level data 
will be needed before the severity o f the impacts 
can be adequately asse ssed . 

Aquatic. Aquat ic biota may be affect e d during any 
or all stages of shale mining, retorting, metal 
ex traction, and disposal. The exten t and duration 
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of the impacts to aquatic biota will dep nd upon 
measures that are taken to m1n1m1ze impacts to 
water quality and hydrology and upon the 
successful reclamation of shale disposal Areas . 
Direct impacts can result from sediment addition 
and i ncreased runoff,23 or from input of acid Or 
other toxic drainage. 24 These factorE can 
collectively result in decreased light penetration 
and subsequent inhibition of photosynthesis and 
primary production,14 interference with 
reproduction and habitat selection, and abrasion 
of aquatic biota . 25-28 

Impacts from shale extraction along the 
ouccrop areas of the Cumberland Plateau will be 
qualitatively comparable to those cesulting from 
coal mining in the region, except that an order of 
magnitude greater volume of raw shale is required 
for processing . 

Impacts to aquatic ecosystems can also result 
from mobilization of sulfur from the raw or 
retorted shale and ultimately the production of 
sulfuric acid . Acid drainage associated with 
sulfur compounds can significantly reduce the 
diversity of species present downstream of the 
acid source . 24 Acid leaching of raw Anrl 
retorted shale will probably mobilize metals and 
other potent ially toxic substances from the sha Ie 
that conceivably could leach into area streams in 
quantities sufficient to harm aquatic life. These 
substances include Co, Cu, Fe, AI, Ni, Zn, snd 
other trace elemen~s and hydrocarbons mobilized 
from the raw or retorted shale . 2 Because cf the 
larger-scale mining operations, storage of raw and 
retorted shale, and the large volume of shale to 
be disposed of above ground, impacts co aquatic 
ecosystems can be si9nificant and long term unless 
measures are taken to control effluents from the 
m1n1ng, processing, and disposal sites . Without 
successful stabilization and revegetation of mined 
and disposal sites, recovery of aquatic ecosystems 
from damages sustained during m1n1ng and shale 
disposal will be a long, slow process . 

Sensitive species . The impacts to endangered, 
threatened, o r sensitive species of plants and 
animals are of particular concern in oil shale 
development. Because many sensitive plant 5pecies 
are found in only one or a few specific locations, 
the effects of site location as well as the more 
gradual effects of habitat degradation through 
effects on air and water may contribute 
significantly to species extinction. The g reatest 
number of sensitiv~ plant species f ound in the 
19-county prime resource area is found in Coffee, 
Franklin, and Davidson countips . 

Impacts to sensitive animal species are 
typically a result of destruction or disturba nce 
of suitable habitat. Direct long-term effects, 
exemplified by the effects of pesticides on raptor 
eggs, could Occur from a< yet unknown pollutants 
that might be generated "y an oil shale industry. 
The U.S. Fish and Wildlife Service has listed four 
bird, three mammal, and one plant species that may 
OCcur in the Chattanooga oil shale area as 
threatened or endangered (Table 1). 

There ore currently 19 federally listed and 
about 80 state-listed threatened or endanpered 
aquatic species (Table 1) believed to resid e in 
the Chat tanooga sha Ie resou rce region . Wi th in the 
19-county prime resource area, the seven 
southernmost counties and DeKalb County, 
Tennessee, have one or more federally listed 
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species . Bedford, Coffee, and Franklin counties 
in Tennessee each have at least five endan!lered 
species. Many of these species live in 'he Duck 
and Paint Rock river systems. 

Tabl e 1 . Federally 1 i sled f:!Mangered and threa tened terres t.ria 1 and 
aquatic species. 

Conmn name 

Vertebrate~ 

Gray bat 
Indiana bat 
Eastern cougar 
Sald •• gle 
Peregrin falcon 
Red-coc kaded woodpecker 
Kirtland's warbler 

Plants 

Green pltcher plant 

~ (pearly) 

Alabama lal'lP 
Sirdwing 
Cumberland bean 
Cumberl ana monkey face 
Ordnge-footed pimpleback 
Pale lilliput 
Pi nk mucket 
Turgid-blossom 
Turbercled-b lossom 
Yellow-blossom 
White wartyback 
Tan riffle shell clam 
Fine-rayed pigtoe 
Rough pigtoe 
Dromedary 

Fish 

Alabama cavefish 
Spotf in chub 
Sl ack-water darter 

------- -----
Scientific naMe Status ---------

M.t.Q..t IS rlsescens 

?elf~ s c~~c~,f,; 
HalTiee"tus 1 eucocepha 1 us 
Falco ~re rtnus 
JiTCOTdesborea 1 s 
~~ 

~~~~!~~ Ha !~;:;~:~s ~ 
V1"TTOSa1rabill5 E 
0Ui0rUT a t n te rrned f a E 
PreffiObas~anus E 
To)(olasma c111n rella E 

ia7~b,~!!a o~~~c~1~f: ~ 
~Etog~asma to~'osa torulosa E 
!£'!.Q.!L!£!!! ~ florentina l 
Plethobasus clrcatrleosus E 

i~~~~~:t~ c~~!!l:~ ~ 
P1eurobO!!!! plenum E 
Oromus aromas E 

Protection of all federally listed species 1S 
required by law for projects inVOlving federal 
agencies. State-listed threatened or endangered 
species, although not having legal status, should 
be considered in the siting of processing 
facilities, and mining and shale-disposal 
locations since these species may be afforded 
legal protection in the future . 

Socioeconomics 

The develc,pment of a shale industry in the 
prime resource area will have locally significant 
"boomtown" effects . Development of the mine and 
retort facilities will cause a large population 
influx int o nearby communities. This influx will 
diminish rapidly with distance from the 
facilities. Because the operations work force 
will be greater than that required during 
con.truction, there should be no "bust" cycle and 
impacts should be minimal. The skilled 
construction force will come from outside the 
area, while the operation personnel will most 
likely Come from the local area. Population 
growth , service facility, education and health 
care services, and transportation impacts will be 
borne by local residents. These impacts will be 
offset, in part, by the benefits of an expanded 
local economy and the opportunities for growth in 
the service sector . The tax base from the 
mine/retort complex as well as expanded retail and 
service trades and housing will be grpatly 
increased . Housing will be heavily impacted with 
initial development of the industry, but it should 
improve in qua 1 i ty and quant ity wi th time. There 
will be short-term trade-offs; however, over the 

/ 



long-t~rm. the quality of life should remain 
high. Although development ot an eastern shale 
industry will create localized "boomtown" effects, 
the prevailing attitude in the area is likely to 
be that developm nt is an economic boost to II 

currently depressed area. Impacts to historical 
and archaeological resources will be minimal due 
to the low frequency of Occurrence in the area. 

Conclusions 

Initilll developm nt of the Chattanooga shale 
wi 11 be a long the outc rop; however, mos t 0 f the 
resource will be extracted by underground mini ng. 
The major impacts as the resull of shale 
deve lopment will be those assoc iated with surface 
disposal of spent shale. Disposal of the spent 
shale can have significant i,npacts On surface and 
groundwater qual ity as the result of trace 
e lements and toxic substances leached from the 
shale . Cha nge s in water quality from these 
rele llses as well as from sedimentation and erosion 
can have significant long-term effects On aquatic 
biota . If large ar as are covered with spent 
shale and cannot be successfully rec1aimpd, then 
there will be significant changes in land us e and 
effects on terrestrial ecosystems. In addition, 
if large volum s of topsoil are needed for 
reclamation of spent shale and most shale is 
disposed o f above ground, significant impacts can 
OCcur on land use. The terrestrial ecosystem can 
also be impacted by runoff and leachates and by 
air quality changes possible from emissions of 
processing facilities. The impacts associated 
with development of Chattanooga shale cannot be 
more precisely quantified until more is known 
about (1) the re sou r ce; (2) the processes to be 
used for oil and metals extracLion; (3) the wastp 
prod uc ts that pit her wi II be leached from t he raw, 
roasted, or spent shale or will r emAin in the 
spent shale; and (4) the", thC'ds of spent shale 
disposal and reclamation. 
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Potential Impact of Oil Shale 
Development on Water Resources in 

Kentucky 
by 

William J. Mitsch and Christopher G. Lind 
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Abstract. Major water resource Lssues that may em~rge in 
Kentucky should oil shale development occur are discussed . Water 
qual L ty and streamflow from three major lola tersheds that contain 
oil shale reserves as descrLbed. Potential water quality pro
blems fror.! shale mining, shale processinlt and spent shale dis
posal are presented . 

lntrodu::tion 

The development of Devonian oil shale as an 
energy r~source Ln Kentucky will require Some re
gional commitment of water resources for that devel
opment to occur . The degree of the commitment of 
water reso urces , both in t erms of water use and 
water degradation, is uncertain for several reaSons. 
There have been no ~ilot o r comme rcial oLl shale 
retort facLlities built Ln the EaRtern oLl shale 
region, as are being built in Western shale regions. 
Furthermore, it is stLll not known which retort pro
ce .• ses would be used on Eastern shale "nd what theLr 
wat er requirements and ef Cluents wil L he. Minillg of 
shale has not been atter.lpted in the region on a 
large scal~ although sear.lS have been excavated in 
certain 10c3tions for highway construction . Like
wise, little Ls known about the physical and cheCli
cal characte ristics of spent shale and what effects 
it may have on "a t er quality . In addition to these 
uncertaintLes, specLfLc 10catLons of mining, reto r t 
facLlities, and spent shale dLsp05al cannot be 
dete rmined with any cpctain ty; this requires any 
analysis of env ironr.lental imrct to be generic or, 
at best, regional in a~proach • 

The Knobs area of Kentucky (Figure 1) is the 
most likely r eg ion of oil shale development in 
Kentucky. The water resources and aquatic ecosys
t ems of that region must be well understood to pre
dict conclusively the water resource impact of oil 
shale development . While r easonable data are 
available for streamflow and water quality of the 
larger stre.\[l~ that pass through the Knobs, few COCl
prellensive ··ecosystem-Ievel'" or ·'wate rshed-level'· 
studies for these streams exist . These omissions , 
in addition to the paucity of data on sr.laller and 
Intermitten t streams that rigina te in til Knobs, 
may furt:,er contribute to the uncertainty ahout the 
water re~ource impact of oil shale develoom~nt in 
Kentucky . 

Our paper will first pr esent a review of the 
pertinent literature on water resources and oil 
shale. This will be foLlowed by a description of 
the exist tng lola ter resources in the Knobs region of 
Kentucky and a descript ion of the water prob1eCls 
that are likely to be encountered if Devonian ull 
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shale is developed in Kentucky. Professional judg
ment will r eplace the existence of hard data in many 
instances so our r esults mu~t be vie~ed as prelimi
nary . Much research is st ill needed on the many 
is ues involving water and oil shale in the East . 
Companion papers on oil shale in Kentucky include an 
envi ronmental impact model l and a regional net ener
~y analysis 2• 

Eastern Devonian 
semi-circular 

Figure t. 
showing 
Kentucky. 

011 shale resources 
Knobs r egion in 

Previous Studies - Oil ~hale and Water Quality 

Several stuGies have documented the potential 
water use and water pollution problems that may be 
associated with the develop~ent of oil shale tn 
IJestern United States, part icularly in the Green 
River Formation of Colorado . There have been far 
fewer assessments of the impact of Eastern oil shale 
developr.lent on water resources . It Ls Misleading to 
rely too extensively nn I~stern oil shale studies 



fo r Eastern Devonian shale for several reasons . The 
Easte r n shale (a t r ue shale) is diffe r ent in physi
cal a nd chemical pr ope r ties f r om the Western shale 
(a ma r lstone) . Diffe r ences in t he geochemical pr o
pe r ties of the rocks and soils may lead to vastly 
diffe r ent wate r quality ~roblems . The climatic and 
hydrologic conditions a r e diffe rent in the two re
gions . Kentucky , f or example, averages 109 to 119 
cm of pr ecipitation , r-om pared with the precipitation 
of 25 to 50 cm in the Piceance Creek Basin of 
Colorado . 3 This diffe r ence in climate l eads to dra
matically different te r restrial and aquatic ecosys
t ems . Nevertheless , a r eview of general wate r 
r esour ce i~pacts in the Western r egion CAn provide 
some data applicable to Kentucky and the East . 

Wes t Shale 

General environmental Impac ts , includi ng wa ter 
impacts , of oil shale development in Uestern states 
have been su~marized by Kilburn3 , Crawford et al . 4 , 
Br ownS , and Bates and Thoem6• Studies dealing-with 
water quality in particular have been done by Kinney 
et al . 7 and Skogerboe et al . 8 Most authors state 
that-oil shale developers envision zero discharge of 
wsstelolster f r om commercial facilities . Wastelol3ters 
from one unit operation will be used as a water 
source for another operation , such as using retort 
wastelolater to wet down spent shale . 

Total water consumption by oil shale operations 
varies according to processes usec . McKee et al . 9 
estimated a loIater requirement of 0 . 4 m3/sec (13.8 
cfs) for a 100, 000 barrel per day Paraho oJl shale 
operation . Kilbur n3 suggested that "water use could 
become limiting" for oil shale devel op"lent in the 
West and found an approximate wate r use for a TOSCO 
II system of 0. 3 m3/sec (11 cfs) for a 50~OOO barrel 
per day facility . A range of 0.24-0.38 m Isec (8 . 5-
13 . 4 cfs) for a 50,000 barrel per day plant can be 
calculated from data given by Crawford et al . 4 

Hajor loIastewate r types, regardless of whether 
they are recycled, include 1) retort wastewater, 2) 
shale uil upgrading wastelolater, 3) mine drainage, 4) 
sanitary effluents, and 5) leachate fr om spent shale 
disposal . 6 Hany pollutants are found in these 
wastewater flows, including soluble salts, compl ex 
trace organics, and tr ace inorganic elements . Para
meters of primary interest for regulat ion include 
total suspended solids, phenols, pH, lead , arsenic, 
cadmium, copper, chromiumA mercury, selenium and 
silver . o Harbert et al. lv and Kilkelly et al. ll ,12 
presented results ho;;;-several years oY -lysimeter 
and runoff studies of spent shale piles . They con
cluded that salinity from spent shale deposits could 
have a high potential for pollution of adjacent 
wat e rways . Laboratory tests of spent shale by 
Stollenwerk and Runnells 13 and HcWhorter 14 suggested 
that florid, _ boron , molYbdenum, aluminum, zinc, and 
lead may have potentially high levels in leachate. 
Fr answay and Wagenet 15 found that processed Paraho 
shale "would be capable of contributing massive 
quantities of salt to surface and groundwaters if 
enough water was present to leach the shale." 

Eastern Shale -------
Little has been documented on water quantity or 

quality problems with Eastern oil shale developnent . 
IGT and Dames and Moo r e 16 , 17 discussed en '/ironmental 
issues with Devonian shale development, ~ncluding 
impacts on water resources . Those impacts are sum
marized in Table 1 fo r mining, processing, and spent 
shale disposal . ~~jor water problems include sup
plying :.ldequate water and pollution control tha t 
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would minimize o r el i minate e rosion, sedimenta t io n, 
and discharge of process pollutants . One study l o 
estimated a water requi r ement of 0. 57 m3/sec ( 20 
cfs) for a 50 , 000 barrel per day HYTORT ope r a tion . 
A range of 0 . 20 to 0 . 55 m3/sec (6 . 9 to 19 . 3 cfs) is 
estimated for the same process in a companion re
port. 17 Cooling tower loss was expected ttl be abo<lt 
91% of the total water req uirement . 

Table 1. Water Resource Impacts for Easter n 
Devonian Oil Shale Development as Summa r ized by 
IGT and Dames & Moore 16 . 

* inter ruption 0f small streams and dr ainage 
patter'ls 

*increasea e r osion ~nd sedim~ntation 
*possible interference with shallow aquife r s 
*effects of toxic elemenlq on aquatic 

ecosystems 

Pr ocessing 

*high water use from available sources 
*potential contamination of surface water f r om 
solid wastes 

*strea~ interruption and sedimentation during 
construction 

Spent Shale Disposal 

*potential source of toxic pollution to ground 
and surface water 

*possible water quality problems from major 
cations (calcium, magnesIum, sodium, and 
potassium) , chlorides , iron, and polyaromatlc 
hydrocarbons 

*potential acid drainage 

It was assumed in both of these reports that 
water lise could be much greater for oil shaJe devel
opmpnt in the Eastern shale reg ton than in the West 
because of greater water availability. Vyas et 
al . 18 suggest that the water supply for a proposed 
oil shale plant in Fleming County could obtain its 
water supply f'tom the Ohio River altho'Jgh "pipeline 
easement problems could be severe." That study also 
presented extensive ch emical analyses of Kentucky 
oil shale although interpretation of the data from a 
water pollution perspective wa s bripf. 

Water Resources in the Kentucky K'\obs 

Most elements of Kentucky's climate vary appre
ciably across the state . The state's geographical 
location is within the belt of westerly winds which 
continuously bring a succession of low pressure 
storm systems. The storms are periodically dis
placed by high pressure, fair weather systems . The 
continual passage o f these t',o types of weather sys
t ems through Kentucky caus~s changeable weather pat
terns during each season. 

Annual precipitatJ on averages 114 em (45 
inches) in Kentucky . In the oil shale region, pre
cipitation varies fr om 112 em in Haysville to 124 em 
in Richmond (Figures 2-4) . The months of September 
~nd October average 20 to 30 pe~cent less rainfall 
than the heavy precip itation months of January and 
February. The re are 110 to 130 days of measurable 



prec ipitatlon in the all shale region. Annual pat
t e rns of djust ~d pan evaporation (PE) are also 
shown in Figures 2-4 . 
All cl imate diag rams s ugges t excess ~ater iro~ 
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Figure 2 . Precipitation and evaportranspirat ion pat
terns fot· Bardstown, Kentucky , in wes
tern pd r t of Knobs . 
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Figure 3. Precipitation and evapotranspil'ation pat
terns [or Richmond Kentucky, in south
east~cn part of Knubs. 
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October throlleh IlA y \lith !:PT'pra1 water deficits frol'l 
June through Septembe r . S~ring flooding o[ streams 
i s frequent, due to excess water and thaw, although 
this phenomenon is not as pronounced as in northern 
states. An overall precipitation/PE ratio for the 
oil shale region is 1. 58 which indicates that ther 
is a 58% excess of water for streamflow and ground
wa ter recha rge. 

Surface Watpr Resources 

Several major watershrds, namely the Salt 
River, the K~ntucky River, and the Licking River 
Basins traverse the oil shal e region of Kentucky 
(Figure 5) . All of thege watershed s d>:ain towards 
the Ohio River. The Ohio River itself is adja ent 
to shale deposits in Lewis County in the east and 
Jefferson County in the west. However, it is not 
anticipated that oil shale developmen~ will utilize 
that river . 

----------------~~ 
Figure 5. liajor drainage basins in Knobs oil shale 

region in Ken tucky. 

Figures 6 through 8 are dr ainage maps fo r three 
major watershLd a r eas investigated in detail here . 
Table 2 gives flow data for selected st r eams in 
those r egions. The Rolling Fork River wa te rshed 
(Figur ~ 6) is 3400 km2 with an ave r age flow of 51.5 
M3/sec (1,819 cfs) near ~oston in Nelson County . 
This average discharge is eq~ivalent to 48 cm/yea r 
o r 40 percent of the total precipitation of the 
a r ea . The Kentucky and Red Rivers (Figure 7) are 
the major streams that intersect the central po rt ion 
of the oil shale r egion . The Kentucky River , with 
an average flow of 150 m3/sec (5 ,307 cfs) is the 
largest s t ream to pass through the oil shale region . 
The Red River, a t ributary of the Kentucky Rive r, 
averages 13 . 8 m3/Gec (487 ds) . Eac" of these two 
rIvers drains appr~ximately 46 cm/yr f r an their 
wa ersheds and has its head~aters in the Appalachian 
1I0uT'tains and Eastern Coal Field of 1(entucky . The 
Licking River (Figure 8) drains through the eastern 
par: of thE oil shale r eg i on of Kentucky . 

Low flow conditions fo r Some streams in or near 
the oil shale r egion of Kentucky are also shown in 
Table 2 . The Kentucky River is the only stream with 
substantial flow dur i ng Ie-yea r low f10w conditions 
and is 12 times that of the next highest low flow 
discharge , the Rea River . The Rolling Fork River , 
in th~ west e r n part of the uil shale region, has a 
low fl ow of only 0 . 06 n3/sec (2 . 0 cfs) and the Salt 
Rive r has Lero discharge during low flow conditions . 
Little flm: could likewise be expected in t he 
Licking Rive r during IO-year low fl~w conditions . 

The Knobs reg ion, where many oil shale deposits 
are near the surface is a hilly terrain with many 
",Up" of s,""ll 1m .. nr,jpr streams . 'fost of theee 
streeMS are seasonally interMitten t. Should oi l 
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Tab Ie 2. Ave r age Discharge and Low Flow For Selected Streams Nea r 011 Shale Regior.s Of Kentucky . 

River/St r l:am Locat lon Drainage Ar ea, Average Discharge , 7 day-l 0 yr 
(County) km2 

Rolling Fork Ihtershed 

Rolling Fork Boston 3 , 364 
(Nelson) 

Roi llng Fork Leb"non Junction 3 , 561 
(Har in) 

Roll ing Fork Lebanon 619 
(Marion) 

Kentuckl::- Red Watershed 

Kentucky Jackson 2,852 
(Nor th Fork) (Br ea t h i tt) 
Keo.: tucky Tallega 1,391 
(Middle Fork) (Lee) 
Kentucky Booneville 1,870 
(South Fork) (Owsley) 
Kentucky Heidelberg 6 , 882 

(Lee ) 
Kentucky Winchester 10,243 

(Madison) 
Red Rl'/er Hazel Green 170 

(Wolfe) 
Red Rive r Clay City 938 

( Powell) 

Licking River Watershed 

Li~king Farmers 2,139 
(Ba th) 

Triplett Creek Horehead 
(North Fork) (Rowan) 
Rock Lick Creek Sharkey 

(Fleming) 
Licking Lewisburg 
(North Fork) (Mason) 

shale resources be ~r-veloped. these ephemeral 
streams may become '.mpc. rtant conduits . No data wer" 
found , however, on the quantity or quality of these 
streams . 

St r eam Wate r Qu~l~ 

Water qual it:· data available for our study 
wat~ rsheds in the L'il shllie region are summarlzed in 
Appendix A. A general discussion of th" major chdr
acteristics of these streams follows . 

~and Buffering Capac l cy . All major streams in the 
reg!on are circumneutra l and range from an average 
pH of 7 . 3 in the Red River to a pH of 7. 8 in the 
Salt and Licking River . The Kentucky River and to a 
greater extent the Red Rlv'H have relatively low al
kallnities, ~uggest~ng that these streamR are less 
buffered against pH changes than are the st reams 1n 
the eastern or west e rn parts of the oil shale 
region. 

Dissolved Oxygpn . None of the stre8ms showed any 
low dissolved oxygen measurements. Values for BOD 
and Chemical C"ygen Demand (COD) are very low at the 
sa~pling stations selected, indicatlng that the 
large streams of the region have few problems of low 
oxygen even in th" summer month~. 

219 

10 

303 
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m3/sec tow flow, 
m3/sec 

51.5 0 . 06 

0 . 06 

9. 7 0 . 0 

3& . 9 0 . 09 

20 .9 

30 . 3 0 . 0 

104. 0 

150 . 3 1. 2 

2 . 6 0 . 0 

13 . 8 0 . 1 

30 . 3 

3.'l 0 . 0 

0.2 

4. 3 

Major Ions (Salini~) . Total salinity (dissolved 
mate rials) is reflected in the conductivity and dis
solved residue measurements . The Red River is the 
lowest in dissolved materials (ave . - 73 mg/l) and 
the Salt River 1s the highest (ave . 272 mg/l). 
This ra~ge reflects the differences in surface and 
subsurface geology , the relat1ve importance of 
groundwater inflows , and the possible pr e.ence of 
cultural sources. Calciua dominates the dissolved 
cations in all z trea,ns, although t 1s much lower in 
the Red and Kentucky Rivers. An i ons are generally 
dominated by the bicarbonate ion (as reflected in 
the alkallnity measurement) , although the Kentucky 
River has relatively high levels of sulfdtes, pos
sibly due to upstr eam coal mining . 

Nut r i ents. Nutrients, partlcularly nitrogen and 
phosphc' rus, can cause eutrophication of waterways 
with proliferation of algae and aquatic plilnts . 
Nitrogen and phosphorus levels are generally very 
low in the Rt'd and Kentucky Rivers and at moderate 
levels in the Licking. Salt, and Rolling Fork 
Rivers. The higher levels in these last rivers may 
be indicative of r unoff t r om adjacent farmland . If 
these streams were impounded for oil shale develop
ment , eutrophicetion pr oblems could result in the 
reservoir . 
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Figure 8 . Licking River l1atershed in northeastern Kentucky. 

Sediments. Heasurements of 
~~~~~~ra~l~s~o~c~a~lled solids or residue) 

suspended 
showed a 

very deviation from the mean for all streams. 
This is because of the characteristic pattern of 
much higher concentrations of suspended materials at 
higher flows. None of the values in the streams 
investigated were found to be excessive excep t 
during flooding conditions. 

Iron and ~langanese. Iron and manganese are major 
indicators of acid drainage from pyrite-rich depo
sits. Co~monly associated with discharges from sur
face and undergound coal mines, these metals could 
be found in high concentra~ions in pffl "ents from 
oil shale mines as well. The Com"'''""ealth of 
Kentucky has developed r egulations for oil shale 
effluents which are stmilar to coal mining regula
tions and are shown in Table 3 . Total dissolved 
iron is highest in the Red, Licking and Kentucky 
Rivers, reflect ing possible effects of upstream coal 
mining . Hanganese is also high in the Red and 
Kentucky Rivers. Although dissolved iron is low in 
the Salt and Rolling Fork Rivers, total iron is 
around 2 mg/I, a rela .ively high concentration. 
Total iron data were not available for the other 
streams . 
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Table 3. Effluent Lirr.itations for Oil Shalp. 
Operations in Kentucky. 

Parameter Hinblum Averag2 for 
Allo\lable 30 days 

Total iron. mg/l 7. 0 3.5 

Total manganese, 
mg/l 4.0 2.0 

Total suspended 
solids, mg/l 70 .0 35 . 0 

pH 6.0-9.0 

Trace Hetals . Concentrations of trac e metals 1n 
selected streams are also summarized in Appendix A. 
Dissolved lead value s are higher than EPA criteria 
for drinking water (50 mg/I) in the Red, Kentucky 
and Licking Rivers and r.onside r ably higher than that 
acceptable for aquatic life. Ilercury is higher than 
acceptable for aquatic life, while cadmium is close 



L 

to the c riteria for domestic water supply in the 
same streams. It is not known if these values are a 
result of upstream coal mining. The Rolling Fork 
and Salt Rivers in the western part of the oil shale 
region have higher values of dissolved barium and 
dissolved chromium than the streams to the east, but 
the values are well below criteria for drinking wa
ter and a~ua tic life . 

Groundwater Resources and Quality 

Groundwater data for the oil shale region are 
sparce to non-existent. No U.S.G.S . groundwater 
monitoring wells are located 1n our wate rsheds. 
Well yields are generally 100 to 500 gpd throughout 
the region wi th little water available on the hill
sides of the Knobs. The water becomes hard at rela
tively shallow depths and may contain salt and 
hydrogen sulfide. Water quality for selected sam
~les taken from wells in the region is given in 
Appendix B. Iron and sulfate concentrations are 
high in samples taken from shale strata as a result 
of pyrite. The exposur e of these seams during oil 
shale mining could lead to acid drainage conditions 
similar to those experienced from coal mining. 

Water Quality Impacts of 
Kentucky Oil Shale Development 

The development of oil shale in Kentucky will 
present several potential water resour ce problems. 
The questions of water use and wate r quality canrot 
be separated because water diversion will, by defi
nition, have an impact on in-stream water quality , 
particularly dur i ng low flow conditions. For con
venience, the water impacts will be discussed 
separately for shale mining, shale processing, and 
spent dhale disposal . 

Surface mining methods, probably contour mining 
and mountain-top r emoval techniques, will b~ used to 
mine oil shale in the Knobs region of Kentucky. It 
has been estimated l9 that 80 hectares per year ( 200 
acres per year) of surface mining will be required 
to support a 50,000 barrel per day commercial plant . 
For the prediction of the major water impacts of 
shale mining in Kentucky, more can be inferred from 
Eastern coal mining problems than from Western oil 
shale mining . The major anticipated problems from 
oil shale mining are then: l) erosion and sedimen
tation, 2) hydrological moaification, 3) acid drain
age , and 4) other toxic chemical pollu t ion . 

When large surface areas are expos ed during 
mining, increased amounts of sediments are eroded 
from the mined site . These sediments, if not con
trolled with sedimentation basins, can sig,\ificantly 
increase the total suspended solids (rSS) of adja
cent st reams and can lead t o irregular e r osion and 
sedimentation patterns in the streams. It has been 
estimated that surface mining in the Appalachian 
region can cause an 80-fold increase in sediment 
load as compared with a forested area in the same 
region . 20 

The hydrological modifica:ion of the watershed 
hlay also indirectly change the water quality of ad
jacent streams . Removal of surface "egeta~ion will 
lead to inc reased runoff during storr.! events and 
will decrc~~e soil and gtoundwater storage of water. 
Sediment loads will then be higher during flooding 
conditions in adjacent streams and water recharge 
will be less during low flow periods . This latter 
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effect may indirectly lead to greater concentrations 
of dissolved materials during low flow and may in
crease instream levels of toxic metals. This, by 
itself , could have a deleterious effect on aquatic 
life in the stream . 

Acid dra inage , typical of Eastern coal mining, 
will probably be a major impact of shale mining in 
Kentucky . Pyrite (FeS2) i~ oresent in varying 
amounts in the oil shale seams with concentrations 
varying between 2 and 5 percent. 19 Acid drainage, in 
addition to contributing low pH conditions to local 
strea~s, will dissolve metals such as iron, manga
nese, and aluminum. As the pH recovers through 
natural processes in the streams, a ferric hydroxide 
precipitate is formed (called yellowboy in some 
regions) which has a toxic and smothering effect on 
most aquatic organisms in the stream. While mea
sures are currently available for the control of 
acid drainage from active mines in Eastern coal 
r egions , the high levels of pyrites in the shale 
seams and the large amounts of shale that would be 
mined for a commercial operation suggest that acid 
dra~nage will be one of the major water quality con
siderations of 011 shale development in Kentucky . 

Trace metals, which can be toxic to aquatic 
life or deleterious to water supplies, may also be 
present in mine runoff . Several metals, including 
colbalt (Co), chromium (Cr), copper (Cu), and 
molybdenum (Mo), nickel (Ni) and uranium (U) were 
found to be h _gher in the shales than in surrounding 
geological materials. l8 Some of these metals cou!d 
be mobilized due to the acidic conditions that 
develop during mining and could be transported to 
local streams. Alternatively, the metals could 
remain in the shale matrix thr ough r eto rting and 
become significan t during the disposal of spent 
shale . 

Processing 

The retorting and upgrading of oil shale to 
commercial oil prodocts may have several effects on 
the water quality of adjacent streams. These pos
sible effects include l) the direct discharge of 
wastewaters from various unit opera tions , 2) the 
indirect effects of water withdrawal and possible 
impoundr,lents on s tr eam water quality, and 3) pos
sible accidental oil sp.lls . 

The products contained in various wastewaters 
from ope r ations are not well known. lost oil shale 
developers have pr oposed zero-discharge of waste
waters to local sur face waters, a though the practi
cality of this scheme has not ye t been fully demon
strated . llajor waste streams to be e>:pec ed from 
Eastern oil ~hale processes include l) wastewater 
from retort operations, 2) wastewater from shale oil 
upgrading (if done on site) . 3) wast ewater from air 
pollution control systems, 4) blowdown from cooling 
systems, and 5) effluents from water treatment and 
sanitary wastewater sye tems . 6 ,l9 

~!ajor wat e r quality pa ramr"ers of concern from 
retorting and/or upgrading opera tions include 
oxygen-demand parameterG (BOD, COD , TOC), total sus
pended solids (TSS), oil and grease, organic com
pounds such as ~henols , amines, and mercaptans , 
sulfur compounds (sulfates and sulfides) , ammonia 
and several trace metal~ (e . ~ ., total and hexavalen t 
chromium). IJastewaters and treatment options would 
be similar to those now employed in oil re fineries . 6 

Air pollution control systems could utilize water 
for scrubbing and/or transport of solid wastes that 



contain high levels of 8'" fur, nitrogen comJ)'"unds , 
and trace metals. Blowdown from cooling w~ter con
centrates all dissolved materials originally found 
in the feed water . Best available technology cri
teria fo r cooling tower blowdown have been developed 
and include alkalinity , phosphates , chromium, cop
per, iron, and zinc . 

Spent Shale Disposal 

Approximately the same mass of mate r ial that is 
mined for the production of shale oil must be dis
posed of as spent shale . The volume of the material 
is actually slightly greater due to physical changes 
that take place during crushing and retorting. The 
material will be stored permanently in spent shale 
piles, probably in t he surface mines or at the head 
of hollows. Revegetation potential as well as the 
chemical characteristics of runoff and leachate from 
the spent shale piles are not well understood for 
eastern shale. Western shale studies have shown 
that revegetation is slow and that runoff and 
leachate are high in total dissoved materials and 
certain trace el~ments. Because the Eastern shale 
is believed to have lower cohesion gnd cement-life 
properties than Western shale, leaching of water 
through the shale may be more significant in the 
East . ~terials that are in relati'lely high concen
trations in spent Devonian shale include iron, sul
fates, chromium, copper, cobalt , molybdenum , nickle, 
and urani .. m. High salinity from spent shale will 
not be as great a pr oblem in the East as in the 
Western shale region, but spent shale piles in the 
East could contribute to acid drainage problems ex
pected from mining of shale . This would result in 
low pH waters with high concentrations of iron, man
ganese, sulfur and other toxic metals. It is also 
possible that some organics, particularly polyaroma
tic hydrocarbons, could be leached from the spent 
shale although one study suggested that this is not 
a problem with spent Devonian 3hales. 17 Research is 
just beginning on the leachates from spent Devonian 
shale and much field and laboratory work will be 
required before the potential for this problc'Il is 
understood. 

Summary of Water Impacts 

The state of knowledge of water quality impacts 
of Devonian oil shale developments in Kentucky is 
summa rized in Table 4. Ther e is a great deal of 

Table 4 . Impact Rank and Probability of Occurrence 
of Oil Shale Activities on Water Quality in 
Kentucky Devonian Shale Regions. 

Impact on Probabili ty of Occurrence 
Water 

Quality High Uncertain 

High 

to 

*acid mine 
drainage 

*erosion 
sedimentation 

*instream 
modi Hcation 
due to water 
wi thdrawal 

*cooling system 
blowdown 

*water treatment 
and sanitary 
effluents 

*spent shale 
leachate 

*hydrologic modi
fication by 
minIng and spent 
onale disposal 

*reto rt and 
other process 
wa stewa ters 

*localized oil 
spills 

"'eutrophication 
*spent shale runoff 
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uncertainty about several aspects of oil ~hale 
operations in Kentucky, particularly with Jpent 
shale leaching and runoff and retort effluents . 
High probabilities are associated with the effects 
of oil shale mining which will cause acid dr ainage , 
sedimentatiJn, and erosion in local streams unless 
significant co~trol measures are taken. It is also 
probable that the large amounts of water consumed in 
oil shale processes will cause significant instream 
problems with certain water quality parameters 
during low flow periods . Eutro?hication of streams 
and/or impoundments and localized oil spills may 
also be problems exacerbated by 011 shale develop
ment in the region. 

~ruch research needs to be done on the impor
tance of individual parameters that can be utilized 
for monitoring and regulation. Table 5 summarized a 
preliminary list of parameters , with high and low 
ranking, that should b~ investigated in subsequent 
research on the water quality impacts in the Devon
ian oi shale region of Kentucky . The potential ef
fluents and pollution sources must be weighed 
against the carrying capacities of the lc~al streams 
in order to properly develop water quality standards 
for oil shale development in Kentucky . 

Table 5 . Preliminary List of Parameters for Moni
toring and Regulation of Oil Shale Development 
in Kentucky. 

Ranking Mining Processing Spent Shale 
Disposal 

High 
Priority pH, TSS , TSS, NH3, Cr, Fe, Cu, 

Co, Mo, Ni, 
U, pH , 504 

Fe, Mn, phenols, COD, 
alkalinity/ Cr, organics 
acidity, 
Pb, Hg, 
AI, S04 

Lower 
Priority nutrients BOD, TOS, Ca , Mg, Na, 

K, B, Se, 
F, Zn, Ni , 
As, Cd, 

(N, P), nutrients, 
other t r ace other trace 
metals , metals 
organics 
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Appendix A 

Table AI. Water Quality of Streams in and near the Oil Shale Region of Kentucky 

Averag~ + Standard Deviation (0 of samples) 

Parameter 

pH 
Dissolved oxygen (mg/l) 
Conductivity (umho/cm) 
Coliform , fecal (OIOO/ml) 
Calcium (mg/l) 
Magnesium (mg/l) 
Sodium (mg/l) 
Potassium (mg/l) 
Alkalinity (mg/l as Ca(3) 
Sulfa te (mg/ 1) 
Chloride (mg/l) 
Floride (mg/l) 
Si02 , dissolved (mg/l) 
Di~solved Residue (mg/l) 
SU8pended Residue (mg/l) 
N02 + NO) (mg/l as N) 
NH4 (mg/l as N) 
N, organic (mg/l) 
N, total (mg/l) 
P, tl'tal (rug/I) 
P, dissolved (mg/l) 
BOD (mg/l) 
COD (mg/l) 
Total Organic C (mg/l) 
Turbidi ty (NTU) 

Parameter 

pH 
Dissolved oxygen (mg/l) 
Conductivity (umho/cm) 
Coliform, fecal (QIOO/ml) 
Calcium (mg/l) 
Ma~nesium (mg/l) 
Sodium (mg/l) 
Potassium (mg/l) 
Alkalinity (mg/l as CaC03) 
Sulfate (mg/l) 
Chloride (mg/!) 
Floride (mg/l) 
Si02 , dissolved (mg/l) 
Dibsolved Residue (rug/I) 
Suspended Residue (mg/l) 
02 + N03 (mg/l as N) 

NH4 (mg/ I as N) 
N, organic (mg/l) 
N, total (mg/l) 
P, total (mg/l) 
P, dissolved (mg/l) 
BOD (mgll) 
COD (mg/l) 
Total Organic C (mg/l) 

Turbid ity (NTU) 

Salt River at Rolling Fork near 
Shepherdsville l ,2 Lehanon Junction 1 

7. 8 + 0.4 (12) 7. 55+ 0 . 2 (12) 
10.1 (2) ----------
429 + 86 . (12) J74 . 0 +35 . (12) 

1459 + 810 (II) 307.0 + 6. 0 (II) 
66 . 0 + 4 . 0 (12) 54.0 + 2.0 (II) 
13. 0 + 1.0 (12) 13.0 + 0 .6 (11 ) 
7.1 + 1.2 (12) 5. 8 + 0 . 5 (11 ) 
3. 1 + 0. 4 (12) 2. 5 + 0.3 (11 ) 

181. 0 + 13. 0 (12) 158 . 0 + 6 . 0 (12) 
36.0 + 3.0 (12) 33 . 0 + 2.0 (12) 

9. 3+ 1.1 (12) 6. 5 + 0.7 (12) 
0. 2 + 0. 1 ( 12) 0. 2 (12) 
4. 0 + 0. 5 (11 ) 5.6 + 0 . 1 (12) 

272.0 + 14. 0 (12) 231.0 + 6. 0 ( 12) 
67 . 0 + 104. ( 11) 114.0 + 127 . (11 ) 

1.0 + 0.1 (I2) 0.6 + 0.1 (11 ) 
0. 1 (12) 0. 1 + 0 .1 (11 ) 
0.7 + 0. 1 (11 ) 0 . 4 + 0 . : (9) 
1.7+ 0. 1 (11 ) 1.1 + O.l (10) 
0 .3 (12) 0 . 2 + 0 . 1 (12) 
0. 2 ( 12) 0.1 (12) 

---------- ----------
---------- ----------

6. 9 + 1.8 (7) 5. 0 + 0 .8 (7) 
10. 0 + 4. 0 (12) 20 . 0 + 6.0 (12) 

Average + Standard Deviation 

Kentucky River 
at Heidelberg3 

7.4 + 0.4 (11) 
9.8 + 2. I (18) 

25\ . 0 + 145.0 (20) 
----------

16.9 ~ 10.3 (19) 
8. 2 + 3. 6 (19) 
7.6 + 5.7 (19) 
2. 2 + 0.9 (19) 

39 .5 + 17 . 2 (18) 
50 . 5 + 24 . 6 (18) 

5. 6 + 4.0 (20) 
<0.12 (10) 

5.4 + 1.8 (20) 
15. 2 + 57 . 0 (20) 
62.1 + 69 . 5 (20) 

0. 25 + 0 . 15 (17) 
0.13 + 0 .1 0 (17) 
0. 30 +" 0 .1 4 (I 7) 
0. 64 + 0 . 20 (17) 
0 . 07 + 0 . 07 (17) 

----------
<1.2 + 0.9 (17) 
<9 . 3 + 6.3 ( 20 ) 

----------

25 . 2 + 35 . 3 (20) 

lU.S.G . S. \~ater Resources Data for Kentucky -
2not on watershed map, but adjacent 

Report Ky-BO-l, Water Year 1980 

Red River 
at Hazel Green3 

7. 3 + 0. 6 (16) 
9.1 + 1.6 (7) 

107.0 + 65 . 0 (17) 
----------

7.9 + 7. 5 (17) 
3. 5 + 3.1 ( 17) 
2. 8 + 1.9 (17) 
1.6 + 0.8 (17) 

26 . 6 + 15.8 (17) 
19.3 + 18 . 9 (16) 
3. 7 + 2. 4 (17) 

<0.1 (4) 
6. 2 + 1.5 (17) 

12 . 8 + 29 . 0 (I 7) 
65 . 1 + 167 . 5 (16) 
0.26 + 0.12 (15) 
0 . 13 + 0. 12 (14) 
0. 3 + 0.2 (14) 
0.7 + 0 . 3 (1S) 
0 . 04 + 0. 06 (15) 

----------
0. 8 + 0. 6 (13) 
8 . 0 · + 8.0 (16) 

-----------
23.5 + 74.0 (17) 

(0 of samples) 

North Fork Lickin~ River 
near Murphysville 

7.B + 0 . 2 (9) 
10.0 + 2.4 (16) 

324.0 + 52 . 0 (18) 
----------

49.0 + 23 . 0 (12) 
11. 5 + 2. 0 (12) 
4.0 + 1.9 (12) 
3. 2 + 1.5 (12) 

130.0 + 42 . 0 (17) 
36.0 + 5. 0 (17) 
6.0 + 2. 3 (18) 
0. 12 + 0 . 02 (18) 
5.6 + 1.9 (1 4) 

219 . 0 + 4loO (17) 
90.0 + 242 . 0 (18) 

0 .78 + 0 .41 (16) 
0.17 + 0 . 16 (16) 
0. 53 + 0 . 52 (16) 
1.45 + loOO (16) 
0. 28 + 0. 8\ (16) 

----------
lo2 + 0.7 (!") 

16 . 9 + 15 . 2 ( 17) 
----------

20 . 5 + 48 . 6 (18 ) -

3Kentucky Department for Natural Resources and Environ~ental Protect ion, Division of Water Primary 
Station Network, Mar 1979-Sep 1980 . 
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Table A2. Water Chemistry (Hetals ; of Streams in and near the Oil Shale Region of Kentucky . 

Averase + Std. Dev . (II of samI!les) 
North Fork Licking 

Salt River at Rolling Fork near Red River at Kentucky River River .1ear 
Parameter, ug/l Shepherdsville 1 Lebanon Junction l Hazel Green2 at Heidelberg 2 Hurphysville 2 

~total -------z:3 +- 6.-7 (4) 1.8 + 0 . 5 (4) 2. 1 + 2.1 (12) 8. 7 + 15 . 2 (15) 3.3 + 3.m4) 
As, dissolved 2.7+ 0. 9 (3) 2.0 + 0. 7 (4) 1.5+ 1.2 (6) 2. 7+ 2. 2 (10) 2. 8 + 1.7 (9) 
Ba, total 83.3 + 16 . 7 (3) 87 . 5 + 37 . 5 (4) 
Ba, dissolved 40 . 0 + 5. 8 (3) 37.5 + 4. 8 (4) 16 . 8 + 6. 9 (8) <24 .2 + 18.6 (10) 32 . 5 + 17.7 (2) 
Cd, total 1.5+ 0.6 (4) 1.5+ 0. 6 (4) 
Cd, dissolved 0. 5 + 0. 5 (4) 1.0+ 2. 0 (4) 9.6 + 7. 2 (16) 8.1 + 7. 2 (19 ) 8. 2 + 5. 2 (18 ) 
Cr, total 15.0 + 5. 0 (4) 12.5 + 2.5 (4) 2.9 + 3. 1 (15) 3. 6 + 2. 3 (17 ) 3.5 + 5. 5 (In 
Cr, dissolved 12 . 5 + 1.3 (4) 10.0 + 0. 0 (4) 1.4+ 0.5 ( 13) 3.4 + 3. 4 (14) 2. 0 + 2. 6 (18) 
Co , t('tal 1. 0+ 1.0 (4) 1.3+ 1.3 (4) 
Co, dissolved 0.5 + 0. 5 (4) 0. 5 + 0.5 (4) 
Cu, total 11.3 + 5.1 (4) 14 . 5 + 7. 5 (4) 7.2 + 6.0 (18) 6. 2 + 3. 2 (20) 6.6 + 5.1 ( 17) 
Cu, dissolved 10.5 + 2.5 (4) 6. 8 + 2.3 (4) 5.1 + 3. 4 (17) 5. 0 + 4. 6 (19) 8. 5 + 4.4 (18) 
Fp.., total 1802 . 0 + 452 . 0 (4) 2150 . 0 + 784.0 (4) 
Fe, dissolved 33.3 + 14 . 5 (3) 22 . 5 + (-.3 (4) 168.6 + 120 . 1 ( 17) 83.7 + 77 . 5 (20) 89 . 3 + 64 . 0 (18) 
[b, total 8.3 + 2. 0 (4) 11.2 + 6. 6 (4) 42 . 3 + 52 . 2 (18) 94 . 6 + 105 . 9 (20) 106 . + 91. 0 (17) 
Pb, dissolved 0. 3 + 0. 3 (4) 0.5 + 0 . 3 (4) 95 . 5 + 92 . 0 (17) 94.8 + 120 . 7 (19) 98 . 8 + 79 . 6 (18) 
Hn, total 107.0 + 25 . 0 (4) 162 . 0 + 37.0 (4) 
Mn, dissolved 40 . 0 + 10. 8 (4) 41.0 + 22.2 (4) 132.4 + 137 . 5 (17) 82.0 + 45.0 (19) 26 . 4 + 11 . 2 (18) 
Hg , total 0. 1 + 0 . 0 (3) 0. 1 + 0 . 0 (4) 1.0 + 1.2 (18) 2. 3 +- 6. 5 (20) 1.3+ 0 . 9 (18) 
HR, dissolved 0. 2 + 0. 6 (3) 0.1 + 0. 0 (4) 0. 8 + 0. 7 (15) 0.7+ 0. 4 (16) 1.3+ 0 . 6 (6) 
Zn, total 25.0 + 8. 7 (4) 35.0 + 12 . 6 (4) 
Zn, dissolved 11. 3 + 6.6 (4) 9. 2 + 7. I (4) 31.1 + 23.1 (17 ) 35.9 + 40.7 (19) 26 . 0 + 13 . 6 (18) 
Ni , total 4.7+ 0. 3 (3) 3. 7+ 1.5 (4) 
Ni, dissolved 0.7+ 0.2 (3) 0. 5 + 0.5 (4) 4. 9 + 3. 3 (13) 5. 2 + 2. 8 (16) 6. 3 + 2. 8 (18) 

l U. S.G.S Water Reeource Data for Kentucky-Report Ky 80-1 Water Year 1980 
2Kpntucky Department for Natural Resour ces and Environmental Protection Division of Water -Primary Station 
Network March 1979-Sept. 1980. 

Table Bl . Water Quality of Selected Groundwater Samples f r om the Oil Shale Region of Kentucky . 

Parameter 

Depth, ft 
Da te of Sa!!lple 
Geological Unit 
pH 
temperature,OC 
alkalinity, mg CaOO3/1 
hardness, mg CaOO3/1 
conductivity, umhos/cm 
Fe, ug/l 
Hn,ug/l 
HCO), mg/l 
504- , mg/l 
CI- mg/l 
Fl- , mg/l N01 mgl/l 
Ca ,mg/l 
llg++, mg/l 
Na+, mg/l 
K+, mg/l 

Appendix B Continued on Next Page. 

Bulll tt 

127-180 
Hay, 1964 
350 SLRN 
7.4-8 . 2 
13.8 

60-320 
788-1210 
210-850 

247-377 
39-249 
54-110 
0. 6-1.0 
0.04-1. 7 

LaRue 

145 
Sep, 1952 
333 STSL 
7.5 
18 . 3 
134 
146 
298 
)0 

163 
17 
4. 5 
O. I 
1.1 
47 
6. 8 
2.7 
1.5 
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County 

Nelson 

40 
1956 
354LVLL 
7.3-7.5 
13-13.3 
292 
194-260 
853-915 
130-250 

356-378 
83-93 
46-63 
0.6 
0.6-4 . 6 
40-58 
23-28 
94-129 
4. 2-5 .9 

Nelson 
(J . Beam 
Distillery) 

Jun, 1957 
III ALVM 
7.4 
15 . 0 
123 
144 
284 
150 

150 
14 
4 

33 
15 
2. 1 
0 . 8 

Bath 
(City of 
Salt Lick) 

40 
Apr, 1953 
111 AMOT 

12.7 

270 
1390 
1800 

430 
146 
152 
0.1 
3.4 

Fleming 

66 
Sep , 1953 
341 NUB 

14.4 

193 
479 
5700 

234 
54 
12 
0.2 
0 .9 



Appendix B Continued. 

Count;z: 

Parameter Lewis Rowan Clark Est III Montgomery Powell 

Depth, ft 50 37 1600 143 40 150 

Date of Sample May 1954-Apr 1956 April 1953 1964-67 Hay 1968 May 1965 1951-57 

Geological Unit 357BFLo 341NALB 364STPR 354LVLG 341NALB lllALVN 

pH 7. 6 3. 8 6. 3-S . 0 7. 3 6. 3-7 . 6 

temperature, ·C 13. 8-15 . 0 14 . 4 

alkalinity, mg CaC03/l 318 
hardness, mg CaC03/l 485-534 66-12(, 959-1360 764 400 60-75 

cond uc ti vi ty, umhos/cm 3240-3930 252-379 13,100-17 , 300 9350 792 213-422 

Fe, ug/1 1100-1700 440-7S0 2100 2600-3900 

Mn,~g/l 3D 
HC03, mg/1 28 C-305 0-7 290-388 758 415 106-164 

S04s, mg/1 43-55 48-180 69-200 8S 4 . 0-8 . 8 

Cl- mg/1 890-1110 5-20 4380-6100 2880 16 12-48 

Fl- , mg/1 0 . 5 0 . 1-0 . 2 0.3-0 . 4 1.9 0 . 4 0.1-0 . 2 

N01 mgN/l 0.5 24 0.9 1.6 0.5-1.0 

Ca , mg/1 116 127-297 197 86 19 

Hg++ , mg/1 59 151-156 66 45 2 . 9 

Na+, mg/1 570 2700-3740 1840 28 64 

K+ , mg/l 17 SO-lOO 11 2. 9 1.8 



Leaching Studies on Kentucky Oil 
Shale Products 

by 

D.W. Koppenaal 
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Lexington, Kentucky 40512 

Abs tract 

Laboratory leaching s tudies on a suite of Kent ucky oil 
sha l es and their associa t ed retorted and combusted products are 
descr ibed . Standardized batch extraction procedures were 
performed and evaluated on the basi s of their lea ch ing medi a 
compos ition, pa rt ic le morpho logy. solid: liquid ra tio , a .~ d 
contact time characteri s ti cs . Leachate cO!r.;x>sition was mo nitored 
via pH, conductivity, total organic carbon, anion (SO~ : Cl-, 
NOij, cation (Na+, K+, Ca H , Mg 2+), and trace element (Ag, As, 
Sa, Cd, Cr, Pb, Se, Hg, and others ) determinations. Illustrative 
results from the s tudies are pr~s ented and d;scussed in rela tion 
to their environmental i mpact , regulatory compliance, and 
applicability to field di s posal conditions. 

Introduction 

The characterization of water generated or 
modified as a result of contact with various oil 
shale products or by-pr?ducts i s a necessary fir s t 
step in assessing i f, and to what extent, water 
quality problems may arise in the development of an 
eastern oil shale indus try . The lea ching (i .e. 
release) characteri s tic s of raw s hale, retorted 
shale, and other as sociated materials will deter
mine the level of treatment necess ary prior to 

Raw Sha 1e 
(as mined) 

water discharge, and the long range hazards such 
materials may present to su rface and ground water 
qual ity. 

In an endeavor to address this i ss ue, a 
research program was developed (in conjunction with 
and partially financed by the Kentucky Department 
of Natural Resources and Enviro nmental Protection) 
to eva lua te the environmental and disposal charac
teristics of anticipated oil sha le waste products. 
The overall project (fiows heet in Figure 1) was 

Comminution - --- - Ana) ~·tlca 1 Characterl.zati.on 

I 
S lze Fractlonatlon--- Fines (-l / S") - Analyticol Charac t~riza ion 

Lcach.ing Tes s 

Revegetation stu.;ics _ ____ Fcedstc.ck ( + 1 1 4") 
Enqlneerlng Proper les I 

Rt'tOr ting 

Analytical CharacterizatIon 
Leachinc Tests 

Rc",pget.ltlon StudIes - ----- Retorted Shute --- - AnalytIcal Charac eei zatlon 
E,' o lneerinq Propertle~ I LeachIng Tests 

Reveqetatl o n Studies - --
fnqlnecring Propertles 

Combustion 

I 
Combusted S hale- Analytlcal Characterlzation 

l.eac h ing Tests 

Figure 1. Project Flowsheet 
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designed to provide preliminary infonnation on the 
engineering, revegetation, and leaching charac
teristics of Kentucky oil shale wa ste materials. 
Only the latter issue i s address ed in this paper; 
the former two studies are the subject of other 
papers presented in this Proceedings . 1 , 2 

The approach t~~en for the leaching studies 
involved the utilization of several standardized 
batch extraction procedures for the examination of 
the leachability tharacteristics of raw, retorted, 
and combusted oil sha le materials as well as 
selected soils and overburdens. Raw sha le samples 
were ta ken from severa 1 Kentuc ky sites a nd pro
cess ed shales from two technologies were obtained 
for evaluation. A description of the project in 
general and the leaching studies in particular is 
given. Illustrative results pertai ni ng to leachate 
composition are presented, with discussion on the 
enviro~~enta1 impact, regulatory compliance, and 
extrapolation of these results to field disposal 
conditions. 

Material s and Method~ 

Sample Procurement and Preparation 

.Q_~1 Shale Samples. Seven samples of approxi
mately 1-2 1.0l1S each were extracted by backhoe from 
six geographic sites broadly represent il ,g the 
entire oil s hale resource in Kentucky. Figure 2 
depicts the location of each shale sample . It is 
evident that efforts were taken to obtain reason
able geographlC and geologic distribution in the 
selection of sample sites. Raw, unweathered 
samples were obtained from existing road-cuts andl 
or quarries by digging well into the face of the 
resource. Samples of the Sunbury and Cleveland 
shale units were obtained in the Lewis County loca
tion. The Sunbury-Cleveland equivalent of the New 
Albany shale unit was obtained in the Powell County 
site. In Lincoln, Nelson, and Bul litt Counties the 
New Albany unit was sampled, and completing the 
sample acquisition was the Chattanooga shale unit 

from Russell County. In general the samples taken 
represented a composite of the entire vertical unit 
avai labl e. 

IGT HYTORT Samples. Several retorted Kentucky 
oil shale samples were o~tained from the HYTORT 
process developed by the Institute of Gas Tp.chno-
10gy. 3 This process involves an elevated hydrogen 
pressure techn0logy to enhance shale oil recovery 
and has been specifically deSigned for Eastern oil 
shale util ization. The samples obtained from IGT 
includE'd retorted Sunbury. Cleveland, and Ne~1 
Albany shales. The corresponding feed shales were 
not a~ai1ab1e however. rertain HYTORT samples were 
combusted by us as described below to simulate 
probable disposal material. 

Soil and Overburden Samples. Soil and over
burdenlinterburden samples were collected in order 
to provide baseline control conditions for certain 
experiments. Selected samples of these materials 
were "~amined for leachate characteristics. 

Sample Preparation. The collected raw shale 
samples were cOlnmi:1uted using a conventia1 jaw 
crusher to a nominal particle s ize ranQe of 
1 1/4 x 0". This material was subsequently size
fractionated to remove fines prior to processing • 
resulting in a feed s tock material of 1 1/4 x liB" 
particle size. 

The HYTORT samples were received in a fonn 
that required no further comminution. 

The soillinterburden ;amples were initially 
ground to a particle size of 3/8 x 0". This mater
ial was further ground to -60 mesh for analytical 
and leaching tests. 

Additional sample preparation was dependent 
on the particular leaching procedure used. The 
ASTM procedures dictate that leaching experiments 
be perfonned on the material in question in an 
'as-disposed' form." Thus. the ASTM procedures 

Figure 2. Kentucky Oil Shale Outcrop Diagram and Location of Project Sa~p le Sites. 

370 



used the as-received retorted/combusted samples 
(i .e. particle size range $1 ightly less than 
1 1/4 x 1/8" due to particle attrition during 
processing). The EP procedure requires that the 
particle size of the sample to be leached be no 
grr . ter than 9.5mm, however. 5 In this cas~ further 
grinding of the feedstock, retorted, and combusted 
shales was necessary to meet this requirement . 

Retorting Operations 

Oil shale samples were retorted using a de
velopment unit scalp. retort facility owned and 
operated by Pyramid Min::rals Inc. of Olive Hill, 
Kelltucky. A schematic of the retort facility is 
given in Figure 3. The unit consists of a two
stage, screw-fed retort with dual water-cooled 
product removal condensers. Stage 1 (labeled A in 
Figure 3) i~ operated at a temperature of 250°C, 
whi l e Stage 2 (labeled B) is maintained at 4500C. 
The unit was operated at an approximate shale feed 
rate of 200 lbs/hr; shale residence time was esti
mated to be 32 minutes. Retorted shale was 
removed periodically through a lock-valve and air
co01ed. Liquid oil and water products were 
removed continuou~ ly through the condenser outlets. 

The retort facility can only be considered as 
a first-generat ion experimenta 1 unit. Process 
control parameters (i .e. temperature, steam and 
shale feed rate, etc.) were man uall y controlled 
and therefore somewhat variable. Retort operation 
was not specifically optimized for oil recovery in 
these operations - the primary emphasis wa s the 
generation of sufficient quantities of retorted 
shale materials. Analytical results on feed and 
product streams indicated that the retorting runs 
were adequate in terms of oil yiel d, however. 

..--
OIL 

PRODUCT ..---

Combustion Operations 

Portions of the retorted shale were combusted 
to simulate oil sha~e products which have been 
processed to rffilove residual carbon after retorting. 
The combustion facility utilized was a modified 
coal gasification reactor located on the University 
of Kentucky campus. The unit consists of an 8-inch 
i.d., ceramic-lined reactor. Retorted shales were 
fed counter-current to the oxygen-rich combustion 
gas. The reactor temperature was maintainpd at 
BOO-900°C during combustion operations. 

Leaching Studies 

Objectives. The primary objective of the 
leaching studies was the assessment of the potential 
environmental hazard oil shal e 1 edchates migh t 
present. This preliminary assessment was based on 
a thorough compositional analysis of leachates 
obtained from a variety of oil shale materials . and 
comparison of these results with recommended and/or 
regulatory criteria. 

Secondary olJjectives were to obtain a frame
work of comparative data to evaluate procedural, 
geological, and technological effects on leachate 
composition. The use of three extraction pro
cedures enabled intra-test comparison and evalu
ation with respect tc test variables such as 
leaching media composition, sample morphology and 
size , contact time, and solid: liquid ratio. The 
application of each test to the various raw and 
processed oil shale materials allowed for evalu
ation of the effect of resource location (six 
counties) or type (Su~bury, Cleveland, New Albany 
and Chattanooga sha le uni~ ; ), process material 

SPENT 
SHALE 

Figure 3. Pyramid Mineral s Retort Schematic 
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(raw, retorted, or combusted) and pt'ocess techno
logy (Pyramid Minerals retort or IGT HYTORT). 

Extraction Procedures. Three standardized 
extraction (leaching) procedures were utilized in 
the course of this work. All three tests were 
batch (alternatively referred to as static and/or 
shake procedures) procedures. For eacn test a 
weighed amount of solid waste material is contacted 
with a known amount of liquid extractant ~nder 
specified control conditions. After a prescribed 
time period the liquid extractant is separated 
from the host material and ~nalyzed for extractable 
waste constitue~ts. Table 1 su~narizes the condi
tions for each of the extraction procedures; a 
detailed description for each proced~re is 
presented below. 

Two extraction procedures p~uposed by the 
American Sor: iety for Testing Materials · , 6 were 
utilized and evaluated. As indicated in Table 1 
the ASTM-A procedure dictates a distilled water 
extraction medium while the ASTM-B orocedure 
utilizes a buffered (pH 4.5) acetic ' acid/sodium 
acetate medium. Both A5TM test~ call for a solid 
liquid ratio of 1 :4, an:! 'as-disposed' phy~ical 
fo,'m, and a test duration of 48 hours . 

The third extraction proce~ure evaluated was 
the Environmental Protection Agency' s Extraction 
Procedure (EP), as specified by the Resource 
Conservation and Recovery Act of 1976 (as amended) ~ 
This procedure is in current use for regulatory 
evaluation of a material as a hazardous or non
hazardous mat~ria1 . The EP test prescribes a 
solid: liquid ratio of 1 :16, a particle s ize of 
<9.5mm, and a test duration of 24 hours. The 
extractant used in the EP test is distilled water 
with dilute acetic acid added as necessa ry to 
maintain a pH of 4.8-5.2. 

All extraction tes ts were performed using a 
Lab-Line Instruments, Inc. Orbit Environ-Shaker 
operating at an agitation rate of approximately 
70 revolutions per minute. 

Multi-cycle wet/dry leaching procedures. In 
order to mo,'e closely simulate natural precipi
tation/evapor~tion and analagous events, a mu1ti
cycle wet/dry ext raction procedure was developed 
and applied. With th~s procedure, weighed portions 
of the shale materials were extracted using the 
previously described extraction procedure(s}. 
After the initial extraction period, the solid 
residual materials were collected and air dried for 
a minimum of 1 week, whereupon they were re-extrac
ted with fresh extractant. This extraction-drying 
cycle was repeated four times, and each time the 
resulting leachate was collected and preserved 
for analysis. 

16-d- y leaching procedures. Another 
experiment was designed to examine the short-term 
release dynamics of various elements from oil shale 
materials . This experiment involved the extraction 
(using the general guidelines of the ASTM-A proce
dure) of 16 s~par~te portions of N~~ Albany (Nelson 
County) shale. Each day for 16 days after the 
initial 48 hr. extraction period one extraction 
test was terminated . The approp~iate analyses 
were subsequently performed on each leachate 
solution. 

Analytical Procedures 

A variety of chemical constituents and para
meters were monitored to evaluate leachate qual it;. 
Conductivity and pH determinations were made using 
classical electrometric techniques. Atomic absorp
tion and emission methods were used for the 
determination of trace elements. Mercury was 
determined using cold vapor atomic absorption 
while arsenic and selenium were determined with 
the hydride- evolution atomic absorption technique. 
Graphite furnace atomic absorption was employed 
for the aetermi nation of lead and cadmium. A 
number of other trace elements (Ag, Ba, Cd, Co, Mo, 
Ni, Zn, Cu, V, Fe, and U) were quantitated using 
a Spectrametrics, Inc. Inductively-Coupled Plasma 
atomic emission system. Anions (SO~: Cl-, NOi, 

TABLE 1. Experim~ntal Conditions for Extraction Procedures 

Characteristics 

Leaching Media 

Sol id Liquid Ratio 

Test Duration 

Particl e Size 

EP 

dist. H20 
(pf~ 4.8 - 5 . 2) 

1 :16 

24 hr. 

<1 cm 

Extraction Proceoures 

ASTM-B 

pH 4.5 buffer 

1 :4 1 :4 

48 hr. 48 hr. 

as disposed as disposed 
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PO~-) were screened and quantitated using ion 
chromatographic techniques. Finally, organic 
carbon in the leach~te solutions was determined 
using a UV oxidation/non-di spersive IR method. 
All analytical techniques and methodology used are 
state-of-the-art methods and in all cases ap~rop
riate measures were ta~en to ensure accurate and 
reliable analyses. 

Results and Oiscussion 

Leachate Composition - Analys i s and Compa rison 

Dependence on extraction procedure. Table 2 
presents the leachate composition of the ASTM J. ld 
EP extracts from retorted Sunbury (Lewis county) 
shale. Conductivity and pH resu lts are not 
reported in the case of the ASTM-B procedure since 
this particular procedure uses a buffered leaching 
media that obscures any pH or conductivity 
contribution by the sha le material . The ASTM-A and 
EP results for pH indicate that the retorted sha le 
has a s trong acid-producing potential, result ing in 
leachate pH values of 3-4 for thi s and most other 
shale materials examined. The major anion present 
was su l fate and therefore the obv ious acid 
generation mechanism appears to be the oxidation 
of pyrite and other sulfide minera ls in the shale . 
Result s are also presented for nine trace elements 
of toxicological or envirul~ental concern. Results 
for mercury and sel enium were general ly less than 
the detecti on li mit of the analytical procedures 
used (0 . 5 and 5ppb, respectively) for all sha l e 
material s studied and thus will no t be discussed 
further . The results for cadmium were surprisingly 
high in the case of certain sam ples such as the 
retor ted Sunbury shale. However the determination 
of other elements such as Mo and Co revealed con
centrations that were less than 1 ppm. 

TABLE 2. Leachate Composition of ASTM and EP Ex tracts 
of Retorted Sunbury (Le~lis County) Sha le . 

Extraction Procedure 

Cons t Ituent, ppm ASTM-A AS TM - ~ EP 

pH 3.59 N/A 3.51 

TOC 2.48 N/A 1. 50 

SO~- 917 97 282 

Cd 1. 36 1.03 0.44 

As .09 <.01 .03 

Se <.005 <.005 <.005 

Hg < .001 < .001 < .001 

Pb .023 .004 .023 

Mo <.2 .21 <.2 

Cr .04 .05 .02 

Ni 5.14 0.21 .02 

U 0.76 0.46 0.30 
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Compari son of the resul ts in Table 1 reveals 
a general pattern showing the EP extract being 
less concentrated than the correspond ing ASTM 
extracts. This trend is not sur~r ising considering 
the SOllll : liquid ra tin (i :16 for the EP and 1:4 
for the ASTM) and contact time (24 hrs. for the EP 
vs. 48 hrs. for the ASTM) parameters for the two 
procedures . Al thoug h the particle size specifi
cat ions for the two procedures would predict high
er concentrations for the EP procedure (due to 
sma ller particles and therefore higher surface 
areas available for leaching activity) the solid: 
liquid ratio and longer leaching duration of the 
ASTM procedures apparently predom"inate . Our 
experimental data indicate that the largest single 
factor controlling leachate composition is the 
so li d: liquid ratio; the larger that ratio, the 
more co ncent rated the l eachate solut ion. This 
relationshi~ will general ly hold true until a 
so lubility limit is reached. 

The differences between the two ASTM pro
cedures are less apparent in Table 2, but based 
on our genera l body of data the ASTM-A procedure 
resu l ts in a leachate more concentrated with 
respect to most elements than the ASTM-B pro
cedure. This dif fe~enc e is most likely due ~o the 
buffered l each ing medi a of the ASTM-B proceJure, 
which maintains u leachate pH of 4.5 while the 
unbuffered ASTM-A leachate reaches a more acidic 
state which is more effect ive in leachin ~ activity . 

Depend~nce on resource location. Leacha t e 
composition data for raw, retorted, and combu sted 
sha le extracts from each of the seven site 
locations are tabula ted in Tables 3-5 . Representa
tive data from the ASTM-A extractions are pr~~ented 
in these tables. The data indi cate that geo
graph ic location of the shale may have soml effect 
on leachate composition; the differences observed 
are attr i buted to localized geoc hemical changes in 
bedrock composition. The pH data for the Lewis, 
Dowell, Lincoln, Russell, and Nelson County loca
tions are all in the 3-4 .ange and are fairly 
consistent from one location to another. The 
Bullitt Cou nty s ite e~hibits unusually high pH 
va l ues of 6-7, however. This anomaly i s most 
i i ke1y due to presence of ca rbonate minerals in 
th i s sampl e. The acid produced as a result of 
pyrite oxidation is neutra lized by the ca rbonates , 
resulting in a much more tolerable leachate pH. 
Values for total organic carbon (TOC) are given in 
Table 3 but show no distinct geographic trend. 
All TOC determinations on the shale material s 
resulted in low TOC values indicating low solub
ility of organic compounds even after retorting 
operations. Sulfate concentrations as exhibited 
in Table 3 varied widely which is not entirely 
cons:stent with t~e pH value trend. The possi
bi lity of naturally occurring sulfates (which do 
not contribute to acid prod uction) dissolving in 
the l eaching media is under current investigation 
to explain this discrepancy. A very apparent 
disparity was found in the case of cadmium; the 
data of Tables 3-5 illustrate the nature and 
extent of the phenomenon. Cadmium co ncentrations 
were the highest in the nor theas t ern resource 
l ocations (Lewis and Powell (ounties), and dropped 
to neg l igibl e levels in the southern and western 
resource locations . The geochemica l character
istics which are likely r esponsible for this 
behavior are probably re"lated to the well known 
association of cadmium and zinc in minera l s such 
as sphalerite. Further del ineation of th i s 
behavior is forthcoming. Arsenic values in all 
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TABLE 3. Leachate Composition of ASTM-A Extracts of 
Raw Shale from Sampled Resource Locations. 

Resource Location 
Cons t ituent, ppm Lewis{S) 

pH 2.96 3 .75 3.94 3.56 

TOC 3.18 1.1 4 1.32 1.27 1.67 

SO~- 1160 216 117 120 521 

Cd 2.85 .02 . 02 .02 .05 

As <.01 < .01 <. 01 < . 01 < .01 

6.10 

2.23 

150 

.002 

<.01 

TA8LE 4. Leachate Composition or ASTM-A Extracts of ~etorted Shales from 
Sampled Resource Locations 

COllstit uent ,pJ)!; 

pH 

Cd 

As 

Ni 

Fe 

"'-L e-w-;~l·-S T":S"'---=P-'l"-l ---:.:.:RL ~so u r1 c e LocRa t i 0 n11 ~~~~ 

3.59 3.24 3.80 3.32 

1. 36 .43 .03 .04 

.09 .03 .02 <. 01 

5.14 6.50 2.29 .78 

160 150 125 119 

3.77 

.05 

.02 

1.7 

149 

TABLE 5. Leachate Composition of ASTM-A Extracts ot Combusted Shales 
from Sampled Resource Locations. 

Resource Location 
Constituent,ppm Lewis(S) Powell 

pH 3.79 3.86 4.10 3.73 4.20 

As .05 .02 <.01 .03 .05 

Ni 5.16 2.71 1.45 3.09 1.04 

Fe 175 150 9.2 228 68 

u .3 2.5 < .4 <.4 <.4 

Me <.2 <.2 <. 2 <.2 <.2 

Cd 1. 27 .10 .02 .08 .11 
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6.35 

<.01 

<.01 

.21 

3.5 

6.73 

< .01 

< .01 

0.3 

<.4 

.5 

<.01 



leachates of Tables 3-5 are consistently low in 
spite of ~he sometimes high concentration of this 
element in the shale itself. 

Dependence on process material. The depen
dence of leachate composition as a function of the 
material subject to leaching (i .e . raw, retorted, 
or combusted) is of interest since processing of 
the resource may result in increased or decreased 
release of certain elements. Comparative data on 
this dependence is presented in Taole 6 (and may 
also be assimilated from Tables 3-5). Data in 
Table 6 is presented for the fines (materia l < 1/8" 
size), feedstock, retorted, and combusted shale 
materials from the New Albany Shale of Lincoln 
County. The effect of processing on pH is bene
ficial from the dispOSdl aspect, as the lea chate 
pH increases (acid production decreases) with a 
retorting-combustion processing scenario. The 
leachate pH increase is most likel y due to the 
chemical changes occurring during the p, 'oce~sing 
steps (reduction in the case of retorting; 
oxidation during combustion) which res'll t in the 
conversion of acid producing sulfide minerals to 
less acidic forms in their respective process 
residues. The pH trend exhibited in Table ti is 
indicative and probably underestimates the benefi
cial aspect of processing on acid formation since 
the retort and combustion methods used were some
what crude and resulted in materia ls that were not 
fully processed from an engineering viewpoint. As 
indicated in Table 6, total organic carbon i s 
highest in the fines fraction and in the retorted 
fraction. The combusted material exhibits the 
lowest organic carbon leaching potentia; as 
expected. Sulfate concentrations in the case of 
the Lincoln County sample are highest in the case 
of the retorted material but this trend was not 
consistent with all other analagous materials from 
other sites. Ar sen ic and cadmium differences 
were small and are considered negligible. 

When conSidering the entire body of data no 
completely discernible trend was apparent in the 
release characteristic s of the different process 
materials. This conclusion wi ll need to be re
examined and confir.ned as additional technologies 
are applied and ana1agous process materials are 
genera ted. 

Dependence on proces s technology. Results 
from the ASTM-A extraction procedure usinq retorted 
Sunbury Shale from the Pyramid Minerals and HYTORT 
processes are presented in Table 7. The feedstock 

TABLE 6. Leachate Composition of Raw and Processed 
New Albany (Lincoln County) Shales 

Process Materia 1 
Consti uent ,p~ I!!>es f!edstock B.!..l£r..!.e~ ~""'.b'!Hed 

pH J.54 J.94 3.BO .: .1 0 

TOC 4.09 1.32 2.06 1.12 

sol- 527 117 E54 445 

As .Oll < .ula .018 <.01 0 

Cd .068 .019 .032 .023 

375 

shal es used fo,- these processes were simil ar but 
not identical; this should be kept in mind during 
interpretation of this data. The most striking 
difference in results between the two leachates 
is ~he pH disparity. The Pyramid Mineral s retorted 
shale results in an acidic leachate compared to the 
very basic pH of the HYTORT process. This dispa
rity is probably due to the highly reducing 
conditions encountered in the HYTORT process, 3 
which result in the conversion of pyrite (FeS 2) to 
pyrrhotite (FeS) or possibly even elemen~al iron, 
with a consequent reduction in the acid-producing 
potential of the HYTORT spent sha les. The degree 
of reduction in a~id producing potential is indeed 
surprising , however. Further investigation into 
the mechanism of this phenomenon is underway. 
The sulfate concentrations in the two le3chates 
(Table 7) are in accordance with the observed pH 
trend. The higher sulfate concentration in the 
Pyramid Minerals "etorted shale leachate seems 
to support the explanation presented above for the 
Ph trend. 

Anotrer notable disparity in these results 
is evident in the case of cadmiu'll (Table 7). The 
cadmium concentration is s ignificantly lower for 
the HYTORT leachate sample than for the Pyramid 
Minerals sample. As mentioned above, the raw 
resource material for both retort runs were from 
the Lewis County Sunbury Shale, although the IGT 
HYTORT sample was removed severa l years earlier 
than the sample taken for thi s study. As the 
corresponding raw shale material from the HYTORT 
run was not available from IGT, i t is impossible 
to discount the possibil ity of a field sampl ing 
bias for the observed difference. In the case of 
the shale sample removed fnr this study, only the 
upper portion of the Sunbury unit was able to be 
sampled due to logistical problems at the sampling 
site. As the upDer portion uf this unit i s known 
to be geochemically enriched with certain trdce 
elements (7-9), an inherent but nonrepresentative 
bias may be present with the sample . The possi
bility of a localized geochemical enrichment of 
cadmium in this sample is being investigated. 

Differences in other elemental concentrations 
in the leachates of the two retort technologies 
were generally sma ll and not considered significant. 

TABLE 7. Leachate Comcosition of Retorted Sunbury 
Shale from Two Retort Technologies 

Pyramid Minerals IGT 
Constituent,ppm Retort HYTORT 

pH 3.59 10. 36 

TOC 2.48 5.36 

SO~- q17 160 

Cd 1. 36 <.01 

As .09 .04 

Ba .17 .06 

Cr .04 .03 
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The arsenic, barium and chromium data of Tabl e 7 
are indicative of this fact. As stated ear li er, 
the re-examination, comparison, and confirmation 
of these results ~ill be required as additional 
technologies or larger-scale processing efforts 
are realized. 

Multi-cycle Wet/Dry leaching Results 

Typical results for the multi-cycle wet/dry 
leaching procedure described in the Materials and 
Methodology section are presented in Figures 4-7. 
Sunbury Shale (lewis County) materials are "sed for 
the illustrations. Figure 4 depicts the leaching 
cycle behavior for cadmium in the raw feedstock 
shale. The relative extract concentrations shown 
in Figure 4 are seen to be in the order ASTM-A> 
ASTM-B >EP, as explained previously. It is al so 
apparent that in all three extraction procedures 
a fairly rapid and predictable removal of cadmium 
is obtained. The leachate concentrations appear 
to be reaching a stea dy- state value by the 3rd-
4th leachi ng cycle. A s imilar behavior i s exhibi
ted by cadmium in the combusted shaie lea chate 
(Figure 5) and the sha le fines leachate (no 
figure presented). The rate of cadmium release 
is somewhat lower in the case of the combusted 
sha le comrared to the feedstock sha le, however. 
The general behavior exhibited by the feedstock, 
fines and combusted shales is indicative of a 
situtation in which the su rface-available 
material (i .e . the most readil y leachable) i s 
rapidl y removed with subsequent l eaching activity 
being controlled by intra - particle diffuslon of the 
material from within the bu l k of the so l id to the 
sur face of the so lid . Thi s diffusion process is 
inherently slow and thus leads to a situation in 
which very slow release occurs after surface
available material is removed. This behav ior 
pattern has important disposal rami ficat ions, for 
it may allow prediction of leachate concentration 
over time (assuming a fairly constant rate of waste 
disposal and a controlled disposal configuration). 

Figure 6 illustrates a sl ightly modified 
behavior for cadmium in the retorted shale sample . 
It is evident that a concentration macimum appears 
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Multi-cycle wet/dry leaching behavior 
of Cd in Sunbury feedstock sha le. 
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on the second cycle of the experiment, as opposed 
to the stead ily declining leachate concentration 
~t!havior exhibited by the feed stock and combusted 
shales. The behavior for the retorted shale is 
identical in all three extraction procedures; it 
is obvious ly a phenomenon peculiar to the retorted 
shale. A possible explanation for this behavior 
may involve a deactivation of surface available 
leaching sites for cadmium during the retortinJ 
process. This would explain the low initial value 
plotted in Figure 6. This deactivation is then 
overcome and/or modified in later leaching cycles 
(or upon combustion). when the leaching behavior 
mor e closely resembles that of the other sha le 
sampl es. 

Figure 7 supports the behavior exhibited by 
cadmium in the retorted sha le leachate by pre
senting an analagous behavior for nickel . The 
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Figure 5. Multi-cycl e wet/dry I eaching behavior 
of Cd in combusted shale . 
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Figure 6. Multi-cycle wet/dry leach ing behavior 
of Cd in Sunbury retorted sha l e . 
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Fi ~ ure 7. Multi-cycle wet/dry leaching behavior 
of Ni and Mn in Sunbury re t orted sha le. 

data presented for manganese illustrates that this 
behavior is not universa l for all elements, how
ever; the mode of behavior is a~parently element 
dependent as well as process material dependent. 

The preceding discussion and the associated 
figures are exemplary and are by no means all
inclusive. Many other l eaching behavior patterns 
may be operative and additiona l study of these 
r elease patterns are planned. 

l6-Day Leaching Experiment Resul ts 

Figures 8-12 illustra e data acquired from 
the l6-day leaching experiment. It is immediately 
apparent from the figures that element. 1 release 
is accompanied by attenuation processes such as 
adsorption, coagulation, or precipitation. The se 
release/attenuation phenomena account for the 
'peak and valley' appearance of the plotted data 
(especially apparent in FiglJres 8 and 9) . The data 
i llustrate that leaching is a revers ible process, 
and that the concentration of a particular contami
nant may be dependent on various so lution para-
me ers such as pH, eH, ionic strength, and overall 
so l ution cumposition. The presence of particulate 
matter with its adsorption site~ will also have an 
important effect on leacnate concentration. 

Data from iron and manganese concentrations 
over the l6-day lea chi ng period are presented in 
Figure 8. The datJ for the two elements show a 
generaily good correlation from day - to-day, 
indicating that the control mecha nisms are similar 
for both elements. Close inspection of the data in 
Figu re 8 reveals that certai n release occurrences 
(Days 3-7, 9- l 3) are relative ly s lower than the 
subsequent depletion occurrences (Days 7-9, l 3-l4). 
It thus appears that he dissolution processes 
gradually bu ild to a limiting value whereupon rapid 
attenuation reactions take over . The limiting 
value is not constant, however, as evidenced by the 
different peak va lues disp1aye1 in the figures. 
Release/attenuation phenomena thus appear to result 
from the complex interplay of various solution 
chemistry variables. A similar situation is pre
sent in the case of iron and sui fate , the data of 
which are djs~layed in Figure 9. 
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Figure 8. Release behavior of Fe and Mn during 
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Release behavior of Fe and SO ~ -during 
the l6-day leaching experiment. 

Attempts to co rrelate the observed release 
behavior with the solution property of pH were 
generally unsuccessful . The data illustrated in 
Figure 10 exhibits one of the stronger pH-release 
cor relations obtained, showing nickel co ncentratio n 
as a function of l eachate pH. As the fi gu r e 
indicates, there is a general inverse re l ationship 
between nickel concentratio n and leachate pH. 
It i s also notable that the release/depletion 
behavior of nickel is not nearly as erratic as 
shown for iron, manganese, and sulfate in Figures 8 
and 9. 

Additional data acquired from the l 6-da .... 1 each
ing experiment are shown in Figures 11 and 12. 
These figu res illustrate release dynamics for 
barium and uranium. The various release patterns 
for the different elements in Figures 8-12 are 
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leaching experiment. 

apparent and underline the complex chemistry that 
is operative even during a controlled leaching 
simulation. 

Regulatory Co~pliance and Environmental Impact 
Cons iderations 

Hazardous waste guidelines promulgated under 
the resou rce Conservation and Recovery Act included 
specifications for maximum contaminar.t levels for 
eight elements (Ag, As, Ba, Cd, Cr, Hg, Pb and Se) 
in waste-derived leachates obtained via the EP 
extraction test . Whether the disposal of oil shale 
wastes will fall under the auspices of the RCRA 
regulations is yet to be determined, but for the 
purposes of this study the RCRA gu idelines are 
assumed to be applicable and compliance with this 
regulation is discusseu . 

Data from all leachate solutio ns generated in 
this study are displayed according to element in 
Fi~ures 14-21. These figures illustrate the 
leachate concentration distribution compared to the 
RCRA limit for each particular element. Results 
from all three (ASTM-A, ASTM-B, and EP) extraction 
procedures are presented in these figures even 
though the RCRA regulations stipulate the use of 
the EP procedure . Results are displayed by 
resource location, and within each location, values 
are plotted in the following order: raw, retorted, 
combusted ASTM-A leachates; raw, retorted, com
busted ASTM-B leachates; and raw, retorted, com
busted EP leachates. See Figure 13 for a legend to 
F' . . res 14-21. Values for lea chate concentrations 
t ~: ow t he detection lim its of the technique used 
d. e signifi ed by a bar/dot and downward arrow . 
Concentrations are plotted logarithmically on the 
vertical sca l ~ for each element, and it is obvious 
that in most cases the oil shale leachates are 
several orders of magnitude lower in concentration 
than the stipulated 1 imits. Figures 14- 21 contain 
a wealth of information in addition to their 
comparison of leachate concentrations to the 
regulatory criteria. Information pertaining to 
geographic variability, process material release 
differences, and extraction test effects can be 
obtained from clo se in spection of the figures. 
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Figure 13. Legend for Fi gures 14-21 . 
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Figure 14 illustrates the leachate concentra
tion distribution for silver and compares that 
distribution to thE RCRA limit of 5.0ppm. All 
samples were less than -vO.l ppm with almost half of 
them containing less than detectable lev el s of the 
element. Somewhat higher levels are present in 
the Lewis-Cleveland and Powell county s ites, but 
other trends are not distinctive. 

Figure 15 shows the distribution obtained for 
arsenic. ~ost samples contained less than 5 ppb, 
the detection limit for the hydride-evolution 
atomic abscrpti on technique. No samples exhibited 
concentrations greater than 0.1 ppm, with only a few 
samples being above 0.05 ppm. When compared with 
the RCRA limitation of 0.5 ppm, it appears that 
there will be lit tle trouble in meeting the 
regulatory criteria . 

Barium concentrations, as shown in Figure 16, 
were generally present at a level of 0.1 ppm, well 
in compliance with the 100 ~rm limit established 
by RCRA. Oetailed inspection of the figu ',' e reveal s 
that the retorted and combusted shales exhibit 
slightly higher concentrations in the leachates 
than their associated feedstoc k leachates . This 
t rend is especially apparent in the Lewis County 
Sunbury saMples. Exceptions to this o~~ervation 
are a)so present, however . 

Cadmium concentrations sho\\'ed thE greatest 
site varia bili ty in the leachate samples, with the 
eastern most counties (Lewis and Powell) exhibiting 
the highest cadmium co ncentrations. Concentration 
values range from ~.002 ppm in qullitt County to 
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Figure 14 . Distribution of Ag concentrations in oil 
shale le~chates and comparison with 
RCRA 1 imit (see Figure 13 for 1 egend). 
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1-2 ppm in Lewi s County. Figure 17 illustrates 
the extent of the difference from county to county. 
Several values in the Lewis County samples actually 
approach and exceed the RCRA 1 imit of 1.0 PJl11· 
Upon close scrutiny it is seen that all values 
exceeding the limit are from the ASTM extraction 
tests and not the EP test upon which the RCRA 
regulations are based. Analyses of the bulk shale 
materials from Lewis County revealed cadmium 
concentrations of 20-30 p~n, substantially higher 
than the normal crustal abundance of this element. 
Cadmium is presumed to be associated with zinc in 
the mineral sphalerite in these samples. The 
unusually high solubility of this element is 
nonetheless puzzling. Additional resource work is 
necessary to establish the extent of this occur
rence. 

All leachates samples were found to contain 
less than 0.5 PIJll Cr, with many samples containing 
less than 0.3 PIJll. This observation is in agree
ment with the low solubil ity of compounds of this 
e1 ement. As the RCRA 1 imit is 5 PIJll, 1 itt1 e 
trouble is anticipated in meet ing the limit, as 
indicated in Figure 18. 

Fi na 11y, Fi gures 19-21 ill us tra te the con
centration distributions for mercury, lead, and 
selenium, res pectively. Mercury and selenium 
determinations fail ed to find any samp1 es with 
concentrations above the detection limit. Lead 
was found at upper concentrations of only 0.04 ppm. 
It thus appears that little hazard can be expected 
from these elements in shale leachates. 
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shale leachates and comparison with 
RCRA 1 imit (see Figure 13 for legend). 
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Table 8 summarizes the data presented and 
numerically compares the data to the RCRA criteria 
for the eight stipulated elements. The table gives 
values for the maximum and average contaminant 
cJncentration (MCC and ACC, respectively) en
countered in this study. The RCRA limitation and 
the number of non-compliance incidents are also 
tabulated. For the purpose of comparison, d 

'compliance safety factor' (CSF) is defined as the 
ratio of the RCRA MCC to the ACC of this work. 
The safety factors indicate that generally large 
safety margins exist between the leachate con
centrations and the RCRA values . The safety factor 
is defined so as to take into account any sa,np1e 
or technology related bias, and to allow some 
degree of freedom in applying the results to actual 
field conditions. It is apparent, on the basis of 
these results, that Ag, As, Ba, Cr, Hg, and Pb will 
present little trouble in meeting the regulatory 
requirements. The compl iance safety factor for 
cadmium, however, i s distrubing1y low. The low CSF 
for cadmium is primarily due to the occurrence of 
several high concentration samples from the eastern 
shale sites. All things considered, hJwever, the 
1eachates appear to be relatively innocuous from a 
toxicological or environmental perspective These 
results agree with those of a former study co ncerned 
with western and eastern Michigan oil shales (10). 

TABLE 8. Regulations Compliance Data 

This Work 
Eleme~ Mg· Ave. g 

As .93 .012 

Sa . 30 . 14 

Cd 2 .85 .n 

Cr .38 .06 

Pb .035 . 011 

H9 < .0005 .0005 

Se .005 .005 

Ag .1 1 .04 

RC~A 

MfC 

5 .0 

100. 

1. 0 

5.0 

5.0 

0.2 

1.0 

5.0 

Non ~com pl lance 
frequency 

0/63 

0/63 

7/63 

0/ 63 

0/63 

0/63 

0/63 

0/61 

Conc 1 us ions 

Compliance 
Sa ret Factor 

420 

710 

83 

450 

400 

200 

125 

The data and information presented on the 
leaching characteri st ics of raw, retorted and 
combusted eastern sha l e ma terial s is ~he first 
communication, to the authors' knowl edge , concern
ing this important aspect of waste disposal in anti
Cipation of eastern Ke ntucky oil shale utilization . 
The study attempted to add r ess several pertinent 
questions regarding the environmental iMpact that 
may accompany the disposal of ea stern shale 
mate rials, with the emphasis of this initial effort 
being to provide preliminary predictive information 
concerning leachate composition and to examine 
variables that may affect such composition . The 
data should be viewed accordingly, with proper 
consideration given to the limitations of the 
overall experimental plans . All results in n ,is 
study are based on laboratory simulations of waste 
disposal conditions, which may only approximate 
conditions encountered in field di sposa l environ-



ments. Parameters such as pH, solid: liquid 
ratio, time, and agitation are recognized and 
controlled by the laboratory procedures. The 
extent to which these laboratory parameters 
represent fi~ld conditions depend on many factors 
including the weather, hydrology, and geo.:hemistry 
of the disposal site and the disposal strategy 
employed . 

Specific conclusions based on the leaching 
studies described herein are as follows: 

-ASTM extraction procedures result in a more 
con~entrated leachate than the EP extraction 
procedure. This is most likely due to the 
higher solid : liquid ratio of thE ASTM 
test. The ASTM-A procedure generally results 
in ~ more concentrated leachate than the 
ASTM-B procedure, due to the lower PH 
at tained in the former procedure. 

-Leachate composition may change as a 
function of resource location. The oil 
shale resource appears to exhibit 
sufficient heterogeneity and variability 
to show site-to- site variations in leaChate 
composition due to geochemical differences 
in the bedrock material. Specifi c examples 
are presented for pH and cadmium disparities. 

-Processing of the raw oil shale via 
retorting or combustion has a beneficial 
effect in terms of acid-producing potential 
of the disposed material. This is due to 
conversion of acid-producing sulfide 
minerals to les s acidic forms in the 
proc!ssed material. Little difference wa s 
found in trace eleme~t release between the 
different materials. 

-The effect of process technology on leach
ability characteristics was found to be 
negligible in the case of trace elements 
but significant in terms of leachate pH 
using the processes examined in this study. 
HYTORT samples produced su bstantiall y less 
acidic leachates than corresponding steam 
retorted samples. 

-Mul tiple-extraction tests revea led a number of 
release patterns that were both process mater
ial and element dependent. The qeneral 
re~ease behavior corresponds to a situation in 
Wh1 Ch surface-available material i s leac hed 
rapidly, with sub~equent extractant concen
trations reaching a steady- state level due to 
slow intra-particle diffusion processes. 

-Time differentiated lea chate concen trations 
were obtained using a l6-day lea ching study. 
Results indicate a competitive r~lease
attenuation behaVior, the.characteristics of 
which were element dept:ndent. So lution 
chemi st ry variabl es undoubtably infl uence 
this behavior. 

-Results of the various leaching procedures 
predict a generally diminutive enVironmental 
impact based on the low trace element concen
trations found. Comparison of leachate trace 
element concentrations with probable regu
latory criteria indicate that compliance can 
be attained in most Situations . The only 
element which approached a non-compliance 
situtation was cadmium. 
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In conc lU Sion, further work will attempt to 
clarify, confirm, and extend the resul ts of this 
study to alternative processing technologies, 
different shale materials, and ultimately to an 
experimental field disposal env 'ironment. 
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Abstract. We have undertaken a study of the health effects of 
eastern U.S. (Devonian) oil shale. Much of the health effects 
research on oil shale elsewhere would be applicable to the 
industry in Kentucky . Since very few studies of oil shale 
effects are available, we have begun to examine some of the 
toxicological properties of raw shale oils. Using sam~les of 
eastern and western shale oils, we have measured acute t0xi
cities in mice and genotoxicity in bacteria , mice, and animal 
cells (mice and human ) in culture . The genotoxicity assays 
included measures of mutagenesis, sister chromatid exchange, 
sperm abnormalities, and erythrocyte micronuclei. The tests 
were also carried out on a coal-derived oil and a petroleum 
crude. In genera 1, the results i ndi cate that the toxi c 
properties measured for shale oils closely resemble those of 
petroleum crude oil. 

Introduction 

During the last several years, there has been 
much interest in the development of the Devonian 
oil shale resources of the eastern United States. 
As with any new developing indust.ry questions have 
arisen concerning the environmental and health 
effects of oil shale mining and retorting. Most 
of the potential health problems would be common to 
those of conventional mining and petroleum refining 
industries. Thus, one would expect accidental 
injury and death to be the major health hazards of 
both the mining and processing areas. In addition, 
there is the potential for respiratory problems due 
to exposure to dust and fine particulate matter. 
In the processing plant, exposure to irritant gases 
and liquids has the potential for causing skin and 
respiratory problems. The above are concerns 
largely for workers and should not be refl ected in 
any significantly increased risks for the general 
public. One serious potential problem recognized 
early in this century is that of cancer in 011 
sha 1 e workers. 

Cancer Studies in Oil Shale Workers 

The earliest interest in the carcinogenicity 
of oil shale materials was in Scotland . . The first 
Scottish oil shale plant was started in 1859 and 
before the end of the century it was recognized 
that certain oil shale fractions caused cancers in 
humans. This was most apparent in the spinning and 
weaving industry, ~Ihere shale-derived oils were 
used as lubricants. There was a high incidence of 
skin and scrotum cancers among mulespinners 
(workers who lubricated the "mules" - spindles). 
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In mulespinners the problem was due to d1rect, 
continuous, long-term exposure to the materia~s 
through impregnated clothing that was rarely lf 
ever washed. The disease was found to be largely 
preventable by improved personal hygiene. Although 
the use of shale oil was associated with increased 
cancers, no dramatic increase was observed among 
workers in the Scottis h retorting plants. The 
incidence of skin cancer amor.g 5,000 oil shale 
workers observed over 20 years was less than 0.1 
per year (Table 1) . A study of oil shale work:rs 
in Estonia did find a significant excess of skln 
cancer - three-fold in men and five-fold in fe
males. In a recent study carried out by NIOSH, 
713 workers from the U.S. Bureau of Mines retort 
facil ity at Ailvil Poin t s , Colorado were examined 
and higher thar expected mortality rates from 
respiratory sys t em and digestive organ cancers 
were observed. The study concluded that it was 
not possible to attribute the cancers to oil shale 
exposure per se due to a stronger association 
between the deaths dnd exposure to smoking and 
radioactivity (from uranium mining) among the 
men studied. 

Carcinogenicity of Oil Shale Materials 

Animal studies have shown that crude shale 
oil, shale coke, and shale tar are all carcino
genic. The si te of increased risk in almost all 
cases is skin and this has been associated with the 
presence of polycycl ic aromatic hydrucarbons in 
these materials. Benzo(a)pyrene has frequently 
been used as a surrogate measure for this class of 
compounds. The benzo(a)pyrene concentration is 
very low in raw oil shale and spent shale (Table 2) 



Table 1 

Epidemiology Studies of Cancer in 
Oil Shale Workers 

Location 

Scotland 

Estonia 

U.S. (Anvil 
Points, CO) 

Group Findings 

Weavers/spinners Increased inci
dence of skin 
and scrotum 
cancers.l 

Retort workers 5,000 oil shale 
workers between 
1900-29, 
observed approx
imately 5 skin 
cancers per 
year.2 

Ret,ort workers A study of 2,003 
Estoniar. oil 
shalf) workers 
between 1959-15 
found a signi
ficant excess of 
skin cancer 
(three-fold for 
males, five-fold 
for females).3 

Retort workers Examined 713 oil 
shale workers 
(1947-69), found 
increased inci
dence of cancers 
of respiratory 
organs, which, 
however, cou ld 
not be attributed 
to exposure to 
oil shale 
materials. 4 

lLeitch (1924), Twort and Ing (1928) 

2Scott (1922) 

3Purde and Etlin (1979) 

4Costello (1980) 

and, correspondingly, these materials have not been 
found to be carcinogenic in lifetime studies in 
mice (skin) or in hamsters (lung) (Coomes, 1979). 
Common soils may display higher benzo(a)pyrene 
concentrations than raw or spent shales. Many foods 
contain higher benzo(a)pyrene levels than oil shale. 
These include smoked meats, charcoal-cooked or 
broiled meats, vegetable oils, and others (Table 2). 

However, what is true for oil shale - the 
rock - does not hold for shale oil - the liquid. 
In the retorting process, the organic matter in 
the shale is exposed to high temperatures that 
result in the formation of appreciable level s of 
polycyclic aromatic hydrocarbons. For example, a 
crude Colorado shale oil produceo by the Tosco II 
retort process contained 3,200 ~pb ben!o(a)pyrene 
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Table 2 

Benzo(a)pyrene Content of Oil Shale and 
Natural Materials 

Mater ial 

Raw Oil Shale (Colorado) 
Spent Shale (Tosco II process) 
Eastern U.S. Soils 

Forest 
Garden 
Plowed Field 

Well-done Steak 

BaP Content 
ppb 

14 
28 

1,300 
90 

900 
up to 50 

BaP - benzo(a)pyrene, ppb - parts per billlon 

SuURCE: Coomes (1978) 

(Table 3). Titis material was also carcincgenic in 
skin-painting ,!xperiments in mi\.e. The benzo(a)
pyrene contents and the carcinogenic potencies of 
raw shale oils are similar to those of crude petro
leum. In addition to polycyclic aromatic hydro
carbons crude shale oils also contain primary aro
matic amines, e.g., naphthylamine (Pelroy and 
Petersen, 1979; Epler et al., 1979), which are 
known to be human carcinogens. Hydrotreatment, or 
catalytic hydrogenation, results in decreased levels 
of benzo(a)pyrene in shale oil and a correspondingly 
lower carcinogenic potency (Table 3). 

Table 3 

BaP Content and Skin Carcinogenicity 
of Shale Oil Products~ 

GaP Content No. of TUMors/ 
Material rpb No. of mice 

Raw Sha 1 e Oil 
(Tosco II ) 3,200 39/50 

Hydro -Treated Shale Oil 
0.25% N 800 5/50 
0.05 '1, N 690 

Libyan Crude Oil 1,320 

Aspha It 10,000-100,000 

BaP - benzo(a)pyrene, ppb - parts per billion 

*R.M. Coomes (197B) 

Eastern Oil Shale Study 

Based on the prev ious findings on the potential 
health hazards of oil shale, we have undertaken a 



preliminary study on the toxicity of eastern U.S. 
(Devonian) oil shale. We began by examining the 
comparative genotoxicity of crude unfractionated 
eastern shale oil in several bioassay systems. 
These included bacterial mutagenesis in Salmonella, 
sister chromatid exchange in vitro in human lympho
cytes and in vivo in mouse bone marrow, prOduction 
of abnormal sperm in mice, and the formation of 
micronuclei in mouse o100d cells. The comparative 
samples included a western U.S. shale oil, a coal
derived oil, and a crude petroleum, as well as control 
chemicals of known activity. 

Dne can reasonably ask: if cancer is the 
concern, why didn't we measure carcinogenesis? 
There are several reasons. First, cancer tests 
are very costly (up to $300-500,000 per chemical) 
and time-consuming (up to 5 years to complete). 
Such tests are obviously not well adapted for 
testing large n~mbers of s~mples . Fu~thermore, 
there are other endpoints of concern Tor synthetic 
liquid fue15. In addition to.carcinogenesis! the~e 
materials can also be mutagenlc (capable of lnduclng 
inheritable changes in DNA) and teratogenic (capable 
of causing abnonnal development). All of these can 
bp the result of damage to the genetic material: 
chromosomes or DNA, and together may be classified 
as genetic hazards or genotoxicity. 

A large number of bioassays have been developed 
to measure DNA damage. These tests are rapid (many 
require only 3-7 days) and inexpensive (may cost 
less than $1,000 per sample). Several of these 
tests have the added advantage of showing a high 
degree of correlation with carcinogenicity. For 
example, approximately 90% of the chemical carcin
ogens tested in the Salmonella c'ssay (Ames test) 
were mutagens (McCann et a1. , 1975). 

Test Materials and Methods 

The eastern U. S. (Devonian) shale oil sample 
was provided by the Institute foy' Mining and Mineral 
Research, University of Kentucky. The raw shale oil 
lias obtained from a sample of Sunbury shale, Lewis 
County, Kentucky. The oil was prepared using a 
small retort owned by Pyramid Hinera1s and described 
by D. Koppenaa1 et a1. (elsewhere in this volume) . 

A group of Comparative Research Materials (CRM) 
was obtained from the Fossil Fuels Research Material 
Repository at Oak Ridge National Laboratory. These 
i ncluded a coal -deY'ived oil (CRM-l), a crude western 
U.S. shale oil (CRM-2), and a petroleum crude oil 
(CRM-3). The purpose of our prel iminary study ~Ias 
to determine the direction of our future research 
in this area. In drawing conclusions from this 
work it must be kept in mind that none of the syn
thetic li qui d fuel s tested are actually represent
ative of any <'0lTmercia1 products. 

The bioassay methods are described in detail 
e1sE~here (Lockard et a1., 1981). 

Ames Test Results 

The Ames test derives its name from Dr. Bruce 
Ames, who developed the mutant strain of Salmonella 
typhimurium used in the assay. The mutant strain 
of this bac teria will not grow unless the amino 
acid, histidine, is supplied in the growth medium. 
The wile. type Salmonella makes its own histidine. 
About 100 million bacterij are spread on an agar 
plate which is ther, incubated for several days. 
Very fel~ co 1 on i es grow on the p 1 a tes unless a 
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chemical mutagen is added (Figu re 1, A and B). 
These chemi ca I s cause muta ti OilS back t o t he wil d 
type, or revertan t s, which can grow i n the absence 
of histidine. Some mutagens, cal led promutagens , 
require alteration before they are active . These 
are detected in the Ames assay by the addition of a 
metabolic activating system from liver. Benzo(a)
pyrene is an example of a promutagen. 
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CO) CHEMICAL MUTAGEN 

FIG.!{ 1 

The results of the mutagenicity studies are 
shown in Table 4. All samples were tested in two 
strains of Salmonella : TAga which detects frame
shift mutagens and TA100 which detects base sub
stitution mutagens. The synthetic liquids, in 
contrast to crude petroleum, were most active in 
TA98 and required the metabolic activating system 
for maximal activity . The eastern U.S. shale oil 
sample had very weak activity and was significantly 
lower than western U.S. shale oil. Several different 
eastern shale oil samples were tested and had similar 
activities (not shown) . The eastern versus western 
difference could be a result of their different 
chemical characteristics, however, a number of 
samples of each (prepared in a similar fashion) must 
be tested before any quantitative conclUSions ~ay be 
drawn. The eastern shale oil has a mutagenic potency 
that more resembles that of the crude petr01eum than 
that of the coal-derived oil. The eastern shale oil 
actually has less activity than the crude petroleum 
in TA100. Our results with the comparative liquid 
fuels agree very well with the values obtained by 
others (Table 5). This table also shows the liter
ature values obtained with other materials in 
mutagenicity studies. Included for compa rison are 
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two chemical carcinogens. benzo(a)pyrene and 
2-aminoanthracene. The eastern shale oil mutagenic 
potency differs from 2-aminoanthracene by nearly 
5 orders of magnitude. and it is about 360.000-fold 
less than the natural fungal toxin. aflatoxin Bl. 

Table 4 

Mutagenicity Data (Revertants/mg) for Natural 
and Synthetic Fuels in Ames Salmonella Assay* 

Sample 
TA98 

+S9 -S9 

64 14 
212 50 

TA100 
+59 -S9 

Eastern Shale Oil 
Western Shale Oil 
Coal-Derived Oil 
Petroleum Crude Oil 

2.730 160 

26 28 
111 37 
918 343 

93 91 38 29 

*Results are the average of 3 plates each for 
strains TA98 and TA100 in the presence and absence 
of the rat liver microsomal activating mix~ure 
(S9). The results have been corrected for the 
spontaneous (solvent control) reversior rates -
these were (revertants/plate): 32 and ~l for 
TA98 plus and minus S9; 95 and 113 for TA100 p1us 
and minus S9. 

Table 5 

Comparison of Mutagenicity of Various 
Substances in the Ames Salmonella Assay 

Sample 

Eastern Shale Oil 
Western Shale Oil 
Coal-Derived Oil 
Petroleum Crude Oil 
Used Crankcase Oil 
Benzo(a)pyrene 
2-Aminoanthracene 
Aflatoxin Bl 
Cigarette Smoke 

Condensate 

lGuerin et al. (1981) 

2Kimball and Munro (1981) 

3Mahlam (1981) 

4Hermann et al. (1980) 

5McCann et a 1. (1975) 

Revertants/mg in TA98 
This Study Literature 

64 
212 

2.730 
38 

178=6501•3 
1.000-27.0001-3 

0- 24" 
6504 

114.0003 
5.430.0003 

23.000.0005 
18.200 rev/

5 cigarette 

Sister Chromatid txchange Results 

The sister' chromatid exchange assay is based 
on a technique that allows differential staining 
of the two sister chromatids. one light and one 
dar~. as shown in Figure lC. Exchanges between 
the two chromatids are visible and may be quanti
fied. Certain chemicals greatly incre~se the 
numbers of exchanges as seen in Figure 10. This 
is a very sensitive assay for the detection of DNA 
damage. It has the advantage of using animal 
cells. which may be more relevant for human toxi
city than bacteria. 
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Our results in three different sister 
chromatid exchange systems were disappointing: 
none of the liquid fuels tested showed any sister 
chromatid exchange activ;ty. This suggests that 
these sister chromatid pxchange assays are less 
sensitive in detecting DNA d~mage than the 
Salmonella Ames assay. Similar results were 
observed in all three sister chromatid exchan£e 
systems (Table 6). In the first system. huma.n 
lymphocytes were grown in culture and exposed to 
the test materials in the growth media. Only the 
control chemical. benzo(a)pyrene showed any sister 
chromatid exchange activity. The ~econd system 
was tile same as the fir'st except that a metabolic 
activating system. S9. was 3dderl. This assay had 
a much higher sensitivity for benzo(a)pyrene. but 
there was no sister chromatid exchange activity for 
the liquid fuels . Similar results were observed in 
the third system. in which mice were injected 
intraperitoneally with test material and after 24 
hour's the bone marrow cells were examined for 
sis ter chromatid exchanges. 

Table 6 

Sister Chromatid Exchange Results for 
Natural and Syntheti c Fuels in Various 

Test Sys tems 

Sample 

Eastern Shale Oil 
Western Shale Oil 
Coal-Derived Oil 
Pett'oleum Crude 

Oil 
Benzo(a)pyrene 

Human 
Lymphocytes 
in vHr') 
with no 

Activation 

+ 

Human 
Lymphocytes 
in vitro 
wiU;-

Activation* 

+ 

Mouse 
Bone 
Marrow 
.in. vivo 

+ 

*Using Rat Liver Microsomal Preparation (S9) 

Results in Other Tes t Systems 

Each of the synthetic fuels and the petroleum 
crude were also tested for the induction of micro
nuclei and abnonn'll sperm in mice. In both tests 
the materials were injected i.p. and after the 
animals were sacrificed abnormal sperm and micro-



nuclei in erythrocytes were examined microscopic
ally. In both cases, sr,'all dose-depender.t increases 
were observed, however, tile ;ncreases were not 
statistically higher than background control levels. 
A summarl of these and other results are shown in 
Table 7 along with a co~oarison of the results 
obt~ined by o~hers. Two of o~ r systems are common 
with those previously tested : the results in 
Salmonella are in agreement; in the sister chromatid 
exchange system, no common samples were tested, but 
the ~asic fraction of synthetic crude oi1~ was 
active . None of the unfractionated materials we 
tested had any sister chromatid exchange activity. 
This may suggest that sensitivity may be improved 
by fractionating and concentrating these materials. 
Masking of the activity in crude mixtures is also 
possible . The sensitivity of these assays should 
be tested after fractionation of the complex 
mi xtures. 

We also tested the acute toxicity of the fuel 
samples in male mice after single and mu1tlp1e 
intraperitoneal injections (Table 8). Except for 
crude petroleum, only inSignificant differences were 
observed between single and multi ple injectinns. 

Coal-derived oil was the ~ost toxic; the toxi
citv of the shale oil samples was similar to thet 
of crude petroleum. 

Table 8 

Acute Toxicity of Fuel Samples 
in Mice 

Sample 

Ea stern Shale Oil 
Western Shale Oil 
Coal-Derived Oil 
Petroleum Crude Oi l 

i ·r. - intraperit0neal 

Approximate LD50 Dose 
(g/kg of body weight) 

1 injection, 
i.p., 24hrs 

3.9 
4.1 
1.6 
9.0 

5 injections, 
i . p., 5 days 

5.3 
2.6 
1.0 
2.6 

Ta ble 7 

Test System 

Mutations 

Salmonella 
E. col i 
Yeast 
Drosophila 

Sister Chromatid Exchanges 

Human Leukocytes 
Mouse Bone Marrow 

Abnormal Sperm 

Mouse sperm 

Mi cronucl ei 

Mouse Erythrocytes 

Chrom~tid Aberration s 

Human Leukocytes 

Ttlioguanine ReSistance 

Hamster Ovary 

Mutagenesis of Synthetic Fuels ir. Various 
Test Sys tems* 

L i terature** 

Basic Neutral Crude 
Fract ion Fraction Synfuel 

+ 
+ 
+ 
+ 

+ 

T 

+ 

+ 
+ 
+ 

+? 

+? 

NT 

+ 
NT 
NT 
NT 

NT 

NT 

NT 

This Study 

Eastern 
Shal e Oil Other Fuels 

+ + 

+? +? 

+? +; 

BaP 

+ 

+ 
+ 

+ 

+ 

*NT(not tested ) , +(mutagenic), +?(possib1y positive) , -(not mutageni c) , T(t0xic) , BaP(benzo(a)pyrene). 

**Kimba11 and Munro (1981), Table 5. lB. 
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Conclusions 

For complex materials it appears that the 
Ames test is more sensitive than the sister 
chromatid exchange, the sperm abnormality, or 
the erythrocyte micronuclei assays. Our studies 
indicate that the level of mutagenic activity of 
eastern U.S. shal~ oil more closely resembles 
that of crude petroleum than that of coal-derived 
oil. This finding is in agreement '/lith earlier 
findings on benzo(a)pyrene levels and carcino
genicity in these materials. 

Although the single sample of eastern shale 
oil had less mutagenic activity than the western 
shale oil sample, little significance can be 
placed in the result. Tne same degree of vari
ation mignt be found in different eastern shales. 
Multiple samples, eastern and western, need to be 
prepared by the same process (relort) and tested. 
It would also be desirable to test shale oils 
produced bj various retort processes from a single 
oil shale sample. These might include, for example, 
a Fischer assay oil, a hydrotreated oil, and an oil 
prepared by the HYTORT process. In the HYTORT pro
cess the shale is subjected to a high-~ressure 
hydrogen atmosphere during retorting. The stud~es 
on HYTORT could be partic~larly pertinent in view 
of what is known regarding the reduction of poly
cyclic aromatic hydrocarbon concentrations and 
carcinog~nicitJ via catalytic hydrogenation 
reactions. 
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Introduction 

This is a summary of a Final Report (Project 
NC-5477, Federal Grant No. DE-FG-4480R410185) pre
pared for the Kentucky Buffalo Trace Area Develop
ment District, Maysville, Kentucky , in January 
1 </81. 

ihe main objectives of this study were to 
make a resource assessment, a mining study, ~nd a 
process economic evaluation of oil shale in Lewis 
and Fleming Counties, Kentucky. Two surface 
retorting processes, Paraho and HYTORT, were 
selected, and the process and econo'~ic analyses 
were made for a 30,000 tons/day oil ;hale 
retorting facili ty. The results of this inves
tiga t ion are presented in this report. 

Background 

Oil shale exists in the western as well as 
the eastern ~tates of the U. S. The shales in the 
west have highpr oil yields per ton (20-30 
gal/ton) than in the ea~t (10-20 gal/ton) . The 
organic carbon content of both the shales is 
similar , but the western shales contain more 
hydrogen. Because of the hig~er hydrogen content, 
on an average the western shales' f ischpr Assay 
oil yields are higher than the eastern shales'. 
However , it is important to recognize that the 
overall energy content of both the shales is 
similar but in the case of eastern shales, higher 
amounts of by-products such as gas , co~e, and 
steam/electricity are produced when ~ompared with 
western shales. 

The recent rapid OPEC oil price increases 
have ra lsed the value of oil to a level where the 
product ior. of s'1ale oil from easte,-n shalc is 
beg;nning to receive commercial attention. Com
paratively larger amounts of by-products produced 
while retor t ing eastern shales may not be a big 
disadvantage, as eas tern oil shale deposits are 
much closer to w.arkets than western oil s~ale 
deposits. Factors that have encouraged interest 
in eastern oil shale include the vastness of the 
resource and its closeness to markets and sup
porting infrastructure. Also, the availability of 
mi ning, operating and construction labor, abundant 
water resources, and the shales' location in an 
indus trial area, add significantly to the com
mercia l feasibility of developing this resource. 
In addition, the eastern shales that cropout in 
Kentucky , Ohio, and Tennessee are located on pri-
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vately held land and can be mined economically. 
The socioeconomic imoact of an 0 11 shale project 
is far less on the eastern United States than the 
western United States. 

The U. S. Geological Survey has estimated the 
total "known resources" of Devonian eastern oil 
shale at 400 billion barrels , and the "probable 
extensions of known resources" at an add itional 
2600 billion barrels, including both deep and 
surface deposits. These estimatps are based on 
Fischer Assay test results. 

Resource Assessment 

The resource assessment work included core 
drilling, geological mapplng, sample analysis, 
shale characterization, reserve estimating, and 
mine site selection. 

The ten cores were drilled along the oil 
shale outcrop, and 7 1/2-minute geologic quad
rangle maps and field notes were used to determine 
the quality and quantity of oil shale in Lewis and 
Fleming Counties, Kentucky. The pertinent geo
logic strata ccnsist of (from top to bottom) the 
Borden Formation (series of silts tones and 
shales), the Sunbury Sh ale (oil -bearing black 
shale), the Berea Sandstone (shal y siltstone), the 
Bedford Shale (silty shale). the Ohio Shale (oil
b~aring black shale) , the Bisher Limestone (do lo
mite), and the Cra~ Orchard Shale . 

The Ohio Shale is divided into (top to bot
tom) the Cleveland Member (50-65 feet thick), the 
Three Lick Bed (12-20 feet thick) , anu the Huron 
Member (135-208 feet thick). The Ohio ranges f rom 
approximately 200-300 feet in thickness in the 
study area, thinning from north to south and from 
east to west . The Sunbury ranges from 15 to 20 
feet in U·ickness throughout most of the area. 
These two oil shales are separated by the Berea 
S~ndstone and Bedford Shale, which combined are 
approximately 100-120 feet thick in northern Lewis 
County, decreaSing southward to 30-35 feet in 
Fleming County. 

Chemical determ inations of the shales and 
associated strata include C, H, N, S, major ele
ment oxide , and trace elements. Carbon concen
tration in the oil shales averages 11.42, 9.04, 
and 5.61% in the Sunbury, Cleveland, and Huron 
intervals , respectlvely. The concentration 
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decreases from top to bottom in the Cleveland and 
increases from top to bottom in the Huron. The 
carbon data define two economic zones in the oil 
shales. These are the entire Sunbury Shale and a 
high grade zone (HGZ) in the Cleveland, which 
extends from the top of the unit to a point where 
the carbon drops below 8%. The Cleveland HGZ is 
30 feet in thickness and averages 11.11% C. 
Hydrogen averages 1.2% in both the Sunbury and 
Clevel and HGZ and ~;,creases by about 15% in the 
Sunbury from north to south. Fischer Assay values 
for the Sunbury and Cleveland HGZ average 10.3 and 
11.9, respectively, for all the cores and range 
from 9.2 to 11.6 gal/ton G~d 10.8 to 13.0 gal/ton, 
respectively. Oil yield increases in a north to 
south direction in the study area. Sulfur aver
ages 3.54% and 2.57% in the Sunbury and Cleveland 
HGZ, respectively, and is principally pyritic in 
nature. 

The shales are siliceous (approximately 66% 
Si02, 16% A1203)' low in calcium (1.0%), and 
high in potasslum (4.3%), which indicates a sig
nificant quartz content, a low carbonate mineral 
content, and a clay content that is probably 
illitic in nature. The chemistry of the shales is 
highly consistent among the cores, with coeffi
cients of variation only slightly greater than 
analytic variability for many elements. 

Several trace elements occur in interesting, 
but probably sub-economic concentrations. These 
are (with average values for the Sunbury and 
Cleveland HGZ) Cu (l08, 106 ppm), Cr (218, 213 
ppm), Mo (365, 124 ppm), Ni (282, 146 ppm), V 
(1533, 1024 ppm), U (37, 20 ppm), and Zn (1126, 
622 ppm). Sulfur and trace element concentrations 
are low in potential overburden materials, indi
cating that they probably would not be a source of 
pollution during mining. 

Rock mechanics tests indicate the oil shales 
to have compressive strengths in the 10,000 to 
13,000 psi range. Ash fusion testing ind ic ates 
the shales to be refractory with a temperature of 
1240·C (2260·F) recorded for the initial ash 
deformation. Bulk densities of the economic 3il 
shale intervals average 2.28 g/cm3 (142 lb/ft ). 
Total volatile hydro~arbon yields from the shales 
range from 30-530 cmj/kg (1-17 ft 3/ton) indi
cating that gassy mine conditions may be encoun
tered in underground shdle mines. 

Shale reserves, for the economic shale inter
~als of the study (i.e., Sunbury and Cleveland 
HGZ) were calculated by overburden category on a 7 
1/2-minute quadrangle map basis for those quad
rangles where the shale could be recovered by 
surface mining. A total reserve of 5.2 million 
acre-feet or 16.4 billion tons of shale, conserva
tively representing 4.4 billion barrels of oil, 
were found. Of this, 6.7 billion tons, represen
ting 1.3 billion barrels of oil, are in a config
uration with less than a stripping ratio of 2.5:1 
overall. Most of the shale in the latter category 
lies in eastern Fleming and southwestern Lewis 
Counties. 

Mining 

The mining study can be categorized into 
major categories: 1) evaluate the technical and 
economic aspects of recovering both the Sunbury 
and Ohio Shale, and 2) determine capital, oper-
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ating, and maintenance costs (~25%). 

This study is based on ridge-top strip mining 
with an overall stripping ratio of 2:1. The 
detail mining study was made to supply 30,000 
tons/day of ~rimary crushed (-12") oil shale to a 
surface retorting facility. However, the Paraho 
and HYTORT require 33,600 tons/day and 37,500 
tons/day of shale, respectively. Therefore, the 
cost of mining in the case of Paraho and HYTORT 
was obtained by increasing the cost of 30,000 
tons/day by 12% and 25%, respectively. Costs 
cover all mining functions based on ridge-top 
strip mining, primary crushing and conveying to 
the retort, processed shale disposal. and land 
reclamation. The proposed mine and retort are 
located in Fleming County in northeast Kentucky, 
approx irnate 1 y one mil e north-northeas t of PI Umlers 
Landing. 

For the selected site, the Sunbury and Ohio 
shales give oil yields of about 12 to 14 gallons 
per ton. Mining will take place in two separate 
locations, initially at Pea Ridge 3nd ~ater at 
North Ridge. Based on an 80% recovery factor, 
e~ch reserve area will yield an estimated total of 
137,000,000 tons of ore over a 10-year life, pro
viding for a 20-year total life-of-mine. Strip
ping rltios are calculated at 1.5 for the Pea 
Ridge reserve and 1.9 for the Nortn Ridge reserve. 

A three-year period is required (for design 
engineering and construction) prior to start of 
production mining at Pea Ridge. For a 30,000 tons 
per day mine, preproduction development costs are 
estimated at S5,872,000 and preproduction capital 
costs at $65,104,000. 

Except for the service building and the crude 
ore transfer station at the retort, new facilities 
will be constructed for the North Ridge area, com
mencing in year +8. Production mining at North 
Ridge will start in year +11. Preproduction 
development costs are estimated at $7,440,000 and 
preproduction capital at $36,052,000 for a 30,000 
tons per day.mine facility. 

Operating costs for both reserve areas are 
estimated to be $0.88 per ton for shale and 
stripping. Based on shale only, estimated oper
ating costs are $2.19 per ton at Pea Ridge and 
$2.54 at North Ridge. These costs do not include 
any capital associated cost. 

Mining operations will employ conventional 
equipment, i.E . , diesel-powered drill rigs, elec
tric and diesel-powered hydraulic shovels, and 
85-ton end-dump haulage trucks feeding a toothed 
single-roll primary crusher. Crusher feed will be 
scalped -48", +12" material. Crusher product will 
be conveyed to the retort facility. Processed 
shale will be conveyed from the retort to the 
primary crusher area for either di rect loading 
into ore trucks, or stockpiled for transport to a 
disposal site near the mining face. Haulage road 
maintenance will require a portable crushing 
plant, scrapers for distributing road material, 
and road graders. Scrapers will also be used for 
topsoil stripping as well as topsoil spreading for 
land reclamation. A service building will provide 
office, warehouse, and changeroom facilities for 
72 salaried and 345 hourly personnel along with 
maintenance and repair shops. 



Process-Economic Evaluation 

ihe main objective of this section WaS to 
select two suitable processes for retorting 
eastern oil shale for detail process analysis to 
develop +25% capital cost. Based on the pre
liminary-process evaluation, Paraho and HYTORT 
processes were selected for detailed process and 
economic analysis. Paraho is a low pressure pro
cess and produces shale oil about 90-95% of 
Fischer Assay yield . The HYTORT process oil shale 
is retorted at a high pressure in the presence of 
hydrogen and produces more shale oil than Fischer 
Assay yield. In the retort, about 46% of the 
organic carbon in the sha~e was converted to shale 
oil and this oil yield came out to be about 116% 
of Fischer Assay yield. Also it is important to 
note that the oil yield in the HYTORT process is 
directly relatp.d with the organic carbon content 
of shal e rather than Fischer Assay yi el d. In 
comparison with the HYTORT process, Paraho has a 
simple process configuration. 

Paraho 

The Paraho retort was developed by Paraho 
Development Corporation by modifying vertical kiln 
technology. Paraho has developed direct heated 
and indirect heated mode retorts for western shale 
and the combination heated retort (CH retort for 
eastern oil shale. 

The Paraho retort is a refractory-lined, 
vertical kiln, in which a moving bed of crushed 
oil shale flowing downward through a kiln is con
tacted countercurrent1y with an upward flow of hot 
gases having an adequate heat content to heat 
shale to about 1000·F to retort the organic con
stituents in the shale. Temperatures near the lop 
Of the retort are con trolled so that the oil vapor 
is condensed in the gas stream as an entrained oil 
mist and oil is recovered in the oil recovery sys
tem. The retorted eastern oil shale, high in car
bon content, is passed through a dynamic seal and 
goes to the combustor where the leftover carbon is 
burned, the shale cooled and discharged by grate 
at the bottom of the retort. The hot flue gas 
generated in the combustor is used in heating the 
recycle gas for retorting and then it is passed 
through a boiler to generate a high pressure steam 
for in-plant use a1d power generation. 

This grass roots plant is designed for a 
30,000 tons/day retort i ng capac ity. In addit ion 
to raw shale, the plant requires about 2000 gpm of 
makeup water, 1066 tons /d ay of crushed limestone, 
and 428,600 scfm of air . This plant produces 
about 8132 bbl/day shale oil, 2282 bbl/day light 
oil, 14,473 scfm of high Btu gas, and about 
48.3 mw of excess power. About 44.2% of the input 
energy is recovered as liquid products, 14.8% as 
high Btu gas, and 8% as excess power. This plant 
requires about 65 acr ~: or 2300' x 1200' land 
area. 

HYTORT 

The HYTORT retort was developed by the Insti
tute of Gas Technology (IGT). The HYTORT process 
concept is based on direct, noncata1ytic hydro
genation of keroge n at high pressure and control
led heat-up rates . 
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The HYTORT retort is a refractory-lined, high 
pressure, vertical vessel in which a moving oil 
shale flowing downward through the retort is con
tacted countercurrently with an upward flow of hot 
gases. As this retort is operated at about 550 
psia, high pressure raw shale feeding and spent 
shale removal systems are required. The shale is 
progressively heated to retorting temperatures of 
1200·, and the heat requi red for retorting is sup
p 1 i ed by combus ti rig part of the hydrogen s trecrn 
with oxygen and ra is i ng its te,nperature to 1450·. 
The retorted shale is cooled using the hydrogen
rich stream in the bottom section of the retort. 
The cooled spent shale is removed from the retort 
through lock hoppers. The retort top gases con
tain oil mist, and vapors are recovered in the oil 
recovery system. 

This grass roots plant is designed for a 
30,000 tons/ddY retorting capacity. In addition 
to raw shale, the plant requires about 4100 g~m Qf 
makeup water, 565 tons/day oxygen, 45.3 ~w elec
tric power, and 269,700 scfm of air. The plant 
produces about 10,217 bbl/day of shale oil and 104 
tons/day of anhydrous ammonia. About 44.9% of the 
input energy is recovered as liquid product. This 
plant requires about 65 acres or 2300' x 1200' 
1 and area. 

Economic Analysis 

Based on the detailed process analysis +25% 
capital cost was developed for these projects. 
The initial plant investment costs for the Paraho 
and HYTORT are $504 million and $695 million, re
spectively. These costs are for the grass roots 
plant and include mining, material handling, re
torting, oil recovery, facilities to meet environ
mental standards, and all the necessary off-sites. 
Total initial capital required for the Paraho and 
HYTORT projects is $647.2 million and $890.3 
million, respectively (Table 1). 

The gross annual operating costs for the 
Paraho and HYTORT processes are $63.1 million and 
$86.1 million, respectively (Table 1). The con
sumable costs include the costs of catalyst for 
chemicals, water, electricity, and operating and 
maintenance supplies. The labor and overhead 
costs include the costs of operating and mainte
nance, labor, payroll burden, general and admin
istration. The net annual operating costs are 
$10.6 million and $74.1 million, respectively, for 
the Paraho and HYTORT projects. 

Cash flow analysis was made several different 
ways, and 30me of the results are presented in 
Table 2. At 100% equity, the Paraho project pro
vides a return of about 12% at $40/bb1 shale oil 
price and provides ahQu t 14% return at $50/bb1 
shale oil price. The HYTORT project, at 100% 
equity, provides about 12% r~turn at $60/bbl shale 
oil price and provides about 14% return at $70/bbl 
shale oil price. For the Paraho prOject further 
cash flow analysis was made assuMing 75% debt at 
12% interest and 25% equity. The return on equity 
at $40/bb1 shale oil price is about 24% on a pass
through basis. 

Conclusions 

The following conclusions can bp drawn from 
this study: 



• About 4.4 billion barrels of oil can be 
recovered from oil shale of Lewis and 
Fleming Counties, Kentucky. The shale 
reserves having an overbll str ipp i ng 
ratio of less than 2.5:1, represent 
about 1.3 billion barrels of oil. 

same capacity will require about $890 
million. The initial plant investment 
costs for Paraho and HYTORT are $504 
million and $695 million, respectively. 

• 

• 

A 30,000 t~ns per day retorting plant 
can produce about 10,000 bbl / day of 
shale oil. 

Total capital required for the grass 
roots Paraho plant facility, having a 
capacity to retort 30,000 tons per day 
of eastern oil shale, will be about $647 
million and the HYTORT plant having the 

• For the same return on equity, the Para
ho process is cheaper than the HYTORT 
process by about $20/bbl. 

• For Paraho process, for a 75% debt ~ 12% 
and 25% equity cash flow analysis, the 
return on equity at $40/bbl shale oil 
price is about 24%. 

• Based on these results, it can be con-

Table 1. Capital and Operating Costs 

A. Capital Cost (SMM) 

Total Direct Cost 
Professional Services, 

Field Indirects, 
Insurance, etc. 

Plant Investment Cost 

Working Capital 

Interest During 
Construction 

30,000 Tons/Day Eastern Oil Shale Plant 
(4th Quarter 1980 Dollars) 

Paraho 

Initi al Deferred* Initi al --- ---
382.5 539.7 

122.0 155.3 

nw.5" m:o 
17.4 21.8 

125.8+ 173.5+ 

HYlORl 

Deferred* 

Start-up Cost Expensed++ Expensed++ 

Total Capi tal bUJ ITb.T 

B. Operating Cost (S1000) 

Consumables 

Labor & Overhead 

Taxes & Insurance 

Total Gross Operating CJst 

By-Product Credit 

Net Operating Cost 

23,614 

23 ,556 

15,908 

bJ,{m 

(52 ,499) 

10,579 

* Additional investment from year 2 to 20 
+ On the 75% of the initial plant investment @ 12% interest 
++ Expensed at 50% of the first year's revenue 
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89Q.j T4O:8 

39,525 

24,571 

21,955 

~ 

(11,946) 

74,105 



Table 2. Economic Analysis 
30,000 Tons/Day Eastern Oil Shale Plant 

Paraho HYTORT 

Stand-Alone Pass-Through 
Venture Venture Stand-Alone Pass-Through 

A. 100~ Equity 

8. 

C. 

Sell ing Price - S/bbi 

40 

50 

75~ Debt @ 12~/25 @ Equity 

Sell ing Price - S/bb1 

40 

50 

100~ Equi ty 

Return on Eguitl ~ 

12 

14 

11.4 

13.7 

10.4 

18.2 

42.50 

51.80 

eluded that the production of shale oil 
from eastern oil shale is commercially 
feasible . 

It is important to note that the main objec
tives of this study were to make a preliminary 
resource assessment and to develop +25~ capital 
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Venture Venture 

Internal Rate of Return ~ 

12.1 

14.4 

5.7 

8.8 

Return on Eguitl 

24 .1 

30.8 

Selling Price - S/bbl 

39.70 

48.20 

61. 90 

72.00 

5.9 

9.1 

58.00 

68.40 

costs for mlO1ng and retorting faciTities. fo 
firm up this conclusion, it is essential to make a 
detailed resource assessment and a detailed pro
cess ana lYSis to develop +15~ capital cost. Also 
a detailed environmental assessment should be made 
in the next phdse. 

f 
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A Kentucky Coal Utilization Mf$I.SO Economics. 97p .. Sep 1974 Mf$2.00 

Research Program. 32p .. Apr 
I -Jun 30. 1973 

UKYTR87· Synthetic Oil from Coal . First Annual PC$4.00 

Fifth Quarterly P:-ogr<:ss Report. A PC$3.00 74·CME3 Report. 17p .. Nov 1974 Mf$I.SO 
Kentucky Coal Utilization Mf$J.SO 

Re5earch Program. July I ·Sep 30. Annual Report. Project 2A - PC~5.00 
1973 Gasification and Uquefaction of Mf$J.SO 

Annual Report. Project 2 - PC$4.SO 
Kentucky Cool . 58p .• Jan 1975 

Gasllication and Uquefaction of Mf$I.SO A Round Table Seminar. The National pc$4.SO 
Kentucky Coal. 7Op .• Sep 1973 

Pollution Discharge Elimination System Mf$J.SO 
(NPDES). 27p .. Feb 1975 

Annual Report. Project 5 - PC$3.00 
Blending and Desulfurization of PC$3.SO Caking Characteristics of Mf$I.SO 

Kentucky Coal . 45p .. Sep 1973 Kentucky Coal and so, Removal from Mf$I.SO 
Stack Gases of Commercial Boilers. 

15p. Mar 31 . 1975 
Annual Report. Project 4 - PC$3.00 
ME-asurernent of Inhibition Mf$J.SO A Ke,.,t~.cky Energy Resource Utilization PC$4.SO 

Isotherms of Kentucky Coal. 35p .. frogra,.,... IMMR Report No. 2. 68p .. Oct Mf$I.SO 
Oct 1973 I ·Mar 31 . 1975 

Annual Report. Project 3 - PC$5.00 IMMRi - l"ethanol Production from Coal. Section pc$4.00 Low·Btu Gas and Solid Mf$2.00 PDI ·75 I . 28p .. Aug 1975 Mf$I.SO Desulfurized Fuel. 123p .. Dec 
1973 

1MMR2· Advanced Coal ·Derived Fuel Combined PC$8.00 
Annual Report. Project 2B - PC$3.00 PD2·75 Cycle Power Plants. 208p .. Sep 1975 Mf$3.00 

Gasification and Uquefaction of Mf$I.SO 
Kentucky Coals: Related Factors. IMMR3- The Causes and Consequences of the PC$4.SO 

45p .• Dec 1973 PD3·75 Changing Pattem of Coal Mine Mf$I.SO 
Ownership. An A Priori Analysis. 45p .. 

Sixth Quarterly Progress Report. A PC$3.00 Sep 1975 
Kentucky Coal Utilization Mf$J.SO 

IMMR4· Socially Optimal Tax Policy pc$4.SO Research Program 33p .. Oct 
I ·Dec 31 . 1973 PD4·75 Requirements for the Coal Industry. Mf$J.SO 

48p .. Sep 1975 

Seventh Quarterly Progress Report. A PC$3.00 IMMR5· A Kentucky Energy Resource Utilization pc$4.00 Kentucky Coal Utilization Research Mf$I.SO PRI -75 Program. Semi-annwl Progress Report. Mf$J.SO Program. 39p .. Jan I ·Mar 31. 1974 
37p .. Sep 1975 



Number TltIe Cost Number Title Cost 
iI''MR6. Kentucky Coal Reserves: Effects on Coal PCS4.00 1f.\MR25- Endangered !'Idnts and Animals of PCS I 0.00 P05-75 Industry Structure and Output, 23p .. M~I.50 GR4·77 Kentucky. I 29p .. Jan 1977 M~2.50 Nov 1975 

lMMR26- A Kentucky Energy Resource Utihzation PCS4.50 lMMR7· A Kentucky Environmental Directory. PC$g.25 PR4·77 Program. Seml·annual Progress Report. M~I.50 GRI ·75 295p .. Sep 1975 M~4.00 
July I ·Dec 31. 1976. 76p .. Feb 1977 

lMMR8- The Eastem Kentucky Coal Industry: An PCS5.00 lMMR27· Metallurgical AnalYSIS of a Plain PCS4.50 J>D6.75 Economic Analr.;is. BOp .. Nov 1975 Mf"$1 .50 PO I 6·77 Carbon Steel Plate After Long-Term M~I .50 
Service In a Coal Gasifier. 46p .. Apr 

1MMR9· Proceedings - First Kentucky Coal PC·4.50 1977 
POn5 Refuse Disposal and Utihliltion Seminar. M~I.50 

48p .. Dec 1975 lMMR28- Second Annual Report Production of 1'($450 
PO I 7·77 Ammonia USing Coal as a Source of M~I.50 lMMRl()' Second Semiannual Repo,t - PCS4.00 Hydrogen. 42p .. Apr 1977 PDa.75 Synthetic Oil from Coal. 33p .. Dec 1975 M~I.50 
lMMR29· Clean Coal Combustion Through Coal PC$4.50 
PO I 8·77 Washing and Blending. 20p .. May 1977 M~I50 lMMRll · The Westem Kentucky Coal Industry In PCS4.50 

P09·75 1974: An Economic Analysis. SSp .. Dec M~I.50 IMMR)(). A Kentucky Energy Resource Utilization PCS4.50 1975 PR~·77 Prcgram. Semi·annual Report. Jan M~I.50 
l.June 30. 1977. 84p .. Jul 1977 IMMRI2· Production of Ammoniil using Coal as II PCS7.00 

PO 10·76 Source of Hydrogen. 76p .. Apr 1976 Mf$I.50 lMMR31 · Financing Public Expenditures for PCS450 
PO I 9·77 Energy·lmpacted Roads. 24p .. Nov M~I.50 1f.\MR1J. A Bibliography on Analysis and Design PCS5.00 1977 MI ·76 of Coal Mine Structures using Finite 

Element Techniques. 88p .• Apr 1976 
lMMR32· Proceedings - Third Kentucky Coai PC$7.00 
M4·77 Refu~e Disposal and Utilization Seminar. Mf$2.50 lMMR14· Social. Economic. and Environmental PCS9.00 120p .. Dec 1977 GR2·76 Impacts of Coal Gasification and M~4 .00 

Uquefaction Plants. 265p .. Apr 1976 
IMI'.'JU3· Syn!hetic Oil from Coal - The PCS4.50 
P020·78 Economic Impact of Five Alternatives Mf$I.50 lMMRl5- Hot Fuel Gas Desulfurization 23p .. May PCS400 for Making Hydrogen from Coal. 70p .. POI 1·76 1976 M~I .50 Jar. 1978 

IMMR34 Stab'lity of Spoil Banks and Hollow Fills pcS450 lMMRl6- A Kentucky Energy Resource Utilization PCS4.50 RRRI ·78 Created by Surface Mining. 98p .. Mar Mf$2.50 PR2·76 Program. Semi-annual Progress Report. Mf$I.50 
1978 July I ·Dec 3i. 1975. SSp .• Apr 1976 

IMMR35- The Use of Grass Fillers for Sediment PCS450 lMMRl7· Competition in the Coal Industry. 17p . PC$4.50 RRR2·78 Control In Stnp Mine Drainage. Vol I. Mf$I50 PO I 2·76 May 1976 M~I.50 Theoretical Studies on Artificial Media. 
SOp .. Apr 1978 

IMMRI8· The Effect of Uncertainty on !he Supply PCS4.5Q 
PO 13·76 of Coal. 38p .. Jun 1976 M~I.50 IMMR36· Sediment Resuspenslon in Slurry PCS450 RRR3 78 Pipelines. 5Bp .. Apr 1978 Mf$I .50 
lMMRlg. Proceedings - Fourth Energy PCS7.50 
P014·76 Resource Conference. 137p .. Jul 1976 Mf$2.00 IMMR37 A Kentucky Energ) Resource Utilization PC$5.00 

PR6·78 Program. Semi·annual Report July Mf$I .50 lMMR20· A Round Table Seminar - HIe Future PCS4.00 I ·Dec 31 . 1977. 63p .. June 1977 
M2·76 of Slirface Mined Land~ . 31 p .. Jul 1976 Mf$I.50 

IMMR38 Proceedings - Fifth Energy Resource PCS750 lMMR21 · Proceedings - Second Kentucky Coal PCS700 P02178 Conference I 20p Aug 1978 M~250 POI 5-76 Refuse Disposal and Utilization Seminar. Mf$200 
114p .. Oct 1976 

IMMR39 The Use of Grass Filters for Sedlfnent PC$4.50 
RRR4·78 Control In Stnp Mine Drainage Vol II MFSI50 IMMR22· A Kentucky Energy Resource Utilization PC$4.50 

Predictions Based on Theoretical PR3·76 Program. Semi·annuo: Progress Report. M~I.50 
StUdies. 20p .. Sep 1978 Jan I ·Jun 30. 1976. 74p .. Aug 1976 

IMMR40· Proceedings - F ourth K~ntucky Coal PC$700 lMMR23· A Directory of Computerized pc$450 RRR5·78 Refuse Disposal and Utilization Seminar. GRJ.76 Environmental Information Resources. Mf$I .50 
81p . Dec 1978 46p .. Oct 1976 

1Mi'\R4 1 A ,..\anual fOI Mine Ventilation S} stem PC$450 lMMR24· Selected Papers from a Conference pc$4.00 RRR6·78 Anal}'Sis by Remote Tennln,,1 ""f$I.50 M3·76 Entitled Focusing on Energy. 31 p .. Dec MfSl.50 Telephone Computer Link 3Ip .. Dec 1976 
1978 



I'tumber nile Cost Number nile Cost 

1MMR42· Policy Alternatives for Reclaiming PCS4.5O IMMR80/056 Petrography of Kentucky Coals in the 
PA1 ·78 Surface Mined Land. ISp .• Dec 1978 Mf$I .5O Princess Reserve District. 27p .• Jan PCS4.oo 

1981 
1MMR43- A Kentucky Energy Resource Utilization 1'(;$5.00 
PR7·713 Program. Semi·annual Report. Jan Mf$I .5O IMMR81 / 057 Kentucky Solar Heating Hllndbook. PCSI5.oo 

l.June 30. 1978. 89p .. Dec 1978 182p .. Apr 1960 

IMMR44· Slurry Transport in Pipe Networks. 4) p .. pc$4..50 1MMR81 / 05B Characterization of H-Coal S\IIlcrude 
RRR7·79 Mar 1979 Mf$1 .5O Obtained from Kentucky Nu~ber l ' PCS3.oo 

Coal. 3Op .. Feb 1961 

1MMR45- A Kentucky Energy Resource Utilization PC$7.5O 
PR8·79 Program. Annual Report. July 1. Mf$3.5O iM.'-\R81 / 059 A Guide to the Use of DEPOSITS on the PCS20.oo 

I 97B-Apr 30. 1979, 202p .. July 1979 HP3000 Minicomputer. I 3Op .• Apr 1980 

1MMR46- Surface Structure and Mechanisms of pc$4.5O IMMR81/ 060 Experimental and Theoretical Studies of 
P022-80 Gasification Catalyst Deactivation. 9 I p .• Mf$1.5O Pressure Surge Phenomena In Slurries. PCS5.oo 

Feb 1980 6Op .. Dec 1978 

IMMR47· Western Kentucky Coal Resources. 149 PCS25.oo 
IMMR80/ Resource Assessment of Oil·Bearing RRR8·BO p .• Sep 1978 

D-19/ 20a&b Shales in Lewis and Fleming Counties. PC$40.OO 

1MMR4B- Distillation Tower Corrosion: Synergistic PC$4.5O ~entucky. Vol I & 2. Dec 1980 

P023·BO Effects of Chlorine and Phenolic Mf$1.5O 
Compounds in Coal Uquids. IOp .. !"\ar IMMR81 / A Kentucky Energy Resource Utilization PC$ I 0.00 

1980 061 Program Annual Report. 140 p. July 1. 
1980 · June 30. 1981 

IMMR80/ 049 An Analytic Study of Cyd:cal Behavior in PC$4.oo 
Coal Markets. 45p .. Sept 1980 IMMR81/ Eastem Oil Shale Retorting I: Pyrolysis of PCS5.oo 

062 the Sunbury Shale of Kentucky. 45 p. 
1:"""'RBO/ 05O Fly Ash as a Component in Concrete. PCS5.oo Feb 1982 

35p .. Sept 1980 

''''.MR81 / Predicting Suspe. -"ed Solids Removal PC$10.OO !f.'.MRBO/ 051 A Uterature Review of Coal Refuse 1'(;$6.50 063 in Pilot Size Sediment Ponds Using 
Dikes. 73p .• Apr 1980 

Chemical Flocculation. 500 p .. May 
1981 

IMMR80/ 052 Proceedings - 5th Kentucky Coal 
Refuse Disposal and Utilization Seminar. pcSIO.oo IMMR81 / REAME. A Computer Program for the PCS35.oo 

7Sp .. Apr 1980 064 Stability Analysis of Slopes. 150 p .. Dec 
1981 

IMMR80/ 053 Distillation Tower Corrosion: Chemical 
Analysis of Solvent Refined Coal I."'\MR82j Proceedings. Seventh Kentucky Coal PCSIO.oo Process Samples for Chloride. Acedic PCS3.oo 065 By· Products Seminal . 38 p .. Jan 1982 and Basic Compounds. 43p .. Apr 1980 

IMMRBO/ 054 Development of Methods of IMMR82/ Proceedings. 198 I Eastem Oil Shale PCS25.oo 
Characterizing Coal in its Plastic State. PCS7.oo 066 Symposium. 195 p .. Mar 1982 

87p .. Dec 1980 

IMMR82j REAMES. A Simplified Version of PC$25.OO 
IMMRBO/ 055 A Kentucky Energy Resource Utilization 067 REAME in Both Basic & Fortran for the 

Program Annual Report. 138p .. July I . pcSIO.oo Stability Analysis of Slopes. 130 p .. Feb 
1979.June 30. 1980 1982 
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