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10 TON RETORT TRACER rESTS 

T. F. Turner 

University of Wyoming 

Research Corporation 

Laramie, WY 82071 

ABStRACT 

The 10 ton retort tracer tests are part of a large effort at the 

University of Wyoming Research Corporation (UWYRC) and I will describe 

that effort before discussion of the 10 ton tests in detail. The objec­

tive of the tracer program at UWYRC is to reduce the cost and effort 

involved in characterizing the flow in a modified in situ oil shale 

retort. This objective is being approached in three ways. 

First, UWYRC is conducting extensive tracer testing on both the 150 

ton and 10 ton retorts north of Laramie. In the 150 ton retort, Sandia 

Labs and UWYRC teams just complet~d a series of tests to study flow 

around an impermeable object. The 10 ton retort is being used to study 

flow channeling and its effect on tracer response curves, steam front 

movement, and oil yield. 

The second method involves the development of remote release tracer 

canisters which can be placed in a retort during blasting and then acti­

vated at a later time. l These canisters could reduce the need for 

mining instrumentation access drifts around a retort. 

The third approach is to help in developing trdcer models that aid in 

understanding and implementing the properties of a retort rubble bed. 

Current work is aimed at implementing and checking the code developed by 

Brian Travis at Los Alamos National Labs. 

The 10 ton retort tests are being used to investigate flow channeling 

in nonuniform ruhble chimneys. A nonuniform rubble chimney causes mal­

distribution of air flow which in turn causes poor sweep efficiency 

resulting in poor product yield. Sweep efficiency is defined as the 

fraction of shale contacted by the retorting front and can be related to 

overall product yield with the expression 
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Product Yield Sweep Efficiency x (l-Yield loss) 

where 

(l-Yield loss) Oil Yield. 2 

~he yield loss is that portion of the contacted shale oil which is 

burned, coked, or otherwise not incorporated into the product oil and 

gas. Obviously, if a region is by-passed because of poor sweep efficien­

cy there is a higher probability of burning or coking in that region. 

Sweep efficiency is thus the key term in the above equation. 

Sweep efficiency can be predicted quantitatively before the retort is 

ignited by using gas tracer tests or after the retort is ignited by moni­

toring the steam front's passage through the retort. Both of these 

methods have serious problems. Extensive tracer testing is expensive and 

impractical on a commercial scale plant. It requires placement of many 

sample ports and requires instrumentation ports and either ignition of 

the retort or large scale steam g~neration. Both options are expensive, 

especially if the retort is so badly formed that it should never be 

ignited. What is needed is a simple dlagnostic test that can be made 

prior to ignition that will predict the retort's performance. 

The latest series of 10 ton retort runs have been designed tc study 

the effect of changes in sweep efficiency on tracer response and on yield 

loss. It is hoped that from these tests a correlation can be made be­

tween an inlet-to-outlet tracer response curve and both sweep efficiency 

and yield loss. If this proves possible, then we will have the diagnos­

tic test needed. 

The nominally sized la-ton oil shale retort is a six-foot-O.D. by 

twelve-foot high, refractory lined steel shell. At the top is an opening 

for loading oil shale. The bottom has a grate to support the oil shale. 

Both top and bottom have hinged semi-spherical covers. The retort is 

lined with a 4-1/2 in. thick layer of firebrick and a 4-1/2 in. thick 

layer of castable insulating material resulting in an 10 of 4.5 ft. The 

grate is covered with a 4 in. thick granite base to prevent fines from 

passing and to prevent overheating of the grate. Above this, shale is 

loaded usin~ a ucket and overhead crane. During loading, thermocouples 

and gas sa.npling taps are positioned. 



Each of the nine tests has the same operating conditions, but the 

shale load is Qifferent. In all tests there is a central cylindrical 

c o r e of a larger shale a ~stribution: 4 in. x 3 in., 4 in. x 2 in. or 

4 in. x 1 in., dependinng on the test. The annular volume is in all 

c a s e s filled with 6 in. x 1/2 in. shale. Besides varying the shale size 

di stribution in the core, the core diameter itself is 12 in., 18 i~. or 

2 4 in., depending on the test. There are four levels of tracer taps and 

fi ve l e vels of thermocouples in the retort. Each level of taps is con­

st r uc ted using a 3/4 in. stainless steel tube with slots at the appro­

p r iate tap locations. Inside the 3/4 in. tube is a sliding 1/4 in. 

s t a in less steel tube plugged at the end and perforated between two 

packers. 

Contour plots of the tracer residence times show nonuniform flow, 

howe ver, in most cases the flow distribution was not as we desired. 

Th e re were two main reasons for this. The first is that altho~gh a 

c e r t ain range of particle sizes was requested, in most cases the shale 

r eceived contained large amounts of smaller material. The infiltration 

of finer material into the top of the channel created a local low perme-

4bility region and the diversion of air flow around it. The second 

problem was that the firebrick lining the retort was in poor shape and 

c o uld have been allowing some air flow between bricks. 

S ince the object of the tests is to compare tracer tests with steam 

f ront and retorting data, the actual distribution of nonuniform air flow 

has l ittlp. impact. All planned correlations can still be made at the end 

of t he test series. 
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NON-UNIFORM FLOW 

OBJECTIVE: 

TO REDUCE THE NUMBER OF GAS 

TRACER TESTS NECESSARY TO 

CHARACTERIZE THE GAS FLOW 

DISTRIBUTION IN AN IN SITU OIL 

SHAI.!E RETORT 

NON-UNIFORM FLOW 

APPROACHES: 

1. TRACER TESTING TO STUDY: 

a. FLOW BLOCKAGE (150 TON RETORT) 

b. CHANNELING (10 TON RETORT) 

2. REMOTE RELEASE OF TRACER GASES 

3. MATHEMATICAL MODELING 
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REMOTE RELEASE 

TRACER CANISTERS 
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10 TON RETORT TESTS 
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10 TON RETORT 

PARTICLE SIZE IN CHANNEL: 

4"x1" 
4"x2" 

4"x2" • • 
4"x3" 

CHANNEL DIAMETER: 8" • • 
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24" • • • 
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