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HIGH RESOLUTION SEISMIC SURVEY OF THE RAWLINS, 
WYOMING UNDERGROUND COAL GASIFICATION AREA 

By 

Alv Dan Youngbergl, Ernest Berkman2 , Arnold S. Orange2 

ASTRACT 

In October 1982 a high resolution seismic survey was conducted at 
the Gulf Research and Development Company's underground coal gasifica­
tion test site near Rawlins, Wyoming. The objectives of the survey were 
to utilize high resolution seismic technology to locate and characterize 
two underground coal burn zones. Seismic data acquisition and processing 
parameters were specifically designed to emphasize reflections at the 
shallow depths of interest. A three-dimensional grid of data was obtain­
ed over the Rawlins burn zones. Processing included time varying filters, 
trace composition, and two-dimensional areal stacking of the data in 
order to identify burn zone anomalies. An anomaly was discernable 
resulting from the rUbble-collapse cavity associated with the burn zone 
which was studied in detail at thp Rawlins 1 and 2 test sites. 

I. INTRODUCTION 

In October 1982 a deta i led thr e-dimensional (3-D) high resol­
ution seismic survey was conducted at the Gulf Research and Development 
Company's underground coal gasification field site near Rawlins, Wyoming. 
The objective of the seismic survey was to utilize high r~solution 
seismic t.echnology to investigar.e, locate, and characterize two under­
ground coal gasification burn zon s (Rawlins 1 and 2) created in an 
underground coal gasification project. 

It was recognized that the specific problems addre9sed by this 
survey presented a considerable challenge to the geophysicist. The coal 
seams of interest outcropped in the ar a and were steeply dipping (55-70 
degrees). The shallow depth of inves '-igation, extreme dip, plus the 
resolution required 1f the information was to be of practical use, 
dictated c~refully planned and executed project. 

The approach proposed was to apply state-of-the-art explora­
tion seismic technology to the problem. A three phase program was 
planned and executed: high resolution da ta acquisition; reference to 
seismic models and synthetic seismograms from a similar geologic and 
physical situation; and a data processing approach design d to provide 

lLaramie Energy Technology Center, Laramie, Wyoming 
2Emerald Exploration , onsultants, Inc., Austin, Texas 



maximum resolution at the depths of ~ nterest. An interpretation scheme 
was applied to these three phases where through iterat· on between pre­
liminary interpretation, processing, and modeling, the goals of the 
project could be best met. 

This report is concerned primarily with presenting and dis­
c'lssing the seismic data obtained. Prior to presenting the results, 
sections are included which summarize the geology of the area and des­
cribe field vpera tions and data processing. 

II. LOCATION AND REGIONAL GEOLOGY 

The study site as shown on Figure 1 is located 8 miles 
(12.9 km) west of the tOwn "t Rawlins, Wyom i ng in the southeastern 
quarter of section 11, T21N, R89W. Topography at the site is gently 
rolling grassland with over 6 ft. (2 m ters) of soil on the surface. 

The site is located on the w stern flank of the Rawlins Uplift 
which separates the Hanna Basin from the Great Divide Basin. The extreme 
dip seen at the test site is the result of Laramide tectonic movement 
which cau~ed the Rawlins Uplift . The data indicates that some relatively 
small scale folds or warps are present which tends to complicate the 
seismic interpretation. Formation dips decrease gradually with depth 
and are anticipated to be approximately 45 degrees at a depth of 1500 ft. 
(457 meters). 

The Rawlins test site ar a contains surface outcropping beds 
of the Tertiary (Paleocene) Fort Union Formation, and the Cretaceous 
Medicine Bow, Lewis Shale, and Mesaverde Formations. The Fort Union 
Formation contains the coals of interest in its middle member which is 
approximately 1000 ft. (305 meters) thick. This member is composed of 
alternating sa dstones, silty sandstones, and both gray and carboni­
ferous shales. The three ma jor coal seams of interest , from top to 
bottom are the Wally, G, and I, with thicknesses of approximately 7, 20, 
and 15 ft. (2.1, 6.1, and 4.6 meters) respectively. The gasification 
tests and main concern of the seismic survey involve the G seam. There 
are thin coal stringers (bencnes) above and below the G coal seam s~par­
ated by shale part ings . The lower member of the Fort Union Formation is 
approximately 1500 ft. (457 meters) thick and contains coarse grained 
sandstones and conglomerate with a highly calcareous coarse grained 
matrix. Although many beds are laterally consistent, others have signif­
icant lateral variations in thickness and lithology which tends to 
complicate the seismic interpretation. 

The Medi cine Bow Formation, which unconformably underlies the 
Fort Union Formation, consists of a thick section (approximately 4500 ft. 
(1372 meters)) of alternating beds of sandstone (mediwn Lo fine grained), 
silty sandstone, shale (occasionally carboniferous), an oals. Of most 
c oncern for the seismic study, the top 1600 ft. (488 meters) consists of 
ma lnly shale beds. This zone is recogn i zable in the seismic data as a 
zone containing virtually no reflections immediately below the zone of 
interest. 

2 
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FIGURE 1. locat i on map of the Rawlins UCG s1 te. 
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The Lewis Shale and Mesaverde Formations, although outcropping 
in the area, are sufficiently deep i n the section to be of no concern to 
the seismic survey. 

Ill. RAWLINS 1 AND 2 UNVERGROUND COAL GASIFICATION TESTS 

The coal gasification method utilized at the Rawlins Test 1 
and 2 sites consisted of the in-situ burning of the coal through use of 
air, oxygen and steam injection, and gas production \o.'ells. The burn 
initiated at th injection well, and the flame fronl progressed toward 
the production wells. As the coal burned, a cavity was formed which was 
enlarged as the overlying rocks fractured and collapsed. In steeply 
dipping beds, as the coal is consumed uew coal falling from the top 
tends to fill i n the void space. This concept is supported by drill 
hole data, and no subsidence has been noted on the surface. 

The burn cavity at Rawlins Test 1 W3S thought to presently 
contain a small water-filled void at the top, rubble from the collapse 
of overlying rocks, "slag or clinker" at the base, and a zone of "char" 
at the edges of the burn zon Figure 2 generally depicts this zone of 
interest. The burn cavity at Rawlins Test No. 2 was thought to presently 
contain a small air void at the top, and a similar configuration beneath. 
It should be noted that although corehole HFEM 2-9 at Rawlins Test 2 
encountered 28 ft. (8.5 meters) of air void, most coreholes did not 
encounter any air void. From the standpoint of the seismic interpreta­
tion this presented a serious problem, because the presence of an a;; r 
void generates a strong reflection which has been found in the past to 
be very useful in characterizjng the post-burn co~figurat10n. 

On the subsequent maps various drill holes of interest are 
shown; the identification code i~ as follows: 

H - water monitoring 
IW = instrument well 
CH = core hole 
E exploration 
HFEM = high frequency electromagnetic 
EXT = extensometer 
T = thermocouple 
VIW = vertical injection well 
SIW = slant injection well 
VLW = vertical link well 
PGW = product gas well 

The seismi c survey correlated with drill holes listed below. 
drill holes have been added from various support material. 

Rawlins Test No.1 

H-16 
H-17 
H-18 
T-1 
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monitor 

Other 
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Burn zone configuration for Rawl i ns UCG Test NO.1. 
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Rawlins Test No.2 

H-21 
EXT-2-3 
HFEM-2-10 
HFEM-2-8 
EXT-2-1 
HFEM-2-2 
HFEl'1-2-1 
HFEl'1-2-7 
VLW-2-3 
CH-232 
VLW-2-2 
EXT-2-2 
H-20 
H-22 
H-19 

It sho. : d be kept ill mind that the various maps show th surface loca­
tion of the drill holes, all of which have up-dip bottom hole locations 
due to th xtrem djp. 

IV. FIELD PROCEDURES 

A. Introdu tion 

Th following is a very brief explanation c :- th s ismic 
method as used in exploration. The fundamental principal ~f seismology 
is that when an acoustic (seismic) wave is propagating through the earth 
and the acoustic properties of the earth materials change, then the 
interfa e b tween the differing materials will a t as a partial reflect­
ing surfac (Dobrin (1976), Telford (1976), Waters (1978)). The ampli­
tude of the reflection is proportional to the change in acoustic proper­
ties. Sin e many of the interfaces between geologic formations involve 
changes in rock properties, if an acoustic wave can be launched into the 
earth, the resulting reflections from the interfaces ca~ be ut11ized to 
locate and identify th uniLs involved. Further, if a series of such 
reflections is obs rved along th surface, then changes in the travel 
time of the wav to the refl e ting horizon and back cap- be used to map 
changes in d pth to the horizon. Thus, an abrupt la teral change in 
physical properties can b det ct d as a hange in the reflection wave­
form. 

The application of th above simple conc pt to practice is 
cor-· Jlex, involving many sophisticat d steps developed over the years. 
In& c ruments have been developed ~'i th la rge dynaMic range tha t have the 
capability of recording s ignals (reflections) that are boLh extremely 
weak and eXLremely strong. Th s nsors thems Ives (geophones) are 
small, electrically stable, and capable of sensing the minut motions of 
the earth I s surface caused by the arr1v1ng refl ctions while being 
rugged for field use. The us of geophone and source arrays (patterns) 
improve the signal-to-noi~e ratio, while a variety of sourc s are avail­
able to handle different surface and subsurface conditions. 
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C~rrent pra tice is to record each shot (or, mor precisely, 
th r flections from each shot) on several channels (t rmed "traces") 
simultaneously, wi h th sensors for th se traces usually placed in a 
lin ar array on the ground. Each trace in turn may b made up of 
several ~ ophon s connec ted tog th r and arranged on th ground so as to 
improve th sign I-to-noise ratio. Each trace is digitized and recorded 
on tap s parat ly for later comput r processing. 

The Rawlins survey was performed and th data processed using 
the Common Depth Point (CDP) method, which is summarized as follows: 
Figure 3 is a sketch of a unilateral 4 c hannel s ismic .. urvey. Shot 
number 1 is fired with th shot at SPI and the geophon s at positions 2 
through 5 as shown. A through D are the subsurface reflection points 
from a r fl ctive surface, using th ray p th relationship that the 
angle of incidence equals th angl of r fl~ction. For shot number 2 
the whole array is moved one p( ,sition, shooting at SP2 acd rece .. ving at 
positions 3 through 6. Subsurface r fler.:tion points are s n to be C 
through F. Shots 3 and 4 follow in the Sam f shion. It is s en that 
each subsurface point is sampled with two shots ("C" and "D" with 
shots I and 2, "E" and "F" with shots 2 anr: , etc.), h nce this is 
called "Two Fold". In CDP pro ssing, the Jata from shots tha .: reflect 
off of "common depth points" are added together, or "stack d". 

COllsider the two shots Lhat reflect eff of common depth 
pOint "G", shot at 3, g ophon at 6 and shot at 4, geophone aL 5. The 
ray path 3-G-6 is much longer than ray path 4-G-5 . This path-length 
difference forms the basis for s ismic velocity det rmination which is 
the major strength of the CDP m thod. 

The fi Id procedures for th Rawlins proj twill b reviewed 
in detail in the follow;ng paragraphs. 

B. Instruments,'r 

The instrum nts us d were T xas Instruments DFS-V. Sampling 
rate was 1 ms to allow data analysis to a requency of 250 Hz. Filter 
settings were 27 Hz low cut and 256 Hz high cut, with an IBdb/oc tave 
slope outside the filter bandpass. One se ond of data was r corded for 
each shot. Geophones used were Mark Products MP-L-2BE with a nominal 
40 Hz low frequency rolloff point. 

C. Survey Param ters 

It was m nt10ned in th inLroduction to this report that the 
Rawlins seismic project was unusual from the exploration geophysics 
standpoint in the shallow depth and extreme dip of the target, and the 
unknown nature of th seismic r sponse of the burn zon. Th survey 
field parameters were designed with th se considerations in mind and 
departed somewhat from normal exploration seismi practice in the 
attempt to define the burn zone. 

*Use of specific equipment does not constitute a r comm ndation by DOE. 
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Figur 4 is a plan view of th g ophone-shot hole g ometry 
over th burn. For this thr -dim ns; anal (3-0) grid) the numbered 
lines ach consist of 36 short, 12 f (3.7 meter) geophon arrays spaced 
20 ft (6.1 m ters) apart. Th letter d lin ~ cons ist of 46 shot points, 
also spaced 20 ft (6.1 m ters) apart. As the ha rges on each 1 t ered 
lin wer shot in turn the refl ctions wer recorded on the two geophone 
lines flanking th shot line. Thus, shots on line A wer recorded on 
lines 1 and 2, shots on lin B w r r orded ;>n lin s 2 and 3, etc. 
Note that g ophon lines 2 through 8 w r used twice, onc each for the 
shots on ith r sid of the lines. The system utilized was to shoot at 
sequential shot points 83 required for 24 fold 1nto a stationary 24 
tra cabl; th n move the cabl and rep at. This r quir d some addi­
tional shots on each lin but allow d for rapid campI tion of the field 
work by minimizing abl and g ophon mov m nt. Data for the appro­
priate recording s quenc s was utiliz d in processing ach lin , as wi ll 
b discuss d und r Data Pro essing, s etion V, of this report. Note 
also that the refl ction (COP) points lay long subsurface lin s midway 
b tw en th shot and r ceiver lines (s Figure 5). 

Th burn ar a lin geom try ac ompl~:'hed two things. First, 
it provided 3 high density of ar al d t in th burn zan , th zone with 
th most unkn owns. Sand, th array of data allow d great flexibility 
in the subs qu nt proc ssing ' art. 

The 20 ft (6.2 m ter) trac spa i ng was select d to give a 
clos subsu~faee cor r f1 ction point spa ing [10 ft (3.05 meter) ] while 
still remaining cost - ff ('tive. Th geophone array (6 phon s) ov r 
12 ft (3.7 m ters) was sleeted as a ompromise between th desire for a 
long array for noise r duction (by canc lling waves traveling along the 
surface) and th d sir for a short arr y to provide maximum resolution. 

The surv y parameters us d for th data a quisition ar tabu­
lated below: 

Numb r of geophones per trace 

G ophone array 

Trace spacing 

First trac (offs t) 

Shot spacing 

Fold 

9 

6 

12 ft (3.7m) centered 
on SP 

20 ft (6.1m) 

20 ft (6.1m) 

20 ft (6.1m) 

(Fold for this proj 'ct 
will be dis ussed in 
det il below.) 
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• 

Shot size 6 to 18 units of Deta-
prime* (plastic explo-
sive, unit weight 
. 04 lbs (18 gms)) 

Shot depth 6 ft 0 . 8m) 

The fold, the sum of the number of shots at each sub!. t.1rface 
reflection point, is the key parameter in COP shooting, as -:!escribed 
abo ·/e. For these lines the fold was variable , reaching full fold over 
much of the line as indicated on Figure 5. Note that full fold was 
extended by placing shot points beyond the limits of the geophone grid 
(Figure 4). The fold was then further increased through use of computer 
manipulation and making use of the two-dimensional array of data obtain­
ed over the grid described earlier. The computer enhancement of the 
fold will be di~cussed fully in s ction V, Data Processing. 

D. Source Parame t e rs 

Initial visua l examinat i on of tie prospe t site indicated that 
shallow 6-10 ft. (1.8-3.1 meter) Detaprime plastic explosive shots 
installed using a lightweight auger would be applicable to the surface 
conditions. Tests were performed in the field at the start of the data 
acquisition to determine optimum char ,~e size . The charge needed to have 
sufficient energy to give adequate reflections, but not be so strong so 
as to result in shot-generated noise that would interfere with observa­
tions of the reflections. The shot size determined in the fielc; was 
9 units of Detaprime . The shot consisted of a standard cap with the 
plastic explosive wrapped around the cap . As the work progressed the 
charge size was modified as required. 

Shot Line Charge Size (units of Dctaprime) 

A 18 
B 18 
C 8 
0 6 
E 6 
F 6 
G 6 
H 9 

E. Field Operations 

The Rawlins high resolution seismic survey was performed on 
October 10-12, 1982. No problems in the field were encountered, and 
field operations proceeded rapidly and uneventfully. 

"'Use of specific equipment dbes not constitute a recommendation by DOE. 
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v. DATA PROCESSING 

This section of the report will discuss the processing of the 
seismic data and will include discussion explaining the reasoning behind 
the choices of p ocessing parameters (Claerbout (1976), McQuillan 
(1979), Robinson and Treitel (1980». It is i mportant to note that the 
development of the processing sequence was an integral purt of the 
interpretation. Each processing step was tested in sequence, and inter­
med iate results were examined carefully with the goals of the processing 
in mind, in this case the maximum resolution of the geologic horizons at 
the depths of interest. 

Each stel' of the processing sequence will be discussed in 
detail. Th processing sequence listed below is found as part of the 
title block on the furnished data sections. The title block also con­
tains the field parameters and c rtain bookkeeping and plotting notes. 

Processin 

Step (1) - "Oemux". This is a bookkeeping" step. The data 
are recorded in the field i n a complex format with all 48 channels mixed 
(or mUltiplexed) on the uigital tape. The "Oemux" step demultipl~/:es 

the data, arranging the data within the computer memory on a trace by 
trace basis, ready for further man ipulation. 

Step (2) - COP Gather. The COP technique has been described 
earl ier and summarized in Figure 3. The "COP Gather" step takes, or 
gathers, all of the source - geophone pairs that relate to a COP point 
and stores them together in preparat ion for further processing. As 
noted in the field procedure section, the recording sequence necessi­
tated great care at this stage to gather appropriate source - geophone 
pairs. Th field format is trace s~quential single fo l d and is a 
"gather" where all of the tra ces for an individual shot are displayed 
separately, arranged in the same sequence as they were arranged on the 
ground . Editing is included in this step to allow removal of noisy or 
defective tra ces from the "COP Gather". 

The concept of datum is illustrated on Figure 6. The data 
must be adjusted for surface elevation changes along the section so that 
the geometric configurat.lon of reflecting horizons will be portrayed 
accurately and not influenced by surface elevation c hanges . The 3-D 
grid was corrected to a single stage flat datum (6900 ft, 2103 meters) 
sine elevations in the local area were essentially flat. Each trace i s 
corrected or adjusted by a time equal to the difference in shot and 
geophone elevation above or below the datum. The "time = distance/ 
velocity" formula is used to determine the correc tion, with the velocity 
chosen from a knowledge of the velocity of the near surface rocks or 
through empirical testing. In th i s case a velocity of 5000 ft pe r sec 
(1524 meters per sec) was used based on information obtained using the 
seismic data itself. On the sections·, 0 time is at 6900 ft (2103 
meters) . 
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FIGURE 6. Datum correction 



St p (3) - Gain Recovery . A "Tn gain" function was applied, 
whi h compensates for the en rgy Joss as a function of distance (time) 
of the seismic wave as it propagates into the earth and back from the 
reflector. This energy loss is termed "spreading loss" since the nergy 
in the spherical wave front i s "spread" as lhe r dius of the sphere 
increases. This loss is an xponent i al fUl"ction; testing in this area 
indicated a value of 1 . 4 for n. 

Step (4) - Filter. In this st p a bandpass filter is applied 
to the data to enhance the reflections of interest by filterin~ out 
noise that is outside the frequency band that on~ains the majority af 
the r flection signal. The earth itself acts as a filt r, with the 
lower frequencies penetrating further, for shallow reflections higher 
frequencies are present in the seismic data than for deerer reflections. 
Since high resolution at all depths was a r quirement for this proiect, 
then it was desired to utilize the highest frequencies possible at each 
depth. The same record was subject d to a variety of bandpass filters, 
and the results analyzed. The r suIts indicated that a "time variant" 
(TV) filter should be applied, as follows: 

From .000 to .400 s c, bandpass = 80-160 Hz 
.240 to .600 sec, bandpass = 50-100 Hz 

The explos1ve detonation initially creates a sharp acousl1C 
energy "spike" which propagates through the earth as descd bed earlier. 
The filtering eff~ct of the earth has the effect of broadening the short 
pulse into a lengthy, complex waveform. A processing step attempts to 
recreate the original sharp "spike" for each reflector by operating on 
the signal with the inverse of an assumed earth filter in a process 
called deconvolution. In practice the de c onvolution op rator, or in­
ver:;e filte : function, is chosen on the basis of experience and upon 
tests performed on th data and applied at this stage of the processing. 
Numerous tests were performed on ti)is data. Th testing involved the 
use of different operators and the sequ nce of applications, primarily 
whether before or after filtp.r application . Th deconvolution testing 
was performed on lines A-2 and H-9 . D convolut i on t st i ng was performed 
with second zero crossing, first zero crossing and spiking operators. 
No significant improvement could b detected with the application of 
deconvolution, therefore it was not applied. 

Step (5) - Trace Composition (3 trace - common offs t distance). 
It was recognized almost immediately that th reflec tions from the depth 
of interest were relatively weak, and that subtle variations in signal 
character would be difficult to disc rn. The conc ept utiliz d was that 
~ he reflections add linearly while the noise, being mor random, pa r ti­
ally cancels, thus increasing the signal-to-noise ratio. In order to 
improve the signal-to-noise ra~io, three traces from three adjacent 
shots where the offset distance was equal were composited as shown 
diagramatically in Figure 7. As seen on Figure 7, one result of the 
mixing is that instead of a CDP there is a "Common Depth Area" of 40 ft 
(12.2 meters) if the bed were flat. In the case of extreme dip the 
typical stacking sequence which assumes flat bedding encounters the same 
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________________________ ~~----~~--~~-------------------------------------- REFLECTOR 
40 ft 

COP' AREA - N +1 

COP /.REA - N +2 

COP AREA - N +3 

FIGURE 7. Three trace composition 
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problem of COP reas instead of COP points. Figure 8 de monstrates this 
effe cL hi h is caus d by th fact that the angles of incidence and 
r flection must b qual. In th cas of the Rawlins data wh re extreme 
dip is encount red, the CDP spreading ffect of di~ is ount r d by that 
of trace composition, which ess ntially COl rects for th ff ct of dip 
in a qualitativ sens. The trac composition ss ntially increased the 
fold from 24 fold to 72 fold in th c nter of the Duen lines (Figure 5 
shows the a tual fold). 

and Step (7) - "NMO". Consider 
the simpl r suI ing data display shown in Figure 9. 
Clear.ly, although both shots r flect off of th same point on the reflec­
tor, the ray path length from SPI to Rl is considerably long~r than the 
path length from SP2 to R2. This r sults in the time from shot to when 
the reflection is r c ived t1 fron shot 1 being gr at r than the time t2 
from shot 2. If th reflections can b assum d as coming from the same 
point, then since the diff renc in time can be m asur d and the differ­
ence in path length determin d g om tri ally, th averag wave velocity 
of '-':£' rocks to the l.::!flector can be stimated using th "velocity x 
time = distance" relationship. Since the s ismic veloc · _y varies as a 
function of depth (usually incr asing) the ave rag v locity varies as a 
function of time into th section. This variation is determined through 
a elocity analysis and the r suIts ar tabulated blow: 

Time Velo ity 

~ (ft./sec.) (m/se . ) 

.000 5000 1524 

.050 6200 1890 

.100 7600 2318 

.150 8300 2683 

.200 9300 2987 

. 300 10500 3201 

.400 11000 3353 

.500 11500 3506 

. 600 12000 3658 

The "NMO" or normal moveout, orrection (Step 7) is applied as 
an adjustm nt to each component trace of the "C OP Gather", such that 
identical r flections occur at id nt i cal times on ach trace ( ~ ee 
Figure 9). Th is is required for a following step so that when the 
constitu nt. trac s of th "CDP Gath r" are added, or "sta ked", th 
reflections will add properly . 

Ste (8) - Mute . Wh n a shot is fired, th first signals to 
reach each geophone are ground roll (wav s propagat d long the surface 
like rippl s on a pond) and "first br aks", refracted n rgy from th 
most shallow high velocity interfac. These "noise" signals mask ref] 
tions arriving at the same tim. If th component tra es of the "COP 
Gather" are going to be added (stack d ) , then it is undesirable t:'J add 
in this nois if pr sent. Thus, the noisy, initial fraclion of a s~cond 

of each trace is r moved, or muted. Since the farth r trac s receive 
the nois at a time Ilter lhan th near traces, th mu ~ applied to each 
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lra is fun ion of th localion r laliv lo th hot s w 11 s the 
nois ont nt of the signal. 

~~=-':-~.L._...:..:.:::.::.~:.::..::..:!..:::......:S~tatics. In this st p, which occurs 
imm dialely b king, or summing of th trac s in th CDP Gather, 
a surfac con":st nt r sidual statics correction is appli d to nsure 
lhal th r lions on all traces ar prop rly aligned and will sum for 
maximum b nit. B sed on :-oss corr lation of adja nl lra s in th 
CDP Galh r, r fl clions ar corr t d to lin up so to giv maximum 
signal nhancem nt. This is call d a stat · cs corr tion since i t: is 
assum d that th misalignm nt (wh1 h is bing corre t d) is du .. 0 ;ni!~or 
varialions in the lhi kness and/or v locity of th n ar surface low 
velo ity layer. 

Sle - Stack. SL cking is lh st P of adding together 
th traces th t mak up lh CDP G Lh r, to m k OIL composit trac If 
the stall (datum) and dyn mic (NMO) orrections have b n applied 
corr ctly, th r fl ctions will 0 ur aL th sam Lim on actA consti-
tuent and will b in phas nd ad-i !" .. um rically, while the noiR will be 
of a random natu re and will t nd to anc 1. The "fold" r f rs to the 
numb r of individual Lraces whi h have b 0 add d to yi ld th omposite 
trac ; 12 trac s to mak 12 old, trac s to mak 6 fold, t 

Sl Il was found that the "Tn gain'· 
function j nadequa te to fully ope wi til lhe 
range of tion str ngth ov r Lh short acoustic ray path distances 
involv d. To further qualiz tr e mplitudes, amplitud s within a 
constant sj ze "tim window" wer nvrmaliz d. To som ext nt this com­
pensates for the poor dynamic rang of th ploLUng m tho.) li nd the human 
eye. A disadvant g is Lhat som of the subtle natural variations in 
signal amplitud ar r duced in th amplitud smoothin~ process. 

- Trace Com osite for 3-D Areal In add~-
tion to composiLion, non-slandard CDP Sta 
the burn area. R ferring to th plan vi w, Figur 5, th three-dimen­
sional grid was divided into "box s", 20 ft (6.1 m t rs), 40 ft (12.2 
meters), and 80 ft (24.4 m t rs) square. Then, all of th CDP's within 
each box w r &Lack d along refle tion ontinuity. To accomplish this 
the refl ction from th G seam w s ssentially flatten d at 0.200 sec, 
stacked, and th n r turned to its tru position. The r sultant fold, 
including th thr trace mix, is shown on Figur s 11, 12, and 13. It 
should be not d th t the fold shown on Figures 11, 12, and 13 represents 
the total number of traces utilized. The total numb r of traces util­
ized includes, b aus of th trace composition st p, some duplicate 
shot -receiv r paths. This had th eff ct of weighting th various 
"boxes" toward the cen L r of th are . 

A few words are in order at this point con erning the migra­
U on" of s ismic d ta. Seismic data ar presented as s tions wher tht! 
reflections or stacked reflections are shown beneath each trace as if 
the reflected en rgy wa a tually comin~ from a flat r Ie tor directly 
below the point. In the case of dipping reflectors, as illustrated in 
Figure 8 and again in Figure 15, this will not be th case. Snell's 
law, which requi res tha t th angles of in id nce and refl ction be 
equal, when applied to a dipping r flector has the ffect of moving the 
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reflection point updip, away from th point directly below the midpoint 
between shot and rec iv r. This effect is particularly significant when 
the ray path is in the ord r of seconds, since a lengthening of the 
assumed vertical ray results in a lengthening of the offset due to dip. 
Thus when su h reflections are plotted as if they did occur beneath the 
midpoint they will be in error. Computer processing approaches are 
available which "migrate" I or move, the data to the correct position. 
Migration programs, however, have assumptions inherent in the mathemat­
ical approximations involved which limit their application to shallow 
dips, on the order of 30 degrees or less. Thus, the migration programs 
available are not applicable to the Rawlins data with dips well in 
excess of 45 degre~. The net effect is that, while the various reflec­
tors at the Rawlins site may be detected and idp.n ified, placing them at 
their true depth through migration has not been attempted in the pro­
cessing sequence. 

The above is a brief summary of the processing procedure 
applied to the s ismic data. In lh cours of the Rawlins high resolu­
tion seismic survey ach processing step was analyzed, tested and 
checked to ensure that the resulting final section was the most accurate 
representation of thf subsurface. The processing sequen , in parti­
cular the trace compos i tion and areal COP stacking, while non-standard, 
consisted of proven steps which when applied to the Rawlins data re­
sulted in positiv 1d ntification of the burn zone. 

Th data as displayed on the final record s ction was plotted 
so as to focus on the arer- of int rest. The vertical scale is 20 in 
(50.8 cm) p r s c , a considerable expansion over the conventional explor­
ation s ction. The horizontal scale is 10 traces per in (15.25 cm), 
which is quivalent to 100 ft along th line per in (12.0 meters along 
the lin p r c m) . For th displays where data within the various 
"boxes" w r stack d, traces w re repeated to yield to same horizontal 
scal as for th unsummed case. All s ismic sections are presented in 
the Appendix . I t should b not G tha t the numbering sequences for: the 
pro ssed lines is oiffer nt than the numbering sequence for the field 
operations . 

VI. RESULTS 

Th results ar pres nt d in two stages. First, the theoret­
ical cor.sid rations which formed the ba is for the interpretation are 
reviewed. Then, the interpretation of the burn area is presented with 
discussion r f renced to the observ d data. 

A. Theoretical Considerations 

Th object here was, through the analysis of data obtained in 
related areas, to det rmine the range of anticipated results. These 
considerations aided in designing th fi ld param te Ls, and supplied 
information with which the fi ld results were compared in order to 
identify and characterize th r flections observed. 

Th problem facing the int rpreter in the course of the 
Rawlins s ismi c surv y was the absence of a complete sonic log from the 
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Rawlins gasification area. This m 
lish a one-for-one correlation betw 
observed reflections. 

RCHAR4/a 

nt that th re was no way to eslab­
n the g ologic stratlgraphy and the 

To all viate this ~lrobl m, models and synthetic seismograms 
constructed for a previous seismic survey concerning the Hanna, Wyoming 
UCG area (Yollngb rg 1982) w r uti liz d. It is felt that the similarity 
of the geologic environment allows for th use of t~is data. Modifica­
tions relating to the Ra".:lins project will be discussed below. The 
velocity and d nsity l0gs ~tilized are shown in Figur :0. The reflec­
tivity series, or plot of reflection oeffi c jent v rsus time, was com­
puted from the v locity and d nsity data. The principal is that at an 
interface betw n two mater ials of different velocity and density 
(acoustic impedance), the a ousti wav will be partially r flected and 
partially transmitted. The synth li seismogram is creat 'd by con­
volving a pulse rep n'!senting lhe source wave with the r flectivity 
coefficient seri s. This proc ss has been found to yield an accurate 
representation of th actual s ismic wave-real earth interaction pheno­
mena. The puIs shape used was th Rick r wavelet, a standard acoustic 
pulse shape, which has b en found to be typical of explosive sources of 
the type us~ d here. 

The pertinent seismi character changes will be discussed in 
the following sections. Th calculated models are felt to be a c curate 
enough to aid in the interpretation of the Rawlins data with the follow­
ing qualifi ations kept in mind: 

(1) The identification of th~ Rawlins G seam seismic reflec­
tion character was based upon the seismic data itself. It was antici­
pated that the data outained for th 80 ft (24.4 meters) composite boxes 
would provide th most unambiguous signature for th coal r flee-tion. 

(2) The effect of burning and caving resulting in a rubble­
filled cavity tends to reduc the s ismic reflection amplitude. The 
loss of amplitude is a subtle eff t and d i fficult to discern in the 
seismic data (Figure 10, case 12). 

(3) The air filled void will produce a strong r flection if 
present, and sufficiently thi c k. The mod Is of Figur 10, cases 14 
and 21, show 6 and 12 ft voids de tectabl (for the ase pr sented) by a 
strong reflection amplitude. Th water filled void should also be 
detectable, on the same basis, but somewhat w aker . How ver, based upon 
corehole evidence the air or water filled voids associated with the 
Raw) ins 1 and 2 burn are not extensiv. Therefore, th str:>ng refle -
tion ano~aly associated with a void as seen in Figure 10 would also not 
be anticipated to be extensive. 

B. Interpr tation 

The processed seismic s cLions with int rpr tation added are 
presented in the Append ix and will be referred to in this discussion by 
line number. It should be recalled in viewing this data that the fold 
decreased toward the edges of each section as shown in Figures 11, 
12 and 13. 
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As m ntion d in th geologic s ction (section II), th steep 
dips and possibl non-uniformity ot dip is a sev r ly complicati ng 
fa tor. A structur map on th top of the "G" seam (Figur 14) was 
pr pared to h lp id ntify th G seam on th seismi s tions. W 11 data 
as indicated ontrolled th stru tural contouring which was onv rt d 
from th depth data to s ismic wav travel time using th v locity 
function d riv d from th selsmi c data itself (s data proc ssing). 
On the G s am was identifi d on th individual COP lin s, tr c compo­
sition along r flection continuity follow d. The result of thi trac 
omposition was t~ ob rvation of th G se m s ismic refl tion harac­

ter as a doubl -p ak d vent with a pronounced low between th two 
peaks. Th haract r lS cl arly se n at th north nd of individual 
lin GH, and on all of Lh 80 ft (24.4 m t rs) box lines away [rom the 
immediat v i ini y of th burn zon. It must be noted that ev n at Lhis 
high fold th refle tiOl"' characLer is not consistent. It is felt that 
this in onsistency relates both to th data quality and to the compli a­
tions discuss d pr viously 1n Lhe geologic s tting and str ss d above. 
All the individual COP lin s show a strong interf rence patt rn g ner­
ated by surfac nois, with lin F6 OJ typi al exampl. This 11n also 
demonstrates the eff cts of migration (Figure 15), th phenom non wh re 
th r fl ction from d dipping reEl tor omes from updip rath r than 
from b neath th arr y. This phenom non was to som xLent orr cteri 
for in the pro essing, as far as orr ctly stacking th data, by using 
the thr e trac composi ion. Pro essing t sLs Lo further remove thi s 
ffe t 10' re atLempL d on lin F6 b tween th m pp d top of G s am ilnd 

th refle tion from Lh G seam. [L is fel th t th disru}. tion t o th 
s ismic chara ter s well as Lh r 1 tiofl from any air void s hould 
app ar dir ctly under the mapped location, since th tOl-' of Lh cavity 
is picLured as essent · a) ly flat (s Figur 2) . ot p should b mad 
that the extreme dip causes Lhe obJ clive target size to b reduced du 
to the fact that obs rvati.ons ar Laken along the surface, rather than 
parallel to the b dding. 

It should b mphasized thaL in int rpreting the hara t r-
isti s and location of Lhe burn ZOII th chang s in ampliLud of th two 
signa] p aks asso i t d with th G s am, as 10' 11 as thos refl ction s 
whi h appear imm diately abov Lh c031, hav be n utili.z d. In most 
cas s th eff t is s n on both p aks but in many as s iL is only 
discprnabl on one p ak (De lin B for exampl s of both). The indivi­
dual COP lin s re clearly the mosL subjecLive as far s dis mabIe 
waveform chara t r is conc rn d. All 1 ines in the appendix hav b n 
annotat d to show Lh location of signifi ant un. - r lated anor.lalies. 

Onc th refle tion har ct ristics of the unburned oal w r 
determin d using th 80 ft (24.4 meter) box s (and cross heck d with th 
lower fold dat ), and the range of hara teristics of the burn zon 
det rmined through the mod 1 studi s, th interpretation proc d d s 
fo11o,,'s: First th data for the coars st grid, the 80 [t (24.4 m ter) 
bo es (all data from a surfac "box" 80 ft (24.4 met rs) on a side 
stacked into on omposite tr ce, as d s ribed in the s ction conc rning 
data pro essing), w re xamined and an anomaly id ntifi d. This anomaly 
occurred at th location of th known burn and was w II correlated with 
that exp c ted from a rubbl -filled burn cavity. The 80 ft (24.4 m t rs) 
boxes containing the anomaly are shown in Figure 16. Onc th hara ter 
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of th a nomaly was id nlifl ed on th e 80 fl (24. 4 m t rs) bo x omposit 
data, a simi l ar a nomaly was obs rved on the 40 t (12.4 met ers) box and 
20 ft (6. I filet r s) box da a and, \d h dIff! ulty, in th individu 1 
seismi lin s. Th burn outlin for th 40 f t (12.2 m t rs) nd 20 .t 
(6.1 m t rs) boxes as shown on Figur s 17 nd 18 s hould b vi w d as a 
fcogr ssiv rpfin m nt of th a t of the 80 t (24.4 meters) boxes, wilh 
th outlin of th burn as Id ntified on the i ndlv i d I liD s, 
Figur 19, th rna t d tailed. 

No te th t the Burn cavity wa s not obs rv d in h 80 ft 
(24.4 meter) box ompo si t e data but could be ideutifi d on tha for th 
smaller box s. This is Interpreted as an indication of the s mall volum 
of thi s burn, which wh n avpraged with data outside the burn but WIthin 
the 80 ft (24 . 4 m ter) box, r suIted in a (omposit r fl c ion that was 
indi&tinguishabl fr om hat without the burn. One prob l em 0 th int r­
pr t tion has b pn carri d through t o th e ftnal maps. That is the fa t 
that mino r cha nges ]£1 s ismlc waveJorm ampltLude and I:h racter not 
r ltd t o th burn c n be mi scons trued. ot or the Rawl ins T st I 
th ar around 11-1 6 and H-17 (Figur 20) w r inltui1 ly int rpreted as 
burn r l atpdj however, it is not known why J "ismi anomaly w s obser­
v d at thi s localion because from well nd drill hoI informatio n i t is 
knolYn that h r eactor JVlty is not 10 a ted WI thin that a rpa. I t is 
suspe t d that gas leaked ou t of tht' lest area ,lnd is trapped in a 
porous sand 1 ns. [n this regard it s hould b noted that seismi 
amplitude vari Lions wer Just studied in detail to dete gas cumul a-
ti o n s in porous ro k . 

As not d arlier, no strong amplitude reflections whIch ould 
b related t o a n ir or wat r fill d void wer found . This placed a 
s trong reI iance on 1(1 nli fyi ng th subtle changes in th c ha act r of 
th data r suIting from the rubble-filled vOld. The hara ter chang s , 
a l os in signal amp!.itud s dis ussed abov ,were difficult to see in 
the data, anll requIre-II the trJce omposilion and areal (box) s ummation 
for confirmation. A qualitative evaluation of th validity of the 
interp r tati o n is d i f i ult t o make . It should be pointed out , how ver, 
that followin g the p"'oc dures set forth abov th interpretation is 
onfirm d thro ugh the omp arison In Figure 20, wh re the d t ailed s is­

mic int rpr ti'ltion h dS been shown in conjunc ion wit h the iuilial pro­
j ct d o~tlin s of the burn and an interpreted shap from o thpr g op hys­
i · al data whi c h is in the public domain (Gulf R search a nd 0 v lopm nt 
Company, 1982). The gross form of th burn outline is similar for all 
Sour s. Be aus of th ar al data densi ty and internal consis t ency of 
th ' s ismic dat , it is beli v d that th e burn s h pe from this data is 
th most ae urate. 
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VI. CONCLUSIONS 

The interpr tation of the s ismic data obtained at th Rawlins 
t st sit ha s led to th following onclusions: 

1. The seismic surv y d te t d an anomaly in th vi ~nity of 
the rubbl fill d cavity at both Raw] ins t st s; t s I 
and 2. Th se anomalies did not corr 1 t i'1 ali ar as 
wh re the rubble filled cavi ty was locat d according to 
w 11 and cor hoI information. Th reason for this lack 
of corr lation in some areas is not known and can only be 
conjectured. 

'} . Th wat r filled void t the Rawlins I t st sit and the 
air filled void t th Rawlins 2 t st site w re not 
detect d with any strong amplitude refl t ~o ns. Th 
reaso n for Ulis can be any one or combi nation of the 
several compli cating factors discussed. 

3. St ep and possible non-uniformity of dip has a severe 
d trimental ffpct on Lh s ismic data and iLs evalua­
tion. Procpssing and inLerpr t ation procedures attempted 
m y not have fully corrected for thIS problem. A compu­
ter processing approach ne ds Lo be developed Lhat will 
ad quately corr t for dIP in excess of 30 degrees. 

4. Soni logs should b run in [utur siLe c-haracterization 
studies. These logs will establish a one-for-olle corre­
lation between the geologic sLratigraphy nd h obs rv d 
r [1 tions . Su h correlations would mak it easier to 
d te t anomali s during th interpreLaLion sLage. 
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GLOSSARY 0 TERMS 

8andpas Fil r: A filt r, f'ithf'r 1 ctroni 
sign Is with a Ir qu n y ont nt outsid 

or digital , that r je ts 
chos n limits. 

Corrunon D P 
sourc 
(angl 

(COP): Th subsurf c point COllll:lon to two or mor 
pairs, romput d usin th prin ip Is of ray opti ~ 

qu Is ngl of refl tion). 

Common D pth Point (COP) Form t: A d t display wh r Lr s with the 
th or tical subsurfa refl ct~o n point ar displ yed tog th r. 
race u ually r pres nt s diff rent shot. 

D tum: Th v tion us d as a ret is displ ylng h s i~mi data. 

Fi ld Forlll,' t: 
where the 
id nti cal 

A data display (usually Tra e S qu n lal Signal Fold) 
trace nd source 10c1 ion on the d 'splayed r ord are 
o th loc tions on th ground. 

Fold: In ommon 
geophon tra 

d pth point (CDP) s ismology, th numb r of 
s st ck d to yield thE' r sultant CDP trace. 

sourc -

G ophon : A d vic which when pIa d on the sur ac of th ground yi Ids a voltag i n r spons . ground motions. Usua Uy quipped with a s!Ji ke whi h is into Lh ground to ensur oupling of h g ophon to th ion. 

High Resolution S ismi Surv y: A s ismic survey wh r th fiel d and pro ssing par m t rs (sour e-g ophon arr y g ometry, sourc d sign, a oustic fr qu n y band of int r sl, instrwn nt nd digital filt ring, tc .) r chc.sen to !low resolution 0 th :'c' lsurfa e refl ctions from beds that ar closer to the surfac , and clos r toge h r, than normally consid r d in expluration seismology. 

Migra ion: Migration transforms s ismJc s tions, r pr s nting compl ex 
WAV -fields, into s ctions which display subsllrfa refl cctors and 
scaLt ring f atur s at th ir prop r 10c&tions wi th the arth. 

Multipl x: The mixing of two or more sign Is onto a singl chann 1 for 
transmission or stor ge purposE's. For anaysis th signals must b 
s para d into their original form, or "d multiplex d". 

Noise: Any signals oth ~ than those desir d. For xampl , in xplora­
tion s ismology, the shot indu es acoustic wav s that travel hori­
zontally aleng th surface and interf r with th reflec-:.ed \Iaves 
from the subsurface, and are henc "noise". An xampl of natu!'al 
nois is that c us d by the motion of th g ophones induced by 
wind. 

Operator: In data proc ssing, any math matical function appli d to th 
data to achieve t he desired r suIts. 
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Shot: Term us d for the seismic sour e, usually xplosiv in nature. 

Shot Hole: Wh n explosive source is used, he hole in whi h the explo­
sive is placed. 

Sonic Log: Meatiurements made 
acousti- properti s of th 

in a drill d well or corehole of the 
arth as a fun t ion of depth. 

Stack (n): The sunvnation of individual tra s to yield a composite 
trace. The fundamental principal of sta king is that, if performed 
correctly, desired reflection signals will add lin arly while 
"noise" signals will tend to an 1. If "n" tra s ar stacked, 
the signal-to-noi e ratio improvem nt (or random noise improves by 
a factor of n . For non-random nois the eff ct is mor complex. 

Stack (v): To add signals (trac s) to i mprov the signal-to-noise ratio 
or, in the ase of common d pth point (COP) pro ssing. 

Static Correction: 
for sour e and 
datum an :~ for v 

A corr tion applied to spismic da 
g ophon sl-rfa! 1 vation chang s 
locity variations at the surfa du 

soil th1ckn ss, etc. 

which adjusts 
r lative to a 
to weathering, 

Synthetic Seismogram: A model ing t chniqu wh r , utilizi~g a computer, 
a source waveform is assum d and subsurf c refl~ Lion coe fficients 
are calculat d from soni and dnsity log info rmat ion , th resultant 
reflections re dispJayed i n th s me format that actu 1 seisrr.ic 
signals are displayed. 

Trace: The rec ived signal from 
be from one g ophon or s v 
term i somet im s used to 

a sp ific point on th 
ral geophones connect d 
r fer to the geophon 

surface. Hay 
tog ther. The 
array its If. 

Trace Sequential Singl Fold: A 
traces are plotted in th sam 
ground, and 2) only one Rour 

s ismic 
sequ :1e' 

-geophone 

da a d1splay wher 
that Lh y 0 cupi d 

si ~nal is included. 

1) 
on 

the 
the 

Uphole Surv y: Th successiv d tona ion of a s ries of charg s at 
varying depths in a shothole in ord r to d termin Lh v locities 
of the near-surfa e formation, L~e w aLhering Lhickn ss, and (some­
times) the variations of record quality with shot d pth. 
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FIELD PAR AMETER S 

INST: Of'S'lr GROUP INT 20 It 
S P INT ZO It 
NO OF CHAN 24 

"EC. LENG TM: I,.c 
SAMPLE "ATE. 1m, . 
"(;:O"OED IV: E S I • I 
SOUfllCE: o.Ioprl_ 
MOLE DEPTM' 6 II. 
DATI: Oct., 1982 

GEOPM ARRAY 601lZ~ 

SPREAD ShclotltIQ Thru Cobl' 
NE~R O~'SH 0 II 
FA'" OFFSET Vllr l" 

PROCESS ING SEQUENCE 

[111l '~OCII'ID IV TWI: 
SEISTRAC 

APPliED 
RESEARCH 
CONCEPTS 

(I I 
( I 
(ZI 

(7 I 
(8 I 
(91 

001 
( I 
fill 
('II 

DEMUX/REFORMA T 

RESAMPLE 

COP G~THER 

DATUM: 6900 It . VELOCITY : 5OOO'Mc. 

FILTER 

DECONVOLUTION 

MS. OPERATOR 
AUTO CORR. WINDOW: 
WMITE NOISE. PERCENT 

VELOCITY ANAL VSIS 
NMO 

MUTE 
AUTOMATIC STATICS 
COP X CORR STATICS 

WINDOW: 100-500 
NINDOW' 

STACK FOLD Vo",,- SIt Reporl 
FILTER 

6O - BO -160 - IBO Mz 0- 400 msec. 
30-50- 100 -120 Hz . ' 10-GOOmstc 

EQUALIZATION 

GAIN REOOVERY ' T· I <I .UNCTION 

32 

(51 
( 31 
(61 
( I 
(121 

TRACE COMPOS ITE 3 Troc. -Common O'''el Distance 
WAVE EQUATION MIGRATION 
TRACE COMPOSITE FOR :3 - 0 
20 FT BOX CONFIG~AT ION 

DATE PROCESSED Nov, 19B2 ANALYST Ausl ln ,T • . 

PLOTTER DISPLAY 

"AtWG 20 INISEC 10 TRIIN 
POLARITY Block: F'Il!,IIVI 
OIRECTION OF PLOT R· L 

REEL NUMBER 75 JOB NO 1441 
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FIELD PARAMETERS 

INST OFS 'lr 

~EC LENG T~ I ~et 
SAMPLE Rio TE I ms 
~ECOROEO IIV E S 1 • I 
SOURCE Oetopr ,,.,. 

HOLE OE"T~ 6 It 
OATE: Oct , 19BZ 

GROUP INT 20 II 
S P I T 20 i l 

NO OF C .. AN Z4 

GEOP" ARRAY 601lZ~d 

SPREAO ShooI'nq Thrv Cobl, 
NEAR OFFSH 0 II 
FliP O"SET Vorl .. 

P ROCESSING SEQUENCE 

fi l ': 1 
APPliED 
RESEARCH 
CONCEPTS 

(II DEMUX/REFORMAT 

( ) RESAMPLE 

(2 ) COP GATHER 

DATUM: 6900 It 
( ) FILTER 

( ) DECONVOLUTION 

~"OC(U(O " THf 
SEISTRAC 32 

VELOCITY ' ~',4jee 

MS OPERATOR 
AUTO CORR WINDOW 
WHITE NOISE. 

(7) VELOCITY AN ALYSIS 
( 8 ) NMO 

(9) MUTE 

(to) AUTOMATIC STATICS 

( ) COP X'CORR STATICS 

PERCENT 

WINDOW 100-500 
WINDOW 

(Ii) STACK FOLD VOrte~- s.. RffIOri 
(4) FILTER 

6O-BO- 160 - leo Hl 0 - 400 m,le . 
30-50- 100 IZOHz 240-600mSlC 

(5) EOUALIZATION 

( 3 I GAIN RECOVERY ' T· I 4 FUNCTION 

(6 I TRACE COMPOSITE 3 Trace - Common 0".1 Ooolonce 
( ) WAVE EOUATION MIGRATION 
(Ie!) TRACE COMPOS ITE FOR 3-0 

40 FT !lOX CONFIG~6TII) N 

r 
-f» 
m~oc 
()~I1. 
~~m~ 

mZO 
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ZmG)-f 
-f JJ -< . 
mG) 

PLOTTER DISPLAY 
VAfWG 20 IN/SEC 10 TR/IN 

POLARITY Block ' Pos,lIVe 
OIRECTION 0" PLOT q ' L 

REEL NUMBER 99 JOB NO 1441 ::IJ-< 
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FIELD PARAM E TERS 

INST' OFS'lr GROUP INT 20 It 
s PI NT 20 II 
NO OF C .... N 24 

II(C lENGTH I ~.c 

S"M~l( Rio T( I m, 
IIECOIIDED IY E SIt I 
SOUIIe( ' Oelopr'IM 
"'OU D(PT ... . 6 II 

GEOP" ARRA Y 601 IZ~d 

SPR EAD S/Ico! 'nQ Thru Cobl. 
NCAR OFFSH 0'1 

DATE: Otl , 198Z F"n OHS(T Vorl., 

PROCESS ING SEQUENCE 

IRe] '~OCII'IO IY TMI: 
SEISTRAC 

APPliED 
RESEARCH 
CONCEPTS 

(II 
( I 
(ZI 

(71 
(81 
(91 
(t0 1 
( I 
(III 
(41 

OEMUX/REFORMA T 

RESAMPLE 

cOP GATHER 

OATUM ' 6900 It VELOCITY. 5OOO '~c 

FILTER 

OECONVr.W TlON 

MS OPERA TOR 
AUTO CORR WINDOW 
WHITE MOISE. PERCEN T 

VELOCITY ANALYSIS 
NMO 

MUTE 
AUTOMATIC STATICS 
COP X'CORR Sl A TICS 

WINDOW 100. 500 
WI NDOW 

ST ACK FOLO Voro., - Su ReJ)Or l 
FILTER 

60·80· 160 .180", O· 4 CO muc. 
30-50·100 · 120 ... , Z40 · 600msec 

EOUALIZA TlON 

GAIN RECOVERY ' • I 4 FUNCT ION 
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( I 
(IZ) 
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