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3D P-WAVE SURVEY

Western Geophysical completed their initial processing of the owner/operator's
3D P-wave survey early in the first quarter of 1995. Upon inspection by
owner/operator, CRC & Lynn Inc., some anomalies were identified in the data
which were thought to be a result of the processing sequence. These were
addressed and a second data volume with repicked velocities was delivered to
the owner/operator. This volume significantly improved the reflector image at the
Lower Fort Union depths showing vertical faulting along the crest of the known
anticline in depth. Some of the anticline was not manifest in the time structure
suggesting large velocity anomalies above the zone of interest across the field.
The owner/operator converted some of the deeper horizons to depth using well
control and the anticline was restored. The quality of this product was checked
by comparing the checkshots and VSP’s for the field. A high correlation was
obtained, thus increasing the confidence in the method. A similar approach is
currently being used for the Lower Fort Union. The 3D P-wave data were
acquired using circular geophone arrays which enable the DOE study to make
full use of these data, and to search for azimuth-dependent ampilitude
anomalies. The azimuth-dependent anomalies we identify will be tied to well
control when possibie, and tested by drilling, eventuaily.

ADDITIONAL PROCESSING OF 3D P-WAVE SURVEY

A request for bid on azimuth-dependent additional processing of the 3D P-wave
data was sent out in December 1994. Eight companies were identified to
process the data based on previous experience. Four companies responded
with bids. These included Geco-Prakia, Western Geophysical, Pulsonic, and
Geophysical Development Corporation. Western Geophysical was
recommended for the work, as they are already familiar with the data (Western is
currently under contract to the owner/operator for the processing of the 3D data),
and hence can complete the required additional processing with greater
efficiency and cost saving.

Palantir was identified to perform QA/QC on the processing flow and also to
perform interpretation of the data subsequent to processing. Western will initially
produce two data volumes separated by source-receiver azimuth. The two
different source-receiver azimuths, parallel and perpendicular to fractures, must
be analyzed separately in order to use the P-wave AVO anomalies for the
fracture detection.

Each azimuth must contain sufficient fold and offsets to perform AVO analysis
with good velocity determination and offsets approximately equai to target
depths. At the field, the fractures are believed to trend east/west in the zones of
interest. Seven “azimuth super-gathers” from the 3D data volume were created
by Western to display P-P common-azimuth reflection data in 18 different
azimuths from N to S, each with a range of offsets from 50 ft to 10,000 ft. An
azimuth super-gather is produced from a 1980 ft by 1980 ft bin in the subsurface.




Each trace in the 1980 ft by 1980 ft super gather is a three-to-six fold stack.
These seven azimuth bins were also created using a 990 ft by 990 ft subsurface
bin, in order to reduce any “smearing” due to geologic change in the 1980 ft by
1980 ft original bin. Azimuth gather #2, 990 ft by 990 ft bin size, is shown in
Figure 1. The results seen in the 990 ft by 990 ft bins are also seen in the

1980 ft by 1980 ft bins. The azimuth gather plots indicate that the N/S stacking
velocities are usually slower than the E/W stacking velocities which is consistent
with the presence of E/W trending fractures. Moreover, the fast shear wave is
polarized E/W in the 9C VSP well, which would be consistent with a dominant
E/W fracture set. The azimuth gathers indicate that to properly image the data
pre-stack, the stacking velocity must be azimuth-dependent. We expect that the
migration velocities will also be azimuth-dependent.

The seven azimuth super-gathers also show that reflection coefficients, the
frequency content, the amplitude variation with offset (AVO), and the attenuation,
as well as the travel times, are azimuth-dependent quantities.

The dip line through azimuth gather 2 is shown in Figures 2A and 2B. Figure 2A
is the N/S seismic line stacked with the N/S (+ 45 degrees) source-receiver
azimuths. Figure 2B is the seismic line stacked with the E/W (£ 45 degrees)
azimuths. These lines show minimal dip in azimuth bin #2. Throughout the
whole survey, CDP lines were excerpted from the P-wave 3D survey, in which
E/W azimuths were segregated from N/S azimuths. These stacked lines, all
stacked with the same spatially-variant veiocity function, picked from azimuth-
blind velocity scans, all display resuits consistent with slower N/S stacking
velocities than E/W stacking velocities, and furthermore indicate that in the
locations of five of the seven azimuth super-gathers, minimal dip is present. The
dip-effect is present within two of the azimuth bins, in that the N/S azimuths need
a faster stacking velocity than the E/W azimuths. Differences in these N/S and
E/W sections are attributed to mis-stacking the data: the correct azimuth-
dependent velocities must be applied before geologic meaning can be extracted.

These observations lead us to conclude that specific azimuth-dependent 3D data
processing for the entire dataset and subsequent interpretation will yield a better
understanding of the structure and the relative fracture density than conventional
(azimuth-blind) processing. Western Geophysical is currently working on this
azimuth dependent processing by splitting the data into two volumes, one with
N/S azimuths (+ 45 degrees), and one with E/W (£ 45 degrees). Each volume
will be separately processed with pre-stack time migration. The pre-stack and
post-stack volumes of seismic data, and the velocity volumes, will be compared.
Zones of equivalence and difference will be identified and tied to well control.
Travel times, amplitude, frequency content, and attenuation will be compared for
the two azimuths.

To demonstrate the relationship of the P-wave azimuthal anomalies to
conventional P-S and S-S azimuthal anisotropy anomalies, the latter two being
sensitive to relative fracture density and fracture azimuth, it is our intention to
also collect multicomponent seismic. The acquisition of 3D dynamite-sourced
three-component receiver data is scheduled for fall, 1995, or spring, 1986; shear
wave vibrator sources will be tested on two 2-D lines in the 3D survey.




I 3HNOIA

({066 x ,066) ¢ # NiFg HLNWIZY

A0 .0 ) 35440

SN QLS (PR s Bse ) DA BT AT uw T SR T R G I
L LR e e
i LAl : K AN Il i . . Al SEAG I .__ fabs] um SLA
IR e _ | il Kadarc ; _ | . Rl | i ._@ P I
: &l i ) m hvelnm i . : _ﬁ
i Ly ,_‘ t . >, ) _:_tl
‘ o ) A _..u R LY sl
{ 4 ) i 4 N -
: ~ . i sl
\ oY ALl _ _\l
[ ! j“ :
Aa._ ,“. _ . _?w
_ ﬂ _ AAA\. 3, 4, wvllb
_ -
w _
i
i | 0 “m, -
*_.‘, {0 [ 4 ' I
1%, O, _r . X 1 m_* %, —_—
y r mm: L _Mm q ( b gy
" g7 3l Frantety |

(IR

=1
1N D

SRR

081 021 091 OSL OVL OEL OZLOLLOOL 3 08 OZ 09 0S Ob OFf 02 Ol

HLNNIZY H3AIF034 30HNOS A8 d314O0S
S3AOVYHL 40 NNS ¢# NIF HAHLYD H1NNIZV

<
N

3

(SGMK\"\:IQ\ AL

0
F



‘OOOmw -

(SANOD3S) 3NIL

Ve 34Noid

}:.1:..“.53....:

(i
[N s

134
K|
W.A_.n“..*

Nl

AvAse

s

m..{,.mt.:n.
06£6 oty .M.a

~

ity
;Nms;w el
\, A..v ) :

000/ L?wwm

e A,,t,%,,.
et ey

Al
1

At e b 1 M gy de Mt A g T
.*N_....._..._.: L PRI TT PRy, PN TN 1
A B ”..‘A..... ‘
it s..ra,,,.u._«u..ﬂ:wx. .&.._.._34

Y
u_“u.ﬁx

. .f._.t.?_ r.rL.uw .:_ ,~“1.r. :..A.
Rl e e

{
e

M
...h,. M,‘J.A.l‘lm..m -J
et ity
A h...bz ]
Hiapit i
e cu,:.. s

o

_LXC‘ ‘ A?—_. Y .w, ! ‘ PP 1 M .—A). .L..{..- . A.
:,..;3~?”.;.E,..;3¢ byl KA oG i

e S i .xw“x.wﬁ,‘ ,._“.T,“ o : N :.\Q.._:.-? A&.

« A% R WAPU YK e .

B IR M I i
! ﬁﬂr LSRN

pild

e ‘MM.A o .. A
T-«h&mxp- .M.L#M.‘{,. . gmmh

SHLNWIZY S/N

(SHLNWIZY S

(5%

Y, mp . ._“/.

F‘—.xx,.‘ w ﬂ: khn.«
. A J. J.x .\.. < fA Pﬁ.
.rﬁh rf_.z:?_% * Rt

S . 1 i -
il o mu
o
il !

KPR sl i
s A R !
J ~M AW,“,.. ) m, “A »W»»ﬂw....m w; T H

(ot
o :.:.a,

Z# NI9 HLOWIZY 0€ INIT S/N
N) 2# NIg HLNWIZY HH9NOYHHL (S-N) INITdIa




8¢ 34NOI4

.‘-3‘—0.-.. n. . : .
,. ..<t . .,...Jﬂ\q&i‘. ittt L.; %
%fﬁ.ﬁu.&ifgiﬁ%{%ﬁfr.a#_

PR
L

Lot
e v

e g o d el
P AR
b

N . [0 ’
Mttty R LN N
LN ' ' . R

e ‘
R (L5 ot

dteer A
_:A...La_

1 ..:..01— L.

‘.
P TN

I
e

LT

J4Ly,-0.85

el (i
{i R .K:A 5 m.»u.
,..m.. .m. . i S w

v
4 .s,»u_..f,u

% J
“«
:«..,««m‘.
aint

i

ERRENTY

. W
L]
NG

«mm.?.\mw :

MRS s
A AP .~.w~.,..¢m~‘. T.At
HEN N

rc\h pus..u\.\m ..m.rlh E

SHLNWIZVY M/3

v ,.:.frourw_mw
.wxﬁ..u_:.a 1€
PRTH B L

y .:M ,..

- _.;....(.‘.Lt.‘.t?—;-c
AL . ' M i ; M
.Ln.r..&ﬁ MG e s deeys e

S I [t 5
. .ﬂ .VA A Sy
STV

RS

S XN
Seoled il n«««i
e

X

“mﬂwma L LA T2

b

c¢# Nl HLNWIZY

.
N

s

e v

0€ 3INIT S/N

(SHLNWIZV M-3) 2# NI HLOAWIZY HONOYHL (S-N) ANITdIA

(SANOD3S) 3NIL




9C VSP

Processing of the 9C-VSP continues at Schiumberger, Canada. A problem was
identified with the deeper data (8,500 ft to 9,400 ft) where the compressional
wave energy from far offset P-wave source was insufficient to easily achieve the
necessary tool spin correction using the shear wave geophones. This data is
currently under further review by Lynn Inc. and Schlumberger.

REVIEW OF MULTICOMPONENT FEASIBILITY TESTS

Multicomponent recording made during the 1994 field season have been
described in the Quarterly Report for July-September 1994. A description of the
results follows.

D-3

During the acquisition of the 3D P-wave data volume, a short line of 3-
component receivers were deployed to record the dynamite explosive sources.
Figure 3 shows an example of the resuits of this survey. On the in-line receiver
components, clear P-S energy can be seen indicating that mode converted
energy can be recorded at this field using dynamite sources. On the cross-line
receiver components, P-S energy can also be seen indicating that shear wave
splitting of the mode converted shear energy has occurred.

During the 3D P-wave acquisition seven sets of 3-C geophones were also
deployed on the southern end of the seven western most receiver lines. Some
of these receivers recorded P-S events from approximately 13,500 ft.

Extensive source tests were completed prior to the 3D survey, and therefore the
characteristics, storage and use of dynamite at the field are well documented.
The safety and use of dynamite for future work is discussed later in further detail.

Multi-Channel Vibrator Work

During the 9C VSP acquisition, 16 stations of 3-component phones (2 per
station) were deployed in a line extending from the vibrators adjacent to the well.
Each vibrator sweep was recorded during the SC acquisition. The results of this
exercise did not show useable data, and the conclusion is that in the future
strings of 3C geophones (12 phones per string) are necessary rather than
individual phones.

Vibrator and Impact Walkaways

Subsequent to the VSP acquisition, the vibrators were recorded in walkaway
mode aiong a line adjacent to the previous test. Single phones were used at
each location with one vibrator in cross-line and in-line shear modes. Once
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again, the resuits of this test proved that strings of phones are necessary for
future acquisition.

MINIVIBRATOR STUDIES

The use of shear vibrators at the field for S-S reflection data to compare with the
P-P anomalies is viewed as traditionally necessary to the verification of the P-
wave technologies, however, the availability of the traditional shear vibrators is
becoming problematic. For previous DOE multi-component work, the Amoco
Mertz shear vibrators were used. Amoco has since made known that these will
not be as readily available for use outside of Amoco. The two shear vibrators
owned by HeavyQuip that were used on the 9C-VSP shot in September 1994,
have recently been sold and may aiso not be available for rent in the future.

Over the past year, CRC-BGD has been testing and using commercially a new
generation of vibrators, the iVi Minivib. Although originally designed and built
with shallow, environmental work in mind, there has been increasing interest that
these vibrators could be applicable for oil and gas work. [f these vibrators prove
to be an acceptable alternative to the larger, traditional vibrator, then not only are
they cheaper to use, but with their availability, the logistics of multi-component
vibrator work will be simplified significantly.

Recent Vibrator Tests
Wyoming Test.

In order to evaluate these new vibrator sources for their utility in multi-component
acquisition at this field, and for future work on similar fractured gas reservoirs, a
joint test with Amoco and iVi was held in Wyoming in January. Two iVi Minivibs
were directly compared to_four of the Mertz M-18 shear vibrators. Figure 4
shows a stacked section of 4C source and receivers. Down to the dominant
reflector at 1.6 seconds (approximately 3,000 ft) the two sections compare
favorably. The iVi Minivib source array have a total hold-down weight of
approximately 12,000 Ibs and the Mertz source array 120,000 Ibs. Therefore, we
conclude that to depths of 3,500 ft, two iVi vibs are preferabie to four Mertz vibs
(due to equal signal/noise and less costs). The target horizons at the Wind River
Basin field are 5,000 - 10,000 ft and therefore it is thought that either more iVi
energy or better use of the iVi energy available is needed to see to this depth.
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Catoosa Test.

During the week of March 7 through 13, the iVi Minivibrators were tested at
Amoco’s research facility, Catoosa, OK. The tests consisted of three parts:

1. Source Characterization. Four Minivibrators were used in various
combinations, patterns, and orientations with different sweep types
(frequency, upsweep/downsweep, linear/non-linear). The optimum
minivibrator source array was then chosen for the subsequent 4C surface
acquisition.

2. VSP Acquisition. A multi-component, multi-offset VSP was acquired using
three of the Minivibrators. Since the Minivibrator mass is rotated on these
units, only one source was necessary for each offset location. This
represents a significant saving in both time and cost for this type of VSP
acquisition. This data is currently being processed by Amoco.

3. 4C Surface Seismic Profile. The minivibrators were also used to collect a
short (2,400 ft) reflection profile. The area is known for poor P-wave
reflection data, however clear high signal-to-noise results were obtained in
shear wave mode. This data is currently being processed by CRC.

In addition to these tests, Amoco, under the direction of Mike Mueller,
commissioned Schlumberger, Western Atlas and Aquitech to run each of their
respective companies Dipole Sonic Imager (DSI) tools in the VSP hole. The DSl
log will evaluate the shear wave velocities as a function of depth and the amount
of birefringence (shear wave anisotropy) at the wireline log scale (1 kHz). Both
of these quantities are also recorded in the S-wave VSP at seismic frequencies
(10-100 Hz) and will be compared. The S-wave synthetic seismogram from the
DSl and the S-wave corridor stacks from the VSP aiso provide two estimates of
the S-wave reflectivity and will be compared, and used with the S-wave surface
seismic reflection data. The objectives of this coliaborative project were to
evaluate the minivibrators as shear wave sources for the proposed acquisition in
October in Wyoming, and also to evaluate their potential for similar acquisition in
the future. The minivibrators have the advantage of smaller size than
conventional vibrators and hence less environmental impact, less expense {o
operate, and easier permitting. From this test, and other similar tests with
Amoco in Wyoming reported earlier by CRC, it would appear that the
minivibrators have the potential to survey to depths in excess of 5,000 ft. Itis
hoped that further evaluation of the results will determine the maximum depth of
survey for the minivibrators. A full report on the minivibrator tests will be
submitted to DOE when processing is complete.

If these tests with the iVi minivibrators indicate that the required survey depths
should be obtainable, then the iVi vibs will be tested at the field during the 3D-3C
acquisition. The potential cost saving of these vibrators is 1/3 to 1/4 of
conventional S-wave vibrator costs, and thus represents a significant new
technology for seismic characterization of fractured gas reservoirs where multi-
component seismic is to be used.




3D-3C ACQUISITION

During February 1995 a preliminary field test plan for 3D-3C (P-SV) surface
seismic acquisition was submitted for review to DOE. A schedule of activities is
given below in Table 1.

Date (1 995) Actwnty

ontact !andowners

lannmg begms for SD-.3C>

pipeline companies, etc:

* Full test plan submitted to DOE to include NEPA
documentation, permits, etc.

+ Request for Bid - Surface Acquisition.
June o Land survey of site.
July » Archaeology site survey, flagging critical locations.
August « Drill and load shot holes.
October 1 » Acquire 3D-3C and 9C lines.

The proposed acquisition is for September-October 1995. This time period is
viewed as critical in crder to complete the complex processing by end of
contract.

MODELING OF 3D-3C ACQUISITION PARAMETERS

The first stage in planning any data acquisition is careful modeling of the
consequences of the acquisition parameters. The modeling of 3D-3C (converted
wave) data is not offered by many contractors due to the complexity of data
acquisition and lack of commercial surveys. To date, the most complete
modeling service is offered by Dr. Don Lawton, University of Calgary. A brief
summary of his modeling are detailed below. A full report will be submitted in the
final field test plan.

Converted-wave (P-SV) and P-P fold, offset and azimuth distribution were

evaluated for the 3C-3D seismic acquisition program. Optimum parameters for
the 3C-3D acquisition were found to be a straight-line shooting strategy with

orthogonal source and receiver lines. Source lines are oriented east-west with a
separation of 1100 ft and a nominal source separation of 440 ft, decreasing to
220 ft within the central region of the survey area, encompassing the receiver
patch. A fixed receiver patch is proposed, consisting of 9 receiver lines oriented
north-south, with a receiver line separation of 660 ft, a receiver spacing of 220 ft,




and 51 receiver locations per line. This recommendation requires 459 3-
component geophones (1377 channels) and a total of 1212 shots. Some
reduction in the total shot count can be provided through tapering the source
lines at each corner of the source patch.

A summary of the acquisition geometry is given below in Table 2.

Source parameters:
Line orientation East-West
Source intervaij 440 ft (220 ft in infill area)
Source line intervai 1100 ft (straight line pattern)
Number of source lines 24
Number of source-points/line 42 (+ 17 in infill area)
Total number of source points 1212
Receiver parameters:
Line orientation North-South
Receiver interval 220 ft
Receiver line interval 660 ft (straight line pattern)
Number of receiver lines 9
Number of receivers/line 45
Total number of receivers 459
Number of recording channels 1377
Patch parameters:
All receivers live
P-P fold (nominal) 25
P-S fold (nominal) 30

ACQUISITION PLANNING

A request for bid for the 3D-3C acquisition will go out to prospective companies
in the early part of the second quarter. Planning of the acquisition is ongoing at
CRC in conjunction with Lynn Inc., the owner/operator, and Jenkins &
Associates. It is CRC's recommendation to use Jenkins & Associates for
permitting and for logistical oversight throughout the acquisition in a similar
manner to that which the owner/operator used them during last years 3D P-wave
acquisition. A justification for this will be submitted to DOE in April.

Shotholes

Based on the multicomponent feasibility test results of 1994, and the BLM
recommendations to avoid excessive use of vehicle impact at the site, it is CRC's
recommendation that dynamite P-P sources rather than P-wave vibrator sources
are used for the acquisition. The disadvantage with P-wave vibrator sources is
their high surface disturbance. During the owner/operator’s 3D acquisition in
1994, excessive vehicle impact was the major concern of the BLM. Therefore, in
order to keep this at a minimum, we recommend against the use of P-wave
vibrators. The use of explosive sources in shot holes has been proven to be a
safe and efficient method. All shot hole practices will adhere to the International




Association of Geophysical Contractors Guidelines for land geophysical
operations and also to all local and state regulations. Only licensed shot hole
explosive handlers and pluggers will be authorized to complete the holes. A
secured, safe storage area has been designated at the site and inventory checks
will be made daily by CRC and Jenkins & Associates during the time when
dynamite is stored there. A full discussion of this and a request for categorical
exclusion for its use was made in the preliminary field test plan.

ARCHAEOLOGY AND NEPA DOCUMENTATION

A request for bid on the archaeology will be submitted in the second quarter.
NEPA documentation will also be filed with the DOE at this time.
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