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"OBJECTIVE AND SCOPE OF WORK

The objective of this Project is to demonstrate the technical
feasibility of using superheated steam as a heat carrying medium to
retort in situ the oil shale in the Green River Formation "leached"
zone and provide a mechanism for the recovery of this shale oil with
a minimum impact on the environment. Utilizing primarily the natural
porosity in the leached zone, approximately one trillion BTU of heat
will be injected into a site over a 2-year period to heat to retorting
temperature a shale zone approximately 550 feet thick and covering
about l acre. The field Project is located at Equity s BX in situ
site in Rio Blanco County in northwestern Colorado.

ABSTRACT

- March 1, 1978 - February_29, 1980 is the third year of work on
the BX In Situ 0il Shadle Project. During the year, design, construction
and installation of all Project equipment was completed, and continuous
steam injection began on September 18, 1979 and continued until
February 29, 1980. In the five-month period of steam injection,
235,060 barrels of water as steam at an average wellhead pressure
ofiiiQ9 PSIG and an averége wellhead temperature of 456°F. were injected
into the eight Project ihjection wells.‘ Operation of the Project at
design temperature and pressure (1000 F. and 1500 PSIG) was not
possible due to continuing problems w1th surface equipment. All
laboratory'research work associated with the Project was completed
during the year and a final report on the work will be completed in
the present quarter. Environmentai monitoring at the Project site
continued during startup and operations in compliance with the

established Environmental Research Plan.



INTRODUCTION

This report covers work accomplished on the BX In Situ Oil Shale
Project for the year ended February 29, 1980, and for the quarter
ended that same date. BY coﬁbining the fourth :quarter report with
the annual technical progress report, it is felt that a more compre-
hensive overview of the Project status will be accomplished. The
status and progress during the year will be reported by Project Task.

VERTICAL COMMUNICATION TEST (BO00)

During May and June, a series of drawdown and injection tests
were run to further'characterize the horiéontal and vertical perm-
eability in the leached zone. The tests were designed and directed .
by Walter W. Loo of VTN, Inc. A report by Mr. Loo detailing the
results of the tests is included as,Apéendix "A" to this report.*
The results of the tests and Loo's recommendations are summarized
as follows:

SUMMARY

1. The leached zone or lower aquifer in the BX well field
area is anisotropic.

2. The ratio of major horizontal permeability, minor horizontal
‘"permeability and vertical permeability in the leached 2zone
is 14.7:13.3:1 respectively or 199md:180md:13.5md.

3. The average horizontal transmissivity of the leached zone
is 1809 gpd/ft. with an upper leached zone value of 987
gpd/ft. and a lower leached zone Value of 922 gpd/ft.

4. The average horlzontal permeablllty of the leached zone
is about 189md.

5. The average storage coefficient is ‘about 1;54X10-3

*This report was presented at the Ninth Annual Rocky Mountain
Groundwater Conference in Reno, Nevada, on October 22, 1979.
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for the leached zone.

6. The average horizontal permeability in the upper injection horizon,
~ production horizon, and lower injection horizon in the leached
zone are 308md, 70md, and 308md, respectively.

7. The rate of gtound water movement in the leached zone is about
23.4 feet per year due north across the BX In Situ 0Oil Shale
Project site.

8. The contrast of horizontal to vertical permeability is large.
It will cause unsatisfactory vert1ca1 sweep by the present well
perforation designs.

RECOMMENDATIONS

Since the three-qimensiona; gedhydrologic properties of the
"leached" éone have been determined, it is possible to provide
meaningful input data into any valid reservoir models. A
reservoir model which can handle both the horizontal and vertical
permeability is.recomménded._ Thg horizontai anisotropic property
of the leached zoné will not be a significant factor in controlling
the flow of fluid. The selected model should be able to handle
high temperature geochemistry thermodynamics, multiple-phase fluid
flow, and general printed and plotting capabilities. With the
on-going steam injection actiVity and data logger capability, the
model should utilize this data for model calibration and fitting .
purposes. Once the model is calibrated, projection can be made

on production curves and other simulation uses. With added on

optimization technique to the model, cost of production well field

can then be reduced to a minimum.

Of primary interest to the Project operation is the ratio of
major horizontal permeability and Vertiéal permeability of 14.7:13.3:1
or 199md:180md:13.5md. This indicates that fluid flow at the Project
site should be basicélly isotropic in the horizontal component, but
that the ratio of 14.35:1 for horizontal to vertical permeabiiity Waaa

make operation of the Project more difficult.



In this regard, it should be noted that the effects of
injeéfion in the injection weils when coupled with'drawdownuénd
production from the producing wells should significantly enhance the
vertical flow of injected fluids but the extent of this effect will
only be known as the Project proceeds.

Following initial steam injection from June 1llth through June 24th,
temperature and spinner surveys were run in the injection wells to
assess the degree that both upper and lower perforations in the
injection wells were, in fact, accepting steam and to determine if
fhe insulation on the injection tubihg was functioning properly.

Differential temperature logs were run in all injection wells and
spinner surveys were run in BX-30, BX-32 and BX-33. With the exdeption
of BX-30, (Injection Well #3)'£hé logs showed relatively-uniform
injection in both the upper'and lower injection‘zones and indicated
a 2-1/2to 59F. temperature loss per 100 feet. For example, in BX-17
while injecting at 279°F. and a rate of 450 barrels of water per day,
the recorded temperature at 1335 feet wasA234°F. (Figure No. 1 is
a plot showing the relationship of injection, production, and temper-
ature observation wells.)

A summary of results of the temperaturé and spinner surveys is
included as Appendix "B" to this report.

The surveys run on BX-30 ihdicated no injection below a depth
of 860 feet (see Appendix "B").

Continued monitoring 6f injection into BX-30 showed it to be
the poorest injector, and in October 1979, it was cleaned out and

reperforated to improve injectivity. Results of this work are reported

under task (G00).
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Directional surveys have been run on all Project wells. The well
bore traces of the wells have been plotted and a map showing the bottom-
hole locations of each of the Project wells is included as Appendix "C"
to this report. On the map dashed lines depict the true vertical trace
each well bore should have followed,‘and the solid lines indicate the

actual well bore trace.

LABORATORY EXPERIMENTATION (C00)

During the year, all experiments to be conducted under the laboratory
research program were compled, and at yeaf end, the data derived from
the experiments was being reduced for inclusion in a final report de-
tailing the résults of the laboratory research program.

The major work o£ the program consisted of a series of eleven re-
torting runé.utilizing superheated steam atlvarying temperatures. and
pressures to retort oil shale from the leached zone which had been:
packed ih a 6" diameter sixteen-foot long retort.

The work has shown that the pressure and temperature used in
retorting appears to have very little effect on the quality of the
evolved oil. The most influential factor affecting the yield and
guality of the evolved o0il seems to be thr esidence time of the evolved
0il in the steam retorting environment. Tables I and II summarize
data from tﬁe eleven retorting runs, and Appendix "D" is a detailed
annual report on tﬂe laboratory retorting érogram. Present work is
focused on réducing data derived from thg experiments and character-
izing the o0il produced from the experimenté. on February 28, 1980;

a meeting was held at the Flammability Research Center with

Dr. Jacobs, Paul Dougan, Dr. Hill, Bill McFarlane and Leonard Wocik.



Table I

CHARACTERISTICS VESSEL DATA
RETORTS rigin (1) Material Used, Y0id Fraction
Equity 011 AVERAGE (2) Fisher Assay (2) Original-Final Weights,% Change .
Experiments QURATION(HR) PRESSURE  FLOW RATE (3] Size (3) Inlet-Outiet Max. Temperatures(°F}
’ Rifle,C0. Gravel,N.A. Gravel N.A. Gravel ,N.A.
200 to - Shale,N.A.
1 3.33 250 PSiG 300 LBS/HR 29 GAL/TON 78.5-78.5,0% 81.0-81.0,0% 77.0-77.0,5%
1.724 MPa 91 to 99.6 1IT/TONNE 49.5-49.0,1% _
136 Xg/HR  -3/4" to 5/8"+ 754°-N.A. N.A.-N.A. N.A.-N.A.
. . _=1.9¢cm to 1.6cm+ §29.7°-471.5°
Rifle,CO. Gravel ,N.A. Gravel,N.A. Shale,N.A.
. 200 ¢o »
2 6.17 270 PSIG 300 LBS/HR 29 GAL/TON 78.5-78.5,0% 77.0-77.0-0% 49.5-39.2,20.3%
1.862 MPa 91 to 99.6 LIT/TONNE
136 Kg/HR  -3/4" to 5/8"+ 1019°-N.A. N.A.-N.A. 860°-809°
: - =1.9cm to 1.6cm+ (Same Shalé as First Expériment)
Rifle,C0. Gravel,N.A. Shale;N.A. Shale,N.A.
3 28.00 270 PSIG  40.1 LBS/HR 29 GAL/TON' 78.5-78.5,0% 52-40,23% 50-49,2%
1.862 MPa 18.2 Kg/HR 99.6 LIT/TONNE ]
' -3/4" to 5/8"+ 9ye5*-N.A, 8097:724° T05°s643°
-1.9cm_td 1.6cm+ . L. R
Rifle,CO. Gravel ,N.A. Shale,N.A. Shale,N.A.
N *
4 26.50 §70 PSIG  51.9 LB8S/HR 29 GAL/TON 78-78,0% 54.0-42.5,21.7% 53-45.14.8%
3.930 MPa 23.8 Kg/HR 99.6 LIT/TONNE
-3/4" to 5/8"+ 950°-N.A. 813°-741° 720°-663°
-1.9cm_to 1.6cm+
5 11.50 300 PSIG  78.1 LBS/HR Equity BX-12 Gravel,N.A. Shale,40.8% Instrumented
2.068 MPa 35.4 Kg/HR Shale Plece
78.5-78.5,0% 57.0-49.9,12.5%
967°-N.A. 868°-796° 794°
Various Sizes . i
Rifle,C0. Gravel,N.A. Shale,51.0% Shale,45.3%
* Sand,37.0%
6 21.25 250 PSIG 68.6 LBS/HR 29 GAL/TON 78.5-78.5,0% 57.1-45.3,20.7%
1.725 MPa 31.1 Kg/HR 99.6 LIT/TONNE 56.7-47.2,16.8% 76.0-74.5,2.0%
-3/4" to 5/8"+ 971°-N.A. 886°-833° 823°-7N°
=1.9cm to 1.6cm+ 763°- 724°_
Rifle,CO. Gravel ,N.A. Shale,47.3% Shale,d8.43
p ) - 78.5-78.5,0% 52.2-42.6,18.4%
7 117.25 320 PSIG  39.8 LBS/HR 29 GAL/TON 51.3-46.5,9.3%
2.206 MPa 18.0 Kg/HR 99.6 LIT/TONNE 868°-N,A, 732°-654° £52°-991°
-3/4" to 5/8"+
—~1.9¢m to 1.6cm+ —
Equity BX-12 Shale,46.5% Shale,50.6% Glass Wool, N.A.
300 PSIG  31.5 LBS/HR
8 101.00 L.A. 56.0-50.1,10.5% 54.5-51.8,5.7¢ N.A.
2.068 MPa 12.6 Kg/HR
Various Sizes 761°-636° _621°-565°_ 560°-539°
Equity BX-12 Shale,34.0% Shaie,.45.9% Glass Wool,90.8%
250 PSIG 67.8 LBS/HR .
9 17.00 L.A. 50.6-42.0,17.0%¢ 51.5-45.5,11.6% N.A.
1.724 MPa 30.7 Xg/HR
. ) Various Sizes 1006°-900°  881°-832° 820-785°
. Equity BX-12 Shale, N.A. Shale,N.A. Glass Wool,N.A.
570 PSIG 50.5 LBS/HR Glass Wool, N.A. :
10 18.00 ’ L.A 64.5-44.2,18.9% 58.6-45.6,6.8% N.A.
3.930 MPa  22.9 Kg/HR _ N.A.
. Various Sizes 900°-784° 761°-665° 634°-594° 478°-395°
) Equity BX-13 Shale,45.4% Shale,47.4% Glass.Wool,
270 PSIG  50.1 LBS/HR N.A. Glass Wool, N.A. )
n 24.00 ) L.A. 49.9-40.2,19.5% 55.2-48.1,12.8%
1.862 MPa 22.7 Kg/HR CNLAL RLAL
Varfous Sizes 960°-N.A. 761°-666° 635°-410° N.A.eN.A.
Equity BX-13 Shale,N.A. Shale,N.A. Empty
’ Empty
12 21.00 270 PSIG  51.6 LBS/MR \ 56.3- 47.2, 16.33 60.2-51.3,15.1%
1.862 MPP 23.4 Xg/HR 946°-317° 795°-714°
. Various Sizes. 543°-537° 537°-536°
N.A. = Not Available
L.A. = List Avaiable rI-1

* = fstimated Value



Table II

) OIL DATA o
RETORTS (1) Amount Produced,% Fisher Assay .
Equity 011 (2) Pour Point Temperature A CHEMICAL ANALYSIS ON OIL
Experiments  (3) API Gravity Gases Produced . C H N 0 S (Wt %) C/H
1 No 011 produced 0
. N.A. ,85% *)
2 70°F,(21.1°C) 60.0 c.f. 83 12.2 4 3.4 6.80
. N.A. . . )
N.A. 4 . .
3 65°F,(18.3°C) .55.0 c.f. 81.7 1.6 0 4.7 7:04
N.A. . e . L
9.67Lbs(4.39Kg),85% ]
4 69°F,(20.6°C) 109.5 c.f. 83.8 12 9 2.2 6.93
21.80 .
6.08Lbs(2.76Kg),98.9% »
5 67°F,(19.4°¢C) N.A. 82.4 12.0 2 3.4 6.87
26.95
8.70Lbs(3.97Kg),69.5% .
6 68°F,(20.0°C) 90.2 c.f. 83.4 12.0 6 3.0 6.95
23.80 :
6.07Lbs(2.75Kg),58.4% *
7 J1°F,(21.7°C) N.A. 82.3 1.9 4 4.4 6.92
‘ 26.60
3.59Lbs(1.63Kg),34.6% "
8 58°F,(14.4°C) N.A. 81.7 12.0 4 4.9 6.81
25.40
7.25Lb5(3.29Kg),98.0% ‘ *
9 51°F,(10.6°C) 101.8 c.f. 82.4 1N. 9 3.8 6.92
- . 25.90
§.10Lbs(2.31Kg),56.5% , s
10 27°F,{(-2.78°C) 64.6 c.f. ~ 82.9 12.2 7 3.2 6:80
- 28.57 L
. 5.76Lbs(2.61Kg),53.8% . e
n 27°F,(-2.78°C) 93.5 c.f. g84.6 13.0 4 0.9 6.51
26.95
4.51Lbs(2.05Kq),47.7% *
12 41°F,(5.00°C) 85.4.c.f. 83.4 12. .4 2.5 6.57
26.60 .
N.A. = Not Available
* = Estimated Value
1 = Combined O and $
TII-L



‘NAPTHA LIGHT DISTILLATE ~LIGHT GAS OIL HEAVY GAS OIL RES LUUUM
IBP to 400°F 4006°F to 600°F 600°F to 800°F 800°F to 1000°F  Over J1000°F
PROCESS IBP to 204°C 204°C to 316°C 316°C to 427°C 427°C to 538°C Qver 538°C

Steam ’ ’ .

Retort 11 33.7 58.3 ‘6.1 1.9 0
Bottom

Burning 40 45 4.6 1.8 8.6
Hill & } ‘

Dougan 45 35 12 6 2
I1ITRI 45 23 6 26 -
Arabian » f

Light 36 23 17 17 . 7
Steam :

Retort 4 13.7 - 457 40.1 0.5 0
Tosco 22 32 ’ 17 1 18
Garret 18 45 20 13 4
Paraho 8 a4 20 19 9

Table 3: Comparison of Distillation Properties From Various Retorting
Processes. {Non-steam retorting data from referénces 1°and §)

TII-2



OIL DATA
{3) Amount Produced,? Fisher Assay

{2) Pour Point Temperature CHEMICAL ANALYSIS ON OIL
RETORTS (3) API Gravity Gases Produced C H N 0 S (Wt%) C/H
Steam 5.76Lbs(2.61Kg),53.8% *
Retort 11 27°F,(-2.78°C) ’ 93.5 c.f. 84.6 13.0 1.4 0.9 6.51
26.95 )
Bottom M.A.,85% *
Burning 68°F,(20.0°C) N.A. 8.1 11.9 2.1 1.9 7.08
31.70 -
Hill & - N.A.
Dougan -4°F,(-20.0°C) N.A. N.A. N.A. 0.8 N.A. N.A.
40.00 :
TITRI N.A.,96%
40°F,(4.44°C) N.A. 84.0 12.1 1.02.8 .6 6.94
34.40
Arabian N.A. _
Light N.A. N.A. N.A. N.A.
34.40
Steam 9.67Lbs(4.39Kg) ,85% *
Retort 4 69°F,(20.6°C) 109.5 ¢.f. 83.8 12.1 1.9 2.2 6.93
21.80
Tosco N.A.
70°F,(21.1°C) N.A. N.A. N.A.
20.98
G&rret - N.A.
85°F,(29.4°C) N.A. - N.A. N.A.
19.35
Paraho N.A. - ) ’
50°F,(10.0°C) N.A. N.A. N.A.
25.03 . )
Marathon 011 N.A.
Batch 82°F,(27.8°C) N.A. 84.0 11.2 1.71.6 .8 7.50
20.40
Continuous N.A.
Flow 74°F,(23.3°C) N.A. -83.3 11.0 1.8 2.6 .8 7.57
21.10
Equity N.A. ’ *1 6.23
Field Site N.A. N.A. 74.8 12.0 0.6 12.6 . :
N.A .
N.A. = Not Available
* = Estimated Value
1 = Combined 0 and S

TII-3
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The purpose of the meeting was to decide which product oil (that is,
from which retorting runs) should receive detailed analysis, and what
that analysis should entail.

It was decided that oil from Retorting Runs No. 3 and No. 11 will
be analyzed in detail and compared with samples obtained from the
field Project and with similar data from other synthetic crudes and
natural crudes. The comparison of the oils will include the following
analysis:

Identification of Specific Species
Solvent Fractination

Polarity Measurements

C HN O S Analysis

Pour Point

Gravity '

TGA Analysis (Boiling Point)

BX PROJECT INJECTION AND PRODUCTION WELLS (F00) & (GO0O)

At the completion of Project construction eight steam.injection
wells and five production wells were in place. (Refer to Figure 1.)
These wells were completed in the fashion shown.in Figure No. 2.

The difference between the injection and production wells are that the
injection well production casing is larger in diameter, 8-5/8" vs. 7",
and the injection well tubing étrings are insulated with 1% inches

of temp mat insulation coveréd with a rolled stainless steel jacket

pop riveted in place while the production tubing strings are uninsulated.
Also, injection wells are perforated at the top and bottom of the
leached zone while the production wells are perforated at the middle

of the leached zone.

Project design calls for maximum total pattern injection of
46,000 l1lbs/hour (131.43 BBL/hr) of superheated steam at 1500 PSIG
and 1000°F. This is equivalent to an aQerage per well rate of 5750

lbs/hour or 16.43 BBLs/hour.

12
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Feed water requirements to support this maximum rate are approxi-
mately 1.3 times the amount of water being injected as steam since the
steam generators operate at 80% quality, and water is required for
water softener regeneration and for backwash of the water filter. This
amounts to a maximum total pattern daily water production requirement
of 4,100 barrels per day (1.3 x 131.43 bbl/hr. x 24 hr/day) or an
average daily production rate from each of the five production wells
of 820 barrels per day.

At the initiation of steam injection, it was felt that the com-
pletion of the injection and production wells would accommodate these
injection and production rates. This match of production equalling
approximately 1.3 times injection is an essential part of the successful
development of the process since by operating in that mode, there will
be no consumptive use of water in the process and all process needs
will be met by water produced from the leached zone.

Data to date as illustrated in Table III and Figures 3, 4, 5, 6,

7 and 8 indicate that 50% to 65% of the injection goal is being mect on
a continuous basis but the production rate has never exceeded the
injection rate and, for most of the period (September 18, 1979 -
February 29, 1980), has been approximately one-half the injection rate.

Not meeting the design injection rate is principally a result of
equipment problems but is secondarily a result of low production.
The steps taken during the year to aid injection and production

included:

14



DATE

9-18-79
9-19-79
9-20-79
9-21-79
9-22-79
9-23-79
9-24-79
9-25-79
9-26-79
9-27-79
9-28-79
9-29-79
9-30-79%
10-1-79
10-2-79
10-3-79
10-4-79
10-5-79
10-6-79
10-7-79
10-8-79
10-9-79
10-10-79
10-11-79
10-12-79
10-13-79
10-14-79
10-15-79
10-16-79
10-17-79
10-18-79
10-19-79
10-20-79
10-21-79
10-22-79
10-23-79
10-24-79

= 10-25-79

w

BX Tn 3itu il Shale Project
Production / Injection Summary
September 1979 - Hovember 1972

Table IIX
0 1t 2 3 4
(BX-19) (BX~26) (BX-20) (BX-14) (BX-21)
106
159
149
122
96
133
140
129
122
123
254
322
79
74
108
63
134
134
145
13)
DATA LOST
127
105
87
102
82
DATA LOST
32
71
107
102
98
96
NO DATA
147
192
211

Inzection Total Total
Pressure Production Injection
771 609 778
995 897 1879
1028 265 1841
997 732 2105
1010 524 2867
1338 796 2295
1385 735 2443
1381 785 2499
1391 722 2499
1398 174 2562
1372 647 2426
1370 671 2389
136D 750 2623
1369 765 2477
1351 765 2388
1271 720 2241
1347 760 2425
1365 613 2461
DATA LOST 841 DATA LOST
604 791 1584
1340 774 2461
1364 698 2278
1389 635 2278
1380 771 2285
1414 748 2204
1367 730 2278
1125 671 1874
1257 374 1800
1281 761 1652
1314 761 1580
1329 767 1690
137¢& 749 1911
107% NO DATA 1580
1201 484 1580
114¢€ 647 1690
NO DATA 845 829

T-IIIL



OATE

10-26-79
10-27-79
10-28-79
10-29-79
10-30-79
10-31-79
=179

11=2-79

11-3-79

11-4-79

11-5-79

11679

12=7=79

11=8-79

B1=9=79

11-10-79
11-11~79
1¥-12=79
11-13~79
11-14-79%
11-15-79
11-16-79
11-17-179
11=-18-79
11-19-79
11-20-79
11-21-79
11=22=79
11-23-79
11-24-79
11-25-79
11-26-79
11-27-79
11-28-79
11~-29-79
11-30-79

BX In Situ nil ..nale Project
Production / .njection Summary

September 1979 - Hovembcr 1979
0 2 3 4
(BX-19) (BX-26) (BX-20) (BX-14) (BX-21)
207
202
209
195
97
70
64
89
117
103
69
48
52
52
40

NO INJECTION ON THIS DAY.
NO INJECTION ON THIS DAY.
NO DATA 5 hrs. operation only.
19
All product:on shut in preparing to fracture all
production wells and BX-30.

44
817
342

Injection Total Total
Pressure Production Injection
1130 860 1680
1162 868 1296
1245 788 1440
1304 907 1503
3339 741 1508
1321 707 1457
1340 599 1440
1281 511 1076
1190 781 1231
1341 790 1199
1330 737 1204
1302 694 1233
1272 733 1193
1189 673 921
NO DATA 644 NO DATA
899 536 911
819 307 747
947 91 834
1005 24 830
983 100 733
1037 110 810
1044 58 278
58
40
597 24 983
912 0 1280
1006 0 1242
1051 0 1204
1091 0 1255
1118 0 1394
1150 55 1082
908 817 1157
884 345 833
884 1085

Z-IIId



B8X In Situ Oil Shale Project

R R T

0 1 2 3 4 Injection Total Total

DATE (BX-19) (BX-26) (BX-20) (BX-14) (BX-21) Pressure Production Injection
12-1-79 990 568 1256
12-2-79 NO DATA 476 580
12-3-79 1075 870 1852
12-4-79 106 1209 744 2219
12-5-79 214 1328 913 1744
12-6-79 151 1232 321 1291
12-7-79 328 1322 328 1125
12-8-79 271 1354 271 1101
12-9-79 18 NO DATA 18 1349
12-10-79 205 1364 780 1089
12-11-79 214 1266 885 1099
12-12-79 329 1355 787 1133
12-13-79 291 1355 1019 1117
12-14-79 270 1310 625 1107
12-15-79 262 1235 773 1194
12-16-79 132 1222 570 1193
12=-17-79 125 1239 228 1259
12-18-79 36 1296 265 1240
12-19-79 0 1321 86 1174
12-20-79 33 1126 33 1103
12-21-79 83 1173 83 1082
12-22-79 164 1079 164 1013
12-23-79 56 1047 61 564
12-24-79 211 1040 480 1020
12-25-79 0 1088 412 1001
12-26-79 0 1145 363 1086
12-27-79 332 1150 590 1044
12-28-79 570 1166 852 1070
12-29-79 413 1201 955 1192
12-30-79 302 1217 912 1387
12-31-79 409 1262 1367 1416
1-1-80 2717 1267 1090 1383
1-2-80 200 1273 815 1370
1-3-80 222 1251 1272 1381
3 1-4-80 252 1119 1125 1408
1-5-80 320 1125 1127 1414
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BX In Situ 0il Shale Project
Production / Injection Summary

December 1979 - Feburary 1980

0 1 2 3 4 Injection Total Total
DATE (BX-19) (BX-26) (BX-20) (BX-14) (BX-21) Pressure Production Injection
1-6-80 132 1145 811 1269
1-7-80 143 1334 690 1183
1-8-80 279 1346 956 1183
1-9-80 273 1369 1164 1183
1-10-80 260 1384 1186 1207
1-11-80 264 1363 1147 1159
1-12-80 258 1392 1119 1187
1-13-80 184 1366 1070 1402
1-14-80 189 1186 1035 619
1-15-80 104 1251 948 1291
1-16-80 102 1276 930 1396
1-17-80 202 1251 1063 1385
1-18-80 342 1030 886 1068
1-19-80 217 1227 870 1247
1-20-80 655 1250 847 1369
1-21-80 14 1272 844 1420
1-22-80 11 1263 842 1396
1-23-80 11 NO DATA 834 890
1-24-80 11 1224 829 1444
1-25-80 26 1222 860 1501
1-26-80 83 1240 867 1447
1-27-80 11 1254 807 1446
1-28-80 102 1252 800 1380
1-29-80 157 1276 955 1390
1-30-80 a3 1267 380 1510
1-31-80 6 1136 876 907
2-1-80 193 1171 832 909
2-2-80 146 1129 743 1139
2-3-80 128 1247 732 1305
2-4-80 216 1290 799 1579
2-5-80 218%* 181+ 92 1352 662 2078
2-6-80 235 1389 727 1946
2-7-80 191+ 240/251* 1248 586 1059
2-8-80 244* 241/219* 1180 693 1149
2-9-80 250* 249/316* 1383 849 2173
2-10-80 204* 240/182* 1434 784 2020

2-11-80 177 1407 766 1752
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BX In Situ 0il Shale Project
Production / Injection Summary

December 1979 - February 1980

0 1 2 3 4 Injection Total Total
2ATE (BX-19) (BX-26) (BX~-20) (BX-14) (BX-21) Pressure Production Injection

2-12-80 40 1446 785 1857
2-13-80 32 1426 809 1749
2-14-80 8 207* 1435 787 1695
2-15-80 198* 21 1443 780 1686
2-16-80 198* 4 63* 1446 135 1696
2-17-80 195% 0 1434 722 1737
2-18-80 198%* 0 125% 1434 719 1509
2-19-80 201* 199 bil% 1423 727 1784
2-20-80 195% 302/321* 88* 1424 702 1473
2-21-80 309/276% 247% 189* 1373 724 1235
2-22-80 188* 229% 252* 256/305% 1445 831 1794
2-23-80 202* 233* 410* 227/229% 1451 895 1703
2-24-80 165/164* 227* 303% 263* 1452 839 1620
2-25-80 145/268* 251* 414* 287% 1455 908 1634
2-26-80 326* 243¢% 259/301* 305% 1438 949 1631
2-27-80 : 281* 242% 205/122% 321% 1412 877 1640
2-28-80 218¢* 293/321+* 182%* 379* Nc data 684 No data
2-29-80 214+ 293+ 4 392% 90* 736

*Readings taken from production survelliance monitors.
**Injection pressure in PSIG.

***production & injection rates are in barrels/day.
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BX-30 (Injection Well No. 3)

BX-30 (Injection Well No. 3) has been the poorest injection
well in terms of injectivity. To overcome this injectivity problem
it was first decided to reperforate the well. Preparatory to the
perforating, it was found that the well was bridged over at 846 feet.
On October 17, 1979 a coiled tubing unit was moved on to the well,
and using nitrogen as a circulating medium, the well was cleaned out
to total depth. After cleanout the well was reperforated with 1 9/16"

SSB Hollow Steel Carriers, two shots per foot as follows: 809', 812°',

817", 835", 842", 851", 1230, 1236';, 1239, 1249", 1255', 1270%, 1288",

and 1292'. The maximum temperature encountered during perforating was
246°F.

Following cleanout and perforation, injection into BX-30 was
resumed. Initially, the injectivity was much better. However,
after four days of injection, the injectivity dropped to a very low
rate. '

The poor results from the reperforation of BX-30 prompted a
decision at a November 3, 1979 Project review meeting to stimulate
BX-30 using a small hydraulic fracturing treatment to overcome well
bore damage and permit greater injection.

The planned stimulation was as follows:

First Stage

1500 gallons 40#/1000 gallons MYF-10 cross-linked gel
1000 gallons gel with 1 ppg. 20/40 sand
1000 gallons gel with 2 ppg. 20/40 sand

Second Stage

1500 gallons 40#/1000 gallons MYF-10 cross-linked gel with
30 ball sealers.

1000 gallons gel with 1 ppg 20/40 sand

1000 gallons gel with 2 ppg 20/40 sand

Displaced with 3% KCL water.
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A total of 7000 gallons of MYF-10 and 6000 1lbs. of 20/40
mesh sand were planned to be used in the treatment. Injection rates
averaged 10.5 BBL/min at an average pressure of 950 PSIG.

The first stage of the treatment went as planned, however after
the first stage, the Halliburton pump truck doing the job lost its
prime and the well screened off. (The tubing loaded up with sand
when the fluid stopped flowing). The total planned job could not be
completed as a consequence of the "sand out", and the results of
the stimulation of BX-30 are questionable.

Subsequent to this treatment, injectivity into BX-30 has been
at times better than before, but it still remains the worst of the
eight injection wells in terms of overall injectivity, averaging
only 3.1% of the total average daily injection rate. Additional work
to improve injectivity in this well is under consideration.

PRODUCTION WELLS

During April, production tests were run on each of the
five production wells to determine their productivity using the
installed gas lift system. Testing showed that in each well pro-
duction was not as high as had been anticipated. The average rate
for the five wells was 38 barrels per day per well.

It was initially determined that the low production rate was
caused by two factors: (1) The wells had not been acidized following
perforation and they were suffering from near well bore damage; and (2)
the production tubing in each well was set at an average depth of
740 feet which did not allow full use of effects of the installed
gas 1lift system.

To overcome these problems it was decided to acidize eaéﬂ of

the production wells and to lower the tubing in each well.
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Table IV Table V
Form G-102 (7-62) 600M
FLOW TEST, BWPD ACID TREATMENT REMARKS
AFTER AFTER BREAKDOWY ~ ['TREATMEN -
 WELI IN o | ACID __ ! LOWERING_TBG AT PM T.P. [ATR, BPM| T.P T,S.I.PU5 Min.SIP 5 R
BX-14 3 24( 440 [ 1500 6.5 1809 600 50D
BX-19 34 407 504 7.¢ 1400 6.5 1909 690 40D O e
BX=20 4 53 534 744 1300 7.5 1200 1600 || 120D Ballefl Oht
BX-21 3 36 485 8.0 1400 8.0 1900 500 50D
BX-26 384** 46( 545 __[8.¢ 1400 8.0 190p 500 30p
TOTAL 537 20094 2513
*Could not lower tbg. hecgusg of 4%" liner.
_*xWell previously acidized] _ i
xxxAcid consisted of: ||30Q0 dallong 153% HCL jJand 6|lgallons ¥RI-S5 and|l6 gallonj HAI-55.




Table IV shows the production rate of the production wells
before and after acidizing and after lowering the tubing. It was not
possible to lower the tubing in well BX-20 because the 4%-inch casing
liner in the well would not accomodate the gas 1lift valve on the end
of the 2-3/8" tubing string. The average production rate after acid-
izing and lowering tubing was 503 barrels per day per well for a total
production of 2513 barrels per day.

Table V summarizes the acidizing procedure used in each of the
production wells.

Although initial production results following the acidizing
indicated that production would be adequate to service the needs of
the Project, after the first month of Project operation (September
18, 1979 to October 13, 1979) it was apparent that production was
inadequate.

In an effort to determine the type of stimulation which would
be required to increase productivity, it was decided to add additional
perforations in BX=20 in an effort to broaden the production zone open
in that well.

On October 17, 1979 perforations were added to BX-20 using 1 9/16"
SSB Hollow Steel carriers two shots per foot as follows: 905'-911',
925'=~934", 936'~943"', 949'~958", 1180"-90"', 1196"=1206', " 1209"-1219',
1229 =13 38 %

The addition of the perforation. 4id n : materially increase
the productivity and it was decided to acidize the well.

The well was acidized on October 22, 1979 using 4000 gallons of
regular mud acid; plus 4 gallons TRI-S plus 40 gallons of HC-2

surfactant and foaming agent; plus 12 gallons HAI-55 inhibitor;
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using 225 ball sealers evenly spaced every eighteen gallons.
The acid was injected at 5 BBL/min. at a maximum treating pressure
of 1500 PSIG, and an average injection pressure of 800 PSIG.

The acidizing increased the well's production from a level of
100 ba;;g}s per day to 200 barrels per day. This was a significant
increase, but production was still well below the average daily
production of 800 barrels which will be required for maximum Project
operations. It was clear that stimulation of this well and the
other production wells would be required.

On November 3, 1979, a Project review meeting was held at
Equity's office in Salt Lake City between Equity and DOE personnel
to review Project progress and evaluate possible steps which could
be taken to improve the steam injection capacity of the injection
wells and the productive capacity of the production wells.

After reviewing the results with BX-20 and injection well BX-30,
it was clear that additional stimulation of the production wells and
possible the injection wells would be required to achieve Project
injection and production goals.

The conclusion reached at the Project review meeting was that
the principal deterent to both steam injection and fluid production
was near well bore formation damage in the injection and production
wells; and one method of overcoming the effects of this well bore
damage would be the application of a small hydraulic fracturing
treatment to the wells.

It was decided to proceed with the design and application of

a hydraulic fracturing treatment for each production well and injection

well No. 3 (BX-30) (as described above).

Accordingly, a treatment for the production wells and BX-30
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was designed by Tom Wolter and Fred Reynolds with assistance from
Halliburton Company, and on November 24, 1979 each well was fracced
in two stages as follows:

First Stage

1500 gallons 40#/1000 gallons MYF-10 cross-linked gel
1000 gallons gel with 1 ppg. 20/40 sand
1000 gallons gel with 2 ppg. 20/40 sand

Second Stage

1500 gallons 40#/1000 gallons MYF-10 cross-linked gel with
30 ball sealers

1000 gallons gel with 1 ppg 20/40 sand

1000 gallons gel with 2 ppg 20/40 sand

Displaced with 3% KCL water.

A total of 7000 gallons of MYF-10 gel and 6000 lbs. of 20/40
mesh sand were used in the treatment. Injection rates averaged
10.5 BBL/min at an average pressure of 950 PSIG.

The frac program was designed to create a propped frac length
of 24 feet with a fracture width of .126 inches. A fracture height
of 400' was used in computing the fracture design.

The treatments of the production wells went as planned, however,
the treatment of BX-30 was questionable due to the "sand-out" after
the first stage of the treatment referred to above.

Initial indications were that the stimulation of the production
wells had been beneficial, and that significant production increases
in each of the production wells would be realized.

During the months of December 1979 - February 1980, the production
was closely monitored and, although some gaifs in production were
apparent, total average daily production at February 29, 1980 was
insufficient to meet Project goals.

At the end of February specific 48-hour production test were

run on each of the production wells with the following results:
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WELL liat 24 hrs. 2nd 24 hrs. TOTAL 48 hrs.

*BX-19 (PW-0) 165 bbl 145 bbl 310 bbl
*BX=-26 (PW-1) 302 bbl 309 bbl 611 bbl
*BX-14 (PW-2) 259 bbl 205 bbl 465 bbl
*BX-21 (PW-4) 256 bbl 227 bbl 483 bbl
**BX-20 (PW-5) 4 bbl

*Wells are producing using gas lift system.
**Well on rod pump.

The continuing lack of production is not tolerable and
alterations to the production well completion will be proposed at
a Project Review Meeting to be held in Laramie on March 6th.

DESIGN/INSTALLATION INSTRUMENTATION SYSTEM (HO0O)

Coincident with the completion of the construction and installation
of Project surface equipment, an instrumentation system was installed
at the Project to record and monitor Project functions. The principal
variables being measured are temperature, flow rates, and pressures.
Appendix "E" is a description of the Project data collection and
reduction system prepared by Williams Brothers Engineering Company,
the firm who designed the Project instrumentation system.

The development of the data reporting format as presented in
the Williams Brothers report has evolved over the initial five months
of Project operation, and is subject to Modification as dictated by
the needs of the Project.

Three areas of the instrumentation system, steam measurement,
gas flow measurement, and produced fluid measurement have proved
during the first five months of operation to require the most attention
and maintenance. The complexities of the instrumentation system
coupled with the maintenance and calibration of the system necess-
itated the addition of a full time technician to be responsible for

calibration, maintenance and repair. The overall process of data

collection has been substantially enhanced by this addition.
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PROJECT DESIGN & CONSTRUCTION (I00)

All construction was completed at the Project site in early
June, 1979. Subsequent operations at the Project have occasioned
minor modifications to installed equipment, however, all major
elements are installed as shown on the "as built" drawings of the
Project included as Appendix "F" to this report. Figures No. 9-15
are photographs of the Project site.

PROJECT OPERATIONS (J00)

By June 1, 1979, Project construction was complete and preparations
were underway to commence Project operations. On June 11, 1979,
Steam Generators No. 1 and No. 2 were fired for the first time and
the injection of hot water was initiated. From June 11, 1979, through
July 31, the injection equipment was operated and limited amounts of
saturated and superheated steam were injected into the Project
injection wells. The activities for the period June 1, 1979 -
August 31, 1979 are summarized in Table VI. No injection of consequence
was accomplished during this period due to a variety of mechanical
problems affecting the superheater, instrumentation and injection
wellheads., Data collection for this period is in permanent storage,
but the injection data for the Project will be accumulated beginning
with September 18, 1979, the first day on which continuous steam
injection began,

Continuous steam injection at the Project site began on September
18, 1979, and has continued through February 29, 1980 with exception
of three days in November when tubes of the steam generators were
being acidized to remove observed and/or possible scale buildup.
Tables VII, VIII, IX, X, XI, and XII summarize the daily operating

status of the Project for this initial injection period.
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DATE

6-1-79 to
6-3-79

6-4-79 to
6-10-79

6-11-79

6-12-79
6-13-79

_6-14-79

6-15-79
6-16-79
6-17-79
6-18-79
6-19-79

6-20-79.

-~ 6-21-79

o
H . §~22-79

BX IN SITU OIL SHALE PROJECT
OPERATIONS SUMMARY
JUNE, 1979
TABLE VI

ACTIVITY

Preparing for injection. startup.

Injection tests performed by VTN. Injection into BX-16 and BX-20. Rates
varied between 50 and 100 GPM. -

Fired Steam Generators No. 1 and No. 2 began injection of hot water and
steam all injection wells. Plan to equal injection all wells at capacity

of both Steam Generators gradually working up to 300°F. and required
pressure.

Injection, BX-19 to test separator all other wells to free water knockout.
injection.
Injec¢tion, wellheads beginning to expand, added corrosion inhibitor to
‘all Production wells. PXaced corrosion coupons in outlets of all five
production wells.
Injection.
Injection, Steam Generator No.2 down @ 0330 w/by pass contrél wvalve problem.
Ihjection..
Injection, first attempt to use gaslift recycle gas as fuel.

Injection, good use of gaslift gas as fuel. Purchased gas dropped
from 800 MCF/day to 340 MCF/day.

Injection,_preparlng to run temperature logs in injection wells. W111
maintain 1n3ect10n @ 300°F. during tests.

Injection.

Injection.

1-IAL
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.DATE

6-23-79

6-24-79 to
6-28-79

6-29-79 to
6-30-79

8X IN SITU OIL SHALE PROJECT
OPERATIONS SUMMARY
JUNE, 1979
Table VI

ACTIVITY

Injection.

Shut down injection € 1800.

No. injection, preparing to acidize old Steam Generator to clean out scale.

Z-IAL
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DATE

'9~1-79

to

- 9-17-79

. 9-18-79

9-19-79

9-20-79

L 9-21-79
9-22-79

§-23-79

9-24-79

9-25-79

9-26-79

Table VII
BX In Situ Oil Shale Project
Operation Summary
September 1979

ACTIVITY

~Calibrating instruments; install insulation on bunk house and production‘building;

pump test BX-26 (upper aquifer monitoring well); installed production survelliance
monitors; received wellhead valves back from Rockwell and reinstalled.

Alllwellhead'vaives back on, injection resumed at 1330 with start up of steam
generator No.2 steam to wells at 1430. Steam generator No.2 on 1430 to 2400 pressure
and temperature coming up.

. . 0 ' .
Steam injection: #2 generator on 24 hrs. 580 F., 1400 PSIG. Power outage problems
caused shutdown of steam generator.

Steam‘injection: #2 generator on 24 hrs. 580°F., 1400 PSIG.

Steam injéction: #2 generator on 24 hrs. #1 generator on 7 hrs. (Turned on at 1730).
All wells taking steam #3 and #5 (BX-30 and BX-32) not taking steam as well as other
wells. ,

Steam injection: #1 and #2 generators 24 hrs; repaired minor leaks in well head valves

#5 and #6. Received and installed new thermowell for super heater. Tested flow
through super heater without firing.

Steam ihjectibn: 41 and #2 generators on 19% hrs. and 21% hrs. respectively; super
heater on at low fire 2 hrs. Temperature 650 F.

Steam injection: #1 and #2 generators on 24 hrs. Super heater down on low flow
condition part of day. Total hrs. on 14%. Wells taking steam at 1450 PSIG.

- Steam injection: #1 and #2 generators arnd super heater on 24 hrs. Coming up slowly in

temperature 680°F., 1460 PSIG. Working on flow meter calibration gas and steam.

‘ o)
Steam injection: #1 and #2 generators and super heater on 24 hrs. 704 F., 1450 PSIG.

T-IIAL

Conducted press tour of Project. Power outage at 1715 and at 2130 took all units down for

short period. Injection well No.3 (BX-30) not taking steam.
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DATE
9-27-79

9-28-79

9-29-79

9-30-79

Table VII
BX In Situ 0il Shale Project
Operations Summary
September 1979

¢-IIAL

ACTIVITY
Steam injection: #1 and #2 generators and super heater on 24 hrs. 680°F., 1480 PSIG.

Steam injection: #1 and #2 generators and super heater on 24 hrs. 720°F., 1460 PSIG.
Minor leak in sensing.

Steam injection: "$#1 and $#2 genefators andvsuper heater on 24 hrs. 9949F., 1470 PSIG.
Super heater down at 1600 with faulty relay and flame guard. Replaced both.

Steam injection: #1 and #2 generators on 24 hrs. Super heater on 9% hrs. Super heater

- down to repair leak in sensing line.

L)
T e

NOTE: Times that generators and super heater are or include short duration shutdowns
that may have occurred during a given day. Temperature and pressure noted are
the temperature and pressure obserVed at 2400 on the day bging commented on.



DATE

10-1-79

10-2-79

10-3-79
10-4-79

10-5-79

10-6-79
10=7-79

10-8-79

10-9-79

10-10-79

10-11-79

. Table VIII
Bx In Situ 0il Shale Project
Operations Summary
October 1979

ACTIVITY -

Steam Injection: #1 & #2 generators 24 hrs. 580°F. @
1440 PSIG, 2477 BBL injected. 765 Prod. BX 20 on
test, 74 BBL produced.
Steam Injection: #1 & #2 generators on 24 hrs. 565°F.
@ 1450 PSIG, 2388 BBL injected, 765 BBL produced.
BX~14 on test-108 BBL. prod. Blew BX-30 (injected well
#3) down to pit to improve injectivity, gathered production
and pipeline gas samples.

Steam Injection: .#l1 & #2 generators on 24 hrs. 560°F.
@ 1400 PSIG, 2241 BBL injected, 720 BBL Prod, BX-14 on
test-63 BBL produced. :

Steam Injection: #1 generatof on 15 hrs. #2 generator
on 24 hrs., 2425 BBLs injected, 760 BBL prod., BX-14
on test 121 BBL produced.

Steam Injection: '#1 and #2 generator on 24 hrs., 2461 BBLs
injected, 613 BBLs produced, BX-1l4 on test, 134 BBL prod.

Steam Injection: #1 & #2 generator on 24 hrs.

Steam Injection: #1 & #2 generator on approx. 15 hrs.
due to power outage, 2535 BBLs injected, 791 BBLs
produced. BX-14 on test 130 BBL produced.

Steam Injection: #l1 & #2 generator on 24 hrs., power
failure @ 2301 last data on disk.

Steam Injection: #l1 & #2 generator on 24 hrs. 2461
BBL injected, 580°F. @ 1420 PSIG, 774 BBL. prod.,
BX-21 on test-105 BBL produced. :

Steam injection: #1 & #2 generator on 24 hrs. 2278
BBLs injected @ 580°F. 1420 PSIG, 698 BBL prod., BX-21
on test-105 BBL produced.

Steam Injection: #l1 & #2 generator on 24 hrs. 2278 BBLs
Inj., @ 580°F. 1400 PSIG, 635 BBL produced, BX-21l on test
87 BBL produced.

TVIII-1
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DATE

10-12-79

10-13-79

10-15-79

10-16-79

10-17-79

10-18-79

10-19-79

10-20-79

10-21-79

10-22-79

TVIII-2
46

ACTIVITY

Steam Injection: #1 & #2 generator 24 hrs. 2285 BBL
injected at 580°F. 1500 PSIG, 771 BBL produced, BX-21
on test-102 BBL produced. '

Steam Injection: #1 & #2 generator on 24 hrs. 2204
BBL injected, @ 5709F., 1450 PSIG, 748 BBLs produced,
BX-21 on test-82 BBL prod. Problems with injection of
waste water in BX#2 and #3. Precipitation of material
in 'waste water tank causes disposal pump to loose suction.

Steam Injectlon- Generator #1 & #2 on ‘24 hrs. 2278 BBLsS
injected @ 565° F., 1450 PSIG. 730 BBLs produced.

Steam Injection: Generator #1 & #2 on 14 hrs. 1874 BBL
injected @ 565°F. 1450 PSIG, 671 BBLs produced. Back
flowed BX-#30 injection well (injection well #3) to help
injectivity. Small amount of oil produced in back flowing
sample taken. '

Steam Injection: Generator #l1 & #2 on 24 hrs. Superheater
on 24 hrs. 1800 BBL injected @ 6809F. 1350 PSIG. First
day of month in superheat. Produced 374 BBL BX-20 on test
71 BBL. Produced personate BX-20 to increase production.
Clean out BX-30 with coiled tubing unit to increase
injectivity. Also perforate BX-30. .

Steam Injection: Generator #l, #2 and superheater on 24 hrs.
1652 BBL injected @ 1000°F. 1360 PSIG, 761 BBLs produced,
BX-20 on test-107 BBL produced.

Steam Injection: Generator #1 & #2 on 24 hrs. and 23 hrs.
Superheater on 21 hrs. 1580 BBL injected @ 950°F. 1350
PSIG, 761 BBLs produced, BX-20 on test 102 BBL produced.

Steam Injection: Generator #1 & #2 on 23 and 24 hrs.
respectively and superheater on 19 hrs., 1690 BBLs
injected @ 950YF. @ 1403 PSIG, 767 BBL produced, BX-=20
on test-98 BBL produced. Problems with steam generator
#2 and superheater with high pressure.

Steam Injection: Generator #1 on 24 hrs. #2 on 22 hrs.
Superheater down because of leaks. 1910 BBL injected at
570°F. 1350 PSIG, power outage @ 2145 put #2 generator
dovn.

Steam Injection: Generator #1 on 24 hrs. #2 on approx. 10
hrs. Electrical outages causing shutdown and restart
problems. Data Recovery bad due to electrical outages.
Acidize BX-20. 1580 BBL injected.



DATE

10-23-79

10-24-79

10-25-79

10-26-79

10-27-79

10-28-79

10-29-79

10-30-79

10-31-79

ACTIVITY

Steam Injectlon. Generator #1 & #2 on 24 hrs., 1580 BBLsS
injected @ 590°F. 1480 PSIG, 489 BBLs produced, BX-20
on test-147 BBL produced.

Steam. Injection: Generator #1 on 24 hrs. Generator #2 on
20 hrs., 1690 BBLs injected @ 580°F. 1440 PSIG, 647 BBL
produced BX-20 on test-192 BBL produced.

Steam 1njection: Generator #l1 on 24 hrs. #2 on 15 hrs.
Numerous power outages made it 1np0551ble to keep #2
generator running 829 BBL injected @ 580°F. 1380 PSIG,
845 BBL produced BX-20 on test-211 BBL produced.

Steam Injection: .Generator #1 on 18 hrs. #2 on 7 hrs. 1680
BBL injected @ 580°F., 1430 PSIG, 860 BBL produced BX-20
on test-207 BBL produced. Continued power problems
(12 dips during day).

Steam Injection: Generator #2 on 24 hrs. 1296 BBLs injected
@ 570°F., 1340 PSIG, 868 BBL produced BX-20 on test 202
BBL produced, denerator #2 on ornly because can not keep
both generators running with power problems.

Steam Injection: Generator #2 on 24 hrs. 1440 BBLs injected
@ 580°F. 1440 PSIG, 788 BBLs produced BX-20 on test 209
"BBL produced.

Steam Injection: Generator #2 on 24 hrs. 1503 BBLs injected
@ 585°F. 1465 PSIG, 907 BBLs produced BX-20 on test 195
BBL produced.

Steam Injection: Generator #2 on 24 hrs. 1508 BBLs injécted '
@ 575°F. 1400 PSIG, 741 BBLs produced BX-20 and 14 on test
97 BBL produced.

Steam Injectlon- Generator #2 on 24 hrs. 1457 BBLs injected
@ 570°F., 1400 PSIG, 707 BBLs produced, BX-14 on test
=70 BBL produced. Resolved source of power outages to be
fan metor at multi minerals plant.

NOTE: Times that generators and superheater are on include

short duration shutdowns that may have occured during a
given day. Temperature and pressure noted are the temp.
and pressure observed at 2400 on the day being commented
on. Injectivity amounts are based on boiler feed water
rate and assumed steam qguality of 80%.

TVIII-3
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DATE

1//79

11/2/719

11/¥%/79

11/4/79

11/5/79

11/6/79

11/1/719

11/%/79

ACTIVITY

Injection, #2 gen. only, problems w/ freezing
in production -wells BX-30 not taking steam.

>Injection. 42 wl only. Found leaks in con-
vection

section. No.2 gen @ 2300 shut unit
down. No.l gen. on line BX-30 not taking
steam.

Injection, #1 gen. only, began work to
isolate tube problems in gen. No.2.
BX-30 not taking steam.

Injection, #1 gen. only, leaks isolated
in #2 gen. power outage, same apparent
cause as .in late Octcber. -BX-~30 not
taking .steam BX~23 shut in w/leak at
control valve,

Injection #1 gen. only, BX-30 not taking
steam, BX-23 still down. Only injection
well 41,4,5,8 indicate steam flow by
well heat thermooouples.

Injection #1 gen. only, injection wells 1.
4,5,8 taking most of steam.

Injection #1 gen. only, working on water
treatment system & beginning to remove
damaged tubes from :steam gen. No.2.
Inj. wells 1,4,5,6 8 taking most of
steam,

Injection #1 Gen. only, pulled 5 bad tubes
from §2 gen. Inj. wells 1,4,5, & 8 taking
most of steam,

Table IX

BX In Situ 0il Shale Project

Operations Summary
November 1979
Test
Steam Gen. Steam Gen. Super- Barrels Temp. Pressure Barrels Well
No. 1 No. 2 heater Injected of PSIG Prod. Prod.
24 hrs. 1440 503 1340 599
23 hrs. 1076 493 1281 511
23 hrs. 1231 386 1190 | 781
24 hrs. 1199 503 1341 790
24 hrs. 1204 497 1330 737
24 hrs. 1233 496 1302 694 3/64
24 hrs. 1193 487 1272 733 3/89
21 hrs. 921.61 493 673 a/117

1189
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DATE

ACTIVITY

11/9/79
11/10/79

11/11/79

11/12/79
11/13/79

11/14/79

11/15/79

11/2€/79

11/17/79

Injection, Steam gen. No.l only.

Injection, gen. No.l only, inj. wells
No.l1,4,5, & 8 taking most of steam.

Injection, gen. No.l only, work on water
treatment equip. inj. wells 1,4,5, & 8
‘taking most of steam.:

Injection, gen. No.l only. Inj. wells No.
1,4,5,& 8 taking most of steam.

Injection, gen. No:.l only. Welders on
site to repair gen. Mo.?2.

Injection, gen. No.l only, pressure
checked No.2 gen. one rore leaking
tube. Tube repaired & welders
finished B 2251. Inj. wells No. 1,
4,5,& 8 taking most of steam.

Injection, ‘gen.-No.l only, pressure
checked gen. No.2 @ 1400 PSIG for 30
min, No leaks developed. Injection
wells No.1,4,5,& 8 taking nmost of steam,

Gen. No. 1 injecting only. Acidizing gen.
& superheater to remove scale. Acidized

gen. in series and superheater separately.

No .Injection. Acidizing steam gen. & super-
heaters. Finished w/gen. & injected spent

Table 1X
BX In Situ 0il Shale Project
Operations Summary
November 1979

'l‘ést

Steam Gen. Steam Gen. Super~- Barrels Temp. Pressure Barrels Well
No. 1 No. .2 heater Injected- of PSIG Prod. Prod.
24 hrs. 644 4/103
24 hrs. 911 491 899 536 0/69
24 hrs. 747 503 819 307 0/48
24 hrs. 834 506 947 91* 1/?
24 hrs. 830 506 1005 u*

24 hrs. 733 983 48 0/52 .

24 hrs. 810 506 1037 110* 0/52

8.5 hrs. 278 506 1044 58* 0/40
58

acid into disposal wells. Acid opened leaks in

disposal tank. Disposal tank replaced.

T-XIX
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DATE

Table IX

BX In Situ Oil Shale Project.

"ACTIVITY.

11/18/79

11/19/79

11/20/79

11/21/79
11/22/79

11/23/79 .

11/28/719

11/25/79
11/2/79
11/71/719

11/28/79
11/29/79

-11/30/79

No' injection, revamped.piping on prod.
well chokes & installed box heating. -
on same. (onpleted repairs & acidizing.

Qonpleted: Hydrotest on all units, 'nested
to 24508 held for 30 min. Started steam
gen. no.l @ 1900.

Injection, stéam generator No.l only.. Grad-

" ually bringing tenperature and pressure.

Injection, steam 'generator No.l.

~ Injection, steam gen. No.l finished re-

assenbly of insulation on steam gen. No.l.

" Injection,. steam cen. No.l, mixing hot water -

for frac job w/ steam gen. #2.

Injection, steam gen. Mo.l fraced all prod.
and injection well to.3 (BX~30) with same-
treatment. Frac. on prod. wells went well
BX-30 sanded out. Using steam.gen. No.2 to
heat frac. water.

Injection, steam gen. No.l.
Injection, steam gen.. No. 1.

Injection, steam g=n. No.l, bringlnq prod.
wells back on line. Thawing. BX-30.

.Injection, Steam gen. No.l.

Inj. steam gen. No.l, No data logger data -
for day.*Barrels inj. from totalizers

Inj. steam gen. No.l&2, power pmblen caused
data logger shut down. .

Operations Summary

November 1979
. . : _ Test
Steam Gen. . Steam Gen:.' Super- Barrels Temp. Pressure Barrels Well
.No. 1 -No. 2 heater Injected of PSIG Prod. Prod.
40 1/0
5 hrs. ; 0 1/0:
24 hrs. 983 320 597 24 1/19
24 hrs. 1280 464 912 0 —
24 hrs.. 1242 461 1006 0 —
24. hrs. 1204 452 1051 0 —
24 hrs. 1249 452 1070 o —
24 hrs. 1255 452 1091 0 —
24 hrs. 1394 452 1118 0 -t
20 hrs. 1082 477 1150 55 1/44
(four hrs. prod.)
22 hrs. 1157 455 908 817 1/817
22 hrs. 1 hr. 833* 459 884 345 1/342 .
22 h=s. 10 hrs. 1085 . 459 884 a/-

€-XId
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NOTE:

1)

2)

‘Table IX
BX In Situ 0il Shale Project
Operations Summary
Novemher 1979

Temperatures are average wellheat temperature of those wells
taking steam, and pressures are average injection pressures
of those wells taking  steam as measured downstream of .the
control valve for each well. Injection Volumes have been
calculated based upon injection meter readings, Steam
Quality and Feed Water rates for the Steam Generator

or Generators being operated.

Production tubing was pulled from the Production wells to
accommodate the fracturing treatment, and this accounts
for lack of Production for Hovember 19th through 26th.

XTI
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_DATE

12/1/79

12/2/79

12/3/79

12/4/79

12/5/79

12/6/79

12/7/79

12/8/79
12/9/79

12/10/79

12/11/79

ACTIVITY

Injection, Gen. No.l & No.2, Gen. Nc.l inj.
steam, No.2 on low fire & coming ur flowing
to pond for day. ’ :

Injection, Gen. No.l and Gen. No.2 (part of
time) Mo significant contribution from No.2
*Data logger missing (check).

Injection, Gen. No.l & Gen. No.2 (part of
time) Heating up superheater (No fire).

Injection, Gen. No.l & MNo.2 on, cont.
problems w/gas lift system.

Injection, Gen. Mo.l & Gen. No.2 (part time)

Table X

BX In Situ 0il Shale Project

Operations Summary

December 1979

Injection, Gen. No.l & superheater on short time 24 hrs.

Injection, Gen. No.l & superheater. Problems
w/shut downs of Gen. No.l1 due to hydrates
in gas.

Injection, Gen. No.l and superheater.

Injection, Gen. No.l & switched to Gen. No.2
during day, plus superheater. Continued
production problems.

Injection, Gen. MNo.2 & superheater. Developed
crack on tee at superheater outlet. Shut
superheater down '@ 1820 to repair. Working
on production.

Injection, generator No.2

. Test
Steam Gen. Steam Gen. Super- Barrels Temp. Pressure Barrels Well
Mo. 1 to. 2 heater Injected of PSIG Prod. Prod.
24 hrs. 24 hrs. 1256  4n 990 568 ‘
24 hrs. 12 hrs. 580* 476
24 hrs. 19 hrs. 1852 440 1075 © 870 ?2/18
24 hrs. 24 hrs. 2219 464 1209 744 3/106
24 hrs. 16 hrs. 1744 492 1328 " 913 1/214
Skhrs. 1291 492 1232 321 4/151
24 hrs. 24 hrs. 1125 554 1322 328 4/328
24 hrs. 24 hrs. 101 638 1354 2711 4/211
14 hrs. 10 hrs. 24 hrs.. 1349 18 4/18
24 hrs. 18 “rs. 1089 590 1364 780 4/205
24 hrs.. 1099 493 1266 © 885 4/214
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DATE

12/12/79

12/13/79

12/14/79

12/15/79

12/16/7¢
12/17/79

" 12/18/79

712/19/79

12/20/79
12/21/79

. 12/22/79

12/23/79

BX In Situ Cil Shale Project
Operations Summary

Table X

December 1979

‘Production wells and repairing leaks on
superheater & Mo.l Generator.

Preparing for Hydrotest of Steam Gen. No.l
& Superheater.

Test
Steam Gen. Steam Gen. Barrels 'l'gmp. Pressure Barrels Well
ACTIVITY No. 1 ° No. 2 Injected F. PSIG Prod. Prod.|
Injection, Gen. No.2, No data logger 24 hrs. 1133 497 1355 787 4/329
data fram 05:05 on.
Injection, Gen. No.l (part of time) and 3.5 hrs. 24 hrs. 1117 501 1355 1019 4/291
No.2. Found leak in convective section
(2a. No.l. Shut down to locate & repair
leak. )
Injection, Gen, No.2 located leaks in 24 hrs. 1107 493 1310 625 4/270
steam Gen. No.l in 180° tube turns in .
convective section.
Injecﬂ.on, Gen. No.2. 24 hrs., 1194 516 1235 773 4/262
Injection, Gen. No.2, prod. problems cont. .24 hrs. 1193 523 1222 570 0/132
Injection, Gen. No.2. 24 hrs. 1259 523 1239 228 n/125
‘Injection, Gen. .No.2, switching prod. chokes 24 hrs. 1240 488 1296 265 0/36
to inside of building. T
Injection, Gen. No.2 chokes moved to steam 24 hrs. 1174 499 1321 86 0/0
gen. building. Gas lift back on @ 21:95.
Injection, Gen. No.2. 24 hrs., 1103 .503 1126 33 /33
Injection, Steam Gen. No.2 only. Vorking on 24 hrs. 1082 496 173 83+ 0/83
repairing superheater leaks. 3 more leaks fournd.
Injecdoﬁ, Steam Gen. 1.2 only. Working 24 hrs. 1013 472 1079 164* 0/164
on production wells. Power dip @ 15:50.
Injection, Steam Gen. No.2 only. Working on 17 hrs. 564 479 1047 61 0/56

¢—-XiL
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Table X
BX 'In Situ Oil Shale Project

€-XL

Operations Summary
December 1979 _ _
. . . . . . Test
: . . Steam Gen. Steam Gen. Super- Rarrels Tsmp.~:Pressure='narrels Well

'DATE ACTIVITY . . No. 1 - No. 2 lleater Injected - "F. __‘PSIG .Prod. Prod.

12/24/79 Injection—-stéam Gen. No.2 only. Working -24 -hrs. ’ :1020 461 - 1040 480 © 0/211
on Ptoduction wells and instr. calibration.

12/25/719 . InJection—Steam Gen. No.2: only. Problems 24 hrs. ) 1001 448 1088 412 '0/0
with instnument air. _ ’ ‘ .

. 12/26/79 Injectioh-steam Gén. No.2 only. Resolved ) 24 hrs. . 1086 492 1145 363 0/0
problems w/instrument air supply. Work. .
on instrument calibration. .

‘12/27/79 Injection~-Steam Gen., No.2. Calibrating - . 24 hrs. . 1044 493 1150 590 ©.1/332
1nstruments.'ﬂbok:envinxnental sanples. .

.12/28/79 Injection-Steam Gen. No.2. Working w/prod. 24 hrs. 1070 482 1166 852 1/570
wells. .Production volume coming up. o - ) o

- 12/29/79 Injection-Steam Gen. No. 2. vorking w/ prod 24 hrs. 1192 475 1201 1320 1/413
wells. . - : :

112/30/79  Injection-Steam Gen. No. 2. - Working w/prod. 24 hrs. 1387 194 1217 912 1/3m2
‘wells and calibrating inst. . ’

12/31/79 Injection-Steam Gen. to. 2. Production Amproving. 24 hrs. 1416 495 1262 1367 "1&4/409

'Avérage injection temperature is measured at the injection wellheads with thermbcouples attached to the outside
of the injection flow line, hence the actual flowing temperature will be slightly higher -than that which
is recorded. . i

**Average Injection pressure is. measured donnstream of the.control valve for each injection well and is an average
of all wells. Refer to the Data . .Summary Appendix "B" for data on individual well performance.
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Table XI i
BX In Situ Oil -Shale Project

Operations Summary N e
JANUARY .1980 .

T-IXL

. Steam Gen.  Stoam Gen, . Super- Barrcls - Tamerature Pressure Rarrcls
DATFE = ACTIVITY 0. 1 1o, 2 flcater Injectxd OF. PSIG Procund,
1-1-80 ': Injection-Steam Gen. No.2. Pinhole leaks 24 hrs. 1383 493 1267 1090
injection well #5. Working on production . :
] wells. )
1-2-80 Injection-Steam Gen. No.2. Working with 24 hrs. 1370 516 1273 815 4/200
" production wells.
- 1=3-80 . Injection-Steam Gen. No.2. Completed reﬁairs 24 hrs. © 1381 517 1251 1272 4/222
' to Steam Generator No.l working on :Production .
wells, :
1-4-80" . - Injection-Steam Gen. No.2. ‘Hydrotested Steam . 24- hrs. "1408 492 ‘1119 1125 3/252
- Gen. No.l and superheater. , :
1-5-80  'Injection-Steam Generator No.2. :22- hrs. T1414 494 1125 1127 3/320
1-6-80 . Injection-Steam Gen. No.2.- New leak developed 24 hrs. 1269 466 1:45 - - 811 3/132
in superheater when flowing steam through to : .
preheat. Took superheater out of line.
Arranging repair. -
1-7-80 Injection-Steam Gen. No. 2. Repairing valve on
. injection well #8. 24 hrs. 1183 482 1334 690 3/143
1-8-80 - ~ Injection-Steam Gen. No. 2, Repairing valve on B .
’ injection well $#8. PFound new leak in superheater. 24 hrs. 1183 489 1346» 956 3/279
1-9-80 " Injection-Steam Gen. No. 2. Repairing valve on ) : )
7 4injection well 48. Evaluating superheater problems. * 24 hrs. 1183 498 1369 1164 3/273
1-10-80 ‘Injection-Steam Gen. No. 2. Repairing valve on .
' injection well #8. Took VTN water samples. Not
able to get samples- BX-36. Pumped well down. - 24 hrs. 1207 496 1384 1186 3/260
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DATFE

Tabel XI
BX In Situ 0il Shale Project

Operazjions Summary

JANUARY 1980

Steam Gen. 'Stcam Cen:
Wo. 1

ACTIVITY

1-11-80
1-12-80
1-13-80

1-14-80

1-15-80
1-16-80
1-17-80

1-18-80

' 1-19-80

Mo, 2

marrels  Temperature Pressure
OoF.

Injected

PS1G

Injection-steam gen. No. 2 Injection well
48 still down. Universal testing on site
to x-ray welds on superheater. Continued
production problems BX-20 shut-in.

Injection-steam gen. No. 2, Gen. Ro. 1 ¢cn
part of day, x-raying superheater welds.

Injection~steam gen. No. 1 & 2. WRo. 2
generator down part of day for repairs.
Injection well No. 8 still -down.

Injection-steam gen. No. 1 & 2. Cleaned

burner .and burner nozzel Gen No. 2, Gen.
No. 1 down to repair leak. Repacked steam
valve BX-33.

Injection~-steam gen. No. 2.
Injection-gsteam gen. No. 2.

Injectioﬂ-steam gen. No. 2. Two powér cips
caused loss of data on disk. Salt delivered.

Injection-steam gen. No. 2. Gen. down.to
install blinds on superheater. X-ray work in
progress on superheater. Found welds that
would not pass test.

Injection-steam gen. No. 2. Welder .on
superheater repairs.

20

“hr..

‘hrs.

hrs.
hrsa.

hrs.

hrs.

hrs.

hrs.

24 hrs.

24 hrs.

12 hrs.

6 hrs.

1159

1187

1402

619
1291
1396

13185

‘1068,

1247

49]

423

4564
480
439

478

371

488

1363

1392

1366

1186

1251
1276

1251

1030

1227

kaarréls

1147

1119

1070

1035

948

930

1063

886

870

Test tiell/
Proluction

3/264

0/258

0/184

0/189
0/104
0/102

0/202

1/342

3/217

¢-IXL
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1-20-80

1-21-80

w
~

1-22-80

1-23-80
1-24-80

1-25-80
1-26-80
1-27-80
1-28-80 -
1-29ﬁ§0

1-30-80
1-31-80

‘Average in
flow lina

BX In Situ 0il Shale Project

ACTIVITY

Injection-steam gen. No. 2. X-ray & weld
on superheater.

Injection-steam gen. No. 2 X-ray & weld
on. superheater. Take environmental water
samples.

In)ection-steam gen. No. 2. X-ray & weld
on superheater.

Injection~steam gen. No. 2 X-ray & weld
power dip. Caused loss ‘of data on
data logger. :

Injection-steam gen., No. 2. .Working on
problems of power outages .caused by line
hits at multiminerals operation.

Injection-steam gen. No. 2.

Injection~-steam gen. No. 2.

.Injeétion-steam gen. No. 2.

Injection-steam gen. No. 2.

Table XI

Operations Summary
JANUARY 1980

Injection-steam gen. No. ‘2. Will bring generator
‘No. 1 on line to maximize saturated steam.injection.

Injection-steam gen. No. 1l & No. 2. Power
problems.

;njection-steam,gen.,uo. 1.

‘Steam Gen. Steam Gen.  Super- Barrels Trnperature Pressure
1o, 1 b, 2 Ileater Injected OF. ‘PSIG
24 hrs. 1369 481 1250
24 hrs. 1420 an 1272
24 hrs. 1396 491 1263
24 hrs. -890 *No data from
‘data logger.
24 hrs. 1444 483 1224
24 hrs, ‘1501 ‘494 1222
24 hrs. 1447 477 1240
24 hrs, 1446 481 1254
24 hrs. 1380 495 1252
24 hrs. 1390 485 1276
outage
20)% hrs. 11 hrs. 1510 464 1267
24 hrs. 907 489 1136

‘Barrels -

Prodwoed

847

‘844

842

834

829

860
867
807

800

955

380
876

€~-IXL

Test Vell/
Production

4/655

0/14

0/11

-0/11

0/11
0/26

0/83

.0/11

0-3/102

3/157

4/93
3/6

jection temperature is measured at, the in}ecE@onng}ngag§Lyigh'ghgrmggpug}gﬁ'aggaghgqﬂgp‘the outside of the injectim

hanen +ha artual Flrauina Famimees
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© Table XTI -
“BX ¥n Siltu 0il Shale Project -
Operarions Sunmary J‘
February 1980
. Stoam Gen. - ‘Steam Gen.  Super- Barrels - '1\51'8erature Pressure - Rarrels Test Well/
DATE  ACTIVITY . No. 1 Mo. 2 . lkater Injected F. PSIG Producixd Production

2-1-80 Injection-Gen No.l. Planning .to bring -Gen. No. 2

. on line to maximize saturated steam Injection. -24 hrs. 909 482 1171 832 " 4/193
2-2-80 . Injection-Gen. No.l & Gen. No.2 on during day .
: Gen. No.l down to crack in feed outer pump pipirg. 6 hrs. 19 hrs. 1139 465 1129 743 4/146
2-3-80 Injection-Gen. No.2.. Working on repairs to '
Gen. No.l. . . 24 hrs, 1305 © 474 1247 - 732 4/128
2-4-80 Injection-Gen. No.2 & Gen. No.l. : 9 hrs. .24 hrs. 1579 486 1290 799 4/216

2~-5-80 Injection-Gen. No.l & 2.-. pown 2 hours because
of power failure. Data Loss. 0000 to 1121. 22 hrs, 22 hrs. 2078 497 1352 662 4/92

2-6-80 Injection-Gen. No.l & 2. Pumping BX-2) w/rod
) pump. Not working well. Power dip at 0440. 24 hrs. 24 hrs. 1946 495 1389 727 . - 3/235

2-7-80 Injection-Gen. No.l & 2. Problems w/disposal pump.
No.2 generator down while repairing disposal pump.

VTN samples taken. 24 hrs. 1.5 hrs. 1059 489 1248 ' 586 3/240

2-8-80 Injection-Gen. .No.l & 2. BX=20 not pumping well.
- Repairing disposal pump. i 24 hrs. 4 hrs. 1149 475 1180 ‘693 3/241
- 2=9=80 Iniection*Gena No.l & 2. :No production on BX-20. : ?4_hrs. 24- hrs., 2173 " 484 1383 849 3/249
2-10-80 Injection-Gen, No.l & 2. 24 hrs. .24 hrs. 2020 494 1434 . 784 3/240

.2-11-80 Injection-Gen. No.l & 2, Problems.w/No. 2 generator. ‘
BX-20 pumping fluid. . 24 hrs. 17.33 hrs. 1752 487 . 1407 766 2/1717
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65

2-12-80

2-13-80

2-14-80
2-15-80
2-16-80
2-17-80

2-18-80

2-19-80

+2-20-80

2-21-80

2-22~80
2-23-80

2-24-80

Injection Gen. No.

Injection ‘Gen. No.
repair .of leaking

No. 3.

. Injection Gen. No.

Injection Gen. No.
Injection Gen. No.
Injection Gen. No.

Injection Gen. No.
to repair leaking

meter in dispoal line.

1 & 2,

1 s 2,
fitting.

& .2,
& 2.

& 2.

o e

& 2.

BX In Situ0il Shale Projecct

Table XII

~Operatiions Summary

Februiry 1980
\

Gen. No. 1 down for
Problems continue
with measurement of steam of injection well

1. &§ 2. Gen. 1 down 9 hrs.

fitting.

points § 839,840,841?

Injection Gen. No.

18 2.

Installed turbine
Temperature decrease

down 4 hrs. with leaking valve.

Injection Gen. No.
fallure for short
to sample line..

Injection Gen. No.
repair leaks.

Injection Gen. No.
Injection Gen. No.

Injection.Gen. No.

1 & 2.
period.

1l s 2.

=
"
o
.

-
L
N
.

Injection well #4

Both down on power

Gen. down with repair

No.

2 Gen.

down to

Steam! Gen.  Stcam Gon.  Super- Barrels Tongerature Prcssure' " -Barrels
o, 1 Mo, 2 licater Injected oF, PSIG . Prolyn)
24 hrs. 24 hrs. 1857 489 1446 785
zJ hrs. 24 hrs. 1749 507 1426 809

I .
24 hrs. 24 hrs. 1695 510 1435 787
24 hrs.. 24 his. 1686 512 1443 780
24 hrs. 24 hrs. 1696. 501 1446 735
24 hrs. 24 hrs. 1737 - 492 1434 722
15 hrs. 24 hrs. 1509 " 480 1434 719
24 hrs. 24 hrs. 1784 492. 1423 727
22,75 hrs 20.75 hrs. 1473 490 1424 702
24 hrs. 8 hrs. 1235 494 1373 724
24 hrs. 24 hrs. 1794 501 1445 831
24 hrs. 23.5 hrs. 1703 495 1451 895
24 hrs. 24 hrs. 1620 501 1452 839

Test Well/
Produsticn

2/40

2/82
2/8
2/21
2/4
0/0

2/0

1/199 .

1/302

1/309
4/256
4/227

0/165

¢-IIXL
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paTy

2-25-80

2-26-80

2-27-80

2~28-80

2-29-80

Table XII

DX In Situ 0il Shale Project

Opcrations Suruary

February 1980

ACTIVITY

Steam Gon.  Stcam Gen.,

Injection Gen. No. 1 & No. 2. Leak found
at front end of convective section Gen. 1
will watch until leak is large enough to
isolate for certain,

injection Gen. No. 1 and No. 2.

Injection Gen. No. 1 and No. 2. Power failure
problems causing shut downs.

Injection Gen, No. 1 and No. 2. Two power

failures caused shutdowns and loss of data on
diskette.

Injection Gen. No. 1 and No. 2. Bad disk
could not recover data on disk.

Super- parrels Tupgorature Pressire Rarrcls |
0. 1 to. 2 licater Injoected - OF, PSIC Prolyoad
24 hrs. 24 hrs. 1634 500 1455 908
24 hrs. 24 hrs. 1631 497 1438 949
23.5 hrs. 23.5 hrs. 1640 491 1412 877
21.5 hrs. 21.5 hrs. No Data No bata No Data 684
24 hrs. 24 hrs. No Data No Data No bata 736

Test w011/

0/145
3/259

3/205

1/293

2/4

€-IIXL



During the period, 235,060 barrels of water as steam were
injected at an average wellhead pressure of 1199 PSIG and an average
temperature of 456°F. All injection except 14 days was at saturated
steam conditions for reasons noted below.

No 0il was produced from production wells during the period,
however, small amounts were observed and collected during flowback
of Project injection wells. Evidence of progress in the process is
best illustrated by the continuing heat up of the formation noted
in the Project temperature observation wells. This heating process
is illustrated in Figures 17, 18, 19 and 20.

Appendix "G" contains data summaries for the full period
September 18, 1979 - February 29, 1980, and for the quarter December
l, 1979 - February 29, 1980.

General Project operations for the months during which steam
injection has taken place are summarized below.

SEPTEMBER 1979

The operations at the BX Project for the month of September,
1979, included 17 days of maintenance, repairs, and equipment
installation and 13 days of steam injection. During the thirteen
days, 22,900 barrels of steam were injected at an average wellhead
temperature of 541°F. and an average pressure of 1235 PSIG.

The acceptance of steam by the .1ject on wells was variable with
Injection Well No. 3 (BX-30) having the worst injection capacity,
51 barrels/day, and Injection Well No. 8 (BX-33) having the best

injection capacity, 415 barrels/day.

61
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The production of water from the producing wells during the
thirteen-day period averaged 780 BBLs/day compared to water injection
as steam of 1761 barrels per day.

OCTOBER 1979

The operations at the BX Project for the month of October,
1979 included 31 days of steam injection, 26 of which were of saturated
steam and 5 of which were of superheated steam injection. Superheated
steam injection was not possible during most of the month due to
small leaks on various parts of the superheater. This was coupled
with a decision made near the end of the month not to go up to
superheat again until remedial work on injection and production
wells was completed.

During the month, 53,738 barrels of water were injected as
steam at an average wellhead temperature of 514°F. and an average
pressure of 1303 PSIG, (data on three days were not available) for
an average daily injection rate of 1919 BBL/day. During the month
20,432 barrels of water were produced (data on three days were not
available) for an average daily production rate 729 BBL/day.

NOVEMBER 1979

Mechanical failures continued to block efforts to achieve
stabilized injection and production during the month.

On November 2, 1979 leaks were discovered in the convection
section of the No. 2 Steam Generator. This required the shut down
of the unit and a rather complex repair of the damaged tubes. It
was discovered that the tube failures had been caused by hot spots

which in turn had been caused by the buildup of scale on the inside
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of the tubes. The scale buildup was caused by hard water getting
past the water treating system due'to an apparent sequencing failure
at one of the water softeners. This failure appeared to be related
to the series of power outages which occurred during the latter part
of October, 1979. The damaged tubes were removed and replaced by
code quallfled welders, and the repalr work was 1nspected by a code
inspector. A o . | ‘

During the month, 25 571 barrels of water were 1njected as steam
at an average wellhead temperature of 471°F. and an.average pressure
of 1063 PSIG. |

There were three dlstlnct perlods of 1njectlon durlng the month.
The first was November 1st through November 7th during which saturated
steam was 1n]ected at an average rate of 1225 BBL/day, an average
wellhead temperature of 480° F., and an average pressure of 1293 PSIG.
The second was from November 8th through November 20th during which
steam was 1njected at an average rate of 783 BBL/day, an average
wellhead temperature of 501 F. and an average pressure of 946 PSIG.
The third was from November 2lst through November 30th during which
saturated steam was injected at an average rate of'1216 BBL/day, an
average wellhead temperature of 458°F., and an average pressure

wellhead of 1007 PSIG.

DECEMBER 1979

In December, 37,100 barrels of water as steam were injected into
the eight injection wells at an average daily rate of 1196 barrels A
per day, an average wellhead temperature of 494°F., and anAaverage
pressure of 1149 PSIG. Superheated steam injection took place on only

4% days of the month due to continued problems with leaks in the
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superheater. For-the balance of the days, steam was injected at a
saturated femperature of approximately 590°F. at the outlet of the
steam generator.»‘

Saturated steam generation for the month was accomplished using
Steam Generators No. 1 and No. 2 for the first nine days and Steam
Generator No. 2 for the femaining 22 days.

Leaks in the tube return ends of Steam Generator No. 1l developed
" on December 13th. These leaks coincided with a cracked tee on the
superheater, but did not result from the same cause. After repairs,.
both Steam Generator No. 1 and the superheater were hydrotested.

Both units passed the hydrotest, but when heat-up of the superheater
began again a new leak associated with a welded connection developed.

With the continuing history of leaks in the superheater, it
was decided to radiograph a representative sample of the welds on the
outside piping of the superheater which might present a safety hazard
if a leak occurred. Any welds found to not pass radiographic inspection
would be rewelded to code.

With the inability to inject at superheat, the stabilized operation
of the Project was not possible. Some improvement in production was
accomplished by more careful operation of the gas lift system. How-
ever it appeared that most of the production wells were operating
in a slug flow mode instead of a continuous flow mode. It appears
that the only way to achieve adequate and ccontinuous production is
to install a positive pumping system such as a rod pump in the prodﬁction
wells.‘

JANUARY 1980

In January, 1980, 42,245 barrels of saturated steam were injected

into the eight injection wells at an average daily injection rate of
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1416 barrels per day, an average wellhead temperature of 465°F. and
an average wellhead pressure of 1314 PSIG. Only one steam generafor
was operated for most of the ﬁonth, and no superheated steam was
injected during January.

Recurring leaks at welds in the superheater resulted in the
radiographic inspection of a number of welds on the superheater piping.
" After radiographic inspection of 60 welds and the inspection of the
X-ray films and the welds themselves by Stearns-Roger personnel
and representatives of Thermotics Inc., it was determined that at
least 28 welds would have to be repaired, and that approximately
100 other welds would have to be inspected and repaired if found
to be defective. A bid to do the repair work was solicited from
Stearns-Roger. After considering the bid and the amount of work
to be done, the manufacturer, Thermotics Inc., elected to effect
the required repairs. This work was initiated on February 14, 1980
and was expected to take two to four weeks.

Current operational plans call for the operation of both steam
generators at maximum output pressure and temperature to maximize the
saturated steam injection rate.

Production for the month equalled approximately 66% of the
injected volume.

FEBRUARY 1980

In the'first 27 days of February, 1980, 43,270 barrels of water
as saturated steam were injected into the eight injection wells at an
average daily injection rate of 1638 barrels per day. Injection data
for the 28th and 29th was lost due to a flaw on a diskette and power
outages, but the injection rates for those days were very close to

the monthly average. Wellhead injection pressure averaged 1371 PSIG,
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and wellhead injection temperature averaged 472°F,

For most of the month, both steam generators were operating.
Operators were 1nstructed to operate the generators as close to
design pressure as possible and maximize the amount of steam
injected. |

The continuing imbaiance between.injection'and'produotion;
which is a ratio of approximately 2 toil, must be resolved if the
injection is to increase and if the froject is to operate on the
most basic of its assumptions, i.ef water withdrawals from the -
formation must, at minimum, supply all injection needs, and at least :
equal injeotion but preferably.exceed it. The scheduled Projeot‘
review meeting on March b6th is to be held to address solutions - -
to this specific problem.

ENVIRONMENTAL MONITORING (MO0O)

During the year, pre-start‘up environmental monitoring and
operational environmental monitoring continued in accordance uith |
the EnVironmental.Research Plan. Delay in Project start up and other
factors have necessitated some modifications to the original plan,
and a revised Environmental Research Plan and budget was submitted
to the Department of Energy for approval in September, 1979.

Appendix "H" contains the follow1ng reports prepared by VTN, Inc.

(1) Quarterly Env1ronmental Research Plan Report
December 1, 1979 - February 29, 1980.

(2) Quarterly Air Resources Report
September -. November 1979.

In addition to the above reports and the regular monthly
and quarterly reports filed during the year, the follow1ng spec1a1

reports required under the Environmental Research Plan were published
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during the year:

Surface Water Hydrology of the Piceance Creek Basin
and BX In Situ- 011 Shale Project - December 26, 1979

Geology and Geohydrology Elements of the Environmental
Research Plan, BX In Situ 0Oil Shale PrOJect, RlO
Blanco County,: Colorado - February 4, 1980

PROJECT MANAGEMENT AND CONSULTANTS (OOO).

During the year, the following Equity Oi; Company employees were

active in matters relating to the BX Project:

NAME - "TITLE"
Paul M. Dougan Project Manager
Tom Wolter Project Operations Engineer

Dallas -Goodrich Project Field Superintendent
During the year, the following consultants worked on the

BX Project:

NAME TITLE
Fred S. Reynolds . ' Project Engineer
Dean Gray Legal Review ‘
Glen Hatch , Legal Review
Dr. Paul J. Root s Mathematical Modeling & Consultant
Dr. George R. H111 Laboratory Research Consultant

Durlng the year, the following Stearns-Roger Corporatlon;

personnel were assigned to the Project: .

NAME TITLE
Tom Holen : Operatlons Superv1sor
Gordon Cook Operator
George Fergueson - Shift Supervisor
Randall Woods - Instrumentation Operator
Mike Hutton ‘ : Operator
‘Anthony Testa ~ Operator
SUMMARY

During the last year, the construction and installation of
the field Project was completed, -and continuous steam injection was

initiated on September 18, 1979.
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Mechanical problems associated with the steam generating
equipment coupled with production and injection problems have thus
far prevented the_operation of the Project at design conditions.
The results of injection to date are quite encouraging as evidenéed
by the temperature increases observed in Project temperature observation
wells.
Mechanical and reservoir problems with the Project should be
resolved during the first quarter of the present year, and operation
of the Project reasonably close to aesign conditions for the balance

of the year is expected.

PAUL M. DOUG
' Project Manager
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LEACHED ZONE THREE DIMENSIONAL GEOHYDROLOGIC
TESTING AND ANALYSIS REPORT
BX IN SITU OIL SHALE PROJECT
RIO BLANCO COUNTY, COLORADO

Submitted to:

Equity 0i1 Company
Salt Lake City, Utah

July 19, 1979

‘By:

VIN Consolidated, Inc.
2301 Campus Drive -
Irvine, California 92713

.waItef‘N. Loo (Geohydrologist) .
Dale E. Markley. (Hydrcgeologist)
Swain D. Munson (Hydrologist)



‘ ACKNOWL EDGEMENTS

Special thanks are extended to the personne1 of Equity 0il Company and
the Stearns-Roger Company for their assistance and use of their facili-
ties at the project site. Their help was essential in the compilation

of data for this report.

.76



SUMMARY

The leached zone or lower aqu1fer in the BX well field area is aniso-
tropic.

The ratio of major horizontal permeability, minor horizontal perme-
ability and vertical permability in the leached zone is 14.7:13.3:1
respectively or 199 md:180 md:13.5 md.

The average horizontal transmissivity of the leached zone is 1,809
gpd/ft with an upper leached zone value of 987 gpd/ft and a lower
leached zone value of 922 gpd/ft.

The average horizonta] permeability of the leached zone is about 189md.

The average storage coeff1c1ent is about ‘1. 54x10 -3 for the 1eached
ZOrne.

The rate of ground water movement in the leached zone is about 23.4
feet per year due north across the BX In Situ 0il Shale Project site.

The contrast of horizontal to vertical permeability is large. It will
_cause less than satisfactory vertical sweep by the present well per-
foration designs. , _

- A combined flow and geochemical model is recommended for future well
field simulation. The model has to be calibrated w1th data obtained
from the present operation.

A calibrated model coupling with optimization techniques can be used to
minimize the cost of the production well field.
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SECTION 1.0

- INTRODUCTION

This report presents a three dimensional geohydrologic analysis- of
aquifer tests run at the BX In Situ 0il Shale Project in Rio Blanco
County, .Colorado. Field testing included a pump test, an. injection
test and a packer test during the period May 12 to June.10, 1979. The
aquifer analyzed was the leached zone.of the Parachute Creek Member of
the Green River Formation. Ground water movement determination was .
also analyzed.
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SECTION 2.0

GEOHYDROLOGIC TEST AND ANALYSIS OF THE PRODUCTION HORIZON

2.1 Geohydrélogic Testing

A 24-hour drawdown test-and 24-hour recovery test were performéd..on the-.

production horizon of the leached zone (or lower aquifer) at the BX In
Situ 011 ShéTe‘Project Site during‘May 12-14, 1979 (see Figure 1). The
drawdown test was run at a constant rate of about 13 gpm or 445 barrels
per day. '

BX-26 was used as the pumping well and 20 other wells at the project
site were used as observation wells (see Figufe 2). Table 1 is a
tabulation of the elevation and perforated interval of wells used in
geohydrologic testing.‘ A1l wells are completed in the leached zone
(approximately 780 to 1400 feet below the land surface) with the
exception of BX-6 and BX-8 which are completed in the upper aquifer
(approx. 500 to 550 feet below land surface).

Since gas pressure was bled off from BX-14 and BX-20 immediately before
the start of the drawdown test, the data on the drawdown test cannot be
used for analysis because of partial recovery influence. However, the
: partial recovery was overcome at about 10 hours after start of pumping.
The 24-hour recovery data is good for geohydrologit analysis.

2.2 vGeohydrolqgic Analysis

During the entire 48-hour testing program; only three wells showed
positive response to the pumping effects of BX-26 and they are BX-19,
BX-20, and BX=21. BX-14 showed only 0.8 feet of recovery after 24
hours which is not enough for analysis. The recovery responses on
BX-19, BX-20 and BX-21 were 4.3 feet, 5.4 feet and 5.9 feet,
respectively.
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TABLE 1 (continued)

SURFACE ‘

. : . ELEVATION - .DEPTH OF PERFORATED
WELL NUMBER , . , (in feet) INTERVAL (in feet)
Waste Injection Wells

BX - 2 . 6650 .- 1101-1229

BX - 3 : 6622 -1058-1191 -
Wells Perforated in Various " ' -
Horizons ) '

BX - 4 . C 6616 . 1075-1215

BX - 7 co 6630 : 810-998

BX - 10 - - 6617 :776-984

BX - 11 : 6629 - 776-984
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Equations used in the geohydrologic analysis are presented in Table 2,
with the results of geohydrologic analysis summarized in Tab]e 3. The
section of ‘the leached zone tested (983 to 1278 feet below land sur-
~face);~réferred*to as the productioh'horizon, shows an average~pérme§-
bility of about 1.3 gpd/ft.2 or 70 millidarcies. Since the storage
coefficient values are relatively close, the contrast of horizpntal
permeability tensors are not expected to be of great concern with the
present well field configuration or design.

It is of the greatest concern that observation wells BX-16, BX-17,
BX-23, BX-24 and BX-33 did not show any response during the‘test
period. These wells are within a 200-foot radius of the pumping well
and are completed in different horizons within the leached zone. The
radius of pressure cone had spread about 250 feet during the test
period. ‘
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TABLE 2

EQUATIONS USED IN GEOHYDROLOGIC ANALYSIS
OF. THE PRODUCTION HORIZON

T=2640Q
AS
$=0.3T%

rz
K=T
b

T = transmissivity, in gpd per foot
Q = pumping rate, in gpm

As = change in drawdown for 1 log cycle on time - drawdown graph, in feet
S = storage coefficient
to= intercept of straight line in time-draw down graph at zero drawdown, in days

r = horizontal distance, in feet, from bottom of pumped well to bottom of
observation well

K = hydraulic conductivity, in gpd per square foot or millidarcies (md)
b = saturated thickness of aquifer, in feet

NOTE: Taken from Ground Water and Wells, 1966.
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w R = o« -

TABLE 3

SUMMARY OF GEOHYDROLOGIC ANALYSIS
FOR PRODUCTION HORIZON

AVERAGE
UNITS BX-19 BX-20 BX-21 VALUES
in gpm 13 13 13 ' 13
in ft. 7.4 10 10.8 9.4
in days .243 .278 .278 .266
in ft. 132 102 108 114
in gpd/ft. 464 343 318 375
in ft. 295 295 295 295
in gpd/ftl 1.57 1.16 1.08 1.27
in md 86.4 63.8 59.4 - 69.9

1.941x10"3 2.749x10"3 2.274x10-3 2.321x10"3
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‘SECTION 3.0

GEOHYDROLOGIC TEST AND ANALYSIS OF THE LEACHED ZONE

3.1 Geohydroldgic Testing

A 43-hour injection test and 31l-hour recovery test were performed on
the leached zone during June 4-7, 1979. The injection test was run at
a constant rafe of 50 gpm or 1714 barrels per day with approximately
400 psi at the well head. BX-16 was used as the injection well with 20
other wells at the project site used as observation wells (see Figure
2).

The well field was stable prior to the beginning of injection with the
exception of BX-2 and BX-3. BX-2 was injected with waste brine approx-
imately 3 hours before the test began and therefore showed a decline in
head for the first 16 hours of the test. The effects of injection at
BX-2 apparently affected the water level in BX-3 which also showed a
decline in head for the first 40 hours. .

3.2 Geohydrologic Analysis

During the duration of the injection test an increase in water level
was observed in all observation wells with the exception of BX-2, BX-3
and BX-4. BX-4 showed no change whereas BX-2 and BX-3 were affected
by prior injection as mentioned. The static water level, depth of
water level prior to test and the change in water level after 43 hours
of injection are summarized in Table 4. The change in water Tevel with
time since injection began for .the injection portion of the test is
tabulated in Appendix A for wells not affected by partial penetration
effects. '
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TABLE 4

DEPTH TO WATER LEVEL IN OBSERVATION WELLS

- USED IN INJECTION TEST June 4-7, 1979

Approximate
Well Collar

Depth To
Static Water

Depth To
Water Level

Height Above Level Before After 43 Hours Change In
Ground Surface Test* 0f Injection* Water Level
Well Number (in feet) (in feet) - (in feet)" (in feet)
Injection Wells Perforated
In Upper and Lower In-
Jection Horizon
BX - 17 6.3 18.0 . OF >18.0 -
BX - 23 8.2 19.4 OF >19.4
BX - 24 - 8.1 22.4 OF >22.4
BX - 30 6.4 18.7 OF >18.7
BX - 31 6.3 17.0 OF >17.0
BX - 32 8.6 21.1 OF >21.1
BX - 33 8.3 21.5 OF >21.5
Production Wells Perforated '
In Production Horizon
BX - 14 4.7 21.3 20.1 + 1.2
BX - 19 5.0 24.4 22.4 + 2.0
BX - 20 4.6 25.5 23.9 + 1.6
BX - 21 4.8 26.5 25.0 + 1.5
BX - 26 5.7 21.9 19.7 + 2.2
Upper Aquifer Wells A
BX - 6 4.0 22.6 20.3 + 2.3
BX - 8 o 15.5 13.0 + 2.5
Waste Injection Wells
BX - 2 - 5.7 3.2 37.7 -1.5
BX - 3 5.3 13.4 14.2 -0.8
Wells Perforated in Various
Horizons
BX - 4 0.8 1.3 1.3 -0
BX - 7 6.0 17.7 OF >17.7
BX - 10 5.5 7.3 OF > 7.3
BX - 11 4.2 17.4 OF >17.4

*  Measurements taken from top of well collar.

OF - Overflowing, closed valve.
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The following analysis is divided into horizons of perforation and
zones of flow expected during the in situ process. The divisions of
perforated intervals are: 1) observation wells perforated in the same
or similar intervals as BX-16 and, 2) production wells perforated at
intervals different from BX-16. These divisions are analyzed as the
upper and lower injection horizons and the upper and lower leached
zones. Figure 1 illustrates the general flow test scheme and geohydro-
logic nomenclatures of the leached zone.

3.2.1 Geohydrologic Analysis for Upper and Lower Injection Horizons

Wells tabulated on Table 5 are perforated in the upper and lower
injection horizons which are the same intervals as BX-16. The analysis
of data from these wells indicate the aquifer characteristics of the
upper and lower injection horizons. These are dpproximately the
intervals in depth of 785 to 847 and 1260 to 1340 feet of the leached
zone. These horizons have an average permeability of about 5.6 gpd/
ft.2 or 308 millidarcies and a storage coefficient of 7.5x10-%.

3.2.2 Geohydrologic Analysis of the Upper and Lower Leached Zone

The analysis of the upper and lower leached zones (see Tables 6 and 7)
assumes that the horizontal permeability and storage coefficient of
these zones are equal for each zone for all production wells. This
value is equal to the average of the values for the production wells
from the tirst test (Table 3) and the values frow wells completed to
the upper and lower injection horizons (Table 5). The average permea-
bility was 3.44 gpd/ft.2 or 189 millidarcies and the average storage
coefficient was 1.54x10-3.

The upper leached zone is approximately located in the interval between

785 to 1072 feet of depth. This zone has an average transmissivity of
987 gpd/ft.
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TABLE 5

SUMMARY OF GEOHYDROLOGIC ANALYSIS FOR
UPPER AND LOWER INJECTION HORIZONS

Well Numbers

Units BX-17 BX-23 BX-24 BX-30 BX-31 BX-32 BX-33 Average Values

Q in gpm 50 50 50 50 50 50 50 50

As in ft. 11.2 7.7 11.6 13.6 11.6 12.0 7.3 10.7

to in days 0.174 .0278 .0486 .00390 .0139 .326 .057 .0714

r in ft. 92 88 140 152 176 212 152 144.6

T in gpd/ft. 985 1128 746 754 1138 971 17 920

b in ft. 163 162 166 157 157 181 158 164

K in gpd/ft2 6.04 6.96 4.49 4.80 7.25 5.34 4.54 5.61

X in md 332 383 247 264 398 293 249 308

S 6.1x10-4  1.2x10-3  5.5x10-% 8.8x10-5 1.5x10-% 2.1x10-3 5.3x10-4  7.5x10-%
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TABLE 6

SUMMARY OF GEOHYDROLOGIC ANALYSIS FOR
FOR THE UPPER LEACHED ZONE

Well Numbers

Units BX-14 BX-1¢ BX-20 BX-21 BX-26. Average Values

Avg.Q  in gpm- 22 22 22 22 22 . 22

r in ft. 100 40 52 120 140 90.4

T in gpd/ft. 943 956 956 901 1187 987

b in ft. 274 278 278 262 345 287
Avg.K  in gpd/ft2 3.44 3.24 3.44 3.4¢ 3.44 3.44
Avg.K  in ind 189 189 189 189 189 189

Avg.S  (x 10-3) 1.54. 1.54 1.54 1.54 1.54 1.54
Kh/Kv : 14.07 12.47 14.47 11.25 8.18. 12.09

Kv in gpd/ft 0.24" 0.28 0.24 0.31 0.42 0.30

Kv in md 13.45 15.17 13.07 16,82 23.12 , 16.33
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TABLE 7
SUMMARY OF GECHYDROLOGIC ANALYSIS FOR
FOR THE LOWER LEACHED ZONE

Well Numbers ‘
Units. BX-14 BX-19 BX-20 BX-21 BX-26 Average Values

Avg.Q in gpm 28 28 28 * 28 28 28

¥ in ft. 100 40 52 120 140 90.4

T in gpd/ft. 967 953 953 1008. 722 922

b - in ft. 281 217217 293 210 268

Avg.K.  in gpd/ft2 -  3.44 . 3.44 3.44 3.44 - 3.44 3.44

Avg.K  inmd - 189 189 189 189 189 189

Avg.S  (x10-3) 1.54 . 1.54 1.54 - 1.54 1.54 1.54
- Kh/Kv , 22.08  13.04 14.62 N.S. N.S. 16.58

Kv in gpd/ft2 0.16 0.26 . 0.24 N.S. N.S. L0422

Ky in md 8.57 14,57 12.95 N.S. N.S. 12.01

N.S. - no solution



Tﬁe Tower leached zone is approximately located in the interval between
1072 to 1340 feet of depth. This zone has an average transmissivity of
922 gpd/ft.

3.2.3 Geohydrologic Analysis of Vertical Permeability of the
Leached Zone -

Production wells BX-14, BX-19, BX-20, BX-21 and BX-26.are perforated at
intervals diffeirent than BX-16. Water level measurements in these
wells were affected by partial penetration effects. The Weeks method
was used in the analysis (Weeks, 1969). Several assumptions were
necessary to do computer analysis for these wells. These assumptions
are listed in Table 8. Analysis of these data are summarized in Table
9.

Analysis of the upper leached zone indicates an average horizontal to
vertical permeability ratio of 12.1 with an average vertical permea-
bility of 0.28 gpd/ft.2 or 15.6 millidarcies.

The lower leached zone indicates an average horizontal to vertical
ratio of 16.6 with an average vertical permeability of 0.21 gpd/ft.2
or 11.4 millidarcies.

The average values for the full extent of the leached zone are approx-
‘imately a ratio of 14.35 for horizontal to vertical permeability with
an average vertical permeability of 0.245 gpd/ft.2 or 13.5 milli=
darcies.

3.2.4 Reservoir Horizontal Anisotropic Analysis of the Leached Zone

An analysis of the horizontal dimension of anisotropy was performed on
the upper and lower leached zones. The Papadopulos method was used in
the analysis (Papadopulos, 1965). This analysis was based on flow from
BX-16 to the production wells. The same assumptions were used as in
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II.

TABLE 8

ASSUMPTIONS USED IN GEOHYDROLOGIC ANALYSIS

Transmissivity and storage coefficient are equal for all produc-
tion wells.
production wells from the first test (Table 4) and the values from
wells completed to the upper and lower injection horizons (Table

5).

These are equal to the average of the values for the

Fluid flow can be divided into two components of flow. These
components are vertical and horizontal flow paths.

AG

Vertical permeability was analyzed with the following assump-
tions:

1.

Vertical flow is divided and confined to the upper and
lower leached zones.

- B

Upper leached zone: flow in this zone is confined
between the top of the upper perforated interval of
BX-16 and the middle of the perforated interval of
the production wells.

Lower leached zone: flow in this zone is confined
between the bottom of the lower perforated interval
of BX-16 and the middle of the perforated interval
of the production wells.

The horizontal anisotropy of the leached zone required

‘correction for partial penetration effects. This required

analysis of the amount of change in water level that would be
expected if the production wells were completed to the same
interval as BX-16. Therefore, all flow would be in the
horizontal dimension. Horizontal anisotropy was analyzed
with the following assumptions:

1.

Horizontal flow is divided and confined to the upper and
lower leached zones.

B

Upper leached zone: flow is in a horizontal direc-
tion and is confined between the top of the per-
forated interval of BX-16 and the middle of the
perforated interval of the production well.

Lower leached zone: flow is in a horizontal direc-
tion and is confined between the bottom of the
lower perforated interval of BX-16 and the middle
of the perforated interval of the production wells.
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TABLE 8 (continued)

ASSUMPTIONS USED IN GEOHYDROLOGIC ANALYSIS

C.

The upper and lower leached zones represent 44 and
56 percent of the aquifer thickness respectively.
Therefore the same percent of the injected water at
BX-16 is flowing in these zones. This is approxi-
mately 22 gpm in the .upper leached zone and 28
gpm in the lower leached zone. '
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Upper
Leached
Zone

Lower
Leached
Zone

Average
Values

TABLE 9
SUMMARY OF THE GEOHYDROLOGIC ANALYSIS OF THE

HORIZONTAL AND VERTICAL PERMEABILITY OF THE
LEACHED ZONE

Average ~ Average Co Ratio of

. Horizontal . Vertical Horizontal to
- Permeability Permeability Vertical Permeability

gpd/ft2 md gpd/ftZ md

3.44 189 0.28 15.6 12.09
3.44 189 0.21 11.4 16.58
3.44 189 0.25 13.5 14.34
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the vertical bermeabi]ity analysis. In addition an interpretation of
the anticipated change in head with no partial penetration effects were
made in the computer analysis. The results of this analysis (Tables 10
and 11) indicate major and minor horizontal transmissivities of 1048
and 931 gpd/ft. in the upper leached zone. The direction of major
transmissivity was N 78° E.

In the lower leached zone the major and minor transmissivities were 960
and 885 gpd/ft., with the direction of major transmissivity of N 73° W.
The contrast in major and minor transmissivity is very small indicating
fairly isotropic conditions in the horizontal dimension of the leached
zone.
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TABLE 10

RESULTS OF RESERVOIR ANISOTROPIC ANALYSIS
OF THE UPPER LEACHED ZONE

Major Horizontal Transmissivity 1048 gpd/ft.

Minor Horizontal Transmissivity 931 gpd/ft
Mean Horizontal Transmissivity 987 gpd/ft

Direction of Major Horizontal
Transmissivity Axis N 78° E
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TABLE 11

RESULTS OF RESERVOIR ANISOTROPIC ANALYSIS
OF THE LOWER LEACHED ZONE

Major Horizontal Transmissivity _ 960 gpd/ft
Minor Horizontal Transmissivity 885 gpd/ft

Mean Horizontal Transmissivity 922 gpd/ft

Direction of Major Horizontal ‘ :
" Transmissivity Axis . N73°u
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SECTION 4.0

" PACKER.TEST

4.1 Geohydrologic Testing

In an effort. to determine a preferred direction of flow within the
leached zone a packer test was conducted for 73 hours durihg June 7-10,
1979. This involved BX-16 as the injection. well and BX-20 as the
observation well. This injection test was run at a constant 100 gpm
or 3428 barrels per day with approximately 470 psi at the well head.

A packer was set at a depth of 1070 feet about the middle of the
perforation interval of the well. Water levels were then taken
through the annulus to measure levels above 1070 feet and through the
pipe to measure levels below 1070 feet (see Figure 3).

The well field was not stable prior to the beginning of the test. This
was a result of recovery from the injection test and mainly due to the
installation of more pipe into the hole than there was initially. This
caused the water levels in both the annulus and pipe to come within 3
feet of the well collar. Injection was started'after water levels
declined to approximately 17 feet in the pipe and 15 feet in the
annulus. The water levels continued to dec]ine for the first 10 hours
Qf the test'at which time water levels began to rise at equal rates in
both the pipe and annulus. After 73 hours of injection water levels
rose above the 10 hour level by 1.3 feet in both the pipe and annulus.

4.2 Geohydrologic Analysis

‘The consistent and equal changes in water level in both of the inter-
vals tested indicate that there is relatively no contrast in their per-
meabilities. Computer énélysis to determine vertical perméabi]i;y
could not be analyzed due to the unstable well field conditions.
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SECTION 5.0

GROUND WATER MOVEMENT

5.1 Ground‘Water Movement Analysis

The regional ground water movement in the 1eéched zone can readily be
determined once the permeability, ground water gradient, and porosity
of the formation are known.

_ permeability x gradient
rate of movement Sorosity

average permeability = 3.44 gpd/ft.2 or 189 millidarcies

gradient = 73.5 ft./mile or 0.013926 ft./ft.
(taken from USGS Prof. Paper 908)

assumed porosity = 0.1

approximate distance from
project site to Piceance Creek = 6 miles

The rate of ground water movement in the leached zone is estimated to
be 23.4 feet per year due north across the BX In Situ 0il Shale Project
site. Assuming that these values of permeability, porosity and grad-
ient are representative of the local hydrogeology it will take the
ground water in the leached zone from the project area a minimum of
1354 years to reach the Piceance Creek.
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6.1

SECTION 6.0 - ‘

SUMMARY AND RECOMMENCATIONS

Summary

1.

7'

The leached zone or lower aquifer in the BX well field
area is anisotropic. )

RN :
)

The ratio of major horizontal -permeability, minor horizontal-
pgrmeability and vertical permability. in the leached zone is
14.7:13.3:1 respectively or 199md:180md:13.5md. ;.

The averaye hurizontal transm1ss1v1ty of the leached zone 1is
1809 gpd/ft with an upper leached zone value of 987 gpd/ft
and a lower leached zone value of 922 gpd/ft. .

The average horizontal permeab111ty of the leached zone is
about 189md.

The average storage coefficient is about 1.54x10-3 for the
leached zone.

The average horizontal permeability in the upper injection
horizon, production horizon, and lower injection horizon in
the leached zone are 308md, 70md, and 308md respective]y.

The rate of ground water movement in the leached zone is
about 23.4 feet per year due north across the BX In Situ 0il

-Shale Project site.
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8. The contrast of horizontal to vertical permeability is'large.
It will cause less than satisfactory vertical sweep by the
present well perforation designs.

6.2 Recommendations

Since the three-dimensional geohydrologic properties of the leached
zone have been determined, it is possible to provide meaningful input
data into}any valid reservoir models. A reservoir model which can
handle both the horizontal and vertical permeability is recommended.
The horizontal anisotropic property of the leached zone will not be a
significant factor in. controlling the flow of fluid. The selected
model should be able to handle high temperature, geochemistry. thermo-
dynamics, multiple-phase fluid flow, and has generaT printing and
plotting capabilities. With the on-going steam injection activity and
data logger capability, the model should utilize these data for model
calibration and fitting purposes. Once the model is calibrated,
projection can be made on production curves and other simulation uses.
With the addition of optimization techniques to the model, cost of
production well field can then be reduced to a minimum.
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LOCATION BX IN SITU OIL SHALE PROJECT

wELL # BX-7

OSSERVATION WELL X 4 PUMPING WELL
WELL COLLAR HEIGHT ABovE GROUND LEVEL 60 ft.
DEPIH YO STATIC WATER LEVEL 17.7 ft. .

DATE AND TIME OF NMEASureMExT June 4, 1979 1210 hyrs.

DATE TIHE4($£N§) DEPTH TO uAiER (FT.) DRAUDONN (FT) COMMENTS
June'd 1 | 17.4 . . +0.3
o 24 17.0 +0.7
n 36 16.5 +1.2
" 48 16.1 +1.6
" 63 15.5 2.2
" 90 14.8 +2.9
" 120(2 hrs) 13.8 3.9
L 180(3 hrs) 12.6 +5.1
" 240(4 hrs)|  11.5 +6.2
" 360(6 hrs) 9.8 +7.9
" 480(8 hrs)| 7.8 +9.9
June 5 720(12 hrs] 5.2 +12.5
" 960(16 hrs 3.3 +14.4 .
" 1200(20 hrs 1.5 +16.2 closed valve
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LOCATION

BX In Situ 0i1 Shale Project

werr # BX-10

OBSERVATION WELL

X

PUMPING WELL

WELL COLLAR HEIGHT ABoVE GROUND LEvVEL. 5.5 ft.

DEPIH TO STATIC WATIER LEVEL

DATE AND TIME OF NEASUREMERT

June 4, 1979 1210 hrs.

DATE TIME (MINS) DEPTH TO WATER (FT.) DRAUDOWN (FT) CQMMENTS
June 4 17 5.7 +1.6

" 27 5.7 +1.6

" 38 5.7 +1.6

L 51 5.6 *1.7

! 67 5.5 +1.8

" 90 5.3 +2.0

. 120(2 hrs) | 5.0 £2.3

" 180(3 ‘hrs.) 4.8 +2.5

" R40(4 hrs. ) 4.3 __+3.0

! 360(6 hrs) 3.3 +4.0

" 480(8 hrs) 2.3 +5,0
June 5 720(12 hrs) 1.0 +6.3 closed valve
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LOCATION

BX In Situ 0il Shale Project

verLL 2 BX-11

OSSERVATION WELL

WELL COLLAR HEIGHT ABoVE GROUND wEvet.,

X

PUMPING WELL

DEPTH TO STATIC WATER LEVEL

4.2 ft.

17.4 ft.

DATE AND TIME OF MEASUREMENT

June 4, 1979

1215 hrs.

DEPTH TO WATER (FT.) .

DATE TIME (MIXS) DRAUDOUN (FT) CCNKENTS
June 4 16 14.0 +3.4

" 26 12.8 +4.6

" 37 11.9 _+5.5

" 49 | 11.3 _+6.1

" 65 10.6 +6.8

" 90 9.6 +7.8

" 120(2 hrs) 7.9 +9.5

: 180(3 hrs) 6.6 +10.8

" 240(4 hrs) 5.0 +12.4

" 360(6 hrs) 3.0 +14.4

" 480(8 hrs) 1.5 +15.9 closed_valve ]
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LOCATION BX In Situ 0i1 Shale Project

verr 7_ BX-17

OSSERVATION WELL X PUMPING WELL

WELL COLLAR HEIGHT ABOVE GROUND LeveL 0.3 ft.

DEPTH TO STATIC WATIER LEVEL 18.0 ft.

DATE AND TIME OF NEASUREMENT June 4, 1979 1220 hrs.

DATE‘ N TI?]; (}XINS) DEPTH TO WATER (F;l'.) DRAWDOUN (FT) COMMENTS
June 4. 1 17.8 | +0.2-

" 3 | 173 +0.7

! 5 16.5 £1.5

" 7 15.8 +2.2

L 10 15.0 +3.0

" 21 13.1 _ +4.9

" 3 1 1.9 +6.1.

" 43 L1 +6.9

" 60 . 10.4 +7.6

" 90 9.2 +8.8

" 120(2 . hrs) 7.6 +10.4

" 180(3 hrs) 6.3 +11.7

" 240(4 hrs) 4.7 +13.3

" 360(6hrs) 2.6 +15.4 |

" 480(8hrs) 1.0 +17.0 closed valve_
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rocarron__ BX IN SITU OIL SHALE PROJECT

werl # BX-23

OSSERVATION WELL X PUMPING WELL

WELL COLLAR HEIGHT ABovE GROUND Lever - 8.2 ft.

DEPTH TO STATIC WATER LEVEL 19.4 ft.

DATE AND TIME OF MEASUREMENT. June 4, 1979 1210 hrs.

DATE TIME (HINS) DEPTH TO WATER (FT.)‘, DRAUDOUN (FT) COMMENTS
June 4 1 19.4 0

"o 5 19.4 0

" 10 18.7 +0.7

n 21 17.6 +1.8

" 30 16.6 +2.8

E 37 _16.2 +3.2

" 60 ~15.2 +4.2

" 91 14 +5.3

" 120(2 hrs) 12.9 _+6.5

" 180(3 hrs) 12.5 +7.9

" 240(4.hrs) 10.2 +9.2

" 360(6 hrs) 8.4 +11.0

" 480(8 hrs) 6.8 +12.6
June 5 720(i2 hrs) 4.5 +14.9

" 960(16 hrs) 2.6 +16.8

" 1080(18 hrs 1.8 +17.6 |

" 1200(20 hrs 0.8 +18.6 closed valve

-
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LOCATION BX IN SITU OIL SHALE PROJECT

WELL 7 BXx-24

OSSERVATION WELL X PUMPINC WELL
WELL COLLAR HEIGHT ABovE GRounD vever . 8.1 ft.
DEPTH TO STATIC WATER LEVEL 22.4 ft
DATE AND TIME OF NEASUREMENT June 4, 1979 1212 hrs.
DATE TIME (MINS) | DEPTH TO WATER (FT.) DRAUDOWN (FT) coMXENTS
June 4 1. 22.4 0
" 22.4 0
" 7 22.3 +0.1
" 23 20.2 +2.2
" 32 19.6 +2.8
" 40 19.0 +3.4
" 58 18.0 +4.4
" 98 16.5 +5.9
" 120(2 hrs) 15.3 +7.1
! 180(3 hrs) 13.6 +8.8
" P40(4 hrs) 11.9 +10.5
" b60(6 hrs) 9.4 +13.0
! U80(8 hrs) 7.2 +15.2
June 5 720(12 hrs) 4.6 +17.8
! 060(16 hrs) 2.2 +20.2
" 1080(18 hrs 1.2 +21.2
1200(20 hrs 0.1 +22.1 | closed valve
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LOCATION BX IN SITU OIL SHALE PROJECT

ver, # BX - 30

OSSERVATION WELL X PUMPING WELL
WELL COLLAR HEIGHT ABOVE GROUND vEVEL 6.4 ft.
DEPTH TO STATIC wAtaé LEVEL 18.7 ft.
DATE AND TIME OF néAsuxanxr June 4, 1979 1220 hrs.
DATE TIME (MINS) | DEPTH TO WATER (FT.) DRAWDOUN (FT) COMMENTS
June 4 2 18.2 +0.5
" 4 17.5 +1.2
" 6 16.5 +2.2
" 12 14.3 | 4.4
23 11.4 _+7.3
" 35 9.4 +3.3
" 46 7.9 +10.8
" 61 6.4 +12.3
" 90 4.1 +14.6
" 120 (2 hrs) 1.3 +17.4
" 180 (3 hrs) 0.3 +18.4 closed valve

bz
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LOCATION BX IN SITU QI] SHALE PROJECT

WELL # BX - 31

OSSERVATION WELL X PUMPING WELL
WELL COLLAR HEIGHT ABOVE GROUND LEVEL 6.3 ft.
DEPTH TO STATIC WATER LEVEL 17.0 ft.
DATE AND TIME OF MEASUREMENT June 4, 1979 1216 hrs.
DATE TIME (MINS) | DEPTH TO WATER (FT.) DRAUDOUN (FT) Acoxxsnrs
June 4 1 17.0 0
" 3 16.8 . .2
" 5. 16.5 +0.5
" 8 16.0 - +1.0
" | 11 15.4 +1.6
" 22 | 13.8 +3.2
" 33 12.6 +4.4
" 44 11.7 +5.3
.o 60 10.9 _46.1
" 90 9.4 +7.6
2 h20(2 hrs.). 8.0 +9.0
" B3 hres) | 6.2 +10.8
" P40(4 hrs) 4.5 +12.5
" 3606 hrs) 2.5 +14.5
" 480(8 hrs) 2.5 +14,5%" closed valve

* Overflow to blowdown line noticed after 8 hours.
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LOCATION

BX_IN SITU OIL SHALE PROJECT

werLh # BX. - 32

OSSERVATION WELL

WELL COLLAR HEIGHT ABOVE GROUND LEVEL
DEPTH TO STATIC WATER LEVEL

DATE AND TIME OF MEASUREMENT

PUMPING WELL

8.6 ft.

21.1 ft.

June 4, 1979 1230 hrs.

TIME (MINS)

DATE DEPTH TO WATER (FT.) DRAUDOWN (FT) COMMENTS
June 4 3 21.1 0

" 8 20.6 +0.5

2 18 19.6 +1.5

" 25 18.8 . +2.3

" 32 | 17.9 +3.2

" 38 17.4 +3.7

z 101 14.1 +7.0

" 120 2 hrs 12.9 +8.2

u 180(3 hrs){  11.2 +9.9

" 240(4 hrs) 9.4 +11.7

" 360(6 hrs) 6.9 +14,2

o 480(8 hrs)| 4.8 +16.3
June 5 720(12 hrs 1.9 +19.2

" 960(16 hrs) 0 +21.1 closed valve |
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LOCATION BX IN SITU QIi SHALE PROJECT

WELL ¢ BX - 33

OSSERVATION WELL X _ PUMPING WELL

WELL COLLAR HEIGHT ABoVE GROUND LEVEL. 8.3 ft

DEPTH TO STATIC WATER LEVEL 21.5 ft.

NATE AND TIME oF nrasurrurnr June 4. 1979 1230 hrs.

DATE TIME (};INS) DEPTH TO HATER (FT.) DRAUDOWN (FT) COMMENTS ‘
June 4 7 20.9 ) +0.6
" 11 20.1 +1.4
" 20 19.0 +2.5 _
" 22 18.6 _ | +2.9
" 30 18.1 . +3.4.
" 36 17.8 +3.7
" 96 15.3 +6.2
" 120(2 hrs) 14.2 +7.3
" 180(3 hrs) 12.7 +8.8
n 240(4 hrs) 11.1 _ +9.2
" 360(6_hrs) 8.9 | | +11.4
oo 480(8 hrs) 7.1 | +14.4
June 5 720(12 hrs ‘3.8 +17.7.
. 960(16_hrs 1.7 1 +19.8
" 1080(18 hrs 0.8 . . +20.7. closed valve
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BX-16

BX-17

XA

‘RUN

#1

#2

£l

#2

#3

‘DATE

6-24-79

6-25-79

6-25-79

6-26-79

6-28-79

APPENDIX "B"

BX IN SITU OIL SHALE PROJECT

.TEMPERATURE . LOG & SPINNER SURVEYS

JUNE .24-28, 1979

Ran DTL while injecting water at

2759F. and 500psi.

Ran DTL after 18 hour steam
injection.

Ran DTL while injecting 279°F.
water at 500psi and rate of
450 BWPD,

Ran DTL after steam injection for
13 hours.

Ran DTL after 72 hrs. steam
injection.

REMARKS

2.5°F./100' heat loss in tubing. Deep-
est injection 865'. No injection
into lower zone.

All injection into upper perforations.
Maximum temp. 223°F. Normal temperatue
gradient below 1000°'.

3°F./100' heat loss in tubing. Deepest
injection 1335 feet.

Both upper .and lower zone taking fluid.
Temp. of upper zone 218°F. Temp.

of lower zone 238°F. Zone between

500" and 600' shows a 25° reduction

in temp. from the static temp.gradient.
A review of the cement bond log shows
very little cement across the zone,
therefore the aquifer here.is affecting
the static temp.

Maximum temp. of upper zone 184°F.
Maximum temp. of lower zone 238°F.



BX-23

BX-24

BX-30

174!

" RUN

#l

#1

#1

#2

#3

#4

DATE

6-27-79

6-27-79

6-24-79

6-25-79

6-28-79

6-28-79

Ran DTL after 18 hr. steam injection.

Ran DTL after 17 hrs. steam injection.

o
Ran DTL while injecting 287 F. water
at 500psi. Rate <450 BWPD.

Ran DTL after steam injection for
14hrs.

Ran DTL after 72 hrs. steam injection.

Ran DTL while injecting 70° water
at a rate of 1440 BPD.

REMARLKS

Injection into both zones. o
Maximum temp. in upper zone 221_F.
Maximum temp. in lower zone 213 F.
Deepest injection internal 1340 feet.

Injection into bcth upper & lower
zongs. Maximum temp. upper zone
214 F. Maximum temp. lower zone
228°F. Lower zone could be
chanrreling up to 1000 feet. Bottom
injection internal is 1330 feet.

A tem>. anonoly occurs between 480"
and 530' bhecause of affects of 4%"
liner top.

2.5°F/100' grad. heat loss in tubing
temp. at the bottom of upper zone
257°F. emp. at the top of lower
zone 135 . Upper zone was taking
the most fluid.

Upper zone has taken most of the
injection. Maximum temp. of upper
zone was 240°F, Maximum temp. of
lower zone 130°.

Confirmed Run #2.

All iInjection was into the upper
set of perforations.



BX-30

BX-31

BX-32

6l

BX-33

RUN

#5

#1

$2

#1

42

#3

#1

DATE

6-28-79

6-24-79

6-25-79

6-26-79

6-26~79

6-27-79

Ran continuous flow survey
while injecting 942 BWPD
2 3/8" tubing.

Injection at 500psi & 290°F,
Ran DTL.

Steam injection for 24 hrs.
Ran DTL.

Ran DTL while injecting hot
water. Flow through control
valve at manifold erratic
causing temp. log to vary.

Ran DTL after well steam

-injection for 13 hrs.

Ran continuous flow survey
(spinner log).

Injecting 1050 BWPD down

2 3/8" tubing.

Ran DTL while injecting 270°F.
water at 500psi.

REMARKS

Interval 815-840 taking 173.5 BWPD,
" 850~-860 " 768.5 ",
No injection below 860'.

CONCLUSTIONS

3°F./100' heat loss in tubing S°F./ 100°
heat loss in casing 1305' deepest point
of injection.

Shows injection into both upper and lower
perforations.

REMARKS
Deepest interval taking fluid was 1326 feet.

o
Maximum temp. upper zone 202 F.
Maximum temp. lower zone 204°F.
Both intervals taking fluid.

Interval 780-822 taking 420 BPD.
Interval 835-858 taking 458 BPD. -
Interval 1254-1340 taking 171 BPD.

Flow into both upper & lower perforations.
Btm. most injection at 1320°,
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BX-33

RUN -

- #2

#3

DATE

6~-28-79 Ran DTL after steam injection .
for 13 hrs..

6-27-79 Ran continuous fiow survey
(spinner log) while injecting
919 BWPD down 2 3/8" tubing.

REMARKS

Maximum temp. upper perforations
2249°F. Maximum temp. lower perforations
180°F.

Deepest interval taking water 1306°'.

Internal 800°'-840 taking 450.5 BWPD.
Internal 1270-1325 taking 468.5 BWPD.
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ABSTRACT

A series of experiments utilizing a six inch diameter (15.24 cm),
sixteen foot long (4.877 m) retort were conducted to evaluate the
processing of oil shale from the leached zone of the Parachute Creek
formation by heating the shale with superheated steam. Steam at
temperatures of up to 1000°F (537.8°C) and pressures up to 600 psig
(4.137 MPa) was utilized in experiments las;ing up to 117 hours, with
most experiments being of a twenty-four hour duration.

The o0il1 produced from these.expefiments showed a lower carbon/
hydrbgen (C/H) ratio than oil produced by combu#tion retorting or by
Radio Frequency (RF) heating. For example, shale o0il produced by
Marathon 0il had a C/H = 7.48, oi]'broduced at the University of Utah
in a bottom burning combustion retort had a C/H = 7.08 and the RF .
heating produced oil of IITRI had a C/H = 6.95. The oil produced by
superheated steam héating yaried in C/H from 7.04 to 6.51. The lower
'C/H ratio‘oil produced in the present experiments had a longer residence
time in the retort. The Tow C/H ratio oil also had a lower pour point.
It is believed that these improvements are due to thermal refluxing in

the retort.
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INTRODUCTION -

The "leached” zone of the Parachute Creek member of the Green
River Formation in the Piceance Creek basin of northwestern Colorado
has three unique characteristics which make it and other simi]ﬁr oil
shale sections feasible’targét§ forvthé in situ recoveny'pf oil from .
oil shale. o |

Thé zone is: | : .

| Permeable and porous. | |
" A very large‘saiine water adﬁifer,
Composed primarily of very rich sha]e.
(?er acre reserves fn excess of 1,000,000 barrels.)

The Equity 0i1 Cbmpany has invesfigated the 'poténtial for fn
situ recoveny of 011 from oil shale in this zone in the laboratory and
the fie1dAsince ]961.>‘This work has shown that in situ recovery of
oil shale by the,injegtion of - heated nétu}al gas or steam is possible
and that the oil produced is of a quality‘superior to that produced in
conventionallsurface retorts. “ |

This past field work developed data which indicated that the
economic operation of a'projeét usiﬁg Shperheated steam as the injection
fluid should be possible. Based on thié‘work a Cooperativé Agréement
‘was‘reached‘between Equity Oil Compaﬁy énd the U.S.D.0.E. to'jointly
- fund the BX In-Situ 0il Shaié Pfojeét. This project encompasses both
laboratory research and a fieid demonstratfon.v | | |

The'téporatony work was subcontracted to the-Univeksity of Utah;
The laboratbny.work has as itsigoals vérificafion of field operating

parameters, characterization of products as a function of the para-
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meters, and an -attempt to understand the role of the operating para-.

meters in the production of a high quality product.

EXPERIMENTAL APPARATUS

The major components of Fhe experimental abparatus are showﬁ in
the flow diagram of Figure 1 énd the photographs of Figures 2 énd 3. ’,
This system was desig'n.ed to investigate the retorting of o0il shale
witﬁ steam,4and to collect and analyze the experimental by-products as
~a simulation of a commercial in;situgoperatioh. The important para-
meters of the expériment includes: steam flow rate, steam properties
(temperature and pressure), the time temperature history of the shale,
the properties of the shale and the by-products broduced.

The experimental apparatus begins with the filtration and softening;
of the boiler feed water. A bositive displacement pump ensures  the
proper water levels for the boiler. The 90 KW electric steam boiler
produces steam at saturafed conditions up to ia' maximum operating
pressure of 600 psig (4.137 MPa). Upon exitin§ the boiler, the steam
flows through a check valve. .This check vélve ensures that a reverse
steam flow does not occur during intermittent boiler inactivity.

The saturated steam then flows'thrdugh an orificé plate béfofe
entering the superheater. The orifice p]atg cohbined with a differeﬁ-
tial pressure transducer and an analog computer provides both iﬁstan-
taneous and total accumulated flow rates for specified static $£eam
pressure and temperature. ‘

Tﬁe superheater is the last cdmponent‘ of. the sysfé%; to alter

steam properties before it enters the retort vessel. The 28 KW electric
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steam superheater has the capacity to raise 250 1bs/hr (113.38 kg/hr)
of steam at 600 psig (4.137 MPa) to 1000°F (537.8°C). |

Upon leaving the superheater the steam may enter the retort vessel
or it can be diverted to the steam by-pass line. The retort vessel
consists of four 48" (1.22m) long, 6" (15.24 cm) inside diameter flanged
pipe sections. Any number of Sectibns may be used, therefore experi-
mental test lengths of 4', 8', 12' or 16' are possible (1.22 m, 2.44
m, 3.66 m, 4.88 m). Aproximately 50 1bs (22.67 kg) of shale can be
contained in one vessel section. To obtain time-temperature histories
and gas analysis information vital to the understanding of the chemical
kinetics occuring in the-shale, each retort’ section is'equipped with
four gas sampling ports and eight thermocouple ports. The thermocouples
used are grounded chromel-alumel and the oufput is recorded on a 50
channel Fluke 2240 B datalogger.

Chemical gas analysis equipment was utilized to aid in the descrin
tion of the chemical processes occuring during the pyrolysis of the
organic material in the shale. The on-line gas sampling instrumenta-

tion for the retort is composed of two gas chromatographs incorporating
‘three detector systemsQ The first gas chromatograph contains two
thermal conductivity detectors which analyze for different "permanent"
gases. The first detector looks for CO2, and H2S while the second
détector analyzes for Hp and the lighter gases eluted together. The
. second chromatograph utilizes a flame ionization detector to neasufe.
hydrocarbon gas percentages. A special timer and valve sequencing
system allows known steam volumes from different retort locations to

enter a small condenser unit. After condensation occurs, the liquid

136



oil and water mixture i$ collected and the gases are routed to the
chromatographs. Information from the chromatographé is ‘sent to a
central computer whfch stores and reduces the chemistry data.‘

The flow rate of steam is controlled by two pneumatic actuated,
air-to-open, -Valtex Mark I valves. The valves are locatedljust before
the‘superhea;er and. immediately aftef the retort vessel to maintain
proper flow conditions in various locations of the experimental appar-
atus. |

, The.abi]ity to reach high enough temperatures to drive the organic
matter from the shale at relatively low flow-rates is essential. For
that reason, all piping from the boi]er to the retort vessel, and the
vessel itself are insulated to reduce heat losses. The piping was
covered with a 1200°F (648.8°C) mineral base insulation. The retort
'veése] uses two different insulations: a 1" (2.54 cm) ‘layer of 1200°F
(§48;8°C) Fiberfrax ceramic fiber insulator is used next to the metal
surface;-and then a 2" (5.08 cm) layer of high temperature glass wool
1nsulat1on is placed over the F1berfrax.

The steam and chemical products exiting the retorts are throttled
down to” atmospheric pressure by the Valtek valve. The retort steam-
product.stream flows into the condenser which condenseS‘the vapor and
1es$ volatile products. A ligufd collection tank is located on the
exit end . of the condenser to collect the condensed oil and wéter.
When testing is completed, the retort Valtek valve is closed and steam
is diverted to the by-pass line to flush out any remaining oil which
may have collected in the condenser. |

Shale oil is sometimes present in both liquid and aerosol ‘form
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after coq]ing. A mist eliminator system is needed to remove the aerosol
from the retorf off-gas. A method using tightly packed steel wool was
developed and found to be effective in removing the aerasol.

The oil shale retort off-gas contains combustible gases and
characteristically has an unpleasant odor. Hence, it is necessary to |
burn the retort off-gas under a flare hood andAvent the exhaust from
the laboratory. This is done after first analyzing the gases using
the gas chromatographs and metering the total gas flow using poSitive

displacement gas meters.

EXPERIMENTAL PROCEDURE

The twelve major retort experiments used shale from three different
locations in order to characterize any relationship between retort
by-products and shale origin. In the early experiments, Rifle, Colorado
shale was screened and sorted in order to obtain pieces which would
fit through a 3/4 in. (1.9 cm) screen and not a 5/8 in; (1.6 cm) screen
for the experiments. The other shales were from the BX-12 and BX-13
field site;‘in Ri6 Blanco County, Colorado.. This shale was obtained
in>4 in. (10.2 cm) diameter cores which weré later crﬁshed to various
sizes. Due to.the varying nature of the Fisher Assay tests for these
shales, average values for 100 percent Fisher Assay oiil yié]d per
section of retort were calculated. j

The desired shale was then carefu]]y-hahd packed into a section
of the retort vesseI; Thermocouples were inserted into desired loc-
ations along the length of the retort section in order to read.center-

line gas temperatures within the vessel. Upbn completion of the pack- .
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ing, screens were fitted into the ends of the retort section to maintain
the integrity of the shale structure within that particular section.
That same procedure was followed for each of the vessels used, whether
shale or another material (gravel, sand, or glass wool) was used for
packing. Before bolting together the different vesseln sections, a
percentage void fraction for each section was obtained. In the later
" experiments, a baffling system composed of 80% baffles (20% open cross-
sectional area) was installed in each section of the retort to increase
the Tength of the flow path and therefore the residence time of the
steam. The baffling system located baffles'eveny_ﬁ in. (15.24 cm)
along the Tlength of a vessel section starting half-way between the
first and second thermocouple of each section. The open area of the
baffles was alternated from top to bottom along the length of the
retort. When the flanges of the retort sections were bolted together
thg experiment was ready to begin.

At the start of the experiment, the retort Valtek valve is closéd
and the two valves immediately before .the superheater and the by-pass
line valve is opened (Figure 1). The flow-metering system is now
calibrated. To minimize the effect of unwanted preheating, the retort
was filled with water. In two of the experiments, the shale was allowed
to soak for several days in water from the field site. Water is then
allowed to enter the boiler and the boiler is turned on. When steam
begins to flow through the superheater, the superheater is switched
on. The steam, which is now being superheated, is flowing through the
by-pass line on to the condenser and liquid by-products tank. The

datalogger which monitors and prints out temperature data is programmed.
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When the steam reaches decired conditions the Valtek valve is opened
allowing the} steam to flow into and through the retort. During the
test, tempef‘at.ur"es and gas samples are taken auf.omatically at specific
predgtermined times. When th‘e' shale temperatures reach a steady state
for a desired length of time, the experiment is finished. The oil
which' is collected in the liquid by-products tanklis separated from
the water and dried. Aft'er'drying the o0il, experiments are condt':cted“
according to standard test procedulres to determine pour bo'i nt and API
gravity. The ofl is refrigerated at 12.2°F -(-11°C) until its chemisfry

can be evaluated. '

RESULTS

The twelve retort experiments were operated under a variety of
conditions in order to evaluate the relationships’ between operating
characteristics and the quality of the by-products produced. Several
of the experimental parameters investigated were: shale size, shale
_origin, steam pressure and flow rate, maximum 'shale temperatures
reached, porosity (void_fraction),,durétion of the experiments, initial
- soaking of the shale in water from the field site, and residence time
of the o0il in the retort. A listing of the é*periments and their
characteristics is given in Table 1. Of the several parameters studiéd,
the two which most -affected the quality and quantity of the products
‘pfoduced from the shales of similar organfc content were: maximum
température the shale reached, and the residence time ‘of,the oil
within the retort. | .

The effect of shale temperature on the amount of o0il produced is

directly related to the weight loss experienced by the shale. From an
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examination of Retort 11, as indicated n Table 1, it _is apparent
that as the shale temperature is increased the weight loss and therefore
the oil produced is increased.

The relative effect of organic content on the quantity of oil
produced can be seen in the weight loss data of the second shale sec-
tions of Retorts 10 and 11. Over 5 similar range of temperatures,
the}weight losses for Retorts 10 and 11 were 6.8% and 12.8% respec-
tively. This significant change was caused by the substantial differ-
ence in the original Fisher Assays of shale from Retorts 10 and 11;
21.7 gal/ton (90.6 2£/tonne) and 27.06 gal/ ton (112.9 2/tonne) respec-
tively.

Table 2 indicates the characteristics of the products from each
of the experiments. The earlier experiments, Retorts 2-7, yielded
relatively high pour point oils, between 65°F (18.3°C) and 71°F
(21.7°C) with an average of 68°F (20.0°C). These same experiments
also yielded oils with the highest C/H ratio, with an average value of
6.92. The lowest C/H ratio was for Retort 2, the shale of which had
received prior heating in Retort 1 before being produced. Comparison
of pour point and C/H ratios for these retort experiments with the.
- maximum average temperatures seen by the shale indicates that the
variation in temperature alone does not strongly influence these
characteristics. There also does not seem to be a strong dependence
on relative shale size as Retort 5 yielded as high a fraction of Fisher
Assay produced as the other experiments with considerably smaller
pieces. |

The effect of time-temperature relationships in the production of
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oil can be'seen by comparing Retorts 7 and 8 with the prior experiments.
The average peak temperatures in both Retorts 7 and 8 were §onsiderab]y
1ower'than the prior expériments, although éxposuré times were three
or more times as large. 'These experiments produced the lowest fraction
of Fisher Assay. Thus, production of o0il is more a function of peak
temperature than.of exposure time. |

ketort 8 .included a section of glass wool following the shale.
This provided an increased surface area on which the produced oil
heavy .ends could condense. As compared to Retort 7, the pour point
was corisiderably reduced. being 58°F (14.4fC) as compared to 71°F
(21.7°C). The.]arger surface, in effect increases. the residence time
for the less. volatile products. Consfstent }wifh the reduced pour
point fs a reduced C/H ratio as can be seen in Table 2.

‘In‘order to further investiQate thé effects of temperature and
residence time of the less volatile products, Retofts 9, 10, 11 and 12.
were performéd.' Retort 9 contained one section of glass wool ard the
entire vessei utilized 80% baffles as discussed in the procedures
section. The result of adding'the baffling syStem was to lowerlthe‘.
oil pour point 7°F (3.9°C) less than Retort 8 while maintaining a
_similar C/H ratio. ‘

fhe individual effect of a 'baffling system was 1nvéstigated in
Retort 12 by baffling the two shale sections.and leaving the last two
retort sections empty. An oil with a pour point of 41°F (5°C) was
produced which had a C/H ratio of 6.57. The residence time of the 0il
was increased significant]y‘in Retorts 10 and 11 by having two sections

of glass wool behind the shale and by baffling the entire rétort. The -
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consequence of this increased residence time was a dramatic reduction
in pour pdint temperatures and low values for C/H ratios. The pour
points of Retorts 10 and 11 were 27°F :(-2.8°C) with respective C/H
ratios of 6.80 and 6.51. A reduction in percentage of Fisher -Assay
may occur when oils of a "lighter" quality are produced. This statement
is qualified since, when a ]ighter'and lower pour point 0il is produced,
colleétion is more difficult. It is believed that the reported values
of percentage Fisher Assay are very conservative and that actual
values should be higher. "TGA tests cUrréntly being conducted on spent
‘shale from the retort indicate that substantial amounts of oil are left
in the shale which had not reached 700°F (371°C)s .

 Further evidence of a lighter o0il being produced when residence
time is increased is the distillation results shown in Table 3 for
Retorts 4 and 11. For comparison purposes distillation data are also
shown for dielectric heating produced shale oil, ‘combustion produced
shale oil, in situ retorting with methane (Hi1l and Ddugan) and light -
Arabian Crude. The results indicated in Table 3 show that Retort 11,
of the steam injection process, contains a significantly larger‘percent-
age of light distillates (600°F (316°C) or less) when compared to the
other processes. The retorting processes which most closely compare
to Retort 11 are the Bottom Burn Combustion Retort and the methane
injection in situ process of Hill and Dougan.

Additibnal comparisons are made with other oils in Table 4 which
presents C, H, N, 0, S compositions, -pour points etc.. The lowest C/H
~ratio was again for Retort 11. Differences observed in the “"Bottom
~ Burning Retort" oil and the oil from the present experiments indicates

that the products are not identical as there exists a significant
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difference in pour point and elemental composition. These differences .
may be associated with the extreme temperatures, ~ 1800°F (1000°C)
seen in a combustion retort and presence of molecular oxygen in the
heating medium. It is planned to carry out additional chemical char-

acterization in order to deduce these differences.

CONCLUSIONS

Several factors indicate that the high percentage of light distil-
lates produced in Retort 11 (92%) are a consequence of an increase in
the‘fesidence time of the oil in the retort. This idea was brought
out dramatically in Retorts 8 through 12 where the flow path was length-
ened by a baffling system, and a large surface collection area (glass
wool packing) for the oil was utilized. Those two procedures caused
the oil to remain within the high temperature environment of the retort
for increased lengths of time. The increased residence time results
in the thermal cracking of the heavy ends. This point is indicated
when one compares the results of Retorts 4 and 11 (Table 4). The
larger residence time of Retort 11 leads to a substantially larger
percentage of light distillates (92%4) as compared to Retort 4 (59.4%)
which had no glass wool packing or baffling.

Thermal cracking of a heavy oil results in oil having a lower
pour point temperature, C/H ratio and specific gravity (high API grav-
ity) value. The results for Retorts 4 and 11 show that significant
reductions occur in all three of these oil properties. This general
effect can be seen when the larger residence time experiments of Retorts.
8 through 12 are compared to the first seven experiments (Table 3).

The process of thermal cracking or refluxing of oil has been
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shown to be the single most essential operating characteristic' fn

producing large percentages of light distillates in a Bottom Burning

Retort [1]. In that retorting process, the cffect of oil cohdensation‘
and then reheating of the o0il was the mechanism for thermal cracking. .
A similar process of condensation and reheating is induced in the

steam retort when glass wool packing and baffles are utilized. The

proposed mechanism for production of shale oil by superheated steam
injecfion thus includes the initial production of an oil similar to

that of Retorts 2-7. The vapor stream would then transport the oil

mixture through the porous shale bed until the heavy ends condense and

precipitate out on to a cool sha]eAsurfACQ. Then as the thermal energy

wave propagétes along the path through the shale, the condensed oil ‘is

once again subjected to high temperatures which causes revolitization

and thermal cracking. The refluxing mechanism appears to be substan-

tiated as the oil properties fof Retort 11 and the Bottom Burniqg

Retort are similar, even though the retorting processes are quite
different.

In the leached zone of the Parachute Creek formation the perme-
ability and porosity, although high, is much lbwer than could be ob-
tained in the 1laboratory. Typically the path from superheated steam
injection well to the production well fs more tortuous and much longer
(well placing is ~ 100 ft) (30.5 m)). It is thus expected that the
oil produced in the field will resemble that of Retort |
11. Pre]imfnany data from back flowing an injection well has indicated
that this will be true as-indicated by the C/H data of Table 4. How-

ever, it is believed that this C/H ratio may be a bit low due to incom-
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plete drying of the sample. It is hoped to obtain better field samples

in the future to firm these conclusions.
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Figure 2. Photograph of Boiler, Positive Displacement Pump, Superheater
and Retort Vessel (left to right)

Liquid By-Products Collection Tank and Condenser (fore-
ground to background)

Figure 3. Photograph of Gas Flow Meter and Mist Eliminator Piping,
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Table 1

LHARACTERISTICS VESSEL DATA
RETORTS Ty drigin (1) Material Used, Void Fracticn
fquity on 12) Fisher Assay (2) Original-Final Weights.% Change
irperimeats DURATION(HR}  =PESSURE (3) Size {3) _inlet-0utlet Max. Temreratures{°F)
R14%e,CO. Grasa' N A, Gravel N.A. Gravel,N.A.
200 to % Sraie,N.A.
1 3.33 250 PSIG 300 LBS/HR 29 GAL,/TCh 78.5-78, S‘Dq 81.0-81.0,0% 77.0-77.C,0%
1.724 MPa 91 to 99.6 1IT/TONNE 49 5.349.0,1%
136 Kg/HR  -3/4" to 5/3"+ TEEC-NLA. NLAL-NLA. N.LAL-N.A.
=1.%m ta 1.6¢me 529.77-471.5°
Rifle,CO. Gravel ,N.A. Gravel ,N.A. Shale,N.A.
200 to %
2 6.17 270 PSIG 300 LBS/HR 29 GAL/TON 78.5-78.5,0% 77.0-77.0-0% 49.5-29.72,20.3%
1.862 MPa 91 to 93.6 LIT/TONNE
136 Kg/HR  =3/4" to 5/8"+ 1019°-N.A. N.A.-N.A. 860°-809°
-1.9cm to 1.6cm+ (Same Shale as First Experiment)
Rifle,CO. Gravel,N.A, Shale,N.A. Snale,N.A.
3 28.00 270 PSIG  40.1 LBS/HR 29 GAL/TCN 78.5-78.5,0% 52-40,23% 50-49,2%
1.862 MPa 18.2 Kg/4R 99.6 LIT/TONNE
-3/4" to 5/8"+ 965°-N.A. 809°-724° 7057-642?
-1.9cm o !.6cm+
Rifle,CO. Grével ,N.A. Shale.N.A. Shaie,N.A.
" t u
4 26.50 570 PSIG  51.9 LBS/HR 29 GAL/TON 78-78,0% 54.0-42.5,21.7% 53-27.°5.2%
3.930 MPa 23.5 Xg/HR 3.6 LI7/TONNE
-3/4" to 5/8"+ 95C°«N.A. 813°-7471° 720°-663°
-1.92m o 1.6cm+ "
5 11.50 300 PSIG 78.1 LBS/HR Equity BX-12 Gravél ,N.A. Shale,40.3% instrumented
2.068 MPa 35.4 Kg/HR Shale Piece
L.A. 78.5-78.5,0% 57.0-49, ...“':
967°-N.A. 868°-796° 79
Various Sizes e
Rifle,CO. Gravel ,N.A, Shale ,51.07 Shaie 4% 0
- Sand,37.0%
6 21.28 250 PSIG  §8.5 LBS/HR 29 GAL/TON 78.5-78.5.0% 57.1-45, 3 20:.1°
1.725 MPa 31.1 Kg/HR 99.6 LIT/TONNE 56.7-47.2,16.8% 7£.0.74 5.2 ¥
-3/4" to 5/8"+ 971°-N.A. 886°-833- 323°.77:°
-1.9¢m to 1.6cm+ 763°- 724°
Rifle,CO. Gravel ,N.A, Shale ,47.: E's e lE.4%
3 79.5-78.5.0% S2.2-¢2. ERES
7 17.25 320 PSIG  39.3 LBS/HR 23 GAL/TON 51.3-46.5,3.3%
2.206 MPa 18.0 Kg/HR 99.6 LIT/TONNE 868°-N.A. 732°-654° 652°-531°
=3/4" to 5/8"+
~1.9cm $o 1.6cm+
Equity BX-12 Shale,46.5% Shale,50.6% Glass Wool, N.A
300 PSIG  31.5 LBS/HR
8 101.00 L.A. 56.0-50.1,10.5% 54.5-51.4,5.7% N.A.
2.068 MPa 12.6 Kg/HR
Varloos Sizes 761°-636>  621°-565°_ 560°-519°
Equity BX-12 Shale,44.0% Shale,45.9% Glass Wo00i,90.8%
250 PSIG 67.8 LBS/HR
9 17.00 LA 50.6-42.0,17.0% 51.5-45.5,11.6% N.A.
1.724 MPa 30.7 Kg/HR
o Various Sizes 1006°-900° 881°-832° 320-785°
Equity BX-12 Shale, N.A. Shale,N.A. Glass wcol,N.A.
570 PSIG  50.5 LBS/HR Glass Wool, N.A.
0 18.00 L.A. 54.5-44.2,18.9% 53.6-45.6,5.57% N.A.
3.930 MPa 22.9 Kg/HR N.A.
Various Sizes 90C"-784” 761°-655° 6247 -521° 2473°.395°
Equity BX-13 Shale,45.4% Shale,d7.8% Gle=s Wool,
270 PSIG  50.1 L8S/HR N.A. Glass wgol, \. A.
n 24.00 1. & 29,7.340.2,19.5% 55.2-43.1,12.8%
1.862 MPz 22.7 Ka/HR NAL LA,
Yarioyt Sizes Q607N A. 761°-555” 625°-410> N.A.-N.A.
Tauity BX-13 Shale,M.A. Shale,M.A. Empty
! Enory
12 A TR ALATLESI | §5.3- 47.2, 16.23 60.2-51.3,15.1%
1.862 MP2 23.4 Xg/HR Q4g°.717° 795°-714°
Various Sizes £43°-837° 537°-536°

N.A. = Not Available
L.A. = List Avaiable
149 * = Estimated Value




RETORTS (1
Equity 011 (2
Experiments (3

Table 2

OIL DATA

) Amount Produced,% Fisher Assay
) Pour Point Temperature
) API Gravity

CHEMICAL ANALYSIS ON CIL

Gases Produced e H N

0. % (Wt %)

No o1l produced

N.A.,85%
70°F,(21.1°¢)
N.A.

60.0 c.f. 83 2.2 1

ol

34

C/H

£.30

N.A.
65°F,(18.3°C)
N.A.

55.0 ¢.f. 81.7 -6 2

*1

4.7

7.04

9.67Lbs(4.39Kg),85%
69°F,(20.6°C)
21.80

109.5 ¢.f. 83.8 2.1 1.

2.2

5.33

§.08Lbs(2.76Kg),98.9%
67°F,(19.4°C)
26.95

N.A. 824 12.0° 2.

3.4"!

6.87

8.70Lbs(3.97Kg) ,69.5%
68°F,(20.0°C)
23.80

90.:2 €1, 83.4 12.0 1.

*
3.0

6.95

6.07Lbs(2.75Kg),58.4%
71°F,(21.7°C)
26.60

N.A. 82.3 119 Vi

*}

4.4

6.92

3.59Lbs(1.63Kg) ,34.6%
58°F,(14.4°C)
25.40

N.A. 817, 12:08 1

=]

4.9

6.81

7.25Lbs(3.29Kg),98.0%
51°F,(10.6°C)
25.90

101 .81€5 . 2.4 NI 1,

3.8"!

6.92

10

5.10Lbs(2.31Kg),56.5%
27°F,(-2.78°C)
28.57

64.6 c.f. 82.9 12:.2 1,

3.2"1

6.80

n

5.76Lbs(2.61Kg),53.8%
27°F,(-2.78°C)
26.95

93.5 ¢c.t, 84.6 13.0 1.

0.9"

6.5!

12

4.51Lbs(2.05Kg),47.7%
41°F,(5.00°C)
26.60

85.4 c.f. 83.4 2.7 .

2.5™

6.57

N.A. = Not Available
* = fstimated Value
1 = Combined 0 and S
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Table 3

44

NAPTHA LIGHT DISTILLATE  LIGHT GAS OIL HEAVY 'GAS OIL RESIOUUM

18P to 400°F 400°F to 600°F  600°F to BOO°F  800°F to 1000°F Over 1000°F
PROCESS.  IBP to 204°C  204°C to 316°C  316°C to 427°C  427°C to 538°C  Over 538°C
Steam A
Retort 11 - 33.7 58.3 6.1 1.9 0
Sottom :
Zurning 40 45 4.6 1.8 8.6
Hi11 &
Dougan 45 k1] 12 6 2
I1TRI ‘45 23 6 26 .
Arabian
Light 36 23 17 17 7
Steam
Retort 4 13.7 45.7 40.1 0.5 0
Tosco 22 32 17 n 18
Garret 18 . a5 20 13 4
Paraho 8 20 19 9

"Comparison of Distillation Properties From Various Retorting
Processes. (Non-steqm_retort1ng data from references 1 and 5)
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OIL DATA

(3) Amount Produced,% Fisher Assay

(2) Pour Point Temperature

Table 4

CHEMICAL ANALYSIS ON OIL

RETORTS (3) API Gravity Gases Produced c H N 0 S5 [Wt®%) C/H
Steam . 5.76Lbs(2.61Kg),53.8% .
Retort 11 27°F,(-2.78°C) 93.5 c.f. 84.6 13.0 1.4 0.9 6.51
26.95 - )
Bottom . li.A.,63% -
Burning 68°F,(20.0°C) N.A. 84.1 11,9 2.1 1.9 7.08
- 31.70
Hill & N.A. . .
Dougan -4°F,(-20.0°C) N.A. N.A. N.A. 0.8 N.A. N.A
’ 40.00 :
1ITRI N.A.,96% , :
40°F,(4.44°C) N.A. - 84.0 12.1 1.02.8 .6 6.94
34.40
Arabfan N.A.
Light “N.A. N.A. N.A. N.A.
34.40
Steam 9.67Lbs(4.39Kq) ,85% ' 3
Retort 4 69°F,(20.6°C) 109.5 c.t. 83.8 12.1 1.9 2.2 6.93
21.80 .
Tosco N.A. .
v 70°F,(21.1°¢C) N.A. N.A. N.A.
20.98
Garret N.A.
85°F,(29.4°C) N.A. N.A. N.A.
19.35
Paraho N.A.
50°F,{10.0°C) N.A. N.A. N.A.
25.03 ) .
Marathon 011 N.A.
Batch 82°F,(27.8°C) N.A. 84.0 11.2 1.71.6 .8 7.50
20.40
Continuous N.A.
Flow 74°F,(23.3°C) N.A, 83.3 11.0 1.82.6 .8 7.57
e 21.10
Equity N.A.
Field Site N.A. N.A. 74.8 12.0 0.6 12.6" 6.23
- N.A.
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ABSTRACT

A series of tests were performed in the one-liter Autoclave reactor
to determine the effect of steam on 0il shale samples from the BX-12
“and BX-13 corés, and the effect of steam in cracking of the shale oil
iiquids after they were produced.

The tests were designed to provide basic. information concerning
retorting utiiizing steam at pressures up to and above those which
could be attained in the Retort Experiments. The total recovery of
the organic fraction of the o0il shale increased linearly from 60% |
at 700 psi in steam to approximately 80% at 1300 psi and was
essentially independent of the temperature over the range of temperatures
employed (371°C to 454°C).

The steam induced cracking experiments show that both a reduction
in the o0il molecular Weight and in the C/H ratio occur during exposure
of the 0il1 to steam at temperature between 371°C and 454°C, GC-MS
and elemental analyses of the oil show an increase in hydrogenation
during cracking and formation of principally normal alkanes in oil.
Analyses of the gases released during steam inducéd cracking experiments
substantiate the results of the oil analyses. Both sulfur and nitrogen

content of the oil are reduced by steam cracking.
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The initial‘autbclave experiments dealt with processihg samples
taken from the BX-12 and BX-13 cores in steam in the autoclave reactor.
Cores which are 1} inches (3.81 cm) in diamefer and from 2% to 3%
inches long (6.35 cm to 8.89 cm) have been cuf with the bedding
plane perpendicular to the axis of the cylindrical core. Samples were
clamped to duplicate, as nearly as possib]é, the confined configuration
which would be encountered underground.

Figure 1, contains data (WHICH substantiates the observation that
the overall weight loss varies essentially linearly with the steam’
pressure over a temperature range from 700°F to 800°F. (371°C to 426°C)

The samples were all exposed to steam at the temperature and pressure
| indicated for times which varied from 18 to 21 hours. The time
variations within this range does not appear to affect the total yield.
This is consistent with observations in the Retort Experiments. While
it has been observed in the steam retort runs that the decomposition of
the inorganic carbonates to yield CO, proceeds rapidly in the presence
of steam at temperatures below those normal]y'associated with

carbonate decomposition in inert gases, the same phenomenon has not

A LAV

been observed in the runs. CO, concentrations have remained
‘below approximately 20% (on a dry basis) in the gases envolved from
the'reactions. However, fbr a very rich sample (64 gal/ton) of oil
shale, the measured organic yield from weight loss did not fall on the

curve in Figure 1, but was well below the line drawn through the other

points.
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'Figure 1: Effect of Steam Pressure on Total Organic Yield
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II. Results of Gas Analyses

Gases evolved from tﬁe autoclave experiments are analyzed With
a gas chromatograph to determine the concentrations of the important
constituents. Water is removed before the analyses, and hydrogen [S
determined in a separate measurement with an N, carrier. A typical
analysis from gases evolved during 24 hours in steam inan autoclave

are given in Table I.

Table I

Typical Autoclave Gas Composition
.Steam Retorting Runs

percent by weight

-~

Qed et DO~ O~

Methane

Ethene

Ethane

Propene

Propane

Butene
_ Bulane

Cs and above .
- TOTAL HYDROCARBONS 81.5

N
. Y

Hydrogen
Oxygen
Nitrogen
co

Co,

H,S

NOWNO W
W~ YW O

104.5°

The noteworthy aspects of the above analysis is the high
hydrocarbon énd H,S concentrations and the low CO and CO, concentra-.
‘tions. The unsaturated hydrocarbons are very very low, which suggests

~ that the olefins are hydrogenated by either steam or hydrogen-produced

158 -



from the water gas reaction. The low unsaturates suggest that retorting
in high pressure steam offers a significant competitive advantage

over retorting in air or inert gases.

III. Carbon, Hydrogen, and Nitrogen Analyses of Liquids .

C, H, and N analyses of the liquids produced in the autoclave
experiments -have been completed. Results suggested that the oil was
hydrogenated since the ratio of hydrogen to carbon in the oils is
significantly higher than in the kerogen before retorting, and higher
than in shale oil produced by retorting in inert atﬁospheres. The
average H/C molar ratio of oil from threeAsamples retorted in ‘steam
at temperatures from 700°F to 720°F Was 1.76 --'approximate1y equal
to that observed in petroleum crudes which contain essentially no
uhsatﬁrated compounds. (This is equivalent to a C/H ratio of 6.8

on a mass basis.) The results are listed in Table II.

Table 11
Liquid H/C Ratio

Sample No. Temperature H/C Molar Ratio in Liquid
12-937.5 © 370°C (698°F) 1S

12-936.1 328°C (719.6°F) 1.79
12-936.3 431°C (807.8°F) 1.08

12-936.2 - 382°C (721.4°F) 1.74

At the elevated temperaturé (431°C, 808°F), the ratio of carbon to
hydrogen was lower than for the other runs, but the equilibrium of
“the water gas shift reaction favors the formation of water rather than

hydrogen at the highér temperature. At 370°C (698°F), the ratio of
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hydrogen to carbon was approximately 1.75 -~ the ratio for typical
petroleum crudes which usually contain no olefins and less than 10
percent aromatic compounds. The samples were prepared for NMR analyses
to determine the ratio of olefinic to aliphatic hydrocarbons to see
if the postulate that the oil was saturated was correct. Results of
the NMR tests were obtained in July, 1979. The results indicated 80
percent saturated hydrocarbons with approximately 20 percent aromatics.
Essentially no olefins were detected. The indication from these experi-
ments is that steam js effective in hydrogenating oils at temperatures
from 370°C to 430°C (700°F to 810°F). O0ils so processed would be.more
valuable as a refinery crude feedstock since they wculd require no
hydrogenation to prevent gum formation in gasoline and other motor
fuels.

The nitrogen content in the autocalve-produced oil samples was
in the range of 2.0 to 2.8 weight percent except for the sample 12-
936-3 which was treated at the higher temperature. The nitrogen content
of that sample was 4.8 weight percent. It is not known whether that
data point was a result of the higher temperature treatment or caused
by some other factor. The fact that it corresponds to the run with
the low H/C molar ratio suggests that either the sample or the method
of treatment is different.

A recent paper by AMOCO engineers® indicates that Oklahoma oil
shale from the Woodford formation can be pyrolyzed in.water at 330°C

(626°F) to yield an oil free of olefins. This offers further con-

llewan, M. D., J. C. Winters, and J. H. McDonald, "Generation of
Oil-Like Pyrolyzates froj Orgainic-Rich Shales," Seience, 203,
897-899 (March, 1979).
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firmation of the ability of water to hydrogenate shale oil. Thus,
steam retorting processes have an important competitive advantage over
straight pyrolysis methods. Based on this paper and our experiments
described above, work was initiated in July 1979, on autoclave hydrogena-
tion treatment of retort oil samples from Retorts 2 through 6.

Sampling equipment was designed and fabricated to extract and
cool samples of both the liquid and gas phases during autoclave opera-
tion. During July, only two samples were run due to the necessity
to work around the major retort experiments. During this time, analytical
equipment was set up to determine.the average molecular weight of the
0i1. During August, samples were run frequently (every 2 to 3 days).
Tests were conducted for time up to 24 hours at temperatures from 287°C
(550°F) to 454°C (850°F). Samples were taken at four-hour intervals
during the run, and the production of hydrocarbon gases continued during
the first 16 hours as indicated by a continuous increase in concentrations.
For example, at 550°F the hydrocarbon concentration rose from 47 percent
after four hours to 65 percent after 24 hours, and at 700°F from 50
percent after four hours to 85 percent after 24 hours. Hydrogen sulfide
concentrations were unexpectedly high (6% and higher) during the first
four hours after heating began. It was apparently produced early in
the run and exhausted during sampling since measured concentrations
decrease over the course of the run to less than one percent. Hydrogen
concentrations from six to 10 percent were also measured after 24 hours
and indicates that sufficient hydrogen is present to hydrogenate the

oil upon cracking.
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Typical gas concentrations for the cracking experiments are shown
in Table III for the 700°F and 850°F runs; the differences are less

- than the uncertainty in the measurements in most cases.
Table III-

Typical Gas Analysis

700°F Run 850°F Run:
Methane 27.4% . - 30.3%
Ethene _ 1.01 1.3
Ethane ' 19.6 - 16.2
Propene 0 0.01
Propane 14.6 12.4
Butene 2.7 2.5
Butane 5.5 4.0
Péntene 2.3 2.3
Pentane 3.2 3.1
Ce¢ and above 5.0 5.6
€O ‘ 5.4 7.6
H,S : 0.6 1.0

Hydrogen 4.7 7.7

Minimal cracking occurred during the 287°C (550°F) run as determined
by visual examination of the resultant oil. However, at 371°C (700°F)
the resultant oil was extreme1y fluid and the extent of cracking'had
been significant.

Attempts to determing the average values of the oil molecular
weights have been made by measuring the melting point depression of
a solution of the oil in camphor, by vapor-phase osmométhy of .a pyridine
solution of the oil, and by GC-MS. The attempts to obtain the¢molecu1ar

weight by GC-MS techniques were frustrated becausé of the inability
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of the laboratory which made the measurements to reduce the data for
a mixture containing such a large number of species. The results of
the other two methods are shown in Table IV. The experimental proce-

s
dures permit the measurement of the melting point depresion within

<L
approximately 0.4°C which leads to an error of 10 in the average molecular
weight. Reborted molecular weights from Huffman Laboratories, Inc.,

using the vapor-phase osmometry procedure are 75 percent higher than
measurements ﬁadevin our laboratory by melting point depression techni-
ques. The difference is significanfly greater than can be attributed |

to uncertainty in either experimental procedure. The results show

that the molecular weight does decrease during the cracking, but

quantitative determination of the molecular weight remains uncertain.
Table IV

Average Molecular Weights

: By Melting Point By Vapor-Phase
Sample Depression Meas. Osmometry

Raw Shale 0il
. Retort Run 4 268 465

Retort Run 5 - 210 352
Retort Run 6 266 431

- Cracked Shale 0i1
(0i1 from Retort Run 4)

(at 550°F)
After 4 hours .
(vapor Sample) 209 ' 317

(Liquid Sample) - ‘ 262 358

i After 24 hours ' :
(On1ly one phase) - 167 NA
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C, H, and N Analyses

The elemental apalyses to determine the weight fractions of carbon,
hygrogen, and nitrogen have been much more successful than atfempts
to determine the average molecular weight. Measurements of these elements
were made with the Perkin-Elmer 240B Elemental Analyzer on samples
taken at various times during the cracking runs. Although data are
still being obtained, the results available to daie,are shown in Table

V.
Table V

Carbon, Hydrogen, and Nitrogen Analyses

< H N (o&s)  c/H
0i1 from Retort 6 83.4 12.0 1.6 3.0 . 6.95
(Starting Material)
After Cracking at 700°F in steam
8 hours 84.9  12.6 1.2 1.2 6.72
10 hours 84.3  12.6 1.1 1.7 6.66

These results substantiate that cracking and hydrogenation of the oil is
occurring. The drop in the C/H ratio also suggests that the oil is
more valuable for a. refinery feed stock after cracking. The drop in
the nitrogen content and in the sulfur and oxygen content (determined
by difference) also suggest that the value of the oil is enhanced by
steam cracking.

Figures 2 and 3 are typical gas chromatograms of tﬁe oils before
and after cracking. Figure 2, the chromatogram of the raw retort oil,
shows significant concentrations of species with molecular weights

higher than that of C,s as well as substantial peaks of unéaturated

164



591
BN @

el

PRI SO O S A ST

- -
111

S E A

Raw Shale 011

a:.

|
RRRAECS WASAMAN"" JanAs0q"" WAMARAR - JARRAREICE MUARAYr JansaNc WAL I

Flgure 2 Raw Shale 01 Chromatograsm

Ty

STEF SPECS- 10 INT=1000



991

NEXT 7

15000
14000 |
13000
12000 ‘
11000
10000

81 ‘

8150 6230
SPEI.'Z# 807.:- 6576LH/ BULLEN 8?‘?’-#9 E1-GC

Steam Cracked Shale 0i1

Figure 3

( Ten Hours )

Ci7

EET T

Cig
%Ocm

Ca2
n Co3 Caa Cos
8500 8350  84oh

8450
STEP SPECS= 5!372- 557&.?1/ deLEN i

Crackad 0i1 Chromatogram



and branched hydrocarbons. Figure'3, the chromatogram of 0il cracked
at 700°F (37]°C) for 10 hours, shows essentially no species with elution
times lTonger than that of C;s, an& an oil made almost entirely of normal
alkanes. This modification in the molecular structure of the steam
cracked 0il is one of the most significant findings and demonstrates

the importance of steam cracking in upgrading the values of the oils

obtained from shale oil.

A%
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GAS COMPOSITIONS DURING CRACKING EXPERIMENTS

| The composition of the gas phase during the cracking experiments
has been measured by drawing periodic samples and determining the com-
position on a gas chromatograph. The gas compoéition as a function |
of time at temperatures of 550°F (255°C), 700°F (371°C) and 850°F (454°C)
is shown in Figures 4, 5, and 6.

The significant results of the time dependence on'the composition
is that the hydrogen remains essentially constant in its mo]g fraction;
the saturated and unsaturated hydrocarbons reach a steady value after
eight to 10 hours and then remain unchanged; and the hydrogen sulfide
has an initial nigh value and then drops sharply to a lower and constant
value. The hydrogen sulfide, it is presumed, is rapidly generated
as sulfur and is hydrogenated in the sulfur-containing compounds of
the 0il and is exhausted in the sampling procedure; thus, accounting
for the apparent drop in its concentration. The consfant value of
the hydrogen concentration suggests that perhaps the system reached
a quasi-equilibrium. The calculated equilibrium concentration was
compared with the measured concentrations of specific hydroéarbons
such as methane, ethane, and propane, but the predicted equilibrium
occurs when nearly all of the hydrocarbons reach methane. The observed
methane to ethane to propane ratio was approximately 2.5:1.25:1. It
is concluded, therefore, that the gases are not close to the equilibrium
concentrations and the'cracking reactions are rate 1imited. The hydro-
genation suggested by the increase in fraction of gases which are saturated
hydrocarbons and the accompanying decrease in unsaturated hydrocarbons

is consistent with the results of the oil analyses.
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Introduction

During the period 1 December 1979 through 2§ February 1980 the
primary work effort has been directed toward the analyses of previously
performed retort and autoclave experiments. However, ohe major retort
experiment was performed in December. In addition, some additional work
was performed utilizing the autoclave. Chemical analyses of the oil
products progressed with the primary effort taking place in the last

half of the quarter.

Retort Experiments N
| Retort 12 was performed early during this retorting period being
completed in mid December. The experiment used BX-i3 shale . from
essentially the same zone as Retort 11. The operating condition were:
Pressure - 270 psig (1.862 MPa) |
Steam Flow Rate  51.6 1b/hr (23.4 kg/hr)

Duration 21 hours
Shale Size Variable Core specimens and rubble
~ Void Fraction Shale Sectinn 1 45.4% . |
Shale Section 2 47.4% .
~ Section 3 100% (Empty)

Section 4 100% (Empty)

Weight Loss © Section 1 16.3%
Section 2 15.3%

Maximum Temperature

Range Section 1 946°F - 817°F
Section 2 795°F - 714°F
Section 3 943°F - 537°F
Section 4 537°F - 536°F

The 01l produced which was collected in Retort 12 totalled 4.51 1bs
(2.05 kg) this amounted to 47.7% of the integrated Fisher Assay. The
pour point of the oil was determined to be 41°F (5.0°C) with an API
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gravity of 26.6. During the experiment & .4 cubic feet of gas was
produced. The chemical composition of the 0il was determined to be
83.4% C, 12.7% H, 1.4% N and 2.5% 0 and S. The C/H ratio for the oil
was 6.57.

The characteristics of the oils produced for all twelve retort
experiments and the operating characteristics are shown in Tables 1
and 2. Several conclusions can be drawn from evaluation of the data.
In order to produce high percentages of Fisher Assay the temperatures
wfthin the shale must be of the order of 750°F or higher. Higher
praessure and higher flow rates only slightly improve the performance.

The characteristics of the oil produced appear to be improved by
increased surface area downstream of the production zone where the

less volatile components can condense and then be revolatized. This

appears to represent a thermal cracking . (see Autoclave Experiments)

and perhaps a de-carboxylizing as apparent by the decrease of the
estimated oxygen and sulfur combination. The improvement in the o0il
is evident by a decrease in C/H ratio and a lower pour point.

Further chemical tests are needed to evaluate these ideas. In
particular more detailed analyses will be conducted on o0il produced
in Retorts 4 and 11 during the remainder of the contract; TGA analyses
are planned for these oils as well as characterization in terms of
polarity and acidity. Other tests are planned to evaluate the product
remaining in the retorted shale. Preliminary tests indicate that a
major portion of the o0il not recovered in many of the runs was left
behind in the shale which did not reach 750°F. It is believed that

this will be validated when TGA tests are completed on samp]es of shale
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RETORTS
Equity 01}
Experiments

Table 2: Steam Retort 0il Properties

OIL DATA

(1) Amount Produced,% Fishér Assay
(2) Pour Point Temperature
{3) API Gravity

Gases Produced

[L

o

CHEMICAL ANALYSIS ON O

H

e_S

Wt 2)  C/M

1

*

-No ofl produced

N.A.,85%
70°F,(21.1°C)
N.

60,0.c.f.

83

* 12.2

1.4

3,47

6.80

N.A.
65°F,(18.3°C)
N.A. .

55.0 c.f.

81.7

11.6

2.0

a.7!

7.04

9.67Lbs{4.39Kg) .85%
69°F,{20.6°C)
21.80

109.5 c.f.

83.8

12.1

1.9

2.2

6.93

6.08Lbs (2.76Kg) ,98.9%
67°F,(19.4°C)
26.95

N.A.

82.4

12.0

2.2

3.4"

6.87

8.70Lbs(3.97Kg) ,69.5%
68°F ,(20.0°C)
23.80

90.2 c.T.

83.4

12.0

1.6

3.0"

6.95

6.07Lbs(2.75Kg) ,58.4%
71°F,(21.7°C)
26.60

N.A.

82.3

1.9

1.4

4.4"

6.92

3.59Lbs(1.63Kg) 34,62
£8°F,(14.4°C)
35.40

H.A.

8.7

12.0

1.4

49"

6.81

7.25Lbs(3.29Kg),98.0%
51°F,(10.6°C)
25.90

101.8 c.f.

82.4

1.9

3.8"

6.92

10

5.10Lbs(2.31Xg) ,56.5%
27°F.(-2.78°C) .
28.57

64.6 c.f.

82.9

12.2

3.2}

6.80

n

5.76Lbs (2.61Kg) ,53.8%
27°F,(-2.78°C)
26.95

93.5 c.f.

13.0

0.9"!

6.51

12

4,51Lbs(2.05Kg) ,47.7%
41°F,(5.00°C).
26.60

85.4 c.f.

83.4

12.7

1.4

2.5"!

6.57
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 Table 1:

Steam Retort Experimental Operating Parameters

CHARACTERISTICS VESSEL DATA
RETORTS _ 1} Origin 1) HateriaY Used, Vold Fraction
Equity on R AVERAGE {2 Fisher Assay = (2) Original-Final Weights,X Change
Experiments DURATION(HR) PRESSURE FLOM RATE (3} Size 3} Inlet-Qutlet Max, Yemperatures{°f
Rifle,C0. Grave'l.n A. Sravel N.A. Gravel R.A.
200 to Shale N
] . 250 PSIG 300 LBS/HR 29 GAL/TON 78.5-78. s.ox £1.0-81.0,0% 77.0-72.0,01
1720 W2 9 to 99.6 1IT/T0NRE 49.5-49.0,13
136 Kg/HR  =3/4" to 5/3°+ 754%N.A. N.A.oH.A. HALNA
~1.9cm to 1.6c  §29.7°-471.5°
200 Rifle 0. ravel.K.A. Gravel H.A. Shale A,
2 6.1 270 PSIG 300 LBS/HR 29 GAL/TON 78.5-78.5,0% 77.0-72.0-0% 49.5-39.2,20.8% -
1.852 #P2 ‘91 to $9.6 LIT/TONNE ’
138 Kg/HR  <3/4" to 5/3"+ 1019°-N.A. M.A.-K.A. 860°-809*
L -1.9cm to 1.6cm {Sams Shale as First Experiment) :
Rifle,c0. Gravel ,N.A. Shale,K.A. Shale,N.A,
3 28.00 210 PSIG  40.) LBS/MR 29 GAL/TON 78.5-78.5,0% $2-40,23% 50-49,2%
1.862 ¥Pa  18.2 Kg/MR 99.6 LIT/TONME ]
~3/4* to §/8° 965°-N.A. 809°-724° 705°-543°
=1.9cm $9 1, 6cmé .
Rifie,CO. Gravel,N.A. Shale,N.A. Shale K.A.
4 26.50 570 PSIG  51.9 LBS/HR 29 GAL/TOW - 78-78,0% 54.0-42.5,21.7% 53-45,14.83
3.930 MPa 23.5 Kg/HR 99.6 LIT/TOMNE i .
-3/4° to 5/8°+ 950°-N.A. B13°-741* 720°-663°
! =1.9cm to 1.6cmb
S 11.50 300 PSIG  78.1 LBS/HR Equity 8X-12 Grave) ,N.A.. Shale,40.85 Instrumentesd
2.068 MPa  35.4 Kg/MR Shale Plece
L.A. 76.5-78.5,01 57.0-49.9,12.5%
967%-N.A. 868°-796° 794°
Yarfous Stzes
Rifle,CO. gravel ,N.A. Shale,51.03 Shile,d5.33
Sand,37.0%
6 2.2 250 PSIG  68.5 LBS/HR 29 GAL/TON 78.5-78.5,0% .57.1-45.3,20.7%
1.725 WPa  31.) Kg/KR 99.6 LIT/TORNE 56.7-47.2,16.8% .76.0-74.5.2.0%
=3/4* to 5/8 971%-N.A, 886°-833* B23*-771°
:<).9cm to 1.6cme _ 763°- 724°
Rifle,C0. Gravel N.A. Shale,47.3% Shale,48.4%
. 78.5-78.5,05 52.2-42.6,18.4%
? 7.2 320 PSIG  39.8 LBS/HR 29 GAL/TON 51.3-46,5,9.33
2.206 ¥Pa 18.0 xg/un 99.6 LIT/TONKE 863°N.A, 732°-654° 652°-591°
<3/4" to 5/8°
-1.9cm to 1.6com ,
: , Equity Bx-12 $hale,46.5% Shale,50.6% Glass Nool, N.A.
300 PSIG  31.5 LBS/HR .
8 101.00 . 12.6 ko8 . 56.0-50.1,10.5% 54.5-51.4,5.7% M.A,
.058 MPa 12. ; RS :
2 126K Vartous Stzes 761°-636° _621°-565° 560°-539°
Equity BI-12 Shale,44.03 Shale,85.9% Glass Hool,90.8%
) 250 PSIG  67.8 LBS/HR
9 12.00 . 50.6-42,0,17.0% . 51.5-45.5,11.65 K.A,
1.728 W2 30.7 Kg/KR :
Yarfous Sfzes 1006°-900° _ 881°-832° 820-785°
‘ Equity BX-12 shale, KA. Shale,N.A. 61233 Mool M.A.
$70 PSIG  S50.5 LBS/HR . Glass Wool, N.A.
1 18.00 LA. £4.5-44.2,18.95 58.6-45.6,6.81 N.A.
3.930 MPa 22.9 Kg/MR RA.
L Yorfous Sizas_ soo-.m- 761°-665° 634°-554° 478°-395°
- Equity BX-13 Shale,45.43 sm..n 4% Glass Wool,
270 PSI6  50.1 LBS/MR n.A. ‘Glass Wool,
n 24.00 ) . 49.9-40. 2.19 s3 ss 2-48 1,12.8%
1.862 WPa  22.7 Kg/MR A, NA
Yarious Sizes 950'-N A. LGI'—GGS' 635°-410° N.A.-N.A.
Equity BX-13 m‘u.ﬂ.l. Shale N.A,  Empty
¢ ty
2 21.00  WOPSIG SLELES/MR, . £6.3- 47,2, 16.31 .60.2:51.3,15.1%
1.862 WPa. 23.4 X5/MR 946°-817° 795°-714°
Yarfous Sizes £43°-537° 537°-536°
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from the retort experiments and raw shales from the same zone. These

tests are currently being completed.

Autoclave 0il Cracking Experiments

Molecular Weight Measurements

The work on the autoclave measureménts of éteam cracking of oil
has continued in the area of attempting to obtain accurate analytical
- measurements of the products of the experiments. The attempts to
measure average molecular weights have proved frustrating. Duplicate
runs have not given identical readings and results from samples sent
to outside laboratories have not been internally consistent nor con-
sistent with measurements made here.

.Samp]es were. sent to Huffman Laboratories, Inc. of Denver where
average molecular weights were measured by vapor phase osmometry in
pyridine. Reported molecular weights were 75% higher than measure-
ments in camphor. Attempts to measure the molecular weight by using
GC-MS techniques were also frustrated because of the inability of the
laboratory which made the measurements to reduce the data for a mix-

ture containing such a large number of species.

C, H, and N Analyses

The elemental analyses to determine the weight fractions of carbon,
hydrogen, and nitrogen have been much mofe successful and hold the
'promise of being more useful in evaluating the kinetics of the cracking
reactions. Measurements of the content of carbon, hydrogen, and
nitrogen have been made on the Perkin-Elmer 240B elemental Ana]yzer on
samples taken at various fimes during the cracking runs. The data is

still being -obtained, but preliminary results are shown in Table 3.

176



TABLE 3

Carbon, Hydrogen and Nitrogen Analyses

c H N (0&s)  c/H
0i1 from Retort 6 83.4  12.0 1.6 3.0  6.95
(Starting Material)
After Cracking at 700°F in Steam
8 Hours 84.9 12.6 1.2 1.2 6.72
10 Hours 84.3 12.6 1.1 1.7 6.66

Additional measurements are being made to ascertain the composition
of the oil at times less than eight hours. However, these preliminary
results do show that hydroéenation‘occu}s during the cracking and that
the nitrogen and sulfur content of the oil is decreased significantly
during the cracking reactions.

A simple kinetic model based on the rate of formation of the hydro-
carbon gases has been used to predict. qualitatively the rate of gas
formation and the observed pressure recovery that occurs after samples
were taken from the reactor for anlaysis. The model is consistent with
the observed hydrogenation of the oil by steam and the reduction in the

C/H ratio.
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Thé BX IN SITU OIL SHALE PROJECT SITE is located

PHASE I - FIELD DATA COLLECTION (FIGURE 1)

SITE DESCRIPTION:

in the center of the Piceance Creek Basin in
Northwestern Colorado.

.

b.

EQUIPMENT DESCRIPTION:

Consolidated Controls Micro-Proccssor Based
Data~-Logger

Sykes Comm-Stor - 7" Floppy Diskette Data
Storage Unit, Capacity: 240,000 Characters

Beehive, CRT ~ Console, Data Display,
Controller

DATA COLLECTION:

Data is collected from 199 separate channels
(sce Attachment 1 for description). Data is
generated via the following data-—-averaging
system:

Each data channel has an associated
accumulator with the capability of summing
a maximum of 256 readings. A counter is
incremented by one each time data is added
to the accumulator. The time interval
between each successive addition to the
accumulator is determined by the number

of data channels being scanned. For 199
channels the time is approximately one
minute. At the end of each clock period
(four hours) the arithmetic average is
calculated by dividing the accumulator by
the incremental counter, and the average
is logged to the diskette device. The
accumulator and the counter are both reset
to zero. The five environmental channels
have a special clock period of one hour.

DATA MONITORING:

‘Each channel scanned by the data logger can be
monitored via two limits, both set high, both

181
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set low, or one high and the other low.
Channels are scaled and settings made in

is exceeded, the channel number, time and
reading are logged to the diskelte.

182

engineering units. If either of these settings
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PHASE I - DATA COLLECTION

BEEHIVE
CRT-CONSOLE/DISPLAY

SYKES

COMM~-STOR
Diskette -

Data Storage Unit
(240,000 Character

Diskettes are
changed daily

Capacity)

Hi

....and transmitted
via U. S. Mail
to Equity's office
in Salt Lake City....

199
DATA

COLLECTION
CONSOLIDATED / CHANNELS . . , .
CONTROLS /

b
N s Brooeaon :::::::::::f Channels are polled approximately

Based ——— every minute, averaged and recorded
Data-Logger e on disxette every four hours (meteoro-

logical data every hour).

FIGURE 1
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PHASE II - DATA TRANSMITTAL AND PRELIMINARY ANALYSIS (FIG. 2)

EQUIPMENT DESCRIPTION:
a. Texas Instruments OMNI 820 KSR Terminal
b. Sykes Comm-Stor - Diskette Data Storage Unit

c. Bell 212A - 300/1200 BAUD Telecommunications
Modem

DATA TRANSMITTAL:

When the data is received from the project site,

it is transmitted via tclephone utilizing the
terminal described above to United Computing
Systems, Inc. Data Center in Kansas City, Missouri,
where it is catalogued on a permanent file storage
device for analysis.

PRELIMINARY ANALYSIS:

Once the data has been catalogued it is then
analyzed by a set of programs that check for:

a. Sequencing Errors - A lapse of more than
1.5 hours between data recording times.
(This is a check of the equipment
operation in the ficld.)

b. Data Transmission Errors - This is a
check of each individual record against
a predetermined format to insure that
the data is free of any data transmission
errors, or other errors that could arise
from voltage irregularities or similar
circumstances.

In addition, a preliminary statistics report is
produced which contains the recording count, the
minimum, maximum, arithmetic average and standard
deviation for each channel as well as limit checks
on the various flow channels (i.e. check fuel flow
channels to verify they are greater than a pre-
determined lower limit).

An example preliminary statistics report is
included as Attachment 2.
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Once the data has been verified, it is then
ready to be merged into the data base for use
in the operations report.

WBEC 601
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PHASE 1I - DATA TRANSMITTAL AND PRELIMINARY ANALYSIS

Salt Lake City On-Site Telecommunications Capability

U.C.S. DATA CENTER

OMNI 820
TERMINAL BELL 212R 1200 BAUD
300/1200 BAUD ToBPHONE
SWITCH SELECTAELE LINES c.D.C.
MDDEM (\\\\ CYBER/175
ON~LINE
PERMANENT-FILE
SYKES STORAGE DEVICE
COMM-STOR
Diskette

Data Storage Unit

They are transmitted via
the terninal arrcangement
;;;'rzzgiei:kzttes pictured above to a
Equity's office in rotating storage device
Salt Lake Cit in the ©0.C.S5. Kansas

" Yoooo City Data Center....

....A preliminary analysis
is performed on the data....

CYBER/175

FIGURE 2

....And the report is
transmitted back to Equity
in Salt Lake City.
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PHASE III - DATA CONSOLIDATION AND OPERATIONS REPORTING
(FIGURE 33) '

DATA CONSOLIDATION:

Once the data has been verified, it is ready to be
merged into the data base for use in the operations
report. - Subsequently two other actions are
initiated. ‘

a. The meteorolcgical data is extracted
and placed in a separate data file for
transmission, via magnetic tape, to
V.T.N. who is performing the environ-
mental impact study.

b. The original data is archived on magnetic
tape for historic purposes and further
analysis.

OPERATIONS REPORTING:

The operations report is structured to give the
project manager a review of the operation of the
project throughout any time span that is deemed
necessary. For system efficiency, the same report
format is used for the monthly, quarterly, and
yearly reports. The report shows the operation

of the project throughout the time span, cumulative,
and project-to-date figures for injection, produc- -
tion, fuel flow, steam generation, and related
processes.

An example operations report is included as
Attachment 3.
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PHASE III - DATA CONSOLIDATION AND OPERATIONS REPORTING

ON-LINE
PERMANENT-FILE
STORAGE DEVICE

OMNI 820

- - .
TERMINAL . N CYBER/175
| / MAGNETIC ,
— TAPE
(Original Data =~
h_~‘\\\\__,J to be Archived)
Monthly,
Quarterly, ¥:§gETIC
and Yearly '(M . logical
Reports Transnitted eteorologica
Back to Equity in Data - Transmitted
Salt Lake City to V.T.N.)
FIGURE 3A

PHASE 1V - DATA TAPE ARCHIVAL

Data Tapes are Archived at
United Computing Service
and Retrieved as Necesszary
for Monthly, Quarterly,
and Yearly Reports.

FIGURE 3B
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PHASE IV - DATA ARCHIVING (FIGURE 3B)

PURPOSE:

All original data is archived on magnetic tape

at the time when it is merged into the data base.
In addition all data in the data base is archived
at the end of each month. This archiving serves

three purposes:

a. To keep processing and storage costs to
a minimum,

b. As a historic record of the operation
of the project should any questions
arise at a later date.

c. For future analysis such as statistical
evaluation, plotting of temperature
profiles in the formation, plotting of
production data, or other time-dependent
analyses.
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CHANNEL

NUMBER

ATTACHMENT 1

DESCRIPTION

Gas From Test Separator
Free Water From Test Separator.
0il Emulsion From Test Separator

% Water in Emulsion-Test Separator..

Gas From Freewater K.O.
Free Water From Freewater K.O. .
Oil Emulsion From Freewater K.O.

% Water in Emulsion-Freewater K.O.

Injection Well #1 Flow Rate
Injection Well #2 Flow Rate
Injection Well #3 Flow Rate
Injection Well #4 Flow. Rate
Injection Well #5 Flow Rate
Injection Well #6 Flow Rate
Injection Well #7 Flow Rate
Injection Well #8 Flow Rate

Total Steam to Super Heater
Downhole Pressure, Test Well No. 1
Super Heater Disch. Temperature
Super Heater Disch. Pressure
Injection Well #1 Pressure
Injection Well #2 Pressure
Injection Well #3 Pressure
Injection Well #4 Pressure
Injection Well #5 Pressure
Injection Well #6 Pressure
Injection Well #7 Pressure.
Injection Well #8 Pressure
Downhole Pressure, Test Well No. 2
Downhole Pressure, Test Well No. 3
Exist. Stm. Gen.-Feedwater Rate
New Stm. Gen.-Feedwater Rate
Hardness Monitor-Stm. Plant No. 1
Hardness Monitor-Stm. Plant No. 2
Total Gas Lift Flow Rate

Exist. Steam Gen. - Fuel Flow
New Steam Gen. - Fuel Flow

Super Heater - Fuel Flow

Total Facility = Fuel Flow
Turbidity From Water Filter

Stack S02 Content

Water From Vertical Treater

Water From Steam Separators

Water From Backwash Filters

Wind Speed

Wind Direction
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ENGR.

UNITS

MFD
BPD
BPD

MFD
BPD
BPD
% .
Lb/h
Lb/h
Lb/h
Lb/h
Lb/h
Lb/h
Lb/h
[lb/h
Lb/h
PSI
oF
PSI
PSI
PSI
PSI
PSI
PSI
PSI
PSI
PSI
PSI
PSI
GPM
GPM

MFD
MFD -
MFD
MFD
MFD

BPD
BPD
BPD
MPh



CHANNEL

NUMBER : DESCRIPTION

66 Wind Deviation
67 Ambient Temperature
68 Structure Differential Temperature
72 Production Well #0 Liquid Flow
73 Production Well #1 Liquid Flow
74 Production Well #2 Liquid Flow
75 Production Well #3 Liquid Flow
76 Production Well #4 Liquid Flow
257 Exist. Steam Gen. Stack Temperature
258 New Steam Gen. Stack Temperature
259 Super Heater Stack Temperature
260 Test Well No. 1 - 450'

261 - 500°'

262 - 600"

263 - 700°

264 - 760°

265 - 780"

266 - 800"

267 - 820'

268 - 840°'

269 - 860

270 - 880"

271 - 900’

273 - 920'

274 - 940°'

275 - 960"

276 - 980"

277 - 1000'

278 - 1020'

279 - 1040°'

280 - 1060°

281 - 1080°

282 - 1100°

283 - 1120°"

284 - 1140°

285 - 1160°

286 - 1180°

287 - 1200°

289 - 1220°

290 - 1240

291 - 1260°

292 - 1280°'

293 - 1300°

294 - 1320°'

295 d - 1340°

296 - 1360°

297 Test Well No. 2 - 450'

298 - 500' .

299 [, - 600"

300 - 700
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CHANNEL ‘ ENGR.

NUMBER DESCRIPTION UNITS
301 Test Well No. 2 - 760 : oF
302 - 780"

303 - 800
305 - 820"
306 - 840"
307 - 860"
308 - 880’
309 - 900"
310 - 920’
311 - 940°'
312 - 960"
313 - 980"
314 - 1000’
315 - 1020°'
316 - 1040
317 - 1060°'
318 - 1080
319 - 1100'
321 - 1120"
322 - 1140
323 - 1160°
324 - 1180°'
325 - 1200
326 - 1220’
377 - 1240"
328 - 1260
329 - 1280°'
330 - 1300
331 - 1320"
332 -~ 1340
333 v - 1360 : Y
334 Test Well No. 3 - 450' oF
335 - 500" ‘ '
337 - 600"
338 - 700"
339 - 760"
340 - 780"
341 - 800°
342 - 820"
343 - 840"
344 - 860"
345 - 880"
346 - 900’
347 - 920"
348 - 940"
349 - 960"
350 - 980"

. 351 - 1000°'
353 - 1020°
354 - 1040°
355 - v - 1060" v
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CHANNEL

NUMBER

356
357
358
359
360
361
362
363
364
365
366
367
369
370
371
372
373
374
375
376
377
378
379
380
381
382
)

" DESCRIPTION
Test Well No. 3 1080'
1100'
1120'
1140°
1160
1180'
1200'°
1220
1240°
1260"
1280°
1300°
_ 1320°
- - 1340"
Injection Well #l-Temp.
Injection Well #2-Temp.
Injection Well #3-Temp.
Injection Well #4-Temp.
Injection Well #5-Temp.
Injection Well #6-Temp.
Injection Well #7-Temp.
Injection Well #8-Temp.
Production Well #0-Temp.
Production Well #1l1-Temp.
Production Well #2-Temp.
Production Well #3-Temp.
Production Well #4-Temp.
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at Wellhead
at Wellhead
at Wellhead
at Wellhead
at Wellhead
at Wellhead
at Wellhead
at Wellhead
at Wellhead
at Wellhead
at Wellhead
at Wellhead
at Wellhead

ENGR.

- _UNITS

°F

°F



PRELIMINARY STATISTICS FOR BX IN SITU OIL SHALE PROJECT

DATA COLLECTION FOR
DATA COLLECTION FOR
DATA COLLECTION FOR
DATA COLLECTION FOR
DATA COLLECTION FOR

MARCH &y
MARCH 6,
MARCH &4
MARCH 6,
FARCH &y

1980 AT 13:43:52
1980 AT 13:45:24
1980 AT 16:00:00
1980 AT 20:00:00
1980 AT 23:157:5%
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PRELININARY STATISTICS FOR BX IN SITU OIL SHALE PROJECT

CHNL S17 NEG-CNT S

CHNL 518 MIN 400000,70 MAX +00000.90 CNT 5 AVG +00000.86 DEV

S20 NEGCNT  §
32

CHNL 528 NIN +01224,00 MAX +01398.00 CNT
CRL 529 KIN +01214.00 MAX +01994.00 CNT
CHL 330 MIN +00792.00 MAX +00905.00 CNT
CHNL 331 MIN +01402.00 MAX +01413.00 CNT
G 332 MIN +02389.00 MAX +02392.00 CNT
ODL 533 NIN +00020,00 MAX +01770.00 CNT
CHNL 534 MIN 401179.00 MAX +02802.00 CNT
CHXL 333 MIN +02137.00 MAX +02988,00 CNT

CHAL 536—HNO DATA—
CHNL 537—N0 DATA—
CHAL. 538—NO DATA—
CHL 539—NO DATA—
CHNL 540 NEG-CNT 3

CHNL S41 MIN +00010.00 MAX +00010.40 CNT
CHNL 542 MIN +00377.00 MAX +00377.00 CNT
CHYL 543 MIN +00029.00 MAX +00030.00 CNT
CHNL 544 MIN +01397.00 MAX +01427.00 CNT
CHNL 545 MIN +01375.00 MAX +01414.00 ONT
CHNL 546 MIN +01389.00 MAX- +01420.00 ONT
CHNL 547 MIN +01429,00 MAX +01432.00 CNT
CHNL 548 MIN +01055.00 MAX +01358,00 CNT
" CHML 549 NIN +01081.00 MAX +01389.00 CNT
OfL 550 MIN +01392,00 MAX +01421.00 CNT
CHVL 551 MIN +01385.00 MAX +01412.00 CNT

CHNL 552 NEGCNT - 3

CHL 553 MIN +00004,00 MAX +00007.00 CNT

CHNL S54—NO DATA—
0L S55—N0 DATA—

CHNL 556 MIN +00008.45 MAX +00011.27 CNT
CHNL 557 MIN +00044.80 MAX +00045.95 CNT
CHY, 538 MIN ~00024.90 MAX -00024.90 CNT
CHL 559 MIN -00024.90 MAX -00024.90 ONT
CHL 560 MIN +00307.50 MAX +00323.80 CNT
CHRL 561 NIN +00000.50 MAX +00000.50 CNT
CHNL 562 MIN +00344,40 MAX +00350.50 CNT
CHL 563 NIN +00002,50 MAX +00002.50 CNT
CHNL 544 MIN +00477.00 MAX +00488.00 CNT

CHVL 565—N0 DATA-—
CHAL S46—NO0 DATA—
CHNL 567—H0- DATA—
CHL 568—N0 DATA—

CHVL 569 MIN +00001.30 MAX +00003.10 CNT

CHL 570 NEG-CNT 3
CHNL 571 NEG-CNT 3

. CHNL 572 HIN +00020.10 MAX +00148.50 CNT
CHNL 573 MIN +00000.30 MAX +00041.10 CNT

CHAL 574-=-N0 DATA—
CHV. 575—N0 DATA—
CHML S74—NO DATA—
CHNL S77——N0 DATA—
CHM. 578—ND DATA—

S AVG +00299.74 DEV
S AV0 +01323.80 DEV

4 AVO +01415.00 DEV
4 AVO +01577.00 DEV
2 AVG +00848.50 DEV
2 AVG +01407.50 DEV
2 AVG 40239050 DEV
3 AVD +01156,00 DEV
3 AVG +02228.00 DEV
3 AVG +02537.00 DEV

3 AVG +00010.40 DEV
3 AVG +00377.00 DEV
3 AVG +00029.67 DEV
3 AVG +01407.67 TRV
3 AVG +01391.33 DEV
3 AVG +01400.00 DeV
3 AVG +01430.33 DRV
3 AV6 +01252.00 DEV
3 AVG +01284.67 DEV
3 AVG +01402.67 eV
3 AVG +01395.67 DEV

3 AVG +00005.67 DEV

3 AVG +00010,33 DEV
3 AVG +00045.28 DEV
3 AVG -00024,90 DEV
3 AVG ~00024,90 DEV
3 AVG +00317,97 DEV
3 VG 40000060 DEV
3 AVG +00349,80 DEV
3 VG 400002.50 DEV
3 AVG 400482,33 [EV

3 AVG +00002.10 DEV

AVG +00100.43 DEV
AVG +00016.07 DEV

W w
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0.09 NEO~CNT

3.59 NEG-CNT
91,93 NEG-ONT

152,89 NEG-CNT
331,24 NEG-CNT
79.90 NEG-CNT
7,78 NEG-CNT
2.12 NEG-ONT
984,88 NEG-CNT
906,70 NEG-CNT
421,79 NEG-CNT

0.35 NEG-CNT
0.00 NEG-CNT
0.58 NEG-CNT
16.77 NEG-CNT
20,03 NEG-CNT
17.35 NEG-ONT
1.53 NEG-CNT

170.77 NEG-CNT .

175.40 NEG-ONT
15.95 NEG-CNT
14,22 NEG-CNT

1,53 NEG~CNT

1.46 NEBG-CNT
0.60 NEG-CNT
0.00 NEG-CNT
0.00 NEG-CNT
9.08 NEG-CNT
0.00 NEG-CNT
9.27 NEG-CNT
0.00 NEG-CNT
5.51 NEG-CNT

0.92 NEG-CNT

70.03 NEG-CNT
21.92 NEG-CNT

oo
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PREL IMINARY STATIS(ICS FOR BX IN SITU OIL SHALE PROJECT

CHL 579—N0 DATA—
CHNL 580—N0 DATA—
CHNL 581—NO MATA—
CHNL 582—NO DATA——
CHNL 583—N0 DATA—

CHNL 584 MIN +00026.20 MAX +00027.30 CNT
CHNL 585 NMIN +00038.,30 HAX +00045.90 CNT
CHNL 586 NMIN +00000.80 MAX +00000,80 CNT
CHNL 587 MIN +00032.00 MAX +00032.30 CNT
CHL 588 MIN +00019.20 KAX +00020.30 CNT
—— NO DATA CCLLECTED FOR CHANNELS

CHNL 769 HIN +00029.70 MAX +00054.10
G 770 MIN +00515.30 MAX +00521.70
CHNL 77¢ MIN +00031.50 NMAX +00034.
G 772 MIN +00058.20 MAX +00038.
CHL 773 MIN +00038.60 MAX +00058.60
CHNL 774 HIN +00061.90 MAX +00061.90
CHL 775 RIN +00067.50 MAX +00067.60 CNT
CHNL 776 HIN +00066.90 MAX +00065.90 CNT
CHL 777 MIN +00065.50 MAX +00066.%0 CNT
CHRL 778 RIN +00077.80 MAX +00077.30 CNT
G 779 NIN +00137.40 MAX +00138,20 CNT
CHNL 780 MIN +00198.80 MAX +00201.40 CNT
CHNL 781 MIN +00378.50 MAX +00224.80 CNT
CHNL 782 MIN +00491.10 MAX +00492,60 CNT
CHNL 783 MIN +00139.10 HAX +00142.10 CNT
CHML 784 HIN +00029,80 MAX +00030,10 CNT
. 785 MIN +00077.60 MAX +00079.80 CNT
CHL 726 MIN +00094.50 MAX +00097.00 CNT
CH. 767 MIN +00101,90 HAX +00104.30 CNT
CHN. 788 HIN +00097.10 MAX +00100.20 CNT
CHNL 789 NIN +00099.90 HAX +00103.350 CNT
CHYL 790 RIN +00147.%0 MAX +00138.30 CNT
CHML 791 MIN +00143.40 KAX +#00173.70 CNT
CHRL 792 KIN +00092.20 MAX +00094.50 CNT
CHNL 793 NMIN +00077.60 MAX +00082.60 CNT
CHNL 794 HIN +00116.40 HAX +00134.50 CNT
CHL 795 MIN +00079.80 MAX +00091.00 CNT
CHE. 796 NIN +00145.90 HAX +00157.10 CNT
CHL 797 MIN +00088.20 HAX +00103,80 CNT
CHaf. 798 MIN +0C078.90 HAX +00092.70 CNT
CHNL 799 MIN +00128.70 MAX +00146.60 CNT
CHNL 800 MIN +00026.90 MAX +00027.20 CNT
CHNL 801 MIN +00050.90 MAX +00065.30 CNT
CHNL 802 HIN +00114.00 MAX +00123.70 CNT
CHNL 803 MIN +00089.50 MAX +00093.70 CNT
CHL. 804 MIN +00314.10 MAX +00316.60 CNT
CHe 805 HIN +00137.80 MAX +00142.50 CNT
CHL 806 MIN +00113.50 MAX +00126.90 CNT
CHWL 807 MIN +00114.80 HAX +00125.10 ONT
CHNL 808 MIN +00112.50 MAX +00126.20 CNT
CHNL 809 MIN +00203.30 MAX +00213.40 CNT
CHL 810 MIN +00152.70 MAX +00135.30 CNT
CHNL 811 MIN +00132.00 HAX +00140.90 CNT
CHAL 812 MIN +00143.30 MAX +00132.00 CNT
CHNL 813 MIN +00217.80 MAX +00236.40 CNT
CHIL 814 MIN +00085.80 MAX +00087.70 CNT
CHAL 815 HIN +00248.40 MAX +00272.00 CNT
CHNL 816 MIN +00027.70 MAX +00028,00 CNT
CHNL 817 MIN +00107.80 MAX +00107.80 CNT
CHNL 818 MIN +00099.90 MAX +00100.00 CNT

=

3 AVG +00026.77 TEV

3 AVG +00077.87
3 AVG +00137.80
3 AVG +00200,20
3 AVG +00380.70
3 AVG +00492.03
3 AVG +00140.57 eV
3 AVG +00029.97 -DEV

2
5
CEEEREEEEEEELE

3 AVG +00102.73 DEV
3 AVG #00098,93 DeV
3 AVG +00102.00 TEV
3 AVG +00134,03 DEV
3 AVG +00166.90 DEV
3 AVG +00093.43 DEV
3 AVG +00080.23 DEV
3 AVG +00123.93 DEV
3 AVG +00083,97 [EV
3 AVG +00153,23 DeV
3 AVG +00096.27 DV
3 AVG +00085.87 IEV
3 AVG +00138.17 D&V
3 AVG +00027.10 DEV
3 AVG +00062.93 DV
3 AVG +00118.560 DEV
3 AVG +00092,10 DEV
3 AVG +00315,03 DEV
3 AVG +00140.30 DEV
3 AVG +00120.47 D&V
3 AVG +00119.57 DEV
3 AVG +00118.50 TEV
3 AVG +00206.80 DEV
3 AVG +001353.73 D&Y
3 AVG +00135.10 DEV
3 AVG +00146.33 D&V
3 AVG +00225.87 eV

0.55 NEG-CNT
3.81 NEG-CNT
0.00 NEG-CNT
0.17 NEG-CNT
0.61 NEG-CNT

12,71 NEG-CNT
3,20 NEG-CNT
1.80 NEG~CNT
0.00 NEG-CNT
0.00 NEG-CNT
0,00 NEG-CNT
0.06 NEG~CNT
0,00 NEG-CNT
0.00 NEG-CNT
0.06 NEG-CNT
0,40 NEG-CNT
1.31 NEG-CNT
3.55 NEG-CNT
0.81 NEG-CNT
1,50 NEG-CNT
0.15 NEG-CNT
1,10 NEG-CNT
1,32 NEG-CNT
1.36 NEG-CNT
1,63 NEG-CNT
1,87 NEG-CNT
5,45 NEG-CNT
5,89 NEG-CNT
1,16 NEG-CNT
2,51 NEG-CNT
9,42 NEG-CNT
5.13 NEG-CNT
6.35 NEG-CNT
7.81 NEG-CNT
7.14 NEG-CNT
8.99 NEG-CNT
0.17 NEG-CNT
2.22 NEG-CNT
4,87 NEG-CNT
2.27 NEG-CNT
1,37 NEG-CNT
2,36 NEG-CNT
6.72 NEG-CNT
5.17 NEG-CNT
7,01 NEG-CNT
5. 72 NEG-CNT
1,38 NEG-CNT
5.03 NEG-CNT
8,91 NEG-CNT
9,54 NEG-CNT
1.10 NEG-CNT

12.10 NEG-CNT
0.17 NEG-CNT
0.00 NEG-CNT
0.06 NEG-CNT
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PRELIMINGRY STATISTICS FOR BX IN SITU OIL SHALE PROJECT

G 819 HRIN +00100.10 HAX +00100.20 CNT
CHNL 820 NIN +00105.10 HAX +00105.20 CNT
G2l 821 HIN +00099.30 MAX +00099.30 CNT
CHL 822 RIN +00105.50 MAX +00105.50 CNT
CHA. 823 HIN +00109.70 HAX +00109.80 CNT
O3 924 HIN +00123.50 HAX +00123.80 CNT
(18, 825 HIN +00171,10 FAX +00171.30 ONT
G 826 HIN +00225.30 HAX +00225.60 CNT
G 827 HIN +00200.70 FAX +00201.20
Cipe. 628 RIN +00123.00 HAX <«00123.1
CI98. 829 HIN +00093.50 RAX +00093.
CHQL 830 HIN +000356.60 RAX +00056.
CL 831 RIN +00057,50 HAX +00057
CHQ 832 HIN +00026.80 RAX 00027
Cio. 833 HIN +00059.50 HAX +00039.
CISeL 838 HIN +00062.30 HAX +00062,
CHEL 835 RIN +00064,50 HAX +00044,
CHie. 836 RIN +00047.50 RAX +00067,
(128 837 HIN +00075.10 HAX +00075.
CHNL 838 HIN +00122,10 HAX +00122.
CHAL 839 HIN +00161.10 RAX +00161.
(B3 840 HIN +00301.50 HAX +00302.
Ci3Q 841 RIN +00358.90 HAX +00349.
CHL 842 HIN +00093.80 RAX +00097.80 QN
Cioe. 843 HIN +00083.20 HAX +00084.30 T
CIOL 644 RIN +00070.20 NAX +00073.50 OF
CHIL 845 HIN +00095.30 HAX +00107.50 CNT
G158 844 NIN +00089.50 MAX +00096.20 CNT
CHNL 847 HIN +00088.30 HAX +00093.30 CNT
CHL 848 HIN +00026.50 RAX +00026.80 CNT
G 849 HIN +00115.90 MAX +00115.40 CMT
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B25uBbusssEay
SE855858858588%

CI8L 830 HIN +C0168.450 HAX +00148.60 INT-

CHL. 851 RIN +00186.10 HAX +00147,20 O
CHL. 852 HIN +00128.80 HAX 40012910 CNT
CHML. 853 HIN +00084.40 HAX +00084,40 CT
CHA. 858 MIN +00086,50 MAX +00085.50 CNT
CIL. 855 HIN +00084.30 HAX +00085.40 CNT
CHY. 856 HIN +00083.80 FAX +00084.00 CT
188, 857 HIN +00084.30 FAY +00083,40 CNT

(58, 658 HIN +00086,40 HAX +00025.50 NT.

CHE. 859 HIN +00097.60 HAX +00087.80 CNT
CHRE. 860 HIN +00095.10 HAX +00095.20 CNT
CH4. 851 HIN +00097.30 HAX +00097.50 CHT
9 852 HIN +00102.30 TAX 0010230 CNT
CHL 863 KIN +00107.90 HAX +00108,00 CNT
IR 864 HIN +00027.10 WAX +00027.50 CHT
8L 865 HIN +00028.90 FAY +00057.30 CNT
OBEL 856 NIN +00100.10 HAX +00129,90 CNT
OBG. 857 HIN +00172.80 HAX +00195.30 CNT
CHL 848 HIN +00125.30 HAX +00136,80 CHT
G 859 MIN +00179.10 FAX +00190.40 CNT
O 870 HIN +00205.00 HAX +00208.40 CNT
CHL 871 HIN +00059.30 HAX +00102.80 CNT
CHE 872 NIN +#00190.20 KAX +00204.10 CNT
O 873 KIN +00061,00 KAX +00061,10 CNT
C13. 874 HIN +00065.50 MAX +00065.40 CNT
O 875 HIN +00066.20 HAY +00054.20 CNT
CHAL 876 MIN +00068.00 MAX 400068.00 CNT
CIRE. 877 MIN +00070.30 HAX +00070,40 CHT
CHA. 878 HIN +00072.90 HAX +00073.00 CNT
CHA. 879 HIN +00084.00 MAX +00084.10 CNT
CHI. 880 HIN +00025.90 MAX +00026,40 CNT

3 AVG +00100,13 [V
3 AVG +00105.17 D&V
3 AVG +00099.30 TEV
3 AVG +00105.50 DEV
3 AVG +00109.77 DEV
3 AVG +00123.63 TZY

:
e

g
B

o

BaYYINTLSBER
CEEEEEBEEELE

o

sipdians

2
g
:

+00122.20 IV

ggzgﬁggggggggggg
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+003569.17 TEV
3 AVG +00096.77 DEV
3 AVG +00083.40 DEV
3 AVG +00072.03 DRV
3 AVG +00101.87 D&V
3 AVG +00092.40 D2V
3 AVG +00090.07 DEV

AVG +00084.40 DEV

3 AVG +00131.53 DEV
3 AVG +00184.97 D&V

3 ANG +00070.33 DEV
3 AVG +00072.93 DBV
3 AVG +00084,07 DEV
3 AVG +00026.20 PEV
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0.06 NEG~CNT
0,06 NEG-CNT
0.00 NEG-CNT
0.00 NEG-CNT
0.06 NEG-CNT
0.15 NEG-CAT
0.10 MEG-CNT
0.17 MEG-CNT
0.2 NEG-CNT
0.06 NEG-CNT
0.00 NEG-CNT
0,00 NEG~CNT
0.06 NEG-CNT
0.17 MEG-CNT
0,06 NEG-CNT
0,06 NEG-CNT
0,00 NEG-CNT
0.00 NEG-CNT
0,06 NEG-CNT
0.10 NEG-CNT
0,00 NEG-CNT
0.71 NEG-CNT
0.31 NEG-CNT
1.00 HEG-CNT
0.61 HEG-CNT
1,68 NEG-CNT
6,19 NEG-CNT
3.38 NEG-CNT
2,97 MEG-CNT
0.17 NEG-CNT
0.25 NEG-CHT
0.12 NEG-CNT

- 0,55 MEG-ONT

0.15 NEG-CNT
0.00 MEG-CNT
0,06 NEG-CNT
0,06 NEG-CNT
0,10 NEG-CNT
0.06 NEG-CHT
0.06 NEG-CNT
0.00 NEG-CNT
0.06 MEG-CNT
0,05 PMEG-CNT
0.00 NEG-CHT
0,06 MEG-CNT
0.23 ¥EG-CNT

14,37 NEG-CHT
15.37 NEG-CNT

11.62 NEG-CNT
.81 NEG-CNT
5,46 MEG-CNT
1.93 MEG-ONT

25.00 NEG-CNT
7.04 NEG-CNT
0.05 MEG-CNT
0,00 NEG-CNT
0.00 NEG-ONT
0.00 NEG-CHT
0.04 NEG-CNT
0.08 MNEG-CNT
0.06 NEG~CNT
0,26 NEG-CNT
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PRELIMINARY STATISTICS FOR BX IN SITU OIL SHALE PROJECT

CHL 881 MIN +00189.30 MAX +00204.80 CNT 3 AVG +00197.17 DEV 7.75 NEG-CNT
CHNL 882 MIN +00241.30 MAX +00248.20 CNT 3 AVG +00245.67 DEV 3.72 NEG-CNT
CHNL 83 MIN +00450,00 MAX +00464.80 CNT 3 AVG +00458.83 DEV 7.81 NEG-CNT
CHNL 834 MIN +00499.50 MAX +00504.30 CNT 3 AVG +00501.47 DEV 2,51 NEG-CNT
CHNL 885 MIN +00484.90 MAX +00490.40 CNT 3 AVG +00487.87 &V 2.78 NEG-CNT
CHNL 884 MIN +00486.40 MAX +00505.70 CNT 3 AVG +00494.57 DEV 9.83 NEG-CNT
CHNL 887 MIN +00405,10 MAX +00502.70 CNT 3 AVG +00461.67 DEV  50.62 NEG-CNT
CHNL 838 MIN +00386.50 MAX +00409.90 CNT 3 AVG +00398.63 DEV 11,72 NEG-ONT
CHNL 889 MIN +00569,30 MAX +00573.40 CNT 3 AVG +00570.73 D&V 2,31 NEG-CNT
CHNL 890 MIN +00568.10 MAX +00570.30 CNT 3 AVG +00569.00 DEV 1,15 NEG-CNT
CHML 891 MIN +00062.90 MAX +00063.20 CNT 3 AVG +00064.07 DEV 1.15 NEG-ONT
CHNL 892 MIN +00045.20 MAX +00036.60 CNT 3 AVG +000S50.20 DEV  * 5.83 NEG-CNT
CHNL 893 MIN +00033.00 MAX +00040.20 CNT 3 AVG +00038.13 DEV 2.75 NEG-CNT
CHNL 894 MIN +00099.20 MAX +00099.50 CNT 3 AVG +00099.33 DEV 0.15 NEG-CNT
CHNL 895 MIN +00025.50 MAX +00030.80 CNT 3 AVG +00028.87 D&V 2,93 NEG-CNT

#+550 RECORDS INPUT
167 RECORDS OUTPUT

sEXECUTE GUTPUT ON LOCAL FILE ‘B2’
#ROY#
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ATTACHMENT 3
FAGE=- 1
DATE- 03/13/80
TIME- 11.14.05.

EQUITY OIL C0./U.S. DEPARTMENT OF ENERGY

BX IN SITU OIL SHALE PROJECT
OPERATIONS REPORT
PROJECT MGR.: PAUL M. DOUGAN -

REPORT PERIOD
FROM T0

DETAIL SUMMARY OF DAYS INCLUDED IN THIS REPCRT

DATA COLLECTED FCR FEBRUARY 1,
DATA COLLECTED FOR FEERUARY 2,
DATA COLLECTED FOR FEERUARY 3,
DATA COLLECTED FOR FEERUARY 4,
DATA COLLECTED FOR FEBRUARY 5,
DATA COLLECTED FOR FEERUARY 6,
DATA COLLECTED FOR FEBRUARY 7,
DATA COLLECTED FOR FERRUARY 8,
DATA COLLECTED FOR FEERUARY 9
DATA COLLECTED FOR FEERUARY 10,
DATA COLLECTED FOR FEBRUARY 11,
DATA COLLECTED FOR FEBRUARY 12,
DATA COLLECTED FOR FEERUARY 13,
DATA COLLECTED FOR FEBRUARY 14,
DATA COLLECTED FOR FEBRUARY 15,
DATA COLLECTED FOR FEERUARY 16,
DATA COLLECTED FOR FEBRUARY 17,
DATA COLLECTED FOR FEBRUARY 18,
DATA COLLECTED FOR FEBRUARY 19,
DATA COLI.ECTED FOR FERRUARY 20,
DATA COLLECTED FOR FEERUARY 21,
DATA COLLECTED FOR FEBRUARY 22,
DATA COLLECTED FOR FEBRUARY 23,
DATA COLLECTED FOR FEBRUARY 24,

DATA COLLECTED FOR FEBRURRY 25, |

DATA COLLECTED FOR FEBRUARY 26,
DATA COLLECTED FOR FEBRUARY 27,

#+ TABLE OF ENTHALPIES ##%
17573
1176. 64
1179.99
1175.47
1175.85
1175.67
1175.65
1178.75
1226.75

OO NO U WD

A AR R A

1980 ENDS AT 23:59:59
1980 ENDS AT 23:59:59
1980 ENDS AT 08:00:00
1980 ENDS AT 23:59:59
1980 ENDS AT 23:59:59
1980 ENDS AT 23:59:3%
1980 ENDS AT 23:59:59
1980 ENDS AT 23:59:59
1980 ENDS AT 23:59:59
1980 ENDS AT 23:59:59
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INECTION

BBLS/DAY CUN.BBLS BTU/DAY Cu.BTU CTD.BRLS CTD.B1U
well : 1082 10845 1018 10022 10048
1/BX-31 193,12 §2.5 227.1 3.0 §2.49 42.49
2/BX-16 227.51 81.4 267.7 1.2 61.43 61.43
3/BX-30 85.29 23.0 100.6 2.7 23.03 23.03
4/BX-17 179.96 48.6 211.5 5.7 48,59 48.59
S/BX-32 26.% 41.1 266.2 7.2 61.12 81,12
6/BX-24 230.44 2.2 270.9 7.3 62.22 2.2
T/R%-23 146.14 39.5 171.8 4.6 39.46 39.46
8/B%-33 349. 64 94.4 412.1 it.1 94,40 94.40
TOTAL 1638.47 §32.7 1928.0 50.9 432.7 50.9

INJECTICN DOWNTIME
WELL. NO. i 2 3 4 3 b 7 8
DAYS BELOW SET LINIT 7 2 2 2 2 2 2 2
SET LINIT IN BBLS/DAY 0,686 0.68% 0.686 0.486 0.686 0.686 0.£86 0.685
CUNULATIVE DOWNTIME TO-DATE 143 138 138 133 138 138 138 138
TOTAL INJECTION DAYS TO-DATE Y73 r4) yij 27 27 i} rij rif
PRODUCTICN
! HATER /] QIL /
BBL BEL BEL BEL

BEL/DAY QUR(10#2) CTD(10%#3) BEL/DAY . CUR(10=x2) CiD{10#22)
TeST SEP 145.4 43.3 4,33 0.0 0.0 0.00
Fk0 800.7 232.2 n.22 0.0 0.0 0.00
TOTAL 950.2 5.5 27,8 0.0 0.0 - 0.0

/ GRS /
KCF HCF

KCF /DAY CUR{(10222) CTD(109¢3)
TEST SEP 80.4 2.3 .3
FWK0 3183 90.3 9.03
TOTAL 9.7 113.56 11.4
INPUT 401.0 116.3 11.83
NET -9.3 -2.7 -0.3

REPORT PERIOD

FROM 02/01/80 TO 02/29/80

EQUITY OIL CO./U.S. DEPARTMENT OF ENERGY

BX IN SITU OIL SHALE PROJECT
CPERATIONS REPORT
PROJECT MGR.: PAUL M. DOUGAN

PAGE-

2

DATE- 03/13/80
TIE‘ 1. 14-05-

s4xd KEY FOR GAS PRODUCED z&#as
NET(+)=FORMATION GAS PRODUCED

NET(-)=GAS LIFT + GAS LOST
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EQUITY OIL CO./U.S. DEPARTMENT OF ENERGY PAGE- 3

DATE- 03/13/80
e BX IN SITU OIL SHALE PROJECT TIME- 11.14.05.
OPERATIONS REPORT
PROJECT HGR.: PAUL M. DOUGAN
REPORT PERIOD
FROM 02/01/80 TO 02/29/80
STEAM GENERATION
’ / FEED-HATER /1 —FUEL /
BBL BBL BTU/DAY CUM.BTU  CTD.BTU
BPD 10%#2 CUM 1042 CTD 1083  FCFPD CUM.MCF  CTDLNCF {10826) (10#48)  (10#28)
STEAM GEN.1 10.4 275.6 7.5 227.1 15904.5 11.63 27.1 59.0 59.05
STEAH GEN.2 11.7 303.3 30.33 254, 8618.6  5504.51 754.6 6.2 66.19
TOTAL 2.3 578.9 57.9 4817 12523.1  12523.1 431.7 125.2 1252
SUPERHEATER
§——————TOTAL-STEAM /1 FUEL - ' /
LBS/DAY  CUM.LBS CTD.LBS  MCFPD CUM.MCF CTD.MCF BTU/DAY  CuM.BTU  CTD.3TU
(10#23)  (10%24) (10644) (10%26) (10#88)  (10##3)
0.0 0.0 0.00 2.5 5.5 85,36 0.0 0.0 5.00

1—TOTAL FACILITY FUEL FLOW—/

MCF /DAY CUR.L MCF CTD. MCF
981.3 8.3 15113.98
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REFORT PERION

FROM 02/01/80 T0 02/29/80

INECTION
WELL NO,
1/B%-31
2/BX-15
3/B%-30
4/BX-17
S/BY-22
b/BX-24
/823
8/B%-33
MONITOR
WELL N0,
1/BX-29
UBX=3
3/B-35
SUPERHTR
DISCHS.

SUPERHTR DIS.
STH.GEN.1 STK.

STH.GEN.2 STK.

IN.NELL  1/BX-31
INLMELL  2/BX-16
INLWELL  3/BX-20
INLWELL  4/BX-17
INLWELL 5/B%-32
INLMELL  6/B%-24
VAL 7/BX-23
IMLWELL  8/BX-33
PROD.MELL 0/BX-19
PROD,WELL  1/BX-2b
PROD.MELL 2/BX-20
PROD.WELL 3/BX-14
PROD.MELL 4/BX-21

DAILY
. 'M.
1391.6
1373.4
1304.8
1395.7
1389.3
1392.8
1393.3
1330.5

EBUITY OIL CO./U.S. DEPARTMENT OF ENERGY

BX IN SITU OIL SHALE PROJECT

CPERATIONS REPORT

FROJECT MGR.: PAUL M. DOUGAN

OPERATING PRESSURES(PSIG)

PERICD
AVG,
1330.6
1332.4
1110.8
1298.1
1337.1
1346.4
1341.1
1191.3

3.9

OPERATING TEMPERATURES (DEG.F)

PERIOD
AVG.
319.1
382.1
9.6

63.3
432.5
433.8
343.8
§22.9
877.9
3716
563.3
SA.9

3.9

§7.2

28.8

96.4

46.2

NINIMU
1202.00
1265, 11

323.8
§5.43
1231.14
1274.22
1207.57
778.80

0.00
0.00
0.00

34.85

MINIMRS
378.69
160.70

79.10
49,42
420,54
0.00
31,64
63.74
464,18
387,61
549.49
456,54
19.49
44,25
16.37
92.80
40,06

202

FAXIMUM
13%4.22
1377.12
1335.25
1823.78
1394.32
1396.56
1399.71
1340.10

3.&
0.00
00

35,29

MAXIHUA
379.16
517.10
450. %0

84.87
435,89
475,00
u1.7
493,80
487.10
404.53
569.09
561,37

52.28

50.59

34.45

99.54

57.27

PAGE- 4
DATE- 03/13/80
TIME- 11.14.05.

AVERAGE
T0-DATE

6b6.2
555.3
8491
668.5
83,2
$70.5
595.7

3.5
3.5
3.5

1.3



EQUITY OIL CO./U.S. DEPARTMENT OF ENERGY FAGE- S
DATE- 02/13/80
BX IN SITU OIL SHALE PROJECT TIME- 11.14.05.
OPERATIONS REPCRT

, PROVECT MGR.: PAUL M. DOUGAN
REPORT PERICD
FROM 02/01/80 TO 02/29/80
TEMPERATURE OBSERVATION HELLS

J-DAILY AVS. TMAﬁRE-I /-PERIOD AVG.TEMPERATURE-/  /——MINIMM TEMPERATIRE-—-/ /—MAXIHUM TEMPERATURE—/

OPTH  MO.1 M2 M3 NI N2 NG.3 0 NOI O MBL2 NGB MBI NO.2 ND.3
450.0 5.5 1165 792  S..3 9.8 769 502 803 732 SLAT U726 7.2
500.0 57.9 1005 792 . ST.6 8.3  T9 S1.38 8213 7649 N9 10184  79.55
800.0 614 1130 1040  6L2 %9 100.3 81,08 8460  97.23 6138  113.46  104.13
700.0 7.4 1063 1489 N5 955 139.3 6.3 88,89 13121 47.83 106,83  149.37
760.0 661 176,6  107.8  65.8 1421 1043  65.50 107.640 10121 4614 180,11  107.91
780.0 65.6 948 1183  65.2  93.0 1150 6476  A7.89 {1171 65.60 - 9T.45  116.49
$-T-A-R-T—U-P-P-E-R—I-N-J-E-C-T-1-0-N—T1-0-N-E— : *
800.0 70.4 1602 8.4 9.3 1166 8.7 88.21  90.45  BL.E8  T0.4  150.89  83.43
620.0 9.6 1069  85.0  89.6 1065  83.8 €594 10578 8211 9473 1069  85.19
840.0 1260 9.7 8.1 147 986 8.2 10674 9.8 8.4 12645 9.7 8310
860.0 232.4 9.6 83 2109 9.4 8.4 19800 9915 8226 229 9.3 828
E-N-D—U-P—P—E-R—I-Nod-E-C-T-1-0-N—1-0-N-E 3
880.0 367.7 1019 840 322 1012 8.9 WE7  100.06  €3.78 3:89.08 10192  84.00
900.0 100,4 9.7 8.2 93.8 9.3 8.0 &.76  98.03  85.62 100.80  $9.72  88.72
920.0 0.6 1048 8.1 0.5 1057 8.1 3127 10470  67.83  6L.44  107.47 88.24
940.0 80.1 1053 948 765 1082 940 7244 1029  93.56 8572 105.35  94.42
960.0 93.1 1145 9.1 9.9 1134 9.7 9237 1174 9600 107.59 114.60  97.%
S-T-A-R-T—P-R-0-D-U-C-T-1-0-N—1-0-N-£ '
960.0 93.4 1750  10L.1 984  ITLO  100.0 937 14479 9828 108.00 175,77 10116
1000.0 901  2A7.6  107.9 922 2151 1084 88.83 2159 107.85 103.9 A5 109.39 .
1020.0 135.0  196.7 159.1  195.4 13050 192.04 218 196,77
1040.0 1065 1322 5.2 1081 136  73.3 100.3 12854 6452 12018 13280  94.8
1060.0 93.4 935 1186 8.6 9.4 1118 85.69 92.80  96.29 93.48 3.5 128.40
1080,0 92.4 565 9.7 887  Sh4  129.5 8589 56,31 96.03 9249 5652 20885
11000 93.3 © S.4 162 %02 5.3 1S8.8 65.78 57.21 1S5.43 9.3 LY 16137
1200 9.2 5.4 124 9.8 9.4 181 9485 5939 11796 10442 5950 156,44
1190.0 8.4 621 TAT - T9.2 621 8.6  TLIZ  bL9  TAbb 8544 6213 101.68
' ' E-N-D—P-R-0-D-U-C-T-I-0-N—1-0-H-E —
1160.0 89.6 82 9.2 883 k2 £%.6 8.8 418 9146 LI 6428 108.22
1180.0 68,9 4.8  80.1 797 8.5 ST 8.3 6626 0.9 105.89  66.83 - 60.10
12000 105.4 72,3 . A2 1192 0.6 3.9 104.80  68.96  63.57 160.40 7237 4418 .
1200 8.2 113.0  &5.6  €5.6 1021 654 80.63 8636  65.2 90.35 113.91  65.57
1200.0 103.2 10,5 7.6 926  1B.2 4.4 8103 10556 6723 10485 15194 &7.5
‘ : §-T-A-R-T~—L~0-H-ER—I-N-J-E-C-T--0-N—1~0-N-E—— . :
1260.0 93.8 5.6 9.8 852 3086  49.7 7904 19540 69.53 9479 3IB2B 9.8
1280.0 126.3  3%.8 722 1113 3086 720 8450 2A7.34 L8l 126.98 3143 7225
1300.0 118.5 1067 795 1033 .1 782 8L TLIL  TLIT 1208 11527  79.54
13200 9.2 8.4 1487 907 784 1037 8420 7278  8%.66 97.31 8Ll 150.5
1300.0 943 710 1805  89.0  73.0  109.4 8LeY  70.97  65.57 94 T 163.2
1800 89.0° 77,4 8.5 7.8 .57 7182 9.5  77.49

E-N-O—L-0-W-ER—I- N ELC-T-1-0N—1-0-N-E
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