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OBJECTIVE AND SCOPE OF WORK 

The objective of this Project is to demonstrate the technical 

feasibility of using ~uperheated steam as a heat carrying medium to 

retort in situ the oil shale in the Green Rive~ 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 zo~e, 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 1 acre. The field Project is located at· Equity's BX in situ 

site in Rio Blanco County in northwestern Colorado. 

ABSTRACT 

. 
March 1, 1978- Februa~y-~9, 1980 is the third year of work on 

the BX In Situ Oil Sh~l~ Project. During the year, design, co~stru~tion 

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 w~te~ as steam at an average wellhead pressure 

0 ... 
of-1199 PSIG and an average wellhead temperature of 456 F. were 1n)ected 

into the eight Project injection wells. Operation of the Project at 
0 

design temperature and pressure {1000 F. and 1500 PSIG) was not 

possible due to continuing problems with 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. Environmental monitoring at the Project site 

continued during startup and operations in compliance with the 

established Environmental Research Plan. 
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INTRODUCTION 

This report covers work accomplished on the BX In Situ Oil Shale 

Project for the year ended Febr.uary 29, 1980, and for the quarter 

ended that same date. By combining the fourth ,quarter report with 

the arinual 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 (B·o·o) 

During May and June, a series of drawdown and injection tests 

were run to further characterize the horizontal and vertical perm­

eability in the leached zone. The tests were designed and directed 

by Walter w. too of VTN, Inc. A report by Mr. Loo detailing the 

results of the tests is included asAppendix "A" to this report.* 

The results of the tests and Lao's recommendations are sununarized 

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 zone 
is 14.7:13.3:1 respectively or 199md:l80md:l3.5md. 

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 horizontal permeability of the leached zone 
is about 189md. 

5. The average storage coefficient is about 1~54Xl0- 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 ground water movement in the leached zone is about 
23.4 feet per year dUe north across the BX In Situ Oil Shale 
Project site. · 

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

RECOMMENDATI'ONS 

Since the three-dimensiona~ 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 select~d model should be able to handle 

high temperature geochemistry thermodynamics, multiple-phase fluid 

flow, and general printed .and plott:ing 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 vertical permeability of 14.7:13.3:1 

or 199md:l80md:l3.5md. This indicates that fluid flow at the Project 

site should be basically isotropic in the horizontal component, but 

that the ratio of 14.35:1 for horizontal to vertical permeability w ...... 

make operation of the Project more difficult. 
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In this regard, it should be noted that the effects of 

injection in the injection wells when coupled with "drawdown.and 

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 11th 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 

the insulation on the injection tubing 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 exception 

of BX-30, (Injection Well #3) ·the logs showed relatively uniform 

injection in both the upper and lower injection zones and indicated 

a 2-~./2 to 5°F. 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 was 234°F. (Figure No. 1 is 

a plot showing the relationship of injection, production, and temper­

ature observation wells.) 

A summary of results of the temperature and spinner surveys is 

included as Appendix "B" to this report. 

The surveys run on BX-30 indicated no injection below a depth 

of 860 feet (see Appendix "B"). 

Continued monitoring of 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 (GOO). 
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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 (COO) 

During th~ year, all experiments to be conducted under the laboratory 

research program were compled, and at year end, the data derived from 

the experiments was being reduced for inclusion in a final report de­

tailing the results of the laboratory research program. 

The major work of the program consisted. of a series of eleven re­

torting runs utilizing superheat·ed steam at varying temperatures and 

pressures to retort oil shale from the leached ·zone which had been 

packed in 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 yiel~ and 

quality of the evolved oil seems to be thr esidence.time of the evolved 

oil in the steam retorting environment. Tables I and II summarize 

data from the eleven retorting runs, and Appendix "D" is a detailed 

annual report on the laboratory re~orting program. Present work is 

focused on reducing data derived from the experiments anq character­

izing the oil produced from th~ experiments. On February 28, 1980, 

a meeting was held at the Flammability Research Center with 

Dr. Jacobs, Paul Dougan, Dr. Hill, Bill McFqrlane and Leonard Wocik. 
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RETORTS 
Equ1 ty Oi 1 
Experiments OURATION(HR) 

3.33 

2 6,17 

3 28.00 

4 26.50 

5 11.50 

6 -21.25 

7 117.25 

8 101.00 

9 17.00 

10 18.00 

11 24.00 

12 21.00 

Table I 

CHARACTERISTICS 
(1) Orig1n 

AVERAGE (2) Fisher Assay 
PRESSURE FLOW RATE (31 Size 

200 to 
250 PSiG 300 L8S/HR 
1.724 MPa 91 to 

136 Kg/HR 

200 to 
270 PSIG 300 L8S/HR 
1 .862 ·MPa 91 to 

i36 K9/HR 

Rifle,CO. 

29 GAL/TON* 
99.6 liT/TONNE 
-314" to 5/8"+ 
-1.9cm to 1.6cm+ 

Rifle,CO. 

29 GAL/TON• 
99.6 LIT/TONNE 
-3/4" to 5/8 "+ 

·-1.9cm to 1 .6dn+ 

Rifle ,CO. 

270 PSIG 40.1 L8S/HR 29 GAL/TON* 
1.862 MPa 18.2 Kg/HR 99.6 LIT/TONNE 

-3/4" to S/!!"+ 

570 PSIG 
3.930 MPa 

-.1.9cm to 1.6cm+ 

Rifle ,co. 
* 51.9 L8S/HR 29 GAL/TON 

Z3.! Kg/HR 99.6 LIT/TONNE 
-3/4" to ·5/8"+ 
-1.9cm to 1.6cm+ 

300 PSIG 78.1 L8S/HR Equity 8X-12 
2.068 MPa 35.4 Kg/HR. 

L.A. 

Various Sizes 

Rifle,CO. 

* 250 PSIG 68.6 L8S/HR 29 GAL/TON 
1.725 MPa 31.1 Kg/HR 99.6 LIT/TONNE 

-3/4" to 5/8"+ 
-1.9cm to 1 .6cm+ 

Rifle,CO. 

320 PSIG 39.8 L8S/HR 29 GAL/TON* 
2.206 MPa 18.0 Kg/HR 99.6.LIT/TONNE 

-3/4" to 5/8"+ 
-1 .9cm to 1 .. §~. 

Equity 8X-12 
300 PStG 31.5 L8S/HR 

I. .A. 
2.068 MPa 12.6 K9/HR Various Sizes 

Equity 8X-12 
250 PSIG 67.8 L8S/HR 

L.A. 
1.724 MPa 30.7 K9/HR 

Various Sizes 

Equit:t 8X-12 
570 PSIG 50.5 L8S/HR 

L.A. 
3.930 HPa 22.9 K9/HR 

Various Sizes 

Equity 8X-lj 
270 PSIG 50.1 LBS/HR 

L.A. 
1.862 MPa 22.7 Kg/HR 

270 PSIG 
1.862 MPa 

I 

Various Sizes 

Equity 8X-13 

51.6 LBS/HR L.A. 
23.4 K9/HR 

Various Sizes. 

VESSEL O.ATA 
(1) Material Used, 'loid Fraction 
(2) Original-Final Weights,: Change 
(31 Inlet-Outlet "1ax. Temperatures(•>) 

Gr~vel ,N.A. Gravel ,N.A. Gravel .~.A. 
Shale,N.A. 
78.5-78.5,0: 81.0-81 .0,0~ 77.0-77.0.~: 
49.5-49.0,l:t 
754°-N.A. ~.A.-~.A. N.A.-N.A. 
529.7"-471.5' 

Gravel ,N.A. Gravel,N.A. Shale,N.A. 

78.5-78.5,0% ?7.0-77.0-0% 49.5-39.2,20.8~ 

1019"-N.A. N.A.-N.A. 860"-809" 
(Same Shale as First Experiment) 

Gra~el,N.A. Shale,~~- Shale,N.A. 

78.5-78.5,0~ $2-40,23% 50-49,2: 

96~·-~.A. ao~••7Z4• To5•a643" 

Gravel ,N.A. Shale,N.A. Shale,N.A. 

78-78!0~ 54.0-42.5,21.7~ 53-45,14.8~ 

950"-N.A. 813"-741" 720"·663" 

Gravel,N.A. Shale,40.81 Instrumented 
Shale Piece 
78.5-78.5,0% 57.0-49.9,12.5~ 
967"-N.A. 868"·796" 794" 

Gravel,N.A. Shale,51.01 Shale,45.3% 
sand,37.o~ · 
78;5-78.5,0% 57.1-45.3,20.7~ 
56.7-47.2,16.8: 76.0-74.5,2.0~ 
971"-N.A; 886"-833" 823°-771° 
763°- 724° 

Gravel,N.A. Shale,47 .3% Shale,48.4% 
78.5-78.5,0% 52.2-42.6,18.4% 
51.3-46.5,9.3% . 
868"-N.A. 732"-654" 652"-591" 

Shale,46.5% Shale,50.6% Glass Wool, N.A. 

56,0-50,1 ,10.5~ 54.5_;51.4,5.7% N.A. 

761"-636° 121"-565° 560"-539" 

Shale,44.0% Shaie,45.9% Glass Woo1,90.8% 

50.6-42.0,17.01 5i.5-45;5,11;6% N.A. 

1006"-900° 881"-832" 820-785° 

Shale, N.A. Shale,N.A. Glass Wool,N.A. 
Glass Wool, N.A. 
54.5-44.2,18.9l 58.6-45.6,6.8% N.A. 
N.A. 
900"-784°. 761"-665" 634"-594° 478"-395° 

Shale,45.4~ Shale,47.4~ Glass. Wool, 
N.A. Glass Wool, N.A. -
49 .9:.4o .2 ,19. 5% 55.2-48.1 ,12 :as 
N.A. ILA. 
960"~N.A. 761"-666" 635"-410" N.A.,N.A. 

Shale,N.A. Shale,N.A. Empty 
Empty 
56.3- 47.2. 16.3% 60.2-51.3,15.11 
946"-817" 795"-714" 
543"-537° 537"-536° 

N.A. • Not Available 
L.A. ~ List Avafable 
• • Est1mated Value TI-l 



Table II 

OIL DATA 
RETORTS (1) Amount Produced,: Fisher Assay 
Equity 011 (2) Pour Point Temperature CHEMICAL ANALYSIS ON OIL 
Experiments (3) API Gravity Gases .Produced c H .N 0 s (Wt %) £L!i 

No oil produced 0 

. N.A. ;S5i 
3.4 *l 2 70 6 F ,(21.1 °C) 60.0 c,f. 83 12.-2 1.4 6.80 

N.A. '· 

N.A. 
4. 7*1 3 65°F ,(18.3°C) 55.0 c.f. 81.7 11 .6 2.0 7;04 

N.A. 

9.67Lbs(4.39Kg),851 
2.2*1 4 69°F ,(20 .6°C) 109.5 c. f. 83.8 12 .1 1.9 6.93 

21 .80 

6.08Lbs(2.76Kg),98.9% 
3.4*1 5 67°F ,(19.4°C) N.A. 82.4 12.0 2.2 6.87 

26.95 

8.70Lbs(3.97Kg),69.5%. 
3.o*1 6 68°F ,(20.0°C) 90.2 c.f. 83.4 12.0 1.6 6.95 

23.80 

6.07Lbs(2.75Kg),58.4% 
4.4*1 7 -71 °F ,(21. 7°C) N.A. 82 •. 3 l1 .9 1.4 6.92 

26.60 
* 3.59Lbs(1 .63Kg),34.6% 

81.7 12.0 1.4 4.9*1 6.81 8 58°F,(14.4°C) N.A. 
25.40 

7.25Lbs(3.29Kg),98.0% 
3.8*1 9 51°F,(10.6°C) 101.8c.f. 82.4 11.9 1.9 6.92 

25.90 

5.10Lbs(2.31Kg),56.5% 
82.9 3.2*1 10 27°F,(-2.78°C) 64.6 c.f. 12.2 1.7 6.80 

28.57• 

5.76Lbs(2.61.Kg),s~.8% 
0.9*1 11 27°F,(-2.78°C) 93.5 c.f. 84.6 13.0 1.4 6. 51 

26.95 

4.51Lbs(2.05Kg),47.7% 
2.5*1 6.57 12 41°F,(5.00°C) 85.4.c.f. 83.4 12.7 1.4 

26.60 

N.A. = Not Available 
* = Estimated Value 

= Combined 0 and S 

TII-1· 
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NAPTHA LIGHT DISTILLATE LIGHT GAS OIL HEAVY GAS OIL I{ESiUUUM 
I B P"""to'400 o F 400 6 F to 6006 F 600 6 F to 8005 F 8006 F to l0006 F Over l000°F 

PROCESS IBP to 204°C 204°C to 3l6°C 3l6°C to 427°C 427°C to 538°C Over 538°C 

Steam 
Retort 11 33.7 58.3 6.1 1.9 0 

Bottom 
Burning 40 45 4.6 1.8 8.6 

Hi 11 & 
Douaa!'l 4!1 35 lZ 6 2 

IITRI 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 11 18 

Garret 18 45 20 13 4 

Paraho a 44 20 19 9 

Table 3: Comparison of Distillation Properties From Various Retorting 
Processes. (Non-steam retorti11g data from references 1 ·and 5) 

TII-2 
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OIL DATA 
{3) Amount Produced,% Fisher Assay 
{2) Pour Point Temperature 

RETORTS Pl API Gravit;t Gases Produced 

Steam 5.76Lbs{2.61Kg),53.8% 
Retort 11 27°F,{"-2.78°C) 93.5 c.f. 

26.95 

Bottom N.A.,65% 
Burning 68°F,{20.0°C) N.A. 

.31.70 

Hi 11 & N.A. 
Dougan -4°F,(-20.0°C) N.A. 

40.00 

IITRI N.A. ,96% 
40°F,{4.44°C) N.A. 

34.40 

Arabian N.A. 
Light N.A. N.A. 

34.40 

Steam 9.67Lbs{4.39Kg),85% 
Retort 4 69°F ,{20.6°C) 109.5 c.f. 

21.80 

To~co N.A. 
70°F ,{2l.l 0 C) N.A. 

20.98 

Garret N.A. 
$5°F ,{29.4°C) N.A. 

19.35 

Paraho N.A. 
50°F ,{10.0°C) N.A. 

25.03 

Marathon 011 N.A. 
Batch 82°F,{27.8°C) N.A. 

20.40 

Continuous N.A. 
Flow 74°F ,{23.3°C) N.A. 

21.10 

Equity N.A. 
Field Site N.A. N.A. 

N.A. 

c 

84.6 

84.1 

N • .A. 

84.0 

83.8 

84.0 

·83.3 

74.8 

CHEMICAL ANALYSIS ON OIL 
H N 0 s (wt %} fL!i 

13.0 1.4 0.9*1 6.51 

11.9 2.1 1 .9*1 7.08 

N.A. 0.8 N.A. N.A. 

12.1 1.0 2.8 .6 6.94 

N.A. N.A. 

12.1 1.9 2.2"'1 6.93 

N.A. N.A. 

N.A. N.A. 

N.A. N.A. 

11.2 1.7 1.6 .8 7.50 

11.0 1 .8 2.6 .8 7.57 

12.0 0.6 12.6 *1 6.23 

N.A. = Not Available 
* = Estimated Value 

= 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 frqm 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 M~asurements 
C H N 0 S Analysis 
Pour Point 
Gravity 
TGA Analysis (Boiling Point) 

BX PROJECT INJECTION AND PRODUCTION WELLS (FOO') & . (GOO) 

At the completion of Project construction eight steam injection 

wells and five production wells were in pla~e. (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 

iniection well production casing is larger in diameter, 8-5/8" vs. 7", 

and the injection well tubing strings are insulated with 1~ inches 

of temp mat insulation covered 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 botto~ 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. lbs/hour (131.43 BBL/hr) of superheated steam at 1500 PSIG 

and 1000°F. This is equivalent to an average per well rate of 5750 

lbs/hour or 16.43 BBLs/hour. 
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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 i~ being met 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 



BX Tn 3itu vil Sh~le Project 
Produ1:tion I Injection Summary 
S <~ ptr-!mbcr 1979 - Novembel· 1.')7? 

Table III 

0 1 2 3 4 In ection TOtal Total 
~ (nx-19) (DX-26) (DX-20) (DX-14) (llX-21} Pressure Pt:"oduction Injection 

9-18-79 106 771 609 778 
9-19-79 159 995 897 1879 
9-20-79 149 102:8 265 1841 
9-21-79 122 997 732 2105 
9-22-79 96 1010 524 2867 
9-23-79 133 1338 796 2295 
9-24-79 140 1385 735 2443 
9-25-79 129 1381 785 2499 
9-26-79 122 1391 722 2499 
9-27-79 123 1398 774 2562 
9-28-79 254 1372 647 2426 
9-29-79 322 1370 671 2389 
9-30-7!} 79 136!) 750 2623 
10-1-79 74 1369 765 2477 
10-2-79 lOB 1351 765 2388 
10-3-79 63 1271 720 2241 
10-4-79 134 1347 760 2425 
10-5-79 134 1365 613 2461 
10-6-79 145 DATA LOST 841 DATA LOST 
10-7-79 13) 60.4 791 1584 
10-B-79 DATA LOST 
10-9-79 127 1340 774 2461 
10-10-79 105 136<1 698 2278 
10-11-79 87 1389 635 2278 
10-12-79 102 1380 771 2285 
10-13-79 82 1414 748 2204 
10-14-79 DATA LOST 
10-15-79 32 1367 730 2278 
10-16-79 1125 671 1874 
10-17-79 71 1257 374 1800 
10-18-79 107 1281 761 1652 
10-19-79 102 1314 761 1580 
10--20-79 98 1329 767 1690 
10-21-79 96 1378 749 1911 
10-22-79 NO DATA 1075 NO DATA 1580 
10-23-79 147 1201 484 1580 1-3 

H 

10-24-79 192 1146 647 1690 H 
H 

1-' 10-25-79 211 NO DATA 845 829 I 
Ul 1-' 



fiX In Situ 0il .. nal•~ Peoject 
..... Pro<:uction I . "i•-~t:tion :>ummary 
0'1 September 19 'i' '! - November· 1979 

o-3 

0 1 2 J 4 Injection Total Total 
H 
H 

~ - (DX·-19) (BX-26) (BX-20) (nx-14) (BX-21) Pressure Production InjP-ction H 
I 

N 

10-26-79 207 1130 860 1680 
10-27-79 202 1162 868 1296 
10-28-79 209 1245 788 1440 
10-29-79 195 1304 907 1503 
10-30-79 97 1339 741 1508 
10-31-79 70 1321 707 1457 
11-1-79 1340 599 1440 
11-2-79 1281 511 1076 
11-3-79 1190 781 1231 
11-:4-79 1341 790 1199 
11-5-79 1330 737 1204 
11-6-79 64 1302 694 1233 
11-7-79 89 1272 733 1193 
11-8-79 117 1189 673 921 
11-9-79 103 NO DATA 644 NO DATA 
11-10-79 69 899 536 911 
ll-11-79 48 819 307 747 
ll-12-79 947 91 834 
11-13-79 1005 24 830 
11-14-79 52 983 100 733 
11-15-79 52 1037 110 810 
11-16-79 40 1044 58 278 
ll-17-79 NO INJECTION ON THIS DAY. 58 
11-18-79 NO INJECTION ON THIS DAY. 40 
11-19-79 NO DATA 5 hrs. operation only. 
ll-20-79 19 597 24 983 
11-21-79 All product~on shut in preparing to fracture all 
ll-22-79 production wells and BX-30. 912 0 1280 
ll-23-79 1006 0 1242 
11-24-79 1051 0 1204 
11-25-79 1091 0 1255 
11-26-79 1118 0 1394 
11-"27-79 44 1150 55 1082 
11-28-79 817 908 817 1157 
11..-29-79 342 884 345 833 
11-30-79 884 1085 



~X In Situ Oil Shale Project 
Prod~tio'l~ lnif}ci,ion Su'fi'l{c1 . .Dece er 79 . - · 'e rua.J!'y . 

0 1 2 3 4 lnj.ection TOtal Tt~tal 
~ (DX-19) j_DX-26) J.!!!::lli (RX-H) (DX-21) Pressure Proclur. t ion Itdc ·~tlon 

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 12-8-7·9 271 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 ~310 625 1107 
12-15-79 262 1235 173 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 l079 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 2. 150 590 1044 12-28-79 570 1166 852 1070 12-29-79 413 1201 955 1192 12-30-79 302 1217 912 1387 1-i 12-31-79 409 1262 1367 1416 H 

H 
H 

1-1-80 I 277 1267 1090 1383 w 1-2-80 200 1273 815 1370 1-3-80 222 1251 1272 1381 ..... 1-4-80 252 1119 1125 1408 ...... 
1-5-80 320 1125 1127 1414 



BX In Situ Oil Sha)e Projnct 
Production I Injection Su~ary 
December 1979 - Feburary 1980 

.... 
1 2 J 4 Injection •rotal Total CD 0 

Q!Y!:!"! (BX-19) (DX-26) ~BX-20) (DX-14) (BX-21) Pressure Production Injection 
..,.. 

- H 
H 
H 

1-6-80 132 1145 811 1269 I .. 
1-7-80 143 1334 690 1183 
1-B-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 65·5 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 93 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 2 6 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 



DX In Situ Oil Shale Project 
Production I Injection Summary 

December 

0 1 2 
.'.\TF. (BX-19) (DX-26) 1!'._~::-20) 

2-12-80 40 
2-ll-80 32 
2-14-80 8 
2-15-80 198* 21 
2-16-80 198* 4 
2-17-80 195* 0 
2-18-80 198* 0 
2-1-9-80 201* 199 
2-20-80 195* 302/321* 
2-21-80 309/276* 
2-22-80" 188* 229* 
2-23-80 202* 233* 
2-24-80 165/164* 227* 
2-25-80 145/268* 251* 
2-26-80 326* 243* 
2-27-80 281* 242* 
2-28-80 218* 293/321* 
2-29-80 214* 293* 4 

*Readings taken from production surve1liance monitors. 
**Injection pressure in PSIG. 
***Production & injection rates are in barrels/day. 

1979 - February 1980 

3 4 
(BX-14) (BX:-21) 

207* 

63* 

125* 
67* 
88* 

247* 189* 
252* 256/305* 
410* 227/229* 
303* 263* 
414* 287* 
259/·301* 305* 
205/122* 327* 
182* 379* 
392* 90* 

Injection Total 
Pressure Production 

1446 785 
1426 809 
U35 787 
U43 780 
U46 735 
U34 722 
H34 719 
H23 727 
H24 702 
ll73 724 
H45 831 
1451 895 
1-:52 839 
l.t;55 908 
1438 949 
1412 877 
Nc data 684 

736 

TOtal 
Injection 

1857 
1749 
1695 
1686 
1696 
1737 
1509 
1784 
1473 
1235 
1794 
1703 
1620 
1634 
1631 
1640 
No data· 

1-i 
H 
H 
H 
I 

"' 
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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 

tn 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 

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 Pro j ect review meeting to stimulate 

BX-30 using a small hydraul ic 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 
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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 and 6000 lbs. 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 ins·talled 

gas lift system. 

To overcome these problems it was decided to acidize each of 

the production wells and to lower the tubing in each well. 
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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 lift 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 prodtiction 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'-1238'. 

The addition of the perfora~ion~ ~id ~ ~ materially increase 

the productivity and it was decided to acidiz ~ 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 barrels 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 ~ity 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 follow~: 

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 gal~ons gel with 1 ppg 20/40 sand 
1000 gallons gel with 2 ppq 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 ~as 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 · gains in production were 

apparent, total average dai~y 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 1st 24 hrs. 2nd 24 hrs. 

*BX-19 {PW-0) 165 bbl 145 bbl 
*BX-26 {PW-1) 302 bbl 309 bbl 
*BX-14 {PW-2) 259 bbl 205 bbl 
*BX-21 {PW-4) 256 bbl 227 bbl 

**BX-20 {PW-5) 4 bbl 

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

TOTAL 48 

310 bbl 
611 bbl 
465 bbl 
483 bbl 

The continuing lack of production is not tolerable and 

hrs. 

alterations to the produc tion well completion will be proposed at 

a Project Review Meeting to be held in Laramie on March 6th. 

DESIGN/INSTALLATION INSTRUMENTATION SYSTEM {HOO) 

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 f~nctions. 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. T~e overall process of data 

collection has been substantially enhanced by this addition. 

32 



PROJECT DESIGN & CONSTRUCTION . (TO 0) 

All construction was completed at the Pro j ect si t e in early 

June, 1979. Subsequent operations at t h e Project have occasioned 

minor modifications to installed equipment, however, all major 

elements are installed as shown on the "as built" d r awings of the 

Project included as Appendix "F" to this report . F i gures No. 9-15 

are photographs of the Project site. 

PROJECT 'OPERATIONs· ('Jo·o) 

By June 1, 1979, Project construction was complete and preparations 

were underway to commence Project operations. On June 11, 1979, 

Stearn Generators No. 1 and No. 2 were fired for the f irst time and 

the injection of hot water was initiated. From J u n e 11, 1979, through 

July 31, the injection equipment was operated and limited amounts of 

saturated a~d supe~heated steam were injected into the Project 

injecti.on wells. The activities for the period June 1, 1979 -

August 31, 1979 are summarized in Table VI. No i n jection of consequence 

was accomplished during this period due to a var iet y of mechanical 

problems affecting the superheater, instrumentation and injection 

wellheads. Data collection for this period is i n per mane nt storage,. 

but the injection data for the Project will b e acc umulated beginning 

with September 18, 1979, the first day on which contin uous steam 

injection began. 

Continuous steam injection at the Project site began on September 

18, 1979, and has continued ·through February 29 ·, 1 980 with exception 

of three days in November when tubes of the s t eam generators were 

being acidized to remove observed and/or possib le scal e buildup. 

Tables VII, VIII, IX, X, XI, and XII summarize the daily ope rating 

status of the Project for this initial injection per iod . 
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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 

.ACTIVI.TY 

BX IN SITU OIL SHALE PROJECT 
OPERATIONS SDr-ll\ARY 

JUNE, 1979 
TABLE V·I 

Preparing for injection-startup. 

Injection tests performed by VTN. Injection into BX-16- and BX-2~. Rates 
varied between 50 and 100 GPH. 

Fired Stearn Generators No. 1 and No. 2 began injection of hot water and 
steam all injection wells. Plan to equal injection ail wells at capacity 
of both Steam Generators gradually working up to 300°F. and required 
pressure. 

Injection, BX-19 to test separ.ator ·all other wells to free water knockout. 

Inject.ion • 

Injection, wellheads beginning to expand, added corrosion inhibitor to 
al·l Production wells. Placed corrosion coupons in outlets of all five 
production wells. 

Injection. 

Injection, Stearn Generator' No.2 down @ 0330 w/by pass control valve problem. 

Injection. 

Injection, first attempt to use gaslift recycle gas as fuel. 

Injection~ good use of gaslift gas as fuel. Purchased gas dropped 
from 800 l1CF/day to 340 l-1CF/day. 

Injection, preparing to run temperature logs in injection ~ells. Will 
maintain injection @ 300°F. during tests. 

Injection. 

Injection. 
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.DATE 

6-23-79 

·6-24-79 to 
6-28-79 

6-29-79 to 
6-30-79 

ACTIVITY 

Injection. 

SX IN SITU OIL SHALE PROJECT 
OPERATIONS SUHHARY 

JUNE, 1979 
Table VI 

Shut down injection € 1800. 

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

~ 
H 
I 

tv 
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DATE 

'9_;1-79 
to 

9-17-79 

. 9-18-79 

9-19-79 

9-20-79 

9-21-79 

9-22-79 

9-23-79 

9-24-79 

·9-25-79 

9-26-7·9 

ACTIVITY 

Table VII 
BX In Situ Oil Shale Project 

Operation Summary 
September 1979 

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. 

All wellhead valves back on, injection 
generator No.2 steam to wells at 1430. 
and temperature corning up. 

resumed at 1330 with start up of steam 
Steam generator No.2 on 1430. to 2400 pressure 

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

Steam inj ec'tion: 
0 

#2 generator on 24 hrs. 580 F., 1400 PSIG. 

Steam .injection: #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 injecti6n: #1 and #2 generators on 19~0hrs. and 21~ hrs. respect~vely; 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 generator.s arid super heater on 24 hrs. Coming up sLowly in 
temperature 680°F., 1460 PSI~. Working on flow meter calibration gas and steam. 

0 

~ 
H 
H 
I 

1-' 

Steam injection: #1 and #2 generators and super heater on 24 hrs. 704 F., 1450 PSIG. 
Conducted press tour of Project. Power outage at 1715 and at 2130 took.all units down for 
s·hort period. Injection well No.3 (BX-30) not taking steam. 



DATE 

9-27-79 

9-28-79 

9-29-79 

9-30-79 

ACTIVITY 

Table VII 
BX In Situ Oil Shale Project 

Operations Summary 
September 1979 

~ 
H 
H 
I 

"' 

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

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

Steam injection: ·#1 and i2 generators and super heater on 24 hrs. 994°.F., 1470 PSIG. 
Super heater down at 1600 with faulty relay and flame guard. Replaced both. 

Steam injection: #1 and 12 generators on 24 hrs. Super heater on 9~ hrs. Super heater 
down to repair leak in sensing line. 

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 being 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 Oil Shale Project 

Operations ~ummary 
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. 

. 0 
Steam Injection: #1·& #2 generators on 24 hrs. 565 F. 

@ 1450 PSIG, 2388 BBL injected, 765 BBL produced. 
BX-14 on test~l08 BBL. prod. Blew BX-30 (injected well 
#3) down to pit to improve injectivity, gathered production 
and pipeline gas samples. 

Steam Injection: . #1 & #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 generator on 15 hrs. #2 genE;!rator 
on 24 hrs., 2425 BBLs injected, 760 BBL ~rod., BX-14 
on test 121 BBt produced. · 

Steam Injection: · #1 and #2 generator on 24 hrs., 2461 BBLs 
injected,· 613 BBLs produced, BX-14 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: #1 & #2 generator on 24 hrs., power 
failure @ 2301 last data on disk. 

Steam Injection: #1 & #2 generator on 24 hrs. 2461 
BBL.injected, 580°F. @ 1420 PSIG, 774 BBL. prod., 
BX-21 on test-105 BBL ?reduced. 

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: #1 & #2 generator on 24 hrs. 2278 BBLs 
Inj., @ 580°F. 1400 PSIG, 635 BBL produced, BX-21 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 

TVIr"I-2 
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ACTIVITY 

Steam lnjection: #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 
BDL injected, @ 5700F. 1450 PSIG, 748 BBLs producAd, 
BX-21 on test-82 BBL prod. Problems w~th injection of 
waste water in BX#2 and #3. Precipitation of material 
in ·waste water tank causes disposal pump to loose suction. 

Steam Injection: Generator #1 & #2 on 24 hrs. 2278 BBLs 
injected @ 565°F., 1450 PSI~. 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 
ipiectivity. Small amount of oil produced in back flowing 
sample taken. · 

Steam Injection: Generator #1 & #2 on 24 hrs. Superheater 
on 24 nrs. 1800 BBL injected @ 6800F. 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 #1, #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 @ 9SQOF. 1350 
PSIG, 761 BBLs produced, BX-20 on test 102 BBL produced. 

Steam Injection: Generator #1 & #2 on 23 and 24 hrs. 
respectively a~d superheater on 19 hrs., 1690 BBLS 
injected @ 950uF. @ 1403 PSIG, 767 SBL produced, sx~2o 
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 
do'lfm. 

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 in]ected. 



DATE 

10-23-79 

10-24-79 

10-2!i-79 

10-26-79 

10-27-79 

10-28-79 

10-29-79 

10-30-79 

10-31-79 

ACTIVITY 

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

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 1njectio~: Geperator #1 on 24 hrs. #2 on 15 hrs. 
Nume.z;ous power outages made it impossible to keep #2 
generator running 829 BBL injected @ 580°F. 1380 PSIG, 
845 B~L p~od~ced BX-20 on test-211 BBL produced. 

Steam Injection: Generator #1 on 18 hrs. #2 on 7 hrs. 1680 
BBL injected @ ?80°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 
@ 570oF., 1340 PSIG; 868 BBL produced BX-20 on test 202 
BBL produced, generator #2 on only because can no~ keep 
~oth generators running with power problems. 

Steam Injection: Generator #2 on 24 hrs. 1440 BBLs injected 
@ 580°F. 1440 PSIGi .788 BBLs prodticed BX-20 on test 209 

·BBL produced. 

Stearn 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 injected 
@ 575°F. 1400 PSIG, 741 BBLs produced BX-20 and 14 on test 
97 BI3L produced. 

Steam Injection: 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 meter 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 bein·g commented 
on. Injectivity amounts are based on boile~ feed wate~ 
rate and assumed steam quality of 80%. 
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Table lX 
BX In Situ Oil Shale Project 

• Operations Summary ti 
H Cll November 1979 .>< 
I 
I-' 

Test 
Steam Gen. Steam ·een. Super- Barrels '!:'emp. Pressure Barrels Well 

DATE ACTIVITY No. 1 No. 2 heatel:' Injected Of !?SIG Prod. ~ 

11/1/79 Injection~ 12 gen. oilly, problEITB w/ freezing 24 hrs. 1440 503 l340 599 
in production ·wells BX-30 not taJdnq steam. 

11/2/79 Injection, 12 gen. only. FOund leaks in mn- 23 hrs. 1076 493 1281 511 
vectJ.on -section. tb.2 gen @ 2300 shut unit 
down. NJ.l gen. on line BX-30 not .t:.aking 
steam. 

11/J/79 Injection, 11 gen. only, began work tn 23 hrs. 1231 386 1190 781 
isolate tube problEITB in gen. NJ.2. 
BX-30 not taking steam. 

11/4/79 Injection, .tl gen. only, leaks isolated 24 hrs. 1199 503 1341 790 
in 12 gen. ~ outa~, same apparent 
cause as .in late Ocb:iber. BX-30 ·not: 
taking :steam BX-23 shut in w/leak at 
oontrol w1ve. 

11/5/79 Injection 11 gen. only, ·BX-30 not taking 24 bra• 1204 497 1330 7.37 
steam, BX-23 -still doWn. 0\l.y injection 
well U,-4,·5,-8 indicate steam flow :by 
well ·heat themooouples. 

11/6/79 Injection 11 .gen. only, injection iiells 1, 24 hrs. 1233 .496 1302 694 3/61 
4,5,·8 ·taking 111JSt of steam. 

ll/7/79 Injection 11 gen. only, worldnq ·on :water 24 hrs. 1193 487 1212 733 3/89 
ti:eament .system & ·beginning .to .renove 
damaged tubes from :steam gen. ·NJ.2. 
Inj. wells 1,4,5,& 8 taking nost of 
steam. 

11/ll/79 Injection 11 Gen. o~y., pulled 5 bad tubes 2! hrs. 921.61 493 1189 613 4/117 
from 12 gen. Inj. wells 1,4,5., & 8 talc~ 
nost of steam. 



Table IX 
BX In Situ Oil Shale Projec.t 

Operations Summary 
november 1979 

Test 
Steam Gen. Steam· Gen. Super- Barrels Temp. Pressure Barrels Well 

~~~ ACTIVITY No. 1 No. 2 heater Injected· of PSIG Prod. ~ 

1V9/79 Injection, Steam gen. lb.l only. 24 hrs. 644 4/103 

lVl0/79 Injection, gen. lb.l only, inj. wells 24 hrs. 911 491 899 536 0/69 
No.l,4;5, & 8 taking nnst of steam. 

11/11/79 Injection, gen •. lb.l only., "-''rk on water 24 hrs. 747 503 819 307 0/48 
treabrent equip. inj. W~?>11s 1,4,5, & 8 
·taking nnst of steam.· 

11/12/79 Injection, sen. No.1 only. Inj. wells tb. 24 hrs. 834 506 947 91* 1/? 
1,4,5,& 8 taking IIDSt of steam. 

11/13/79 ·Injection, gen. lb;l .only. Welders on 24 hrs. 830 506 1005 24* 
site to repair gen. l-b.~. 

,• 

11/1~/79 ·Injection, gen. lb.l only, pressure 24 hrs. 733 983 48 0/52. 
checked tb. 2 gen. one 110re leaking 
tube. '1\Jbe repaired & welders 
fini~hed @ 2251.· Inj. wells lb. 1, 
4, 5, & 8 taking nost of steam. 

11/15/79 Injection, gen. ·:lb.l only, pressure 24 hrs. 810 506 1037 110* 0/52 
checked gen. lb .• 2 @ 1400 PSIG for 30 
min. lb leaks developed. Injection 
wells lb.l,4,5,& 8 taking IIDSt of steam. 

11/lE/79 Gen. lb. 1 injecting only • .Acidizing gen. 8.5 hrs. 278 506 1044 58* 0/40 
& superheater to rennve scale. Acidized 
gen •. in series and superheater separately. 1-i 

H 

11/17/79· lb .Injection • .Acidizing steam qen. & super- 58 >< 
I 

heaters. Finished w/gen. & injected spent 1\J 

acid into disposal wells • .Acid opened leaks in 
~ disposal tank. Disposal tank replaced. \Q 



Table IX 
BX In Situ Oil Shale Project-

Ul Operations Summary 
0 

November 1979 1'.1 
H. 
>< 

Test 
I 
w 

Steam Gen. . Steam C..en~· ·Super- Barrels 'l'emp. Pressure Barrels Well 
DATE ACTIVITY: . No. 1 ·No. 2 heater Injected of PSIG Prod. Prod. 

11/18/79 No· injection,. revanped.piping on prm. 40 1/0 
well ch>kes ,. installed box- .heating. · 
on same. OX!pleted repairs & acidizing. 

11/19/79 OX!pleted Hydrotest on all tmits, 'n!sted · 5 tu:s. 0 1/0· 
to 24501 held for JO rni.rt. Started steam 
<.Jell• no.l @ 1900. 

11/20/79 Injection, steam CJP.DE!rator No.1 only. Grad- 24 hrs. 983 320 597 24 1/19 
ually bringing t:ellp!rature and pressure. 

ll/1V79 Injection, steam generator No.1. 24 hrs. 1280 464 912 ·O -* 

11/:P/79 Injection, steam <JI!Il• No.1 finished l'e- 24! tmJ. 1242 461 1006 0 -* 
asSEilbly of insulation on steam gen. No.1. 

11/?.3/79 Injection,. steam Cjello No.1, mlxi.nc:J h>t water 24. hrs. 1204 452 1051 0 -· for frac job w/ .steam gen~ 1~--

11/·~~/79 InjectiOn; steam gen. a>•l .fraced all prod. 24 hrs. 1249 452 1070 0 --* 
and injection wll lb. J (BX-30) with sane· 
treab!Ent. Frac. on prod• wells went well 
BX-30 sanded out. Using steam.gen. 10.2 to 
heat frac. water. 

11/25/79 Injection, steam gen; tb.1. 241 hrs. 1255 452 10!11 0 -* 

11/~/79 Injection, steam gen.. tb .1. 24 hrs. 1394 452 lll8 0 --•· 
11/7.7/79 Injection, steam CJ131• No.1, bringing prod. 20 hrs. 1082 477 ll50 55· 1/44 

wells back on line. 'lhawing. BX~30. (four hrs. prod.) 

11/28/79 Injection, Steam CJE!Il• No.1. 22 hrs. 1157 455 908· 817 1/817 
11/29/79 Inj. steam gen. No•l, No data logger data 22 hrs. 1 hr. 833* 459 884 345 1/342 

for day. *Barrels inj. from totalizers 
4/-·11/30/79 Inj. steam <jen. tb.l&2,: power problem caused 22 h..-s •. 10 hrs. 1085. 459 884 

data logger shut dlwn. 
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.Table IX 
BX In Situ Oil Shale Pioj~ct 

Operations Summary 
November 1979 

NOTE: 1) Temperatures are average wellheat temperature of those \-~ells 
taking s.tearn·, and pressures are ave·rage injection pressures 
of those ·wells taking· st·eam as measured dcn·mstream of .che 
control valve for each welL Injection Volumes have been 
calculated based upon injection meter readings, Stearn 
Quality ~nd Feed Water rates for the Steam Generator 

2) 

or Generators being operated. 

Production tubing was pulled from the Production wells to 
accommodate the fracturing treatment, and t;.his accounts 
for lack of Production for November 19th through 26th. 



Table X 
BX In Situ Oil Shale Project 

~ U1 Operations Summary 

"' December 1979 I .... 
Test 

Steam Gen. Steam Gen. Super- Barrels Temp. Pressure Barrels Well 
_DATE ACTIVITY tb. 1 tlo. 2 heater Injected ....2!__ PSIG Prod. ~ 

12/1/79 Injection, Gen. lb.l & No.2, Gen. N::.l inj. 24 hrs. 24 hrs. 1256 471 990 568 
steam, lb.2 on low fire. & cxxning up flowing 
to pond for day. 

12/2/79 Injection, Gen. lb.l and Gen. lb.2 prt of :!4 hrs. 12 hrs. 580* 476 
time) lb significant contribution from No.2 
*Dlta logger missing (check). 

12/J/79 Injection, Gen. lb.l & Gen. lb.2 (part of :!4 hrs. 19 hrs. 1852 440 1075 . 070 ?/18 
time) lleating up superheater (lb fire) • 

12/4/79 Injection,. Gen. lb.l & tlo.2 on, oont. :!4 hrs. 24 brs. 2219 46«· 1209 744 3/106 
problems w/gas lift system. 

l2i5/79 Injection, <Bl. tb.l & Gen. lb.2 (part time) 24 hrs. 16 brs. 1744 492 1328 . 913 1/214 . 

12/6/79 Injection, c-.en. lb.l & ~ter on short time 24 hrs. S-'1brs. 1291 492 1232 321 4/151 

12/7/79 Injection, Gen. lb.l & superheater. Prob1E!IIIS 24 hrs. 24 hrs. 1125 554 1322 328 4/328 
w/shut downs of Geri. lb.l due to hydrates 
in gas. 

12/8/79 Injection, Gen. lb.l and superheater. Z4 hrs·. 24 hrs:. 1101 638 1354 271 4/271 

12/9/79 Injection, Gen. lb.l & switched to Gen. lb.2 14 hrs. 10 tu:;s. 24 hrs. 1J49 18 4/18 
during day, plus superheater. O:>ntinued 
production problems. 

12/10/79 Injection, Gen. tb.2 & Sl{lerheater. D:!veloped 24 hrs. 18 :1rs. 1089 590 1364 780· 4/205 
crack on tee at superheater outlet. Shut 
superheater down ·@ 1820 to repair. ~rking 
on production. 

12/11/79 Injection, generator lb.2 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 

,12/19/79 

12/20/79 

12/il/79 

. 12/22/79 

12/23/79 

Table X 
BX In Situ Oil Shale Project 

Operations Summary 
December 1979 

Steam Gen. Steam Gen. Super-
ACTIVITY No. 1 No. 2 neater 

Injection, Gen. lb.2, lb data logger 24 hrs. 
data fran 05•05 on. 

Injection, Gen. lb.l (part of time) and 3;5 hrs. 24 hrs. 
tt>.2. Fbufld· leak in convective section 
O.!ia. tt>.l. Shut down to locate & repair 
leak. 

Injection, Gen, lb.:'. located leaks in 24 hrs. 
steam Gen. tt>.l in 181P tube turns in 
convective section. 

Injection, Gen. lb.2. 24 hrs. 

Injection, Gen. lb.2, prod. problems cont. .24 ht's. 

Injection, Gen. tt>.2. 24 hrs. 

. Injection, Gen •. lb. 2, switching prod. cmkes 24 hrs. 
to inside of brllding. 

Injection, Gen. tt>.2 cookes noved to steam 24 hrs. 
gen. building. Gas lift back on @ 21:95. 

Injection, Gen. lb.2. 24 hrs. 

Injection, Steam Gen. lb.2 only. tt>rking on 24 hrs. 
repairing superheater leaks. 3 IIDre leaks foi.Dld • 

Injection, Steam Gen. lt>.2 only. 'l't>rking 24 hrs. 
on prod~tion wells. FOwer dip @ 15:50. 

Injection, Steam Gen. lb.2 only. tt>rking on 17 hrs. 
Production wells and repairing leaks on 
superheater & tb.l Generator. 

Preparing for Hydrotest of Steam Gen. lb.l 
& Superheater. 

Test 
Barrels Tsmp. Pressure Barrels Well 
Injected 1-'. PSIG Prod. Prod.! 

1133 497 1355 787 4/329 

1117 501 1355 1019 4/291 

1107 493 1310 625 4/270 

1194 516 1215 771 4/262 

1193 .523 1222 570 ()/132 

1259 523 1239 228 0/125 

12AO 488 1296 265 O/:l6 

1174 499 1321 86 0/0 

1103 503 1126 33 f)/)3 

1082 496 1173 83* O/fl3 

1013 472 1079 164* 0/164 

564 479 1047 61 0/56 
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Table X 
:3X ·In Situ Oil ShAle Project 

Operations Summary 
December 1979 

Test 
Stea·m· Gen. Steam Gen. Supcf- ~arrels Tsmp. · :Pressure' narrels Well 

'DI\T.~ J\C1'1VITY . tlo. 1 · No. 2 Ilea tc1· Injected t•. ·PSIG .Prod. 

12/·24/79 Injection-Steam Gen. ~.2 only. tbrking ·24 ·hrs. :1020 461 1040 <180 
on ProducUon wells am instr .• calibra-tion. 

12/25/79 Injection-steam Gen. tt>.2 oniy. ProbletTB 24 hrs. 1001 448 1088 412 
with instrunent air. 

. 12/26/79 Injection-steam Gen. tt>.2 only. nesolved 24 hrs. 1086 492 1145 36.1 
problems w/instrunent air suwly. 1-brk 
on instnmmt calibration. 

12/27/79 Injection-Steam Gen. tt>.2. Qllibrating 24 hrs. . 1044 49.1 1150 590 
instrunents. ·'1\Jok ·enviromental BiU!ples. 

.12/28/79 Injection-:.steam Gen. ·tt>.2 •. ~rking w/pr.x3. 24 hrs. 1070 482 1166 852 
. wells. Production volume oonii"9 up • 

. 12/29/79 · Injectiorr.Steam Gen. lb. 2. ~rking w/ prod. 24 hrs • 1192 475 1201 1320 
wells. 

·12/30/79 Injection-Steam Gen. ~. 2. · ~rking. wjprod. 24 hrs. 1387 494 1217 912 
·wells and calibrating inst. 

12/31/79 Injection-Steam Gen. t-b. 2. Production· inproving. 24 hrs. 1416 495 1262 1367 

*Average injection temperature is measured at the injection wellheads with thermocouples attached to .the outside 
of the injection flow. line, ·hence the a-:::tual flowing. temperature will be slightly higher ·than that which 
is recorded. 

**Average injection pressure is. measured downstream of the.control valve for each injection well and is an average 
of all wells. Refer to the Data :Summary Appendix "B" for da·ta on individual well performance. 

Prod • 

0/211 

0/0 

0/0 

. l/332 

1/570 

l/4H 

1/31)2 

. 1&4/409 

t-3 
~ 
I 

w 



DATI'! 

1-1-80 

1-2-80 

1-·3-80 

1-4-80 

1-5-80 

1-6-80 

1-7-80 

1-8-80 

1-9-80 

1-10-80 

Table XI 
DX In Si lu Oil ·Shale Project 

Operations Sur.~r.~ary 
JANUARY 1980 . 

Stc.:un Gen. 
~IVI'l'Y 

Injection-Steam Gen. No.2. Pinhole leaks 
injection well 15. Working on production 
wells. 

Injection-Steam Gen. No.2. Working with 
· proJuction wells. 

Injection-Steam Gen. No.2. Completed repairs 
to Steam Generator No.1 ·working on:Production 
wells. 

Injection-Steam Gen. No.2.· ·uydrotested Steam 
Gen. No.1 and superheater. 

·Injection-Steam Generator .No.2. 

Injection-Steam Gen. No.2.· New leak developed 
in superheater when :flowing steam through to 
pre.heat. TOok superheater out of line. 
Arranging repair. 

Injection-Steam Gen. No. 2. Repairing valve on 
injection well 18. 

lb. 1 

Injection-Steam·Gen. No. 2. Repairing valve on 
injection well 18. Found new leak in superheater. 

Injection-Steam Gen. No. 2. Repairing valve on 
injection well 18. Evaluating superheater problems. 

·Injection-Steam Gen. No. 2. Repairing valve on 
-injection well 18. Took VTN water samples. Not 
able to get samples·.BX-36. Pumped well down. 

Strom Gen •. 
tb. 2 

24 hrs. 

24 hrs. 

24. hrs. 

24·hrs. 

:22· hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

· 24 hrs. 

· 24 hrs. 

Super-
~ 

Barrels 
Injeclt.d 

1383 

1370 

1381 

1408 

. 1414 

1269 

ll83 

1183 

1183 

1207 

· 'IUI1.>::.-Tature Pressure Barrels 
OF. 

493 

516 

517 

492 

494 

466 

482 

489 

498 

496 

I'SJG ~:J.. 

1267 .1090 

1273 815 

1251 1272 

lll9 1,125 

ll2S ll27 

1145 . 811 

1334 690 

1346 956 

1369 ll64 

1384 ll86 

/ 

1\·!;1: 1·:,,1 I/ 

.!.:! ~ !_·~;·0..::::!_ 

4/277 

4/200 

4/222 

3/252 

3/320 

3/132 

3/143 

3/279 

3/273 

3/260 < 

~ 
H 
I 

...... 



.UI 
0'1 

1-U-80 

1-12-80 

1-1-3-80 

1-14-80 

1-15-80 

1-16-80 

1-17-110 

1-18-80 

1-l!P·SO 

Tabel XI 
BX In Situ Oil Shale Project 

Opcra~~ons Summary 
JANl.A~Y. 1980 

Steam Gen. :Sto.:llll ecn; 
ACTIVITY Ill. 1 tb. 2 

Injection-steam gen. No. 2 Injection well 
IS still down. Universal testinCJ ·On sHe 
to x-ray welds ·On superheater. Contint:.ed 
production problems BX-20 shut-iD. 

Injection-steam ·ge.n. No. 2, Gen. 110. 1 C·n 
part of day, x-raying superheater welds .• 

Injection-steam gen. No. 1 & 2. 110. 2 
generator down part of day for repairs. 
Injection w~ll No. 8 still ·down. 

.Injection-steam gen. No. 1 & 2. Cleaned 
burner .and burner nozzel Gen No. 2. G~n. 
No. 1 down to repair leak. Repacked steam 
valve BX-33. 

Injection-steam gen. ·No. 2. 

Injection-steam gen. No. 2. 

Injection-steam gen. No.. 2. Two power c.ips 

]. hr •. 

:1!8 hrs. 

24 hrs. 

caused loss of data on disk. ·Salt ·delivered. 24 hrs. 

Injection-steam gen. No. 2. ·Gen. down.to 
install blinds on superheater. :<-ray "'ork in 
progress on superheater. Found welds that 
would not pass te·st. :00 hrs. 

Injectio·n-steam gen. No. 2. Welder .on 
superheater repairs. :04 hrs. 

.24 hrs. 

24 hrs. 

12 hrs .• 

6 hrs. 

Super-
~ 

.JBarrcls 
·Injected 

1159 

1187 

1402 

6U 

1291 

1396 

1385 

1068 

1247 

~~raturc Pressure 
°F. PSJG 

491 

4'17 

4:13 

464 

480 

499 

4:78 

3:11-

4Bii 

1363 

1392 

1366 

1186 

1251 

1276 

1251 

1030 

1227 

Barrels 
Pro· !ut:.'L'<I 

1147 

1119 

1070 

1035 

948 

930 

1063 

886 

870 

Test 1·~11/ 
'Pro I\1C.!l£.n_ 

3/264 

0/258 

0/184 

0/189 

0/104 

0/102 

0/202 

1/342 

3/2P 



1-20-80 

.1-21-80 

1-22-'80 

1-23-80 

1,-24-80 

1-2.5-80 

1-26-80 

1-27-80 

1-~8-80 

1-29-.80 

1-31-80 

Table XI 
BX ·In .Situ OH Shale Project 

Operations Summary 
J~NUARY 19.80 

·steam Gen. St:Oam Gen. super-
lb. ·.:;. tb. 2 llc.1tcr 

Injec:tic;m-steam gen. No. 2. x-ray & weld 
on superheater. 

Injection-steam gen. No. 2 ~-ray ~ weld 
on. ~uperheater. Take environmental water 
samples. · 

I~jection-~team gen. N~. 2. x,-ra~ & weld 
on superheater. 

Injection-steam gen. No. 2 X-ray ·& weld 
power ·dip.. Caused loss ·of da.ta on 
data logger. 

Injection-steam gen. No.2 •. Working on 
problems of· power outages .caused by line. 
hits .at inultiminerals operatic~. 

Injection-steam gen. No. 2. 

·Injection-steam gen •. No. 2. 

.Injec'tion-steam gen. No. 2. 

Injection.,.steam gen •. No. 2. 

Injection-steam gen. No. ·2. Will bring generator 
·No. 1 on line. to maximize saturated steam.inject'ion. 

Injection-steam gen. No. 1 & No. 2. Power outage 
problems. 20ls br.s. 

;Injection-steam. gen •. No. 1. 24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

11 hrs. 

Barrels 
Injcct:nl 

1369 

1420 

1396 

.890 

1444 

1447 

.1446 

1380 

1390 

1510 

907 

Tr.ntlC't'ilture Pressure ·Barrels 
Prodtm<l Ot•. l'SIG 

471 

491 

483 

'494 

477 

401 

495 

485 

489 

1250 847. 

1272 844 

1263 842 

*No data from 834 
·data logger •. 

1224 ·829 

1222 860 

1240 867 

1254 807 

1252 800 

1276 955 

1267 380 

1136 876 

8 
>< 
H 
I 

w 

~st \·/ell/ 
l"l"'<lttc;:~~ 

4/655 

0/14 

0/11 

0/11 

0/26 

0/83 

.0/11 

0-'3/102 

3/157 

4/93 

3/6 



l11 
00 'l'ablc XII 

fiX ln Situ Oil Shale Project 
Op(~rations f>urarl•lry 

F'eb~ruary 1980 

Strom C.en •. ·Stoam Gen. Super-
o,\1'E ACTl\'I'rY lb. 1 l-b. 2 ·~ 

2-1-80 Injection•Gen No.1. Planning . to· bring-Gen. ~- 2 
~ on line to .maximize saturated· steam 1-nj·ection. 24 hrs. 

2-2-80 Injection-Gen. No.1 & Gen. No.2 on duri'ng day 
Gen. No.1 down to crack in feed outer pump pipir:.g. 6 hrs. 19 hrs. 

2-3.,..80 lnjection-,Gen. No.-2 •. Working .on repai:::-s to 
Gen. No.1. 24 hrs. 

2-4-80 Injection-Gen. No.2 & Gen. No.!. 9 hrs. .24 hrs. 

2-5-80 Injection-Gen. No.1 & 2. '' Down 2 hour~ because 
of power failure. Data Loss. 0000 to 1121. 22 hrs. 22 hrs. 

2-6-80 Injection-Gen. No.1 & 2. Pumping BX-2) w/rod 
pump. Not working well. Power dip at 0440. 24 hrs. 24 hrs. 

2-7-80 Injection-Gen. No.1 & 2'. Problems w/disposal pump. 
No.2 generator down while repairing disposal puRp. 
VTN samples taken. 24 hrs. 1.5 hrs. 

,2-8-80 Injectien-Gen •. No.1 &· 2. BX-:20 not pumping well. 
Repairing disposal pump. 24 hrs. 4 hrs. 

. 2-:-9-,80 -Injection-Gen • No.1 & 2.· ;NO· production on BX-20. 24 hrs. 24·hrs. 

2-10-80 Injection-G~n. No.1 & 2. 24· hrs • . 24 hrs. 

2-11-80 Injection-Gen. No.1 & 2. Problems w/N·:>. 2 generator. 
BX-20 pumping fluid. 24 hrs. 17.33 hrs. 

~ 
:>< 
H 
H 
I ..... 

Barrels · ~Jerature Pressure . 1\lrr~ls Test Well/ 
Injected F. PSJG ~roc.lnn .. '<l l'roJuction 

909 482 '1171 832 4/i93 

1139 465 1129 743 4/146 

1305 474 1247 '732 4/121! 

1579 486 1290 799 4/216 

2078 '497 1352 662 4/92 

1946 495 1389 727 . 3/235 

1()59 489 1248 . 586 3/240 

1149 '475 1180 693 3/241 

2173 484 1383 849 3/249 

2020 494 1434 "/84 3/240 

1752 487 1407 766 2/177 



U1 
.1.0 

2-12-;80 

2-H-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 

Table ·XII 
BX In Situ ~Oil Shale Project 

. Operat~ons Su~r~rnary 

Febru~ry 19.80 
I 

Strom\ Gen. 
I\CTIVI1'Y 
·Injection Gen. No. 1 & 2. 

Injection Gen. No. 1 & 2. Gen. No. 1 down for 
repair.of leaking fitting. Problems continue 
with measurement of steam of injection well 
No. 3. 

Injection Gen. No. 1 & .2. 

Injection Gen. No. 1 & 2. 

Injection Gen. No. 1 & 2. 

Injection Gen. No. 1 & 2. 

Injectio11 Gen. No. 1. & 2. Gen. 1 down 9 hrs. 
to repair leaking fitting. Installed turbine 
meter .in dispoal line. Temperature decrease 

lb. 1 

24
1
hrs. 

2J hr.s. 
I 

24 brA. 

24 hrs. 

24 hrs. 

24 hrs. 

points I 839,840,841? 15 hrs. 

Injection Gen. No. 1 & 2. .Injection well 14 
down 4 hrs. with leaking valve. 24 .hrs. 

Injection· Gen. No. 1 & 2. Both down on power 
ta~lure for short period. Gen. down with· repair 

Stcain Gen. 
tb. 2 

24 hrs. 

24 ·hrs. 

24 hrs. 

24 hts. 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

Super-
~ 

to sample line.. 22:75 hrs 20.75 hrs. 

Injection Gen. No. 1 & 2. No. 2 Gen. down to 
repair leaks. 24 hrs. 8 hrs. 

Injection Gen. No. 1 &.2. 24 hrs. 24 hrs. 

Injection Gen. No. 1 & 2. 24 hrs. 23.5 hrs. 

Inject ion ·.•Gen. No. 1 & 2. 24 hrs. 24 hrs. 

Burel!! 
Injcctt-"<1 

1857 

1749 

1695 

1686 

1696. 

1737 

1509 

1784 

1473 

1235 

1794 

1.703 

1620 

·. 

'lrnt>eratu.re Pressure 
Or' • PSIG 

489 1446 

!107' 1426 

510 1435 

512 1443 

SOl 1446 

492 14 34 

480 1434 

492- 1423 

490 1424 

494 1373 

501 1445 

495 1.451 

501 1452 

·B.lrrcls 
ProJ!l2:hl. 
785 

'809 

787 

780 

735 

722 

719 

727 

702 

724 

831 

895 

839 

· ....... 

.. '· 

1\>!.it \·:.:·11/ 
Pn.lo lu,~u..:...:'-

2/40 

2/82 

2/8 

2/21 

2/4 

0/0 

2/0 

1/199 

1/102 

1/309 

4/256 

4/227 

0/165 
t-3 
:>< 
H 
H 
I 

IV 



2-25-80 

2-26-80 

2-27-80 

2-28-80 

2-29-80 

Table XII 
DX ln Situ Oil Sh~le Project 

O~c[ations Su~~ary 

February 1980 

1\C: 1 VI'l'Y -----
Injection Gen. No. 1 & No. 2. Leak found 
at front end of convective section Geg'J. 1 
will watch until leak is large enough to 
isolate for certain. 

Injection Gen. No. 1 and No. 2. 

Steam Cco.n. 
~b. 1 

24 hrs. 

24 hrs. 

Stc.lm Gen. 
tb. 2 

24 hrs. 

24 hrs. 

Injection Gen. No. 1 and No. 2. Power failure 
problems causing shut downs. 23.5 hrs. 23.5 hrs~ 

Super­
llc;tter 

Injection Gen. No. 1 and No. 2. TWo power 
failures caused shutdowns and loss of data on 
diskette. 21.5 hrs. 21.5 hrs. 

Injection Gen. No. 1 and No. 2. Bad disk 
could not recover data on disk. 24 hrs. 24 hrs. 

1\"lrrcls 
Injr.octcdl 

1634 

1631 

1640 

No Data 

NO Data 

'l\:11q.<.'ra lure Prcss1 rc 
(>F. PSJC: 

500 1455 

497 1438 

491 1412 

No nata No Data 

No Data No llata 

D.urels · 
Pr·olqr.:,l_ 

908 
949 . 

877 

684 

736 

'1\·~;t \·:·.'11/ 
Pto!:..::::~t_,.i~~ 

0/145 

3/ 25'9 

3/205 

1/293 

2/4 

1-3 
>< 
H 
H 
I 
w 



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 oil 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 sununaries for the full period 

September 18, 1979 - February 29, 1980, and for the quarter December 

1, 1979 - February 29, 1980. 

General Project operations for the months during which steam 

injection has taken place are surnmnrized below. 

SEPTEMBER 1979 

The operations at the BX Project for the month of September, 

1979, included 17 days of maintenance, repairs, ~nd 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 _ , jec t o n 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. 
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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 

s team 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 Uhtil remedial wo~k on injection and production 

wells was completed. 

During the ~onth, 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 co.ntinued 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 qualified welders, and the repair work was inspected by a code 

inspector. 

During the month, 25,971 barrels of water were injected as steam 

at an average wellhead temperature of 471°F. and an average pressure 

of 1063 PSIG. 

There were three distinct periods of injection during the month. 

The first was November 1st through November 7th during which saturated 

steam was injec.ted at an average rate of 1225 BBL/day 1 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 injected at an average rate of 783 BBL/day, an average 

0 wellhead temperature of 501 F. and an average pressure of 946 PSIG. 

The third was from November 21st 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 T979 

In December, 37,100 barrels of water as steam were injected into 

the eight injection wells at an average daily rate of 1196 barrels 

0 
per day, an avera.ge wellhead temperature of 494 F., and an average 

pressure of 1149 PSIG. Superheated steam injection took place on only 

4~ days of the month due to continued problems with leaks in the 



superheater. For the balance of the days, steam was injected at a 

saturated temperature 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 remaining 22 days. 

Leaks in the tube return ends of Steam Generator No. 1 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 develope6. 

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 .iu p .. E:'oduction 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 continuous production is 

to install a positive pumping systern.such as a rod pump in the production 

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 generator 

was operated for most of the month, 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 

antl Lt::!!)H:!~entatives of 'l'herm.otics 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 

gener~tors 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 monthl:y average. Wellhead injection pressure averaged 137_1 PSIG, 
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and wellhead injection temperature averaged 472°F. 

For most of the month, both steam generators were operating. 
. . 

Operators were instructed to operate .the generators as close to 

design pressure as possible and maximize the amount of steam 

injected. 
. . 

The continuing imbalance between injection and·production; 

which is a ratio of approximately 2 to 1, must·be resolved if t;he 

injection is to increase and if the Pr0ject is to operate on the 

most basic of its assumptions, i.e. water withdrawals f1:om the 

formation must, at min1murn, supply all injection needs, and at lea.st 

equal injection but preferably exceed it. The scheduled Project 

review me~ting on ~rch 6th is to be held to address solutions 

to this specific problem. 

ENVIRONMENTAL MONITORING . (MOO) 

During the year, pre-start up environmental monitoring and 

operational environmental monitoring continued in accordance with 

the Environmental Research Plan. Delay in Project start up and other 

factors have necessitated so:me modifications to the original plan, 

and a .revised Environmental Research Plan and budge~ was submitted 

to the Department of Energy for approval in September, 1979. 

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

(1) . Quarterly Environmental Research Plan Report 
December l, 1979 - February 29r 1980. 

{2) Quarterly Air Resources Report 
Septemberl -.November 1979. 

In addition to the a~ove reports and the regular monthly 

and quarterly reports filed during the year, the following special 

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

Surface Water Hydrology of the Piceance Crt=ek Basin· 
and BX In Situ Oi~ Shale Project - December 26, 1979 

Geology and Geohydrology Elements of the Environmental 
Research Plan, BX In Situ Oil Shale Project, Rio 
Blanco County, Co+~rado - February 4, 19~0· 

PROJECT MANAGEMENT AND CONSULTANTS (000) 

During the year, the fqllowing Equity Oil Company employees were 

actiye in matters relating to the BX Project: 

NAME. 

Paul M. Dougan 
Torn Wolter · 
Dallas Goodrich 

TITLE 

Project Manager 
Project Operations Engineer 
Project Fielq Superintendent 

During the year, the following consultants worked on the 

BX Project:· 

NAME 

Fred s. Reynolds 
Dean Gray 
Glen Hatch 
Dr. Paul J. Root 
Dr. ~eorge R. Hill 

TITLE. 

Project Engineer 
Legal Review·· 
Legal Review 
Mcltherna.tical Modeling & Consultant· 
Laboratory Research_ Consultant 

During the y_ear~ the following Stearns-Roge+ Corporation.: 

personnel were assigned to the Project: 

NAME 

'rem Hole~ 
(;ordon Cook 
G~orge Fergueson 
Randall Woods 
Mike Hutton 
Anthony_ Testa 

SUMMARY 

"TITLE 

Operations .Supervisor 
Operator 
Shift Supervisor 
Instrumen~ation Operator 
Operator 
Operator 

During the la13t Year~ the construction and i~stallation of. 

the field Project was completed, and continuous steam injection was 

initiated.on Septernbe:r;: 18, 1979. 
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Mechanical pro0lems associated with the steam generatipg 

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 evidenced 

by the temperature increases observed in Project temperature observation 

wells. 

Mechanical and ~eservoir problems with the Project should be 

resbl~ed during th~ first ~uarter of the present yea~, and operatioti 

of the Project reasonably close to design conditions for the p.alance 

of the year is expected. 
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LEACHED ZONE THREE DIMENSIONAL GEOHYDROLOGJC 

TESTING AND ANALYSIS REPORT 

BX IN SITU OIL SHALE PROJECT 

RIO BLANCO COUNTY, COLORADO 

Submitted to: 

Equity Oil Company 
Salt Lake City, Utah 

July 19, 1979 

·sy': 

VTN·Conso11dated, Inc. 
2301 Campus Drive 

Irvine, C~lifornia 92713 

Walte.r w. Loo (Geohydrologi st) . 
Dale E. Markley. (Hydrcgeologist) 
Swain D. Munsbn (Hyd~ologist) 
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SUHMARY 

The leached zone or lower aquifer in· the BX well field area is aniso­
tropic. 

The ratio of major horizontal permeability, minor horizontal penne­
ability and vertical pennability 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 
l~ached zone value of 922 gpd/ft. 

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

The average storage coefficient is about ·L54x1Q-3 for the leached 
zone. 

The rate of ground \'later movement in the 1 eached zone is about 23.4 
feet per year due north across the BX In Situ Oil 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 f'lou and geochemical model is recommended for future well 
field simulation. The model has to be calibrated with 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 rep_ort presents a three dimensional geohydrologi,c analysiS· of 
aquifer tests run at the BX In Situ Oil Shale Project in Rio Blancb 
County,- ·Colorado. Field testing included a pump test, _an .. injection 
test and ·a packer test _during the period May 12 .to June.1,0, 1979. The 
aquifer analyzed was. the. leached zone. of the Parach.ute Creek Member of 
the· Green River Formation. 

also analyzed. 

'· . •' 

Ground water movement determination was. 

' ~ . 
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SECTION 2.0 

GEOHYDROLOGiC TEST AND ANALYSIS OF THE PRODUCTION HORIZON 

2.1 GeohydroloQic Testing· 

A 24-hour drawdown test--and 24-hour recovery test were perfonned.:on the·. · 

productionhorizon of the leached zone (or lower ·aquifer) ·at the BX In 

Situ Ofl Shale 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 Figure 2). Table 1 is a 

tabulation of the elevation and perforated interval of wells used in 

geohydrologic testing. All 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-i4 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 Geohydrologic Analysis 

During the entire 48.;.hotir testing program; orily 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) 

WELL NUMBER 

Waste Injection Wells 
BX. - 2 
BX - 3 

Wells Perforated in Various 
Horizons 

BX ~ 4 

BX - 7" 

BX - 10 
BX - 11 

SURFACE 
ELEVAT-ION · 
(in feet) 

86 

6650 
6622 

6616 
6630 
6617 
6629 

·DEPTH OF PERFORATED 
INTERVAL (in feet) 

1101-1229 
. 1058-1191 .. 

1075-1215 
810-998 
.776~984. 

776-984 



Equations used in the geohydrologic analysis are presented in Table 2, 

with the results of geohydrologic analysis summarized in Table 3. The 
' . 

section ·of the 1 eached zone ·tested (983 to 1278 feet bel ow 1 and sur-
., . ' 

face), ··referred··to as the production horizon, shows an average ·permea­

bility of about 1.3 gpd/ft.2 or. 70 milli~arcies. Since the storage 

coefficient values are relatively close, the contrast of horiz?ntal 

permeab~ 1 i ty tensors are not expected to be of great concern with the 

present well field configuration or design. 

It i~ of the· greatest concern that observation wells BX-16, BX ... 17, 

BX-23, BX~24 and BX-33 did not ~how any response during the test 

period. These.wells are within a 200-foot ra~ius of the pumpi~g well 

and are comp·leted 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 

S = 0.3 T to 
r2 

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 fee~, from bottom of p~mped 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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UNITS 

Q in g_pm 

As in ft. 

to in days 

r in ft. 

T in gpd/ft. 

b in ft. 

K in gpd/ft2 

K in m9 

s 

TABLE 3 

SUMMARY OF GEOHYDROLOGIC ANALYSIS 
FOR PRODUCTION HORIZON 

BX-19 BX-20 

13 13 

7.4 10 

.243 .278 

132 102 

464 343 

295 295 

1. 57 1.16 

86.4 63.8 

1. 94lx1o-3 2.749x1o-3 
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AVERA~E 
BX-21 VALUES 

13 13 

10.8 9.4 

.278 .266 

108 114 

318 375 

29S 295 

1.08 1.27 

59.4 69.9 

2.274x1o-3 2.321x1o-3 



·sECTION 3. 0 

GEOHYDROLOGIC TEST AND ANALYSIS OF THE LEACHED ZONE 

3.1 Geohydrologic Testing 

A 43-hour inject ion test and 31-hour recovery test were performed on 

the leached zone during June 4-7; 1979. The injection test was run· at 

a constant rate 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 shoHed a decline in 

head for the first 16 hours of the test. The effects of inject ion at 

BX-2 apparently affected the water level in BX-3 which also shO\'Ied 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 affect~d 

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 level with 

time since injection began for ,the inj~ction portion of the test is 

tabulated in Appendix A for wells not affected by partial penetration 

effects. 

90 



TABLE 4 
DEPTH TO WATER LEVEL IN OBSERVATION WELLS 

USED IN INJECTION TEST June 4-7, 1979 

Approximate Depth To Depth To 
Well Collar Static Water Water Level 
Height Above Level Before After 43 · Ho.urs Change In 
Ground Surface Test* Of Injection* Water Level 

Well Number {in feet} (in feet} {in feet}· {in feet} 

Injecti~n 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 • Ji 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 
ox - 6 4.0 22.G 20.3 + 2.3 
BX - 8 0 15.5 13.0 + 2.5 

Wast~ Injection Well~ 
BX - 2 5.7 36.2 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 ·o 
BX ... 7 6.0 17.7 OF > 17.7 
BX - 10 5.5 7.3 OF > 7.3 
BX - 11 4.2 11.4 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 1 ower injection horizons and the upper and 1 ower 1 eached 

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 character1 st ics of the 

upper and I ower injection hor1zons. These <H"t:! diJIH·oxilnately 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 7.5x10-4. 

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 product ion wells. This 

value is equal to the average of the· values for the production wells 

from the tirst test (Table 3) and the values fr·ou1 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 1.54x1o-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 FO:~ 
UPPER AND LOWER INJECTION HORIZONS 

Well Numbers 
Units BX-17 BX-23 BX-2if 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 .0090 .0139 .326 .057 .0714 

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

1.0 T in gpd/ft. 985 1128 746 754 1138 971 717 920 
w 

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

K in gpdjft2 6.04 6.96 4.49 4.80 7.25 5.34 4.54 5.61 

.K in md 332 383 247 264 398 293 249 308 

s 6.1x1o-4 1.2x1o-3 5.5x1o-4 8.8xlo-5 1.5xlo-4 2.1xl0-3 5.3xlo-4 7.5xlo-4 



TABLE 6 

SUMMARY CF GEOHYDROLOGJC ANALYSIS FOR 
FOR THE UPPER LEACHED ZONE 

Well Numbers 
Units BX-liJ BX-15 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 

r i:'l gpd/ft. 943 956• 956 901 1187 987 

b in ft. 274 278 278 262 345 287 

1.0 Avg.K in gpd/ft2 3.44 3.L4 3.44 3.4l, 3.44 3.44 +=-

Avg.K in md 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/ft2 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 



TABLE 7 

SUMMARY OF GEOHYDROLOGIC ANALYSIS FOR 
FOR THE LOWER LEACHED ZONE 

Well Numbers 
Units. BX-1~ BX-19 BX-20 BX-21 BX-26 Average Values 

Avg.Q in gpm 28 28 28 ... 28 ·28 28 

r' in ft. 100 40 52 120 140 90.4 

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

b in ft. 281 277 277 293 210 268 
I.D 1\vg.K. in. gpd/ft2 3.44~ 3.44 3.44 3.44 3.44 3.44 U1 

Avg.K in md 189 189 189 189 189 189 

Avg.S (x1Q-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. 0.22 

Kv in md 8.57 14.51 12.95 N.S. N.S. 12.01 

N.S. - no solution 



~ 

The 1 ower 1 eached zone is approximately 1 ocated in .the i nterva 1 between 
1072 to 1340 feet of depth. This zone has an average transmissivity of 
922 gpd/ft. 

3.2.3 Geoh~drologic Analysis of Vertical Permeability of the 
Leac ed Zone · 

Production wells BX-14, BX-19, BX-20, BX-21 and BX-26.are perforated at 
intervals different 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 penneability 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 product ion wells. The same assumptions were used as in 
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TABLE 8 

ASSUMPTIONS USED IN GEOHYOROLOGIC ANALYSIS 

I. Transmissivity and storage coefficient are equal for all produc­
tion wells. These are equal to the average of the values for the 
production wells from the first test (Table 4) and the values from 
wells completed to the upper and lower injection horizons (Table 
5). 

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

A. Vertical permeability was analyzed with the following assump­
tions: 

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

a. 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. 

b. 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. 

B. 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. 

·a. 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. 

b. 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 GEOHYOROLOGIC ANALYSIS 

c. The upper and lower leached ~ones 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 
. Hori zo nta 1 

· Permeab i 1 i ty 

gpd/ft2 md 

3.44 189 

3.44 189 

3.44 189 

Average 
Vertical 

Permeability 

gpd/ft2 ind 

0.28 15.6 

0.21 11.4 

0.25 13.5 
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Ratio of 
Horizontal to 

Vertical Permeability 

12.09 

16.58 

14.34 



the vertical permeability 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 direct ion of major 
transmissivity was N 78° Eo 

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 1 eached 
zone. 
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TABLE 10 

RESULTS OF RESERVOIR ANISOTROPIC ANALYSIS 
OF THE UPPER LEACHED ZONE 

Major Horizontal Transmissivity 

Minor Horizontal Transmissivity 

Mean Horizontal Transmissivity 

Direction of Major Horizontal 
Transmissivity Axis 
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1048 gpd/ ft. 

931 gpd/ft 

987 gpd/ft 



TABLE 11 

RESULTS OF RESERVOIR ANISOTROPIC ANALY~IS 
OF THE LOWER LEACHED ZONE 

Major Horizontal Transmissivity 

Minor Horizontal Transmissivity 

Mean Horizontal Transmissivity· 

Direction of Major Horizontal 
· Transmissivity Axis 
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960 gpd/ft 

885 gpd/ft 

922 gpd/ft . 



. 
4.1 Geohydrologic Testing 

SECTION 4.0 

PACKER.TEST . , . 

In an effort. to determine a preJerred direct ion of flow within the 
. . 

leached zone a packer test was conducted for 73 hours during June 7-~0, 
1979. Jhis 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 b~rrel s 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). 

Th~well field was not stable prior to the beginning of the test. This 
was ~ 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 poth 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 decline for the first 10 hours 

. . 
of the test at which time water levels began to rise at equal rates in 
bot~ the pipe and annulus. After 73 hours of injection water levels 
rose above the 1Q hour level by 1.3 feet in both the pipe and annulus. 

4.2 Geohydrologic Analysis 

The consistent ~nd equal changes in water level in both of the inter­
vals tested indicate that there is relatively no contrast in their per­
meabilities. Computer analysis to determine vertical permeability 
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 regi ona 1 ground water movement in the 1 eached zone can readily ·be 
determined once the permeabi 1 ity, ground water gradient, and porosity 
of the formation are known. 

rate of movement = permeability x gradient 
porosity 

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 1 eached zone is estimated to 
be 23.4 feet per year due north across the BX In Situ Oil 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 1 eached zone from the project area a minimum of 
1354 years to reach the Piceance Creek. 
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SECTION 6.0 

SUMMARY AND RECOMMENDATIONS 

6.1 Sununary 

: ' 

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 permability in the leached zone is 

14.7:13.3-:1 respectively or 199md:180md:13.5md •• ·. ._. 

i' 

. 3. Th~ dv~r·dy~ hurizuntal· transm1ss1v1ty of the leached zone is 

1809 gpd/ft with an upper 1 eac~ed zone va 1 ue of 987 gp~/ft 

and a lower leached zone value of 922 gpd/ft. 

4. The aver-age hori zonta 1 permeability of the 1 eached zone fs 

about 189md. 

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

leached zone. 

6. The average horizontal permeability in the upper injection 

horizon, production hor1zon, and lower injection horizon in 

the leached zone are 308md, 70md, a~d 308md respectively. 

7. The rate of ground water movement in the 1 eached zone is 

about 23.4 feet per year due north across the BX In Situ Oil 

. Shale Project site. 
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8. The contrast of horizontal to vertical permeability is lar~e. 

It will cause less than satisfactory vertical ~weep by the 

present well perforation designs. 

6.2 Recommendations 

Since the three-dimensional geohydrologic properties of the leached 

zone have been detennined, it· is possible to provide meaningful input 

dat13 into any valid reservoir models. A reservoir model which can 

handle both the horizontal and vertical permeability is recommended. 

The horizontal anhotropic property of the leached zone will not be a 

significant factor in. contr~lling: the flow of fluid. The selected 

model should be able to handle high temperature, geochemistry. thermo­

dynamics, multiple-phase fluid flow, and has general printing and 

plotting capabilities. With the on-going steam injec~ion 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 ~ses. 

With the .addition of optimization techniques to the model, cost of 

production well field can then be reduced to il minimum. 
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APPENDIX A 

INJECTION TEST DATA 
FOR OBSERVATION WELLS NOT.AFFECTED 

BY PARTIAL PENETRATION EFFECTS 
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LOC,\TlO!I BX IN SITU OIL SHALE PROJECT 

t:ELL iJ BX-7 

OSSERVATIO~ WELL X PUMPING WELL 

t:ELL COLLAR HE.IC:.HT ti.BovE. G.Rov'-lO 1-i:OVC.L 6.0 ft. 

DEPIH IO STATIC YATER LEVEL 17.7 ft .. 
DATE A~D TIME OF "~ASURE~E~I June 4. 1979 1210 hrs. 

~-

DATE rrm; (m}:s) DEPT!I TO UATER (FT.) !>RAtmmm (FT) com:ENTS 

June·4 14 17.4 +0.3· 
. II 24 17.0 +0~7 

II 36 16.5 +1.2 
II 48 Hi.1 +1.6 
II 63 15.5 +2.2· 
II 90 14.8 +2.9 
II 120(2 tws) 13.8 +3.9 
II 180(3 hrs) 12·. 6 +5.1 
II 240(4 hrs) 11.5 +6~2 

"II 360(6 hrs) 9.8 +7.9 
II 480(8 hrs) 7.8 +9.9 

June 5 720(12 hrs 5.2 +12.5 
II 960(16 hrs 3.3 +14.4 

" 1200'(20 hrs 1.5 +16.2 c·losed valve 

I ·~. I 1 I . I 
~-·-. -_---r-· 

I --!-----·----·-- ,-----
1--------------

I c--·-- -··--·· --
.__ 
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LOCt\llO!t BX In Situ Oil Shale Project 

\:ELL 0 BX-10 

OSSERVATIO~ \:ELL X PUMPING \lELL 

WELL COLLAR HE.I(;.HT ~BovE. &RoVND \-Eve.L 5.5 ft. 

DEPTH YO STATIC llALER LEVEL 7.3 ft. 
DATE AND YUlE OF NEASURE~IENT June 4! 1979 1210 hrs. 

DATE TitlE (Hl~S) DEPTH TO t~.\'IER (FT.) PaAtmO\~N (FT) cmn:ENl"S 

June 4 17 5.7 +1.6 
II 27 5.7 +1.6 
II 38 5.7 +1.6 
II 51 5.6 +1.7 
II 67 

J~---
5.5 . +1 R 

II 90 5.3 +2 .. 0 
II ~20(2 hrs) 5.0 +2.3 
II 180( 3 'hrs. ) 4.8 +2.5 

I--· 
II 1240( 4 hrs.) 4.3 +3.0 
II 360(6 hrs) 3.3 +4.0 
II 480(8 hrs} 2.3 +5 0 

June 5 720(12 hrs) 1.0 +6.3 clos~ valve 

I I 

-
~-
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LOC,\TlO!~ BX In Situ Oil Shale Project 

\.'ELL D BX-11 

OSSERVATIO~ ~ELL X PUMPING t:ELL 

\.'ELL COLL:\R HE.IC:>HT ABovE,. G.RovND \-E:VE.t... 4. 2 ft. 

DEPIH T6 STATIC YATER LEVEL 1z.g ft. 
DATE ASD IIHE OF ~EASUREMENI June _4, 1979 1215 hrs. 

-·--· 

DATE tiNE (NI~5) DEPTH TO \~ATER (FT.) DRA\JDOUN (FT) com:ENTS 

June 4 16 14.0 +3.4 
II 26 12.8 +4.6 
II 37 11.9 +5.5 
II 49 u. 3 +6.1 ) 

' II 65 10.6 +6.8 
II 90 9.6 +7.8 
II 120(2 hrs) 7.9 +9.5 
II 180(3 hrs) 6.6 +10.8 
II 

II 240l4 hrs) 5.0 +12.4 
II 360(6 hrs) 3.0 +14.4 
II ~0(8 hrs) 1.5 +15.9 closecL~ lve_ T . 

I 

I 
I I 
I -

I I -·'--

--:--=-+ t-·--__ ----f -

-
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LOC,\TlO!~ BX In Situ Oil Shale Project 

\:ELL jJ BX-17 

OSSERVATIO~ WELL X PUMPING YELL 

WELL COLL:\R HE.I&!ii 1\BoVE. G.Rov~D 1-EVE.L.. 6.3 ft. 

DEPTH TO STATIC YAIER LEVEL 18.0 ft. 
DATE AND TIME OF ~EASUREMENi June 4. 1979 1220 hrs. 

. 
DATE THIE (~II~5) DEPT!l TO RATER (FT.) DRAUDOUN (FT). CO~t~:ENTS 

June 4 1 17.8 +0.2· 
II 3 17.3 +0.7 . 
II 5 16.5 +1.5 
II 7 1_5.8 +2.2 
II 10 15.0 +3. o. 
II. 21 13.1 +4.9 

... 

II 32 11.9 +6.1. 
II 43 ILl +6.9 
II 60 10.4 +7.6 
II 90 9.2 +8.8 
II 120(2-hrs) 7.6 +10.4 
II 180(3 hrs) 6.3 +11. 7 
II 240(4 hrs) 4;7 +13.3 
II 360C6hrs) 2.6 +15.4 
II 480(8hrs) 1.0 +17.0 closed v.a 1 ve_ 

I 
·I I 

114 



LOCATIO!~. BX iN SITU OIL SHALE PROJECT 

l:ELL D BX-23 .. 

OSSERVATIO~ l:ELL X PUMPING UELL 

\:ELL COLL:\R t;E.I<":>Hi ABovE. &Rovr-.lD 1-E.VE.L. · 8.2 ft. 

DEPTH TO STATIC WATER LEVEL 19.4 ft. 
DATE ASD TDtE OF !-iEASUR!:~IE~I. June 4, 1979 1210 hrs. 

-·-··- --·· ... 

DATE tiNE (~:INS) DEPTH TO l~ATER (ft.) DRA\JDOt~N (FT) com:ENTS 

June 4 1 19.4 0 
II 5 19.4 0 
II 10 18.7 +0.7 .. 

II 21 17.6 ' +1.8 
II 30 16.6 +2.8 
II 37 16.2 +3.2 ---
II 60 15.2 +4.2 
II j_ 91 14.1 +5.3 
II 120(2 hrs) 12.9 . +6.5 
II 180(3 hrs) 12.5 +7.9 
II 240(4.-hrs) 10.2 +9.2 
II 360(6 hrs) 8.4 +11.0 
II 480(8 hrs) 6:8 +12.6 

June 5 720(i2 hrs) 4.5 +14.9 -
II 960 (16 hrs) 2.6 +16.8 
II j10S0(18 hrs 1.8 +17.6 
II ~1200(20 hrsl _ 0.8 +18.6 closed valve 

I 

··=i----+-· ------r-- . ' 

-...~ 

115 



LOC.\TlO!l BX IN SITU OIL SHALE PROJECT 

\:ELL D BX-24 

OSSERVATIO~ ~ELL X PUMPING YELL 

WELL COLL='.R Hi:.I&HT 1!\Bove_ G.RoVND \-~VE..L 8.1 ft.. -
DEPIH IO STATIC YA7ER LEVEL 22.~ ft. 
DATE AND TIME OF MEASURE9ENT June 4~ 1979 1212 br:s. 

DATE Tim: (NI~S) DEPTH TO \:,\'IER (FT.) DitAIJDO\~N (FT) com:::r.;rs 

June 4 1 22.4 0 
II 4 22.4 0 
II 7 22.3 +0.1 
II 23 20.2 +2.2 
II 32 19.6 +2.8 
II 40 19.0 +3.4 
II 58 18.0 +4.4 
II· 98 16.5 +5.9 
II 120(2 hrs) 15.3 +7.1 
II 180(3 hrs) 13.6 +8.8 
II b40(4 hrs) 11.9 +10.5 
II' 

~60(6 hrs) 9.4 +13.0 
II ~80(8 hrs) 7.2 . +15.2 

June 5 ~20(12 hrs) 4.6 +17.8 
II ~60(16 hrs) 2.2 +20.2 
II 1080( 18 hrs 1.2 +21.2 
II ~200(20 hrs 0.1 +22.1 closed valve 

I I 
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LOC,\TIO!~ BX IN SITU OIL SHALE PROJECT 

WELl. iJ BX - 30 ----.... ... .., .... 

OSSERVATIO~ ~ELL X PUMPING \IELL 

WELL COLL,\R HE.I&HT J:\BovE. G.RoVr-40 1-t:":.VE.L 6.4 ft. 

DEPTH TO STATIC \lATER LEVEL 18.7 ft. 
DATE A~D TIME OF HiASURE~ENI June 42 1979 1220 hrs. 

DATE TINE (NI):S) DEPTH TO \:ATER {FT.) DRAI~DO\JN (FT) CO~;~:ENTS 

June 4 2 18.2 +0.5 
II 4 17.5 !1.2 
II 6 16.5 +2.2 
II 12 14.3 +4.4 
II 23 11.4 +7.3 
II 35 9.4 +9 3 
II 46 7.9 +10.8 
II 61 6.4 +12.3 
II 90 4_.1 +14.6 
II 120 (2 hrs) 1.3 +17.4 
II 180 (3 hrs) 0.3 +18.4 closed valve 

I 
_j 

I I 
I I I I l-f--

~----+ ~· ---

----·--r---__ J ___ 
. -~.~ 
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LOCATIO!t BX IN SIIII Oil SHALE PROJECT 

YELL iJ BX - 31 

OSSERVATIO~ YELL X PUMPING l1ELL .. 

YELL COLL:.\R HE.t(:.HT A.BovE. G.RQVNO \-~VE.L 
' 

DEPTH TO STATIC \lATER LEVEL 17.0 ft .. 

DATE .MID TIUE OF !'iEASURE~IENT June 4, 1979 

DATE TUIE (~IDlS) DEPT.H TO llATER (FT.) 

June 4 1 17.0 
II 3 16.8 
II 5 16 .. 5 
II 8 19.0 
II 11 15.4 
II 22 13.8 
II 33 12.6 
II 44 11.7 
II 60 10.9 
II 90 9.4 
II 20(2 hrs~ ). 8.0 
II' 

~sop. hr-s) 6.2 
---. 

II ~40(4 hrs) 4.·5 
II 360(6 hrs) 2.5 
II 480{8 hrs) 2.5 

I 

* Overflow to blowdown .line noticed after 8 hours. 
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6.3 ft. 

1216 hrs. 

DitA\JDOI~N (FT) 

n 

. +lJ . ;I 

+0.5 

·+1.0 

+1.6 

+3.2 
+4.4 

+5.3 

+6.1 

+7.6 

+9.0 

+10.8 
-----

+12.5 

+14.5 

+14.5*• 

I 

com:ENTS 

. ---- ~ 

<;Jq_sed va 1 ve 



LOCATIO!f BX IN SITU OIL SHALE PROJECT 

\:ELL 0 BX.- 32 

OSSERVATIO~ \:ELL X PUMPING llELL 

t.:ELL COLLAR HE.I(:;.HT J:\BovE. G.RoVND I.-.€VE.L- 8.6 ft. 

DEPTH TO STATIC llA'IER LE\'EL 21.1 ft. 

DATE ASD TIHE OF tlEASURE~IE~T June 4, 1979 123.0 hrs. 

DATE TINE (~IINS) DtPTH TO \~ATER (FT.) DRAUDOt~N (FT) com:ENTS 

June 4 3 21.1 o· 
II 8 20.6 .+0.5 
II 18 19.6 +1.5· .. 
II 25 18.8 +.2. 3 
.11. 32 17.9 +3.2. 
II 38 17.4 +3.7 

--~·---· 

II 101 14.1 +7.0 
II 120 {2 hrs 12.9 +8.2 -· 
II 180(3 hrs) 11.2 +9.9 
II 240(4 hrsl Q 4 +11 7 
II 360{6 hrsl 6.9 +14 2 
II 480i8 hrs) 4.8 +16.3 

June 5 720112 hrs 1.9 +19.2 
II 960(16 hrs 0 +21.1 closed valve 

: 

I 

I -
1 ~"""-.-~~ 
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LOC,\TlO!~ BX IN SIT!! OIL SHALE PRQ.JECI 

\.:ELL il BX - 33 

OSSERVATIO~ \.:ELL X PUMPING \.:ELL 

WELL COLLAR HE.t(;;.HT ABovE. &RoVNO \..-EVC.L. 8 3 ft 
DEPTH TO STATIC ~ATER LEVEL 21.5 ft. 
nATF. AND TUtE OF '1-iF.,\C\IJ'RPI'F'tt.'l" June 4. 1979 1230 hrs. 

DATE TINE (NINS) DEPT!f TO UA'IER (FT.) D:RAVDOW~ (FT) com:ENTS 

June 4 7 20.9 +0.6 
II 11 20.1 +1.4 
II 20 19.0 +2.5 
II 22 1.8.6 +2.9 
II 30 18.1 +3.4· 
II 36 17.8 +3.7 
II 96 15.3 +6.2 
II 120(2 hrs) 14.2 +7. 3 . 
II 180(3 hrs) 12.7 +8.8 
II 240(4 hrsJ 11.1 +9.2 
II 360(6 hrsJ 8.9 +11..4. 
II 480(8 hrs) 7.1 +14.4 

June 5 720( 12 hrs 3.8 +17.7; 
II 960(16 hrs 1.7 +19.8 
II 1080(18 hrs 0.8 +20.7. .c]gsed 'lalvP 

I I 

120 



-Ill 
=

 

-----



< 
. '• 

THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



BX-16 

BX-17 

...... 
N 
w 

RUN 

11 

i2 

fl 

i2 

13 

APPENDIX "8" 
BX IN SITU·OIL SHALE PROJECT 

. TEMPERATURE. LOG & SPINNER SURVEYS 
JUNE 24-28, 1979 

:DATE 

6-24-79 Ran DTL while injecting .water at 
2750F. and 500psi. 

6-25-79 Ran DTL after 18 hout: steam 
injection. 

6-25-79 Ran DTL while injecting 279°F. 
water at 500psi and rate of 
450 BWPD • 

6-26-79 Ran DTL after steam injection for 
13 hours~ 

6-28-79 Ran DTL after 72 hrs. steam 
injection. 

REMARKS 

2.5°F./l.OO' heat loss ·in tubing.. Deep­
est injection 865'. No injection 
into lower zone. 

All injection into upper perforat::·ions. 
Maximum temp. 223°F. Normal temperatuE 
gradient below 1000'~ 

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

Both upper .and lower .zon~ taking fluid. 
Temp. of upper zone 210°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. 



RUN 

BX-23 il 

BX-24 il 

BX-30 #1 

#2 

#3 

#4 

DATE 

6-27-79 Ran DTL after 18 hr. steam injection. 

6-27-79 Ran DTL after 17 hrs. steam injection. 

0 
6-24···79 Ran DTL while injecting 287 F. water 

at 500psi. Rate 450 BWPD. 

6-25-79 Ran DTL after steam injection for 
14hrs. 

6-28-79 Ran DTL after 72 hrs. steam injection. 

6-28-79 Ran DTL while injecting 70° water 
at a rate of L44G BPD. 

Injection into both zones. 
0 

Maximum temp. in upper zone 2210 F. 
Maximum temp. in lower zone 213 F. 
Deepest injection. internal 1340 feet. 

Injection into bc·th upper & lm.,rer 
zon0s. Maximum temp. upper zone 
214 F'. Haxirnurn temp. lower zone 
228°~. Lower zone could be 
channeling up to 1000 feet. Bottom 
injection internal is 1330 feet. 

A tern?. anonoly occurs between 4SO' 
and 530' because of affects of 4~" 
liner top. 

2.5°F/100' grad. heat loss in tubing 
terng. at the bottom of upper zone 
257 F. 0ernp. a~ the top of lower 
zone 135 • Upper zone was taking 
the illOSt fluid. 

Uppe~ zone has t2ken most of the 
injection. Maximum temp. of upper 
zone was 240°F. ~1axirnurn temp. of 
lower zone 130°. 

Confirmed Run #2. 

All injection was into the upper 
set of perforations. 



RUN 

BX-30 iS 

BX-31 tl 

#2 

~ BX-32 #1 
U1 

#2 

i3 

BX-33 #1-

DATE 

6-28-79 Ran continuous flow survey 
while injecting 942 BWPD 
2 3/8 11

' tubing. 

6-24-79 Injection at SOOpsi & 290°F. 
Ran DTL. 

6-25-79 Steam injection for 24 hrs. 
Ran DTL •. 

6-26-79 Ran DTL while injecting hot 
water. Flow through control 
valve at manifold erratic 
causing temp. log to vary. 

6-2· 9 Ran DTL after well steam 
injection for 13 hrs. 

6-26-79 Ran continuous flow survey 
(spinner log). 

Injecting 1050 BWPD down 
2 3/8" tubing. 

6-27-79 Ran DTL while injecting 270°F. 
water at SOOpsi. 

REMARKS 

Interval 816-840 taking 173.5 BWPD. 
II 850-860 II 768.5 II 

No injection below 860'. 

CONCLUSIONS 
46 F./100 1 heat loss in tubing 5°F./ 100' 
heat loss in casing 1305' deepest point 
of injection. 

Shows injection into both upper and lower 
perforations. 

REt·lARKS 
Deepest interval taking fluid was 1326 feet. 

0 
Maximum temp. upper zone 202 F. 
Maximum temp. lower zone 204oF. 

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'. 



....... 
N 

"' 

BX-33 

RUN· 

12 

13 

DATE 

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

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

REI-lARKS 

Maximum temp. upper perforations 
224°F. Maximum temp. lower perforations 
180°F. 

Deepest interval taking water 1306'. 

Internal· 800'-8·4o· taking .. 450.5 BWPD. 
Internal 1270-1325 taking 468.5 BWPD. 
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YEARLY REPORT ON 

LABORATORY MODELING OF SUPER-HEATED STEAM RETORTING 
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by 

Harold R. Jacobs 
Martin J. Marzinelli 

Kent s. Udell , 
Universi~y of Utah 

Sa 1 t Lake CitY, Utah 



Part I

RETORTING EXPERIMENTS



ABSTRACT 

A series of experiments utilizing a si~ inch diameter (15.24 em), 

sixteen foot long (4.877 m) retort were conducted to evaluate the 

processing of oi 1 shale from the 1 eached 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 lasting up to 117 hours, with 

most experiments. being of a twenty-four hour duration. 

The oi 1 produced from these . experiments showed a 1 ower carbon/ 

hydrogen (C/H) ratio than oil produced by combustion retorting or by 

Radio Frequency (RF) heating. For example, shale oil produced by 

Marathon Oi 1 had a C/H = 7 .48, oil produced 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 heating varied 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 low C/H ratio oil also had a lower pour point. 

It is believed that these improvements are du~ to thermal refluxing in 

the retort. 
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INTRODUCTION. 

The 11 1 eached 11 zone of the Parachut.e Creek member of the Green 

River Formation in the Piceance Creek basin of northwestern Co 1 ora do 

has three unique characteristics which make· it and other similar oil 

shale sections feasible targets for the fn situ recovery of oil from • 

oil shale. 

The zone is: 

Permeable and porous. 

A very large .saline water aquifer. 

Composed primarily of very rich shale. 

{Per acre reserves 1 n excess of 1 , DUO, UOO barre., s. ) 

The Equity Oil Company has investigated the potential for in 

s·itu recovery of oil froin oil shale in th1s zone in the laboratory and 

the field since 1961. This work has shown that in situ recovery of 

oil shale by the injection of· heated natural gas or steam is possible 

and that the oil produced is of a quality superior to that produced in 

conventional surface retorts. 

This past field work developed data which indicated thllt th~ 

economic operation of a project using superheated steam as the injection 

fluid should be possible. Bas'ed on this work a Cooperative Agreement 

. was reached between Equity Oil Company and the u.s.o.o.E. to jointly 

· fund the BX In-Situ Oil Shale Project. This project encompasses both 

laboratory research and a field demonstration. 

The l.~~oratory work was subcontracted to the University of Utah. 

The laboratory work has as its. goals verification of field operating 

parameters, characterization of products as a function of the para-
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meters, and an attempt to understand the ro 1 e of the operating para­

meters in the production of a high quality product. 

EXPERIMENTAL APPARATUS 

The major components of the experi rnenta 1 apparatus are shown in 

the flow diagram of Figure 1 and the photographs of Figures 2 and 3. 

This system was designed to investigate the retorting of oil shale 

with steam, and to collect and analyze the experimental by-products as 

·a simulation of a coiTU11ercial in .situ. operation. The important para­

meters of the experiment inc 1 udes·: steam flow rate, steam properties 

(temperature ~nd pressure), the time temperature history of the shale, 

the properties of the shale and the by-products produced. 

The experimental apparatus begins with the filtration and softening 

of the boiler feed water. A positive displacement pump ensures- the 

proper water levels for the boiler. The 90 KW electric steam boiler 

produces steam at saturated conditions up to a maximum operating 

pressure of 600 psig (4.137 MPa). Upon exiting the boiler, the steam 

flows through a check valve. This check valve ensures that a reverse 

steam flow does not occur during intermittent boiler inactivity. 

The saturated steam then flows · through an orifice p 1 ate before 

entering the superheater. The orifice plate combined with a differen­

tial pressure transducer and an analog computer provides both instan­

taneous and total accumulated flow rates for specified static steam 

pressure and temperat~re. 
. 5\>-

The superheater is the 1 ast component · of the syst'€~ to a 1 ter 

steam properties before it enters the retort vessel. The 28 KW electric 
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steam superheater has the capacity to raise 250 lbs/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 J i ne. The retort vessel 

consists of four 48" (1.22m) 1 ong, 6~' {15.24 em) inside diameter flanged 

pipe sections. Any number of sections may be.used, therefore experi~ 

mental.test lengths of 4t, ·s•, 12' or 16' are possible (1.22 m, 2.44 

m, 3.66 m, 4.88 {11). Aproximately 50 lbs. (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 retorf section is eqtiipped with 

four gas sampling ports and eight thermocouple p·orts. The thermocouples 

used are grounded chromel-alumel and the output is recorded on a 50 

channel Fluke 2240 B datalogger. 

Chemfcal gas analysis equipment was utilized to aid in the descrip­

tion of the chemfcal 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 systems. The first · gas chromatograph contains two 

thermal conductivity detectors which analyze · for different "permanent" 

gases. The first detector 1 oaks for C02, · and H2S while the second 

detector analyzes for H2 and the 1 i ghter gases eluted together. The 

. second chromatograph utilizes a flame ionization detector to measure. 

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 
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oil and water mixture is collected and the gases are routed to the 

chromatographs. Information from the chromatographs is sent to a 

central ~omputer which stores and reduces the chemistry data. 

The flow rate of steam is contro 11 ed by two pneumatic actuated, 

air-to-open,_ -Valtex Mark I valves. The valves are located just before 

the superhea~er and immediately after the retort vessel to maintain 

proper flow conditions in various locations of the experimental appar­

atus • 

. The ability 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 boiler 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 

vessel uses two different insulations: a 1''·(2.54 cm.)'layer of 1200°F 

(648.8°C) Fiberfrax ceramic fiber insulator is used next to the metal 

surface,·and then a 2'' (5~08 em) layer of high temperature g_lass wo~l 

insulation is placed over.the Fiberfrax. 

The steam and chemical products exiting the retorts are throttled 

down to· atmospheric pressure by ~he Valtek valve. The ·retort steam­

product stream flows into the condenser which condenses the vapor and 

less volatile products. A liquid collection tank is located on the 

exit end. of the condenser tQ collect the condensed oil and water. 

When testing is completed, the retort Valtek valve i$ ~losed 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 cooling. A mist eliminator system is needed to remove the aerosol 

from the retort off-ga_s. A method using tightly packed· steel wool was 

developed and· found to be effective in removing the aerosol. 

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 and vent the exhaust from 

the laboratory. This is done· after first an~lyzing the gases using 

the gas chro~atographs and metering the total gas flow ~sing positive 

displacement gas me~ers. 

EXP·ER IMENTAL PROCEDURE 

The twelve major retort experiments us~cJ shCil e fr•orn thr·ee different 

locations in order to characterize any relationship between retort 

by~products and shale origin. In the early experiments,. Rifle, Col ora do 

sha 1 e was screened and sorted in order to obtain pieces which would 

fit through a 3/4 in. (1.9 em) screen and not a 5/8 in. (1.6 em) screen 

for the experiments. The other shales were from the BX-12 and BX-13 
'- . 

field sites in Rio Blanco County, Colorado. Th1s shale was Qbtained 

in 4 in. (10.2 em) diameter cores which were later crushed to vari.ous 

sizes. Due to. the vary1 ng nature of t.he Fi ~her Assay tests for these 

sha 1 es, average va 1 ues for 100 percent Fisher Assay oi 1 yi ~ 1 d, P~!' 

section of retort were calculated. 

The desired shale was then- carefully hand packed into a section 

of the retort vessel. 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. Up.on completion of the pack-. 



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, \'ihether 

shale or another material (gravel, sand, or glass wool) was used for 

packing. Before bolting together the different vessel 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 length of the flow path and therefore the residence time of the 

steam. The baffling system 1 ocated baffles every 6 in. ( 15.24 em) 

along the length 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 

the experiment was ready to begin. 

At the start of the experiment, the retort Valtek valve is closed 

and the two valves immediately before the superheater and the by-pass 

1 i ne va 1 ve 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 1 i ne on to the condenser and 1 i quid . by-products tank. The 

datalogger which monitors and prints out temperature data is programmed. 
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When the steam reaches de~ired conditions the Valtek valve is opened 

a 11 owing the steam to flow into and through the retort. Duri n.g the 

test, temperatures and gas samples are taken· automatically at specific 

predetermined times. When the 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 tank is separated from 

the water and dried. After drying the oil, experiments are conducted 

according .to standard test procedures to determine pour point and API 

gravity. The on is refrigerated at 12.2°F (-ll°C) until its chemistry 

can be evaluat'E~d. 

RESULTS 

The twelve retort exp_eriments were operated under a variety of 

conditions in order to evaluate the relationships· between operat.ing 

characteri sties 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), duration of the experiments, initial 

soaking of the shale in water from the field s1te, and residence time 

of the oil in the retort. A listing of the experiments and their 
I 

characieristics is given in Table 1. Of the several parameters studied, 

the two which most· affected the quality and quantity of the products 

produced from the shales of similar organic content were: maximum 

temperature the shale reached, and the residence time of the oil 

within the .retort. 

The effect of shale temperature on the amount of oil 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 re 1 at i ve 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 a 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 ori gina 1 Fisher Assays of sha 1 e from Retorts 10 and 11; 

21.7 gal/ton (90.6 !/tonne) and 27.06 gal/ ton {112.9 !/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, \'lith an average value of 

6.92. The lowest C/H ratio \'las 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 ~ith the prior experiments. 

The average peak temperatures in both Retorts 7 and 8 were considerably 

lower than the prior experiments, al~hough exposure times were three 

or more times as large. These experiments produced the lowest fraction 

of Fisher Assay. Thus, production of oi 1 is more a function of peak 

temperature than.of exposure time. 

Retort 8. included a· section of glass wool following the shale. 

This. provided an increased surface area on which the produced .oil 

heavy·.ends caul d condense. As compared to Retort 7, the pour point 

was considerably . reduced. be1ng 58°F (14.4°C) as compared. to 71°F 

(21.7°C). The larger surface, in effect 1ncreases. the residence tfme 

for the less. volatile products. Consistent with the reduced pour 

pofnt is a reduced C/H ratio as can be seen in Table 2. 

In order to further investigate the effects of ~temperature and 

residence time of the less volatile products, Retorts 9, 10, 11 and 12 

were performed. Retort 9 contained one section of glass wool arid the 

entire vessel utilized 8~ baffles as discussed in the procedures 

section·. The result of adding the baffling system was to 1 ower the . 

oil pour point 7°F (3.9°C) less than Retort 8 while maintaining a 

. simila·r C/H ratio. 

The i ndi vi dua 1 effect of a baffling system was investigated in 

Retort 12 by baffling the two shale sections and leaving the last two 

retort sections ~mpty. 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 oil 

was increased significantly in Retorts 10 and 11 by having two sections 

of glass wool behind the shale and by baffling the entire retort. The 
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consequence of this increased residence time was a dramatic reduction 

in pour point 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 11 lighter .. quality are produced. This statement 

is qualified sirice, when a lighter and lower pour point oil is produced, 

collection is more difficult. It is believed that the ·reported v~l·ues 

of percentage Fisher Assay are very conservative and that actua 1 

values should be higher. · TGA tests currently 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 {37l~C)~. · · 

Further evidence of a 1 ighter oil 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 {Hill and Dougan) and ligh~ · 

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. · · 

Additional comparisons are made with other oils in Table 4 which 

presents C, H, N, 0, S compositions, ·pour points etc. The 1 owest C/H 

. ratio was again for Retort 11. Differences observed in the 11 Bottom 

Burning Retort .. oi 1 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 e 1 ementa 1 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 residence 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 1 engths 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%) 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 a 11 three of these oi 1 properties. This genera 1 

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 therma 1 cracking or refl uxi ng of oi 1 has been 
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shown to be the single most essential operating characteristic in 

producing 1 arge percentages of 1 i ght distillates in a Bottom Burning 

Retort [1]. In that retorting process, the effect of oil condensation 

and then reheating of the oi 1 was the mechanism for therma 1 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. sha 1 e oi 1 by superheated steam 

injection 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 shale surface. Then as.the thermal energy 

wave propagates along the path through the shale, the condensed oil ·;s 

once again subjected to high temperatures ~hich causes revolitization 

and thermal cracking. The refl uxi ng mechanism appears to be substan­

tiated as the oil properties for Retort 11 and the Bottom Burning 

Retort are similar, even though the retorting processes are quite 

different. 

In the 1 eached zone of the Parachute Creek formation the perme­

ability and porosity, although high, is. much lower than could be ob­

tained in the laboratory. Typically the path from superheated steam 

injection well to the production well is 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. Preliminary data from back flowing an injection well has indicated 

that t~is 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 1: Flow Diagram of Steam Retorting Experimental Apparatus 



Figure 2. Photograph of Boiler, Positive Displacement Pump, Superheater 
and Retort Vessel (left to right) 

Figure 3. Photograph of Gas Flow Meter and Nist Eliminator Piping, 
Liquid By-Products Collection Tank and Condenser (fore­
ground to background) 
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Table 1 

VJ.u<PL: IEK IS I iL:S VESS EL DATA 
!-.-) ~rrgr;;-- (1) Materi~l Used, Void Fract 1c~ 

AV~~~~: ; 2) Fisher Assay 
?.:_Fj_l·L~S. ~;~:_ ~? ~s_ D .L.J-'$::...:i-"-:t>"-. ---

(2\ Ortqi na l-F inal Weights. : Chdnge 
t;~-~n l ~·:::~~l et Max. Te~re•atJres(•FL___ 

zso Ps ::; 
1 . 724 f1P., 

200 to 
JOO LSS/HR 
91 to 
136 Kg / HR 

Rl'- ~e.CO. Sr ·.1·;' .: •. !\. Grave l,N .A. Gravel,N.~ . 
* ~ rJ ~ e,~ . ~. 

29 G,\L, TON i3.5~7S.5 . 0~ Si. 0-81 . 0,0~ 77.0-17 .C ,O~ 
99.6 1 IT /TONN E ~9 S - J9.0,1~ 
-3 ;4" t0 5/3"+ ;sJ • -~.A. ~.A. -N.A. N . A.-~ . A. 

-----------------------------------------~j·~~~(1~1~t~J~1~.6~~-!~~~-·~;_' _-~~7~1~.5=_, ______________ ___ 

2 6. 17 270 PSIG 
1 .862 MPa 

200 to 
300 LBS/ HR 
91 to 
136 Kg/Hil 

Rifl e,CO. Gravel,N.A. G•avel,N.A . Shale,:'j .A. 

* 29 GAL/TON 78.5-78.5,0~ 77 . 0-77.0·0~ 49.5 -39 .2 , ?0.3~ 
9~. 6 Ll T /TONNE 
- 3!4" to 5/8" + 1019°-N.A. N.ft.-N.A. 860°-809' 

-------------------------------------1'-'.'"'9-""cmc-.:... _,t"'o__:..;1 .'-"6c=cme:..•;....___;('-'~ ,;,:ne S ha 1 e as F' rs t Ex peri men t) 

3 28.00 

4 26.50 

Rifle ,CO. 

270 PSIG 40 . 1 LBS /HR 29 GAL /TCN• 
1.862 MPa 18.2 Kg/HR 99 .6 Ll~/TONNE 

-3 ; 4'' to 5/'3"+ 

Gr~vel,~.A. Shale,N.A. Shale, N.A. 

78.5-78.5 , 0~ 52-40,23: 50-49,~: 

965°-N.A. 8C9"-~24' 7Q5'-64~' 
- 1. 9c:n :q_-'-:-"._.,_6c""m'-+ ______________ _ 

Rifle,CO . 

570 PS!G 51.9 LBS / HR 29 G;lL / i'J"l ~ 
3. 930 MPa 23 . 5 ~g/HR gg. 6 u-: ro~mE 

-J / 4" to 5/8" + 

Gr<ive1,N.A. Sha le.N.A. 5h~I~.~. P . 

78-78!0~ 54 .0 -42 . 5,2 1.;~ 53-! ~ . ·~. 81 

950· · N.A. 81 3"-74'' 720°·663. 
-----------------------------------------1'-'.~9~cm~. _,t~o_l:...:.'-"6-'='cm~•'------·-----------------------------

5 11.50 300 PSIG 78 .1 LBS /HR Equity BX-12 
2.068 MPa 35.4 Kg/HR 

L.A. 

Grav41 ,N.A. Sha1e,40 . a~ instr~~ented 
Shale Piece 
78.5-78.5 ,0% 57 .0- 4<1.9.~~ - ;~ 
967"-N.A . 868°·796" 79' . 

---------------------------------'V d,. i ous 5 t.::z.::.es::_ _______________ _ 

qtf1e,CO. Grave1,N.A. Sh~1e,, ; .0! S~4 i r ,:, · , 

* Sand,37 .0: 
6 21.25 250 PSIG 58.5 LBS/HR 29 GAL /TON 78.5-78.5.0: 57.1-45. ) ,20.1 " 

1.725 MPa 31.1 Kg/HR 99.6 LIT/TONNE 56 . 7-47 .2 ,16 .8':: 7£.0 i4 .5,2.) '; 
- 3/4" to 5/8"+ 971"-N.A. 886'-833· 323 ' .;7 ~' 

----------------------------------·~1.9c~ ~~o_1:...:·~6.::.cm~•--~7~6~3-··~7c=24~·-----------

117 .25 

8 101.00 

9 17 .00 

- -·---

10 18 .00 

11 24.00 

12 , •. 00 

Rifle,CO . .. 
320 PS!G 39.3 LB S/HI< 23 GAL/" 'JN 
2.206 MPa 18.0 Kg/HR 99.6 LIT/TONNE 

-~ / 4 " ~0 5/8"+ 
-1 .9c~ :o 1 .6c:n+ 

Equi ty BX-12 
300 PS!G 31.5 LBS/HR 

L.A. 
2.068 MPa 12 .6 Kg/HR Various Sizes 

Equity BX-12 
250 PS!G 67.8 L8S/HR 

L.A. 
1.724 MPa 30.7 Kg/HR 

Vart u\ Sizes 

Equity BX-12 
·570 PS!G 50.5 LBS/HR 

L.A . 
3.930 MPa 22.9 Kg/HR 

Various Sizes 

Equi ty BX-13 
270 PS!G 50.1 LSS/HR 

L.A. 
1.862MPa 22.7 

Gravel ,N.A . Shlle.47.2 . : ·;-e .~e .r. :~ 
73.5-78.5,0~ 52.2- C 2.5.oS.~~ 
51 . 3-46.S,g . J'l. 
868"-N.A. 732 "-654• 652"·5)1" 

Shale, 46 .5% Sha 1e,50.6% Glass Wool, N.A . 

56 .0-50 . ; . :o.s ~ 54.5-51.4,5.7-: N.A . 

761°-636' 621'-565° 560°·539° 

Shale,44.0% Shale,45.9% Glass Wooi .90 .8 '~ 

50.6-42.0,17.01 51.5-45.5,11 .61 rcA. 

1oo6 · -~oo• 881"-P.J?._. ::J2C·JR5.._' _____ _ 

Shale, N.A. Shdle ,N.A. Gla'is loOool,N.A. 
Glass Wool, N.~ . 
54.5-44. 2,18 .9~ 58 . 6-45 .6 .~· -'r. N.A. 
N.A . 
900 · -is4• 761'' -665' 6:4 r -'i~t_.:__-:_73• -J95° 

Sha1e.45.4~ Shale,d7.!~ S1~=~ ~oo l, 
N.A. Sl iSS ..-~ol, 'LA. 
4 9. ·~ -~ (i. 2 • ~ 9. 5 :~ 55.2-48. 1 '12 . 8% 
ru\. r1. A. 

"-"-''-----o:..:..~"',r;'-·· : 'I.A. 715~ ' -~66' 63_5°-4 10 ' ~I.A.-N.A . 
Kg/HR 

'! a r i0ut'. )j zes 

:ouity BX -1 3 Sh~ le , N. A. ~h•1e,N.A . Empty 
E-"o~:. 

27:J OS(G 51.6 l.SS/'ii> '--"· ~ .; .: - ,-.2 . 16 .::-:. 60 .2-51.3,15 .1Z 
1.862'1P~ 23.-iKg/'iR 946 ' · ' : 7' 795'-714 ° 

--------------------------------------~Vl rio~s Siz~----~5~4~3._' ·~5~3~7-_'_;5~37~'--~5~~,6~·------------
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Table 2 

OIL DATA 
RETORTS (1) Amount Produced.% Fisher Assay 
Equity Ofl (2) Pour Point Temperature CHEMICAL A~ALYSIS ON OIL 
Experiments (3) API Gravity Gases Produced c H N 0 s (Wt %) Wi 

No o11 produced 0 

N.A. ,e5r. 
3.4 "'1 2 70°F .(21 .1 °C) 60.0 c.f. 83 1?..2 1.4 c.so 

N.A. 

N.A. 
4. 7"'1 3 65°F ,(18.3°C) 55.0 c.f. 81.7 11.6 2.0 7.04 

N.A. 

9.67Lbs(4.39Kg),85% 
2.2"'1 4 69°F ,{20.6°C) 109.5 c.f. 83.8 , 2.1 1 .9 5 .. 93 

21 .80 

6.08Lb~(2.76Kg),98.91 
3.4 "'1 5 67°F,(19.4°C) N.A. 82.4 1?..0 2.2 f./.87 

26.95 

8.70Lbs(3.97Kg),69.5% 
3.o"'1 6 68°F ,(20.0°C) 90.2 c. f . 83.4 1?..0 1.6 6.95 

23 .80 

6.07Lbs(2.75Kg),58.4% 
4.4"'1 7 7JOF ,(21. 7°C) N.A. 82.3 , .9 1.4 6.92 

26.60 

* 3.59Lbs(l .63Kg) ,34.6% 
4.9"'1 

8 58°F, (14 .4°C) N.A. 81.7 12.0 1.4 6.81 
25 .40 

7.25Lbs(3.29Kg).98.0% 
3.8"'1 9 51°F,(10.6°C) 101.8c.f. 82.4 11.9 1 .9 6.92 

25.90 

5.10Lb~(2.31Kg).56.5% 
J.z"'1 10 27°F,(-2.78°C) 64.6 c. f. 82.9 12.2 1.7 6.80 

28.57 

5.76Lbs(2.61Kg),53.8% 
0 .9"'1 11 27°F,(-2.78°C) 93 .5 c.f. 84.6 13 .o 1.4 6.51 

26 .95 

4.51Lbs(2.05Kg),47.7l 
2.5 *1 12 4l cF ,(S.00°C) 85.4 c.f. 83.4 12.7 1.4 6.57 

26 .60 

N.A. • Not Available 
* • Estimated Value 

• Combined 0 and S 
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Table 3 

NAPTHA LIGHT DISTILLATE LIGHT GAS OIL HEAVY'GAS OIL RESIDUUM 
I B JS"'To"4"00 ° F 400 6F to 60o 5F .600 6 F to SOO'F 800°F to l000°F Over iooooF 

PROCESS. IBP to 204°C 204°C to 316°C 316°C to 427°C 427°C to 538?C Over 538°C 

Steam 
Retort 11 33.7 58.3 6.1 1.9 0 

Sot torn 
?.urning 40 45 4.6 1.8 8.6 

Hill & 
Dougan 45 35 12 6 

I ITRI 45 ~3 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 11 18 
.·~ ....... , ____ 

Garret 18 45 20 13 4 

Paraho 8 44 20 19 9 

Comparison of Distillation Properties From Various Retorting 
Processes. (Non-ste~in retorting data from references 1 and 5) 
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Table 4 

OIL DATA 
(3) Amount Produced,% Fisher Assay 
(2) Pour Point Temperature 

RETORTS Pl AP! Gravit,l Gases Produced 

Steam 5.76Lbs(2.61Kg),53.8% 
Retort 11 27°F,(-2.78°C) 93.5 c.f. 

26.95 

Bottom li.A. ,65: 
Burning 68°F ,(20.0°C) N.A. 

31.70 

Hill & N.A. 
Dougan -4°F ,( -20.0°C) N.A. 

40.00 

IITRI N.A. ,96% 
40°F,(4.44°C) N.A. 

34.40 

Arabian N.A. 
Light . N.A. N.A • 

34.40 

StP.ilm 9.67Lbs(4.39Kq),85% 
Retort 4 69°F,(20.6°C) 109.5 c.t. 

21". 80 . 

Tosco N.A. 
70°F ,(21.1°C) N.A. 

20.98 

Garret N.A. 
85°F, ( 29 .4°C) N.A. 

19.35 

Paraho N.A. 
50°F,(10.0°C) N.A. 

25.03 

Marathon 011 N.A. 
Batch 82°F,(27.8°CJ N.A. 

20.40 

Continuous N.A. 
Flow 74°F ,(23.3°C) N.A. 

~1~ IQ ._ .............. ~·-: 
Equity N.A. 
Held Site N.A. N.A. 

N.A. 
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84.6 

84.1 

N.A. 

84.0 

83.8 

84.0 

83.3 

74.8 

CHEMICAL ANALYSIS ON OIL 
H N 0 s {Wt ~} W! 

13.0 1.4 . '*1 
0.9 6.51 

11.9 2.1 1.9'*1 7.08 

N.A. 0.8 N.A. N.A. 

12.1 1.0 2.8 .6 6.94 

N.A. N.A. 

12.1 1.9 z.z*1 G.9J 

N.A. N.A. 

N.A. N.A. 

N.A. N.A. 

11.2 1.7 1.6 .8 7.50 

11.0 1.8 2.6 .8 7.57 

12.0 0.6 12.6 *1 6.23 

N.A. • Not Available 
'* ~ Estimated Value 

• Combined 0 and S 
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ABSTRACT 

A series of tests were performed in the one-liter Autoclave reactor 

to determine the effect of steam on oil shale samples from the BX-12 

· ~nd BX~l3 cores, and the effect of steam in cracking of the shale oil 

liquids after they were produced. 

The tests were designed to provide basic information concerning 

retorting utilizing 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 oil 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 (37l°C to 454°C). 

The steam induced cracking experiments show that both a reduction 

in the oil molecular weight and in the C/H ratio occur during exposure 

of the oil to steam at temperature bet\-Jeen 37l°C and 454°C. GC-MS 

and elemental analyses of the oil show an increase in hydrogenation 

duri.ng cracking and formation of principally nonnal alkanes in oil. 

Analyses of the gases released during steam induced 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 autoclave experiments dealt with processing samples 

taken from the BX-12 and BX-13 cores in steam in the autoclave reactor. 

Cores which are 1~ inches (3.81 em) in diameter and from 2~ to 3~ 

inches long (6.35 em to 8.89 em) have been cut with the bedding 

plane perpendicular to the axis of the cylindrical core. Samples were 

clamped to duplicate, as nearly as possible, the confined configuration 

which would be encountered.underground. 

Figure 1, contains. data W#ICJI substantiates the observation that 

the overa11 weight loss varies essentially linear-ly with the steam 

pressure over a temperature range from 700°F to 800°F. (37l°C to 426°C) 

The samp1es were all exposed to steam at the temperature and pressure 

indicated for time::, wlric:h 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 C0 2 proceeds rapidly in the presence 

of steam at temperatures below those normally associated with 

carbonate decomposition in inert_gases, the same phenomenon has not 
A L[[Q?-?A ve 

been observed in the ~ runs. COz conc.entrations have remained 

below approximately 20% (on a dry basis) in the gases envolved from 

the reactions. However, for 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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II. Results of Gas Analyses 

Gases evolved from the autoclave experiments are analyzed with 

a gas chromatograph to determine the concentrations of the important 

constituents. Water is· removed before the analyses, and hydr.ogen )$ <. 
determined in a separate measurement with an N2 carrier. A typical 

analysis from gases evolved during 24 hours in steam in an autoclave 

are given in Table I. 

Table I 

Typical Autoclave Gas Composition 
Steam Retorting Runs 

percent by weight 

Methane 
Ethene 
Ethane 
Propene 
Propane 
Butene 

. Buldnl:! 
Cs and above 

. TOTAL HYDROCARBONS 

Hydrogen 
Oxygen 
Nitrogen 
co 
C0 2 
H2S 

47.5. 
0. J 

21.6 
0 
8.~ 
1.9 
1.5 
0.4 

3.0 
0.3 
2.7 
3.1 
6.6 
7.3 

81.5 

104. s· 

The noteworthy aspects of the above analysis is the high 

hydrocarbon and H2S concentrations and the ·low CO and C02 concentra- . 

. tions. The unsaturated ·hydrocarbons ~re very very low, which sugge~ts 

that the olefins are hydrogenated by either steam or hydrogen produced 
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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 oii produced by retorting in inert atmospheres. The 

averaae H/C molar ratio of oil from three samples retorted in ·steam 

at temperatures from 700°F to 720°F was 1.76 --approximately equal 

to that observed in petroleum crudes which contain essentially no 

unsaturated compounds. (This is equivalent to a C/H ratio of 6.8 

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

Table II 

Liquid H/C Ratio 

Sam2le No. Tem2erature H/C. Molar Ratio in liguid 

12-937.5 370°C (698°F} 1.75 

12-936.1 328°C (719.6°F) 1.79 

12-936.3 43l°C (807.8°F) 1.08 

12-936.2 · 382°C (721 .4°F) 1.74 

At the elevated t~mperature (431°C~.aoaoF)? the ratio of carbon to 

hydrogen was lower than for the other runs, but th~ equilibrium of · 

the water gas shift reaction favo~s the formation of water rather than 

hydrogen at the higher 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 is effective in hydrogenating oils at temperatures 

from 370°C to 430°C (700°F to 8l0°F). Oils so processed would be.more 

valuable as a refinery crude feedstock since they would 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 10\·1 H/C molar ratio suggests that either the sample or the method 

of treatment is different. 

A recent paper by AMOCO engineers1 indicates that Oklahoma oil 

shale from the Hoodford formation can be pyrolyzed in .\·Jater at 330°C 

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

1 lewan, M. 0., J. C. Winters, and J. H. McDonald, 11 Generation of 
Oil-Like Pyrolyzates froj Orgainic-Rich Shales, .. Science~ 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 experim~nts 

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 wor~ around the major retort experiments. During this time, analytical 

equipment was set up to determine the average molecular weight of the 

oil~ 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 

~uring 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 \'/ere also measured after 24 hours 

and indicates that suff~cient hydrogen is present to hydrogenate the 

oil upon cracking. 
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Typical gas concentrations for the cracking experiments are shm·m 

in Table III for the 700°F and S50°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 
Pentene 2.3 2.3 
Pentane 3.2 3.1 
c6 and above 5.0 5.6 
C02 5.4 7.6 
H2S 0.6 1.0 
Hydrogen 4.7 7.7 

Minima.l crackin·g occurred during the 287°C (550°F) run as d~termined 

by visual examination of the resultant oil. However, at J7l°C (700°F) 

the resultant oil was extremely fluid and the extent of cracking had 

been significant. 

Attempts to determine 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 osmometry of.a pyridine 

solution of the oil, and by GC-MS. The attempts to obtain the .molecular 

weight by GC-MS techniques \'/ere frustrated because 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 < 

approximately 0.4°C which leads to an error of 10 in the average molecular 

weight. Reported molecular weights from Huffman Laboratories, Inc., 

using the vapor-phase osmometry procedure are 75 percent higher than 

measurements madein our laboratory by melting point depression techni_. 

ques. The difference is significantly 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 S ha 1 e 0 i 1 

. Retort Run 4 268 465 
Retort Run 5 210 352 
Retort Run 6 266 431 

Cracked Shale Oil 
(Oil from Retort Run 4) 
(at 550°F) 

After 4 hours 
(Vapor Sample} 209 317 
(Liquid Sample) 262 358 

j · After 24 .hours 
(Only on~ phase) 167 NA 
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C, H, and N Analyses 

The elemental analyses to determine the weight fractions of carbon, 

hyqrogen, and nitrogen ~ave been much mor-e successful than attempts 

to ~etermine the average molec~lar weight. Measurements of these elements 

were made with the Perkin-Elmer 2408 Elemental Analyzer on samples 

taken at various times during the cracking runs. Although data are 

still being obta.ined, the results available to date. are shown in Table 

V. 

Tabl~ V 

Carbon, Hydrogen, qnd Nit_rogen Analyses 

c H N (O&S) 

on from Retort 6 83.4 12.0 1.6 3.0 
(Starting Material) 

After Crac~irig at 700°F in steam 

8 hours 84 .. 9 12.6 1.2 1.2 

10 hours 84.3 12.6 1.1 1.7 

These results substantiate that cracking and hydrogenation of the oil 

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 

th~ nitrogen content and in the ~.ul fur and oxygen ~on tent (detennined 

by difference) also sugg~st that the value of the oil is enhanced by 

ste!im crackin~. 

C/H 

6.95 

6.72 

6.66 

.is 

Figures 2 and 3 ~re t.ypical gas ch.rom~tograms of the oils Qefor~ 

and after cracking. Figure. 2, the chromatogram of the raw retort oil, 

s~ows significant c:o.ncen~rations of species with molecular weights 

higher ~han that of C25 as well as substantial peaks of unsaturated 
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and branched hydrocarbons. Figure 3, the chromatogram of oil cracked 

at 700°F (37l°C) for 10 hours, shows essentially no species with elution 

times longer than that of C25 , and an oil made almost entirely of normal 

alkanes. This modification in the molecular structure of the steam 

cracked oil 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. 
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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 composition as a function 

of time at temperatures of 550°F (255°C}, 700°F (37l°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 mole fraction; 

the saturated and unsaturated hydrocarbons reach a stea~y value after 

eight to 10 hours and then remain unchanged; and the hydrogen sulfide 

has an initial high value and then drops sharply to a lower and constant 

value. The hydrogen sulfide, it is presumed, is r·apidly generated 

as sulfur and is hydrogenated in the sulfur-containing compounds of 

the oil and is exhausted in the sampling procedure; thus, accounting 

for the apparent drop in its concentration. The constant 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 hYdrocarbons 

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 limited. 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 29 February 1980 the 

primary work effort has been directed toward the analyses of previously 

performed retort and autoclave experiments. However, one major retort 

experiment was performed in December. In addition, some additional work 

was performed ut 11 I zing the autoclilve.. Chemica 1 ana.lysec; of the oi 1 

products progressed with the primary effort taking place in the 1 ast 

half of the quarter. 

Retort Experiments 

Retort 12 was performed early during this retorting period being 

completed in mid December. The exper1ment · used BX-13 shale . from 

essentially the same zone as Retort 11. The operating condition were: 

Pressure 

Steam Flow Rate 

270 psig (1.862 MPa) 

51.6 lb/hr (23.4 kg/hr) 

Duration 21 hours 

Shale Size Variable Core specimens and rubble 

Void Fraction 

Weight loss 

Maximum Temperature 

Shale Secti.nn 1 
Shale Section 2 
Section 3 
Section 4 

Section 1 
Section 2 

Range Section 1 
Section 2 
Section 3 
Section 4 

4o.4%. , . 
47 .4%. . 

100% (Empty) 
100% . (Empty) 

16.3% 
15.3% 

946°F - 817°F 
795°F - 714°F 
543°F - 537°F 
537°F - 536°F 

The oil produced which was collected in Retort 12 totalled 4.51 lbs 

(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 f .4 cubic feet ·of gas was 

produced. The chemical composition of the oil was determined to be 

83.4% C, 12.7% H, 1.4% Nand 2.5% 0 and s. The C/H ratio for the oil 

was 6.57. 

The characteristics of the oils produced for a 11 twe 1 ve retort 

experiments and the operating characteristics are shown in Tables 1 

and 2e Several conclusions can be drawn from evaluation of the data. 

In order to produce high percentages of Fisher Assay the temperatures 

within the shale must be of the order of 750"F or higher. Higher 

pressure and higher flow rates only !; 1 i ght ly 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-carboxyl i zing as apparent by the decrease of the 

estimuted oxygen and sulfur combination. The impt·ovement in the oil 

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 oil 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 oil not recovered in many of the runs was 1 eft 

behind in the shale which did not reach 750°F. It is believed that 

this will be validated when TGA tests are completed on samples of shale 
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Table 2: Steam Retort Ofl Properties 

OIL.DATA 
RETORTS (1) Amount Produced,i Fisher Assay 
Equity on (2) Pour Point Temperature CHEMICAL ANALYSIS OH OIL . 
Experiments (3) API Gravity Gases Produced c H N 0 s (Wt 1;) C/H 

1 . No on produced 0 

N.A •• au 
3.4*1 2 1o•r .(21.1 •c) ~o.O.c,f. 83 '12.2 1.4 6.80 

II.A. 

N.A. 
4.7*1 3 &s•F ,(18.3"C) 55.0 c.f. 81.7 11.6 2.0 7.04 

H.A. 

9.&7Lbs(4.39Kg).85$ 
z.z*1 4 &9°F,(2o.&•c) 109.5 c.f. 83.8 12.1 1.9 6.93 

21.80 

6.08lbs(2.76Kg),98.9S 
3.4*1 5 &7•F ,(19.4°C) H.A. 82.4 12.0 2.2 6.87 

26.95 

6 
8.70lbs(3.97Kg),69.5S 

&8°F ,(zo.o•c) 90.2 c.f. 83.4 12:0 1.6 3.o*1 6.95 
23~80 

7 
6.07lbs(2.75Kg),S8.4S 

71*F,(21.7°C) H.A. 82.3 11.9 1.4 4.4*1 6.92 
26.60 

• 3.59Lbs(1.63Kg),34.6S . •1 
8 58°F,(14.4°C) H.A. 81.7 12.0 1.4 4.9 6.81 

'-5.40 

' 
7.25Lbs(3.29Kg),9S.OS 

s1•r.c1o.a•c) 1o1.8 c. f. 82.4 11.9 1.9 3.a*1 6.92 
25.90 

5.10Lbs(2.31Kg),S6.5% 
3.2*1 10 27•f.(-2.78°C) 64.6 c.f. 82.9 12.2 1.7 6.80 

28.57 

5.76lbs(2.61Kg),_53.8S 
0.9*1 11 27°F,(-2.78°C) 93.5 c.f. 84.6 13.0 1.4 6.51 

26.95 

12 
4.51Lbs(2.05Kg),47.7S 

41°F,(s.oo•c). 85.4 c.f. 83.4 12.7 1.4 2.5*1 6.57 
26.60 

M.A. • Not Availabie .. • Estimated Value 
l a Combined 0 and S 
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Table 1: Ste~ Retort Experimental Operating Parameters 

mom 
~tl 
bper1~~~ents llURATJON(HR) 

1 

z 1.17 

, za.oo 

4 26.50 

5 11.50 

I 21.25 

1 117.25 

• 101.00 

' 11.00 

10 18.00 

11 24.00 

12 21.00 

tiiARACTERlST(C$ 
(I) Origin 

AVERAGE {2) Ftsher Assa7 
~ R.C\1 RATE m 'Sfie 

200to 
ltfle.co. 

Z50 PSI& 300 LBS/Hil 29 GAL/TOll 
1.724 Mh 91 to 99.6'111/TOIIlli· 

136 ICg/Hil •3/4° to 5/8"+ 
-1. 9aa to usa.. 
11fle,.CO. 

200 to 
Z70 P.SI& 300 W/Hil 
1.862 MPa · 91 to 

• 29 GAL/TOll 
99.5 LIT /TOIIIII 
•3/4" to 5/8"+ 
•1.9CID to 1.6~ 

t70 PSI& 
1.862 11'11 

170 PSIS 
3,930 141'1 

136 ICI/111 

Rtfle.co. 
. ' . 

40.1 LBS/HII 29 liAI./TOII 
18.2 19/HR 99.5 LIT/TONNE 

•'J/4"· to i/1"• 
-1.9cli to uar 
Rtfie.co. 

·• 51 • I LBS/HR.. 29 GAL/1'011 · 
23.5 Kg/HR 99.6 LlT/TONH£ 

•3/4" to 5/8"+ 
•l.?CIIi to 1.5cP 

300 PSI& 78.1 LBSIHR EquftJ BX-12 
z.liA MPa 35.4 q/HR 

L.A. 

Yar1ous 51zes 

• 250 PSI& 58.6 LBSIHR 29 GAL/TOM 
1.725 Hl'a 31.1 19/HR 99.~ LIT/TONNE 

-'J/4" to 5/8"+ 
··1.9cm to 1.5cP 

Rtfle.co. 
• 320 PSI& 39.8 LBS/MR 29 6AL/TOH 

2.206 HPa 18.0 Kg/Hll 99.6 LJT/TOIIIIE 
•3/4" to 5/8"+ 
•1.9CID to 1.6~ 

. Equf~ BX-12 
300 PSJG 31.5 LBS/HR 

L.A. 
z.ou MPa 12.6 Kf/ltl Yarfous Sfzu 

Equf~ BX-12 
250 PSI& 67.8 LBS/Itl 

L.A. 
1.724 MPI 30.7 ICg/HR 

Yartous Sizes 

EquttJ 81·12 
570 PSI& 50.5 LBSIHR 

L.A. 
J.930 ..,. 22.9 ICg/H1I 

Yarf011s Sfzes 

tqut~BX-13 
Z70 PSI& 50.1 LBS/IIR 

L.A. 
1.862 HPa 22.7 l(g/HR 

Jarfous Sfzes 

tquf~ BX•13 

ZJO PSI& 51.6 LBS/HR L.A. 
1.862 MPI. 23 •• Kg/MA 

Jarfous Stzes 
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Y(SSEl DATA 
1 Hatertal Used, Void Frattfon 
2 Orfglnal-ftna1 Wefghts,l Change 
3 nlet-Outlet Has Tem eratures •r 

6rave1,N.A. 6rave1.H.A. 6rave1,~.A. 
Sh1le,N.A. 
78,5-78.5,01 *1.0~1.0,01 77.0·71.0,01 
49.S-49.0,1S 
754"•N.A. N.A.•H.A. H;A.~.A. 
529.7"-471.5° 

liravel,H.A.· lirlvel,N.A. Sh&1e,JI.A, 

78 •. 5-78.5,01 77.o-n.o-os 49.5·39.2.20.81 

1019"•N.A. H.A.•N.A. 860"~" 
{S!J!!! Shale as Ftrst Experiment) 

liravel,N.A. Shl1e,H.A. Sllalt,H.A. 

78.5-78.5,01 !.2-40,231 50-49.U 

866"-N.A. 809"•724" 705"-643" 

liravel,N.A. Shlle,H.A. Sha1e,K.A. 

78•78,01 54.0-42.S,21.7S S3-45,14.8S 

9S01 ·N·.A, 813"·741• 720"·663" 

.. 
liravel,N.A;Shale,Sl.OI Shale,45.31 
Sand,37.01 
78.5-78.5,01 .57.1-45.3,20.71 
56.7-47.2,16.81 -76.0·74.5,2.01 
971"-"·"· 886"-833" 823•·771" 
7631

• 724" 

6ravel,H.A. Sha1e,47 .31 Shale.48.4S 
78.5·78.5.01 52.2-42.6.18.41 
51.3-4&.5,9.31 
858"~.A. 732•·654• 652"-591" 

Sha1t,4&.51 Shalt,S0.61 61us Wool, R.A. 

56.~50.1~1~.51 54.5-51.4,5.71 R.A. 

761"-636• &z1•-5&s• s&o··S39• 

Sha1e,44.01 Sblle,45.9S Glass Woo1.90.8S 

50.6-42~0,~7.01 .51.5-45.5,11.61 M.A. 

1006"·900. 881"-832° 820-7ss• 

Sllale, lt.A. Sbl1e.H.A. Glass Wool,II.A. 
Glass Wool, ILA. . . 
54.5-44.2,18.91 58.6-45.6,6.81 H.A. 
lt.A. . . 
goo•-784• 761"·665. 634"-594" 478"-395• 

Sblle,45.4S Shlle,47.41 liliSS WoOl, 
I.A. 'Glass Wool. H.A. 
49.9-40.2,19.51 55.2-48.1,12.81 
I.A. H.A. 
9&0•-N.A. 761°-4;&6• 6351 ·410• M.A.-M.A. 

Sha1e,H.A. Slllle,H.A. EmptJ 
(llipty 
56.3• 47.2, 16.31 .fi0.2•51.3,15.1S 
946.·817• 79s•-714• 
543•-s3z• 537•-sl&• 

I.A. • Not Avethble 
L.A. • Ltst Avafable 
• • tstt.ated Value 



from the retort experiments and raw shales from the same zone. These 

tests are currently being completed. 

Autoclave Oil Cracking Experiments 

Molecular Weight Measurements 

The work on the autoclave measurements of steam cracking of oil 

has continued in the area of attempting to obtain accurate ana 'Jyt 1 ca 1 

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 1 aboratori es have not been 1 nterna lly consistent nor con­

sistent with measurements made here. 

Samples were sent to Huffman laboratories, Inc. of Denver where 

average molecular weights were measured by vapor phase osmometry in 

pyridineo Rep()rted 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 

1 aboratory which made the measurements to reduce the data for a mix­

ture containing such a large number of specie~. 

C, H, and N Analyses 

The elemental analyses to determine the weight fractions of carbon, 

hydrogen, and nitrogen. have been much more 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 2408 elemental Analyzer on 

samples taken at various times during the cracking runs. The data is 

still being ·obtained, but prel1minary results are shown in Table 3. 
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TABLE 3 

Carbon, Hydrogen and Nitrogen Analyses 

Oil from Retort 6 
(Starting Material) 

After Cracking at 700°F in Steam 

8 Hours 

10 Hours 

c 

83.4 

84.9 

84.3 

H 

12.0 

12.6 

12.6 

N 

1.6 

1.2 

lo1 

(O&S) 

3.0 

1.2 

1.7 

C/H 

6.95 

6.72 

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 hydrogenation occurs 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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PHASE I - FIELD DATA COLLECTION (FIGURE 1) 

SITE DESCRIPTION: 

The BX IN SITu OIL SHALE PROJECT SITE is located 
in the center of the Piceance Creek Basin in 
Northwestern Colorado. 

EQUIPMENT DESCRIPTION: 

~-.. Consolidated Controls Micro-Proocosor Based 
Data-Logger 

b... Sykes Comm-Stor - 7n Floppy Diskette Data 
I /.~ . 

Storage Unit, CapacJ.ty: 240-;000 Characters 

c. Beehive,CRT- Console, Data Display, 
Controller 

DATA COLLECTION: 

Data. is collected from 199 separate channels 
(oce Attachment i 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 channe~ scanned by the data logger can be 
monitored via. two limits, both set high, both 
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set low, or one high and the other low. 
Channels are scaled and settings made in . 
engineering units. If either of these settings 
is exceeded, the channel number, time and 
reading are logged to the ulskette. 
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PHASE I - DATA COLLECTION 

BEEHIVE 
CRT-CONSOLE/DISPLAY 

SYKES 
COMM-STOR 
Diskette -
Data Storage Unit 

CONSOLIDATED 
CONTROLS 
Micro-Processor 
Based 
Data-Logger 

(240,000 Character Capacity) 

Diskettes are 
changed daily 

-_.._. --
•••• and transmitted 

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

199 
DATA 
COLLECTION 
CHANNELS •••• 

FIGURE 1 

Channels are polled approximately 
every :n.inute, averaged and recorded 
on disA:ette every four hours (meteoro­
logicaL data every hour). 
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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. Hell 212A - 300/1200 BAUD Telecommunications 
Modem 

DATA TRANSMITTAL: 

Whtm the data is received from the project site, 
it is transmitted vi~ telephone 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 thatJ. 
1.5 hours between data recording times. 
(This is a check of the equipment 
operation in the field.) 

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 6 it is then 
ready to be merged into the data base for use 
in.the operations reporto 
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PHASE II - DATA TRANSMITTAL AND PRELIMINARY ANALYSIS 

Salt Lake City On-Site Telecommunications Capability 

SYKES 
COMM-STOR 
Diskette 
Data Storage Unit 

•••• When diskettes 
are received at 
Equity's office in 
Sal.t Lake City ••.•• 

BELL 212A 
300/1200 BJI.UD 
SWITCII SELE-CTAE-LE 
t«>DEM 

They are tr!nsmltted via 
the terninal arcangement 
pictured ab~ve to a 
rotating s~rage device 
in the o.c.s. Kansas 
City Data centec •••• 

1200 BAUD 
TELEPHONE 
LINES 

FIGURE 2 

U.C.S. DATA CENTER 

C.D .• C. 
CYBER/175 

ON-LINE 
PERMANENT-FILE 
STORAGE DEVICE 

•••• A preliminary analysis 
is performec on the data ••• ·• 

CYB_ER/175 

• ••• And the report is 
transmitted back to Equity 
in Salt Lake City. 
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PHASE III - DATA CONSOLIDATION AND OPERATIONS REPORTING 
(FIGURE 3A) 

WBI!:C:-41111 

DATA CON.SOLIDATION: 

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 meteorological 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 structurP.n to c:ri~Je thQ 
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 reiated 
processes. 

An example operations report is included as 
Attachment 3. 
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PHASE III ...; DATA CONSOLIDATION AND OPERATIONS REP,JRTING 

OMNI 820 

TERMINAL~--~--~------------~ 

PHASE IV - DATA TAPE ARCHIVAL 

Data Tapes are Ar.:::hived at 
United Computing Service 
and Retrieved as Necessary 
for Monthly, Quarterly, 
and Yearly Reports. 

Monthly, 
Quarterly, 
and Yearly 
Reports Transmitted 
Back to Equity in 
Salt Lake City 

FIGURE JA 

FIGURE 38 

CYBER/175 

ON-LINE 
PERMANENT-FILE 
STORAGE DEVICE 

MAGNETIC 
·TAPE 

(Meteorological 
Data - Transmitted 
to V.T.N.) 

MAGNETIC 
TAPE 
(Original Data -
to be Archived) 
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PHASE IV - DATA ARCHIVING (FIGURE 3B) 

WBEC-11111 

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. 

Co 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 

5 
6 
7 
8 
9 

10. 
11· 
12 
16 
17 
18 
19 
20 
21 
22 
23 
28 
29 
30 
31 
32. 
33. 
34 
35 
36 
37 
38 
39 
40' 
41 
44 
45 
46 
47 
43 
49 
50 
51 
52 
57 
58 
59 
60 
61 
64 
65 

ATTACHMENT 1 

DESCRIPTION 

Gas From Test Separator 
Free Water From Test Separator. 
Oil Emulsion From Test Separator 
% Water in Elnulsion-Test Separat_or-. 
Gas From Freewater K.O. 
Free Water From Freewater K.O. 
Oil Emuls.ion 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 $eparators 
Water From Backwash Filters 
Wind Speed 
Wind Direction 
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UNITS 

MFD 
BPD 
BPD 
% 
MF.D 
Bf'U 
BPD 
% 
Lb/h 
Lb/h 
Lb/h 
Lb/h 
Lb/h 
Lb/h 
Lb/h 
t.b/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 
D 



CHANNEL 
NUMBER 

66 
67 
68 
72 
73 
74 
75 
76 

257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
289 
290 
291 
292 
29~ 
294 
295 
296 
297 
298 
299 
300 

DESCRIPTION 

Wind Deviation 
Ambient Temperature 
Structure Differential Temperature 
Production Well #0 Liquid Flow 
Production Well #1 Liquid Flow 
Production Well #2 Liquid Flow 
Production Well #3 Liquid Flow 
Production Well #4 Liquid Flow 
Exist. Steam Gen. Stack Temperature 
New Steam Gen. Stack Temperature 
Super Heater Stack Temperature 
Test Well No. 1 - 450' 

Test Well No •. 2 

1 

- 500' 
- 600' 
- 700' 
- 760' 
- 780' 
- 800' 
- 820' 
- 840' 

860' 
- 880' 
- 900' 
- 920' 

940' 
- 960' 

980' 
- 1000' 

1020' 
- 1040' 

1060' 
- 1080' 
- 1100' 
- 1120' 
- 1140' 
- 1160' 
- 1180' 
- 1200' 

1220' 
1240' 

- 1260' 
- 1280' 
- 1300' 
- 13i0' 
- 1340' 
- 1360' 
- 450' 
- SOO' 
- 600 ,. 
- 700' 
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% 
oc 
% 
% 
% 
% 
% 
% 
OF 
OF 
OF 
OF 



CHANNEL 
NUMBER 

301 
302 
303 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
321 
322 
323 
324 
325 
326 
3t1 
328 
329 
330 
331 
332 
333 
334 
335 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
353 
354 

.355 

DESCRIPTION 

Test Well No. 2 760' 
- 780' 
- 800' 
- 820' 
- 840' 
- 860' 
- 880' 
- 900' 
- 920' 

940' 
- 960' 
- 980' 
- 1000' 
- 1020' 
- 1040. 
- 1060' 
- 1080' 
- 1100' 
- 1~20 I' 

- 1140'. 
- 1160' 
- 1180' 
- 1200' 
- 1220' 
- 1240' 
- 1260' 
- 1280' 
- 1300' 
- 1320' 
- 1340' 

1360" 
Test Well No. 3 - 450' 

- 500' 
- 600' 
- 100' 
- 760' 
- 780' 
- 800' 
- 820' 
- 840' 
- 860' 
- 880' 
- 900' 
- 920' 
- 940' 
- 960' 
- 980' 

1000' 
- 1020 ,. 
- 1040' 
- 1060' 
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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 
393 

DESCRIPTION 

Test Well No. 3 - 1080' 
- 1100' 
- 1120' 
- 1140' 
- 1160 
- 1180' 
- 1200' 
- 1220' 
- 1240' 
- 1260' 
- 1280' 
- 1300' 
- 1320' 
- 1340 ,. 

Injection Wall #1-Temp. at Wellhead 
Injection Well #2-Temp. at Wellhead 
Injection Well #3-Temp. a~ Wellhead 
Injection Well #4-Temp. at Wellhead 
Injection Well #5-Temp. at Wellhead 
Injection Well #6-Temp. at Wellhead 
I~jection Well #7-Temp. at Wellhead 
Injection Well #8-Temp. at Wellhead 
Production Well #O~Temp. at Wellhead 
Production. Well #1-Temp. ~t Wellhead 
Production Well #.2-Temp. at Wellhead 
Production Well #3~Temp. at Wellhead 
Production We~l #4-Temp. at Wellhead 
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PREI..I"IMARY STATISTICS F~ BX IN SilU OIL SHALE PRO..ECT 

DATA CCUECTION FOR I1ARCH 6, 1980 AT 13:43:52 
DATA COLLECTION FOR MARCH 6, 1980 AT 13:45:24 
DATA COLLECTION FOR I'IARCH 6, 1980 AT 16:00:00 
DATA COlLECTION FOR I1ARCH 6, 1980 AT 20;00:00 
DATA COllECTION FOR !".ARCH 6, 1980 AT 23:57:56 

194 

ATTACHMENT 2 



PRELIIUNARY STATISTICS FOR BX IN SITU OIL SHALE PROJECT 

OH. S17 NEG-CNT ' OK. S18 ftiN ..OOOOOo 70 ftAX ..OOOOOo 90 CHT S AVO +OOOOOo~ 1!Y Oo09 t£G-CHT 0 
OK. S19 NEG-00 ' ON. S20 NEG-CNT ' Oft. S21 ftiN +00290o 00 ftAX -t00303o 20 CNT ' AVO +00299 o 74 lEY ,,S9 NEG-00 0 
Oft. S22 ftiN +0124S.OO MX +01453o00 CHT S AVO +01323o80 lEY 91.53 t£G-OO 0 
OK. S23 NEG-00' ' ON. S24 tEG-00 ' OK. 52S-NO DATI't-
OK. S26-f«) DATA-
at1. S27--f«) DATA-
OK. S28 "IN +01224o 00 tiAl +01S98. 00 CHT 4 AVO +0141So00 DEV 152.89 NEQ-00 0 
ON. 529 ftiN +01214o00 MX +01994o00 CNT 4 AVO +01577o00 lEY 331.24 t£0-CNT 0 
ON. 530 ftlN ~792.00 MX +0090S.OO CNT 2 AVO +00848o SO lEY 79 0 90 t£1H:NT 2 
OK. 531 ftiN +01402.00 MX +01413.00 CNT 2 AVO +01407.SO ~ 7 0 78 t£0-CNT 1 
~ 532 ftiN +02389.00 I'IAX +02392.00 00 2 AVO +02390. SO lEY 2.12 J£6-CNT 1 
CHtl. S33 ftiN +00020o00 tiAl +01770.00 CNT 3 AVO +OUS6.00 lf.V 984.88 NEG-CNT 0 
OK. S34 ftiN +01179.00 MX +02802.00 CNf 3 AYG +Vl'Zl4.00 f£'1 ~. 70 rEG-OtT 0 
OK.~ IUN +02137.00 MX +02988.00 CNT 3 AVO ~.00 DEV 427.79 NEG-00 0 
ON. 536-"f«< DAT~ 
Oft. ~--f«) DATI't-
OH. 538--f«) DATI't-
ON. 539---m DAT~ 
OR 540 NEG-00 3 
ott. 541 IUN +00010.00 MJ +00010.60 CNT 3 AVG +00010.40 IEV o. 3S t£G-CNT 0 
CHtl. 542 IUN +00377. 00 MX +00377. 00 CNT 3 AVG +00377. 00 lEY o. 00 NEG-CNT 0 
ON. 543 "IN +00029.00 IIAX +00030.00 00 3 AVG +00029. 67 tel o. 58 t£G-CNT 0 
Oft. 544 "IN +01397.00 Ml +01427.00 00 3 AVG +01407.67 lEV 16.77 NEG-t:NT 0 
OK 545 ftiN +01376.00 IIAX +01414.00 00' 3 PNG +01391.33 tel 20.03 rEG-00 0 
ON. 540 "IN +01389.00 Ml +01420.00 CHT 3 AVG +01400.00 lEV t-7. 3S NEG-00' 0 
OK. 547 "I~ +01429.00 IIAX +014~.00 CMT 3 AVG +01430.33 DEV 1. 53 NEG-00' 0 
aN. 548 "IN +01055.00 IIAX +01358.00 CNT 3 AVG +01252.00 tel 170.77 NEG-CNT 0 
aR 549 111M +01081.00 IIAX +01389.00 00 3 AVG +01284.67 1£'1 176.40 NEG-00 0 
OK. 550 11IN +01392.00 MX +01421.00 00' 3 AVG +01402.67 I£V 15.95 r£G-CNT 0 
OR 551 11IN +01386.00 I1AX +01412.00 00 3 PNG +01395.67 DEV 14.22 NEG-00 0 
OK. 552 NEG-00 3 
OR 553 11IN :.oooo4.00 IIAX +00007.00 00' 3 AVG ~.67 DEV 1. 53 NEG-00' 0 
~ 554-No DATA-
OH.~DATA-
Ofl. 556 11IN +00008.65 IIAX +00011.27 CNT 3 AVG +00010.33 lEY 1. 46 NEG-CNT 0 
ON. 551 11IN +00044.80 I'IAI +00045.95 00 3 AVG +00045.28 lEY 0.60 t£6-00 0 
OK. 558 IUN -ooo24. 90 IIAX -OG024. 90 CNT 3 AVG -OG024. 90 I£V 0.00 r£6-oo 0 
OH. 559 11IN -ooo24. 90 IIAX -ooo24. 90 CNT 3 AVG -ooo24. 90 lEV o.oo NEG-CNT 0 
OK. 560 "IN +00307. 50 IIAX +00323. 80 00 3 AVG +00317. 97 lEV 9.08 t£6-00 0 
atl. 561 11I~ +00000.60 MX +00000.60 00' 3 AVG +00000. 60 lEV o. 00 NEG-CNT 0 fH Jl) F\EL Fl,OI((10) fH 

Oft. 562 11IN +00344.40 I'IAX +00360.50 CNT 3 AVG +00349. 80 lEV 9.27 r£G-CNT 0 
Oft. 563 "IN +00002.50 IIAX +00002.50 00' 3 IWG +00002.50 I£V o. 00 r£G-CNT 0 fH Jl) F\EL fllll((10) fH 

OR 564 11IN +00477.00 Ml +00488.00 CNT 3 AVG +00482.33 tel 5.51 I£G-QCT 0 
Oft. 565-Jil DATA-
Oft. 566-f«l DAT~ 
atl. ~7--tl) DATI't-
Qf4, 568---MJ DATA-
Oft. 569 11IN +00001.30 IIAX +00003.10 00' 3 AVG +00002.10 tel 0.92 t£6-00 0 
Oft. 570 r£0-qfl' 3 
Oft. 571 NEG-00 3 

. OK. 572 111M +00020.10 MX +00148.60 CNT 3 AVG +00100.43 lEV 70.03 NEG-00 0 
ON.- 573 11IN +00000.30 MX +00041.10 ~ 3 AVG +00016.07 lEV 21.92 r£G-<:NT 0 
ON. 511,-HD DATA-
Oft. 575--f«) DATI't-
oil. 576--tll DATA-
OH.. 577--t«l DATA- 195 

\. ON. 578-tl) DATA-
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OK. 579---NO DATA-
ON. 580-NO DATA-
CHNL 581--NO DATA-
Ofi. 582-NO DATA-
CHNl.. 583---tiD DATA-
OiNI.. 584 I'IIN +00026. 20 MX +OOOT/, 30 CNT 3 AVG +«JJ2b •. n D£V 0.55 NEG-00 0 
ON.. 585 !'liN +00038. 30 11AX +00045. 90 CNT 3 AVG +00042. 27 tEV 3.81 NEG-00 0 
OiNl.. 586 MIN +00000.80 I'IAX +00000.80 CNT 2 AVG +00000.80 D£V o. 00 NEG-CNT 1 
Oft. 587 !'liN +00032. 00 I'IAX +00032. 30 CNT 3 AVG +00032.20 DEV 0.17 t.EG-00 0 
OR. 588 MIN +00019.20 I'!AX +«'1020.30 00 3 AIJG +«'1019.90 DEV 0.61 NEG-00 0 
- NO DATA CCIJ.ECTED Fl:m CWI.NNEL.S 589 - 768 -

0H. 769 MIN +00029.70 11AX +00054.10 CNT 3 AVG +00039 .83 DEV 12.71 NEG-00 0 
Ota. no I'IIN +00515.30 KAX +00521.70 CNT 3 AVG +00518.SO DEV 3. 20 NEG-00 0 
OK. Vl MIN +00031.50 I'IAX +00034.90 00 3 AVG +00033.53 D£V 1. 80 NEG-00 0 
OK. n2 I'IIN +00058.20 I'!AX +00058.20 CNT 3 AIJG +00058. 20 tel 0.00 NEG-00 0 
ON. 773 I'IIN +00058.60 MX +00058.60 CNT 3 AIJG +00058. 60 DEV o. 00 NEG-00 0 
Clft.. n4 MIN +00061.90 I'IAX +00061.90 00 3 AIJG +00061.90 D£V 0.00 NEG-00 0 
CKt. 77S tUN +00067. SO I'!AX +00067. bQ CNT 3 AIJG +00067.53 D£V 0.06 NEG-00 0 
OR n6 MIN +00066. 90 !'lAX +00066. 90 CNT 3 AIJG +00066. 90 DEV o. 00 NEG-CNT 0 
OK. m 11IN +00066. 90 !'lAX +00066. 90 00 3 AIJG +00066. 90 L'EY o. 00 NEG-00 0 
OK. na MIN +OOOn. 80 I'IAX +eoon. 90 oo 3 AVG +OOOn. ffl DEY 0. 06 r£G-CNT 0 
CHNl n9 MIN +00137.40 l'iAX +00138.20 CNT 3 AVG +00137,80 ~ 0.40 NEG-00 0 
CHt4.. 780 I'IIN +00198.80 I'!AX +00201.40 CNT 3 AVG +00200,20 DEV 1. 31 NEG-00 0 
OM. 781 I'IIN +00378.50 I'IAX +00384.80 CNT 3 AIJG +00380. 70 DEY 3. 55 NEG-00 0 
CHti. 782 tUN +00491.10 MAX +00492,60 00 3 AVG +00492. 03 DEV 0. 81 NEG-CNT 0 
CHNL 783 I'IIN +00139.10 I'IAX +00142.10 CNT 3 AVG +00140.57 DEV 1. SO NEG-CNT 0 
lliM.. 784 I'IIN +00029.80 I'IAX +00030.10 00 3 AVG +00029, 97 · DEV 0.15 NEG-00 0 
OK. 785 I'IIN +OOOn.60 I1AX -100079.80 00 3 AVG +00078.67 DEV 1.10 NEG-CNT 0 
Clfl.. 786 I'IIN +00094.SO 11AX +00097.00 00 3 AVG +00095.50 DEV 1.32 NEG-00 0 
Clfl. 7ffl I'IIN +00101. 90 I'IAX +00104.30 CNT 3 AVG +00102. 73 DEV 1. 36 t£G-CNT 0 
OH. 788 tUN +00097 .10 I'!AX +00100.20 CNT 3 AVG +00098. 93 DEV 1.63 NEG-00' 0 
ON. 789 I'IIN -+00099.90 MAX +00103.50 00 3 AVG +00102.00 DEV 1. ffl NEG-CNT 0 
OM. 'm tiiN +00147. 90 !tAX +00158.30 00 3 AVG +00154.03 DEV 5. 45 NEG-00 0 
CHtL 791 tUN -t00163.40 MX +00173.70 CNT 3 AVG +00166, 90 DEV 5 .. 89 NEG-00 0 
OK. 792 I'IIN +00092.20 I'IAX +00094.50 CNT 3 AVG +00093. 43 DEV 1.16 NEG-00 0 
OiNI.. 793 rma +OOOn.60 rmx +00082.60 oo 3 AIJG +00080,23 tel 2. 51 NEG-00 0 
ON.. 794 I'IIN +00116.40 l'lAX +00134.50 CNT 3 AVG +00123. 93 DEV 9.42 NEG-00 0 
Clft.. 795 I'IIN +00079.80 I'IAX -100091.00 00 3 AVG +0008;3. 97 DEV 6.13 NEG-00 0 

I 

OK. 796 !'liN +00145. 90 MAX +00157 .10 CNT 3. AVG +00153 •. 23 DEV 6. 35 NEG-00 0 
OK. 797 I'IIN +000a8.20 MX +00103.80 CNT 3 AVG +00096.27 DEV 7.81 NEG-00 0 
ON. 798 IUN +00078. 90 MAX +00092. 70 00 3 AVG +00086,ff/ IEV 7.14 NEG-00 0 
CHtf- 799 I'IIN +00128.70 Ml +00146.60 00 3 AVG +00138.17 DEV 8. 99 NEG-CNT 0 
Ofl. 800 I'IIN +00026. 90 I'IAX +OOOT/, 20 CNT 3 AIJG -100027.10 DEV 0.17 NEG-00 0 
Clft.. 801 11IN +00060.90 I'IAX +00065.30 CNT 3 rNG +00062. 93 DEY 2.22 t£G-OO 0 
CHtl. 802 IUN +00114.00 !'lAX +00123.70 00 3 PNG +00118.60 tel 4.ffl t£G-CNT 0 
OK. 803 !'liN +00089.50 I'IAX +00093.70 CNT 3 AVG +00092,10 DEY 2. 27 I£G-CNT 0 
OK. 804 I'IIN +00314.10 I'IAX +00316.60 00 3 AVG +00315.03 DEY 1. 37 NEG-00 0 
OH. 805 111M +00137.80 I'IAX +00142.50 00 3 AVG +00140.30 lEV 2.36 t£G-CHT 0 
OK. 806 I'IIN +00113.50 I'IAX +00126. 90 00 3 AVG +00120. 47 DEY 6.n t£G-CNT 0 
OK. 807 I'IIN +00114.80 !'lAX +00125.10 00 3 AVG +00119,67 DEY 5.17 r£G-CNT 0 
OK. 808 I'IIN +00112.50 I'IAX +00126.20 00 3 AVG +00118.50 DEV 7. 01 t£G-CNT 0 
OK. 809 I'IIN +00203.30 !'lAX +00213.40 00 3 AVG +00206. 80 DEV 5.n t£G-CNT 0 
QH. 810 I'IIN +00152.70 I1AX +00155.30 00 3 AVG +00153. 73 DEY 1.38 rEG-00 0 
OK. 811 I'IIN +00132.00 I'IAX +00140.90 00 3 AVG +00135.10 DEY 5.03 NEG-00 0 
QH. 812 I'IIN +00143.30 I'IAX +00152.00 00 3 AVG +00146.33 L'EY 4. 91 r£G-CNT 0 
ON.. 813 I'IIN +00217.80 I'IAX +00236,40 00 3 rNG +00225. ffl IEV 9.54 t£G-OO 0 
OH. 814 11IN +00085.80 I'IAX +00087.70 CNT 3 AVG +00087.07 DEV 1.10 t£G-CNT 0 
QH. 815 I'IIN +00248.40 I'IAX -+002n.oo 00 3 AVG +00258.67 !lEV 12.10 t£G-CNT 0 
Oft. 816 I'IIN +00027.70 I'IAX +00028,00 00 3 AIJG -100027. 90 DEY 0,17 NEG-00 0 
QH. 817 I'IIN +00107.80 MX +00107.80 00 3 AVG +00107.80 DEY 0.00 NEG-00 0 
Otl. 818 MIN +00099. 90 I'IAX +00100.00 00 3 AVG +00099. 97 DEV 0.06 t£G-OO 0 
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OR 819 t11N -+00100.10 MX -+00100.20 CHT 3 AVG +00100.13 DEY o. 06 r£G-CNT 0 
Oft. 820 I'IIN +00105.10 I'IAX +00105.20 CNT 3 AYG +00105.17 DEY 0.06 t£!KNT 0 
OK. 821 IUN +00099. 30 MAX +00099. 30 CNT 3 AYG +00099. 30 DEY o. 00 NEG-00 0 
Oft. 822 KIN +00105.50 MX +00105.50 00 3 AVG +00105.50 DEY o. 00 t£G-CNT 0 
OR 823 I'IIN -+00109.70 MAX +00109.80 00 3 AVG +00109.n DEY o. 06 16-00' 0 
OK: 824 MIN +00123.50 I'IAX +00123.80 00 3 AVG +00123. 6.1 WI 0.15 NEG-CHT 0 
~ 825 IUN +00171.10 I'1AX +00171.30 CNT 3 fWG +00171.20 D£V 0.10 NE~ 0 
000.. 826 MIN +00225.30 11AX +00225.60 00 3 AVG +00225.50 DEY 0.17 r£G-CHT 0 
Oft. rrl1 IUN +00200.70 MX +00201.20 CNT 3 PNG i00201. 03 DEY 0.29 NEG-00 0 
aM. 8:28 1'1111 +00123.00 MX +00123.10 00 3 PNG +00123.07 L'EY 0.06 t&-00' 0 
OM. 829 IUN ~.50 MX ~.SO 00' 3 AVG +00093.50 D£V o. 00 I£G-CNT 0 
OK. 830 tUN +00056.60 l'lAl +00056.60 00 3 AVG +00056.60 lEV o.oo t6-tNT 0 
ail. 831 fliN +00057.50 I'IAX +00057.60 CNT 3 AVG +00057. 53 tel 0.06 NEG-00 0 
~ 832 tUN ~6.80 MX +00027.10 00 3 AVG ~.00 DEV 0.17 NEG-00' 0 
OK. ~ fiiN +00059.50 IW i00059.60 CNT 3 AVG +00059. 53 DEY o. 06 t£G-CNT 0 
OK. 834 IUN +00062.30 MX +00062.40 CNT 3 fWG +00062. !1 I£V 0, 06 t£G-cNT 0 
OK. 835 MIN +00064.50 ""X -+00064.50 CMT 3 AVG +OQoM. 50 D£V o. 00 NtG-0(( 0 
OK. 836 MIN +00067.5Q MX +00067.50 CNT 3 ~ ~7.50 lEV o. 00 NEG-CHT 0 
aM. 837 l'iiN i00075.10 I'IAX +00075.20 CNT 3 FNG +00075.17 DEV 0. 06 MEG-00 0 
CHNL 838 l'llt4 +00122.10 MX +00122.30 00 3 AVG +00122.20 ~ o. 10 tf:G-00 0 
CHNl 839· RIM ~161.10 nAX +00161.10 Ctfr 3 AVG +00161.10 DEV o. 00 I'£G-CNT 0 
Oft. 840 11IN +00301.50 mx +00302.90 oo 3 AVG +00302.27 llEV o. 71 I'EG-00 0 
OK. 841 IUN +00368.9'0 MX +00369.50 CNT 3 AVG +00369 .17 IJEV 0.31 NEG-CNT 0 
CHNl 842 fiiN +00095.80 l'lAX +00097.80 00 3 AVG +00096. n DEY 1. 00 l£0-00' 0 
OK. 843 liiN i00083.20 MX +00084.30 00 3 AVG +00083.60 DEV 0.61 t£6-00 0 
ilK. 844 11IN +00070.20 flAX +00013.50 00 3 AVG ~72.03 DEV 1.68 NEH:NT 0 
Oft. 845 fUN t00095.30 iW +00107.60 00 3 AVG +00101.87 D£V 6.19 t£G-CNT 0 
ON. 846 t1IN ~.50 I'IAX -t00096.20 00 3 AVG +00092. 60 D£V 3.38 NEG-00' 0 
000.. 847 FilM +00098.30 MX i00093.50 00 3 AVG i00090.07 DEY 2. '11 t£G-OO 0 
Citi. 848 I'IIM +00026.50 MX ~6.80 00 3 AVG +00026. 70 lEV 0.17 t6-CMr 0 
em. 849 1'111'4 +0011.4.90 MAX +00115.40 M 3 ·AVG +00115.13 DEV 0.2'5 t&-00 0 
Oft. 850 l'llN .00168.40 MX ..00168.60 oo· 3 AVG -100168.53 Il£V 0.12 N£G-Q(T 0 
CK(!. 851 NIN +001%.10 1W +00147.20 Ctfl' 3 AVG +00146.67 ~ 0.55 NEG-=00" 0 
OK. 852 nm +co128.so ttAX ..oot29.10 arr 3 fWS +00128. f7 lEV 0.15 IEG-00' 0 
OM. 853 I'IIN +00084.40 rlAX -t00084.~ 00 3 AVG ~.40 DEY 0.00 t&-CNT 0 
ON.. .654 IUN +00086.50 MX ~.60 00 3 AVG 1001)86.53 DEV 0.06 NEG-00 0 
CH1i. ~ I'IIN +00084.30 Ml! ~.40 00 3 IWG ~.33 D£V o.o6 reG-eNT 0 
0§. 856 MIN +00083.80 r~AX +00094.00 00 3 AVG +00083. 90 D'EV 0.10 MEG-CNY 0 
QM. g!S'J fllN ~.30 .MX +00084.40 00 3 AVG 100084. 33 DEV o. 06 t£G-CNT 0 
OM. 658 t1It~ ~.40 MX ~50 00. 3 AVG i00096. 47 DEV o. Q6 t£G-<.m 0 
OM. 859 rma +00097 .so Ml! ~.so oo 3 IMH00097 .80 DEY 0.00 NEG-00 0 
em!. 860 I'IIN i00095.10 i1AX ~.20 00 3 AIJG -10009'5.13 DEY 0.06 t&OO' 0 
~ 861 ltiN +00097.30 MX +00017.40 00 3 AVG ~.37DEV 0.06 f!EIH:HT 0 
aK. 862 t11N +00102.30 flAX <-00102.30 crrr 3 AVG +00102.30 O£Y o.ou r&-arr 0 
OK. 863 tiiN +00107.90 Ml! +00108.00 00 3 mG «10107.17 DEV 0.06 NEG-Off 0 
Qit. 864 IUN +00027 .10 I1AX i00027. SO Q{f 3 liNG +®I/.37 DEY 0.23 MEG-00 Q 
OK. 865 IUN t00028.90 ftAX -t00057.50 00 3 AVG +00044.00 D£V 14.37 t£G-a« 0 
OH. 866 111ft +00100.10 fW 400129.90 00 3 AYG +00117.17 DEY 15.37 NEG-00 0 
OK. 867 IUN 400172.80 MX +00195.30 00 3 IWG +00185. 73 DEY 11~ 62 NElKNT 0 
Oft. 868 IUN -+00125.30 l'lAX i00\36.80 00 3 AVO +00131.53 ll£V 5.8116-CMT 0 
OM. 869 tnN -400179.10 mx ~190.40 em 3 AVG +00184.f7 lEV 5.60 MBKMT 0 
OM. 870 l'IIN +00205.00 Ml +00208.40 00 3 AVG +00206.17 DEY 1.93 MaKNT 0 
OR. 871 i'IIN +00059.30 IW 400102.80 00 3 AVG ~.17 lEY 25.00 HEG-00' 0 
CKt. an J'IIN +00190.20 mx +00204.10 oo 3 AVG +OOlf'/.80 DEY 7.04 rEG-00 0 
ON. 873 l'liN +00061.00 tlAX +00061.10 00 3 IWG i00061.07 lEV 0.06 f£6-00 0 
OK. 874 I'IIN ·+4)()065.60 IW! +00065.60 00 3 AW t00065.60 lEY o.oo tG-00' 0 
ON. 875 PllN +00066.20 MX +00066.20 CNT 3. AVO 400066.20 ll£Y o. 00 tEG-00' 0 
ON. 876 I'IIN +00068.00 MX +00068.00 00 3 AVG +00068.00 I£V o. 00 1&-Ctn' 0 
ON. rrt I'IIN +00070.30 MX +00070.40 00 3 AVG .00070.33 IIEV o. 06 1&-CNT 0 
OK. 878 "IN +00072. 90 MX +00073.00 00 3 AW ..00072~93 DEY 0.06 t£6-00 0_ 
Oft. 879 I'IIN +00084.00 flAX +00084.10 CNT 3 fWG +00084.07 DEV 0.06 f\IEIH:m 0 
OR 880 FIIN +00025. 90 !'!AX +00tl26. 40 00 3 AVG +0092~.20 DEY 0.26 t£G-CNT 0 
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ON. 881 I'IIN +00189.30 MAX +00204.80 00 3 AVG +00197 .17 DEV 
CHNI.. 882 MIN +00241. 4Q 11AX +00248.20 00 3 AYG +00245.67 DEV 
OiNl. 883 I'IIN +00450.00 MAX +00464.80 00 3 AYG +00458.83 DEY 
CHNL 884 MIN +00499.50 11AX +00504.30 00 3 AYG +00501.47 DEV 
CHNl 885 MIN +00484.90 I'IAX +00490.40 CNT 3 AYG +00487.87 DEV 
CHNL 886 MIN +00486. 40 11AX +00505. 70 CNT 3 AYG +00494. 97 DEY 
OR 887 11IN +00405.10 MAX +00502.70 CNT 3 AYG +00461.67 DEY 
CliNL 888 MIN +00380. SO I'IAX +00409. 90 00 3 AYG +00398. 63 DEV 
OR SS9 MIN +00569,3() I'IAX +00573.40 CNT 3 AYG +00570.73 DEV 
OiNl.. 890 I'UN +00568.10 11AX +00570.30 00 3 AYG +00569.00 DEV 
ON. 891 MIN +000b2.90 11AX +00065.20 CNT 3 AVG +00004.07 IF/ 
OiNl. 892 Mit~ +00045. 20 11AX +00056. bO CNT 3 AVG +00050. 20 DEY 
CHN.. 893 MIN +00035.00 11AX +00040.20 CNT 3 AYG +00038.13 DEV 
lliNl. 894 l'IIN +00099.20 11AX +00099.50 CNT 3 AYG +00099.33 DEY 
OiNl. 895 MIN +000?5.50 11AX +00030.80 CNT 3 AYG +00028.87 DEY 

***550 RECORDS INPUT 
***167 RECOROS OUTPUT 
HtEXECUTE WTPUT ON LOCAL FILE 'B2' 

tRl)Yt 
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7. 75 NEG-OIT 0 
3.72 NEG-CNT 0 
7.81 ~G-CNT 0 
2. 51 NEG-CNT 0 
2.78 NEG-CNT 0 
9. 83 NEG-CNT 0 

50.62 NEG-CNT 0 
11.72 NEG-00 0 
2.31 NEG-CNT 0 
1.15 ~G-CNT 0 
1.15 NEG-CNT 0 

· 5.83 NE\rCNT 0 
2.76 NEG-CNT 0 
0.15 NEG-CNT 0 
2. 93 NEG-CNT 0 



EQUITY OIL CO./U.S. DEPARil'!ENT Cf ENERGY 

BX IN SITU OIL SHALE PROJECT 
IFERATIONS REPORT 

PRO..ECT lllR.: PAll. "· DOUGAN 

REPORT PERIOD 

FROf1 TO 

DETAIL smtiMY Cf DAYS INCLUID IN THIS REPORT 

DATA CtllECTED FOR FEBRUARY 1, 1980 ENDS AT 23:59:59 
DATA COllECTED FOR FEBRUARY 2, 1980 ENDS AT 22:31:52 
DATA COLLECTED FOR FEBRUARY 3, 1980 ENDS AT 22:31:52 
DATA COllECTED FOR FEBRUARY 4, 1980 ENDS AT 21:00:00 
DATA COllECTED FOR FEBRUAAY 5, 1980 ENDS AT 21:20:25 
DATA COllECTED FOR FEBRUARY b, 1980 ENDS AT 22:53:33 
DATA COLLECTED FOR FEBRUARY 7, 1980 ENDS AT 23:59:59 
DATA COW:CTED FOR FEMUARY 8, 1980 ENDS AT 23:59:33 
DATA COllECiED FOR FEBRUARY 9, 1980 ENDS AT 23:59:59 
DATA CtllECTED .FOR FEBRUARY 10, 1980 ENDS AT 23:59:59 
DATA COLL£CTFJ) FOR FEBRUARY u, 1980 ENDS AT 23:59:59 
DATA COLLECTED FOR FEBRUARY 12, 1980 ENDS AT 08:00:00 
DATA COLLECTED FOR FEBRUARY 13, 1980 ENDS AT 23:59:59 
DATA COLLECTED FOR FEBRUARY 14, 1980 ENDS AT 23:59:59 
DATA COI.LECTED FOR FEBRUARY 15, 1980 ENDS AT ~:59:59 
DATA COllECTED FOR FEBRUARY lb, 1980 ENDS AT 23:59:59 
DATA COLI.ECTED FOR FEERUARY 17, 1980 ENDS AT 23:59:59 
DATA COLLECTED FOR FEBRUARY 18, i980 ENDS AT 23:59:59 
DATA COLLECTED FOR FEBRUARY 19, 1980 ENDS AT 23:59:59 
DATA COL.I.EC.TED FOR FEBRUARY 20, 1980 ENDS AT 1b:07:27 
DATA COI..L.ECTED FOR FEBRUARY 21, 1980 ENDS AT 23:59:59 
DATA COLl.ECTED FOR FEBRUARY 22, 1980 ENDS_AT 20:00:00 
DATA COLLECTED FOR FEBRUARY 23, 1980 ENDS AT 20:00:00 
DATA COLLECTED FOR FEBRUARY 24, 1980 ENDS AT 20:00:00 
DATA COllECTED FOR FEBRUARY 25, 1980 ENDS AT 20:00:00 
DATA COlLECTED FOR FEllRUARY 2b, 1980 ENDS AT 20:00:00 
DATA COLLECTED FOR FEBRUARY 27, 1980 ENDS AT 23:59:05 

*** TABlE Cf ENTHAL.PIES t*H 

1 1175.73 
2 117b.M 
3 1179.99 
4 1175.47 
5 1175.85 
b 1175.b7 
7 1175.b5 
8 1178.75 
9 122b.75 
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EQUITY OIL CO./U.S. DEPARTMENT OF ENERGY 

REPORT PERIOD 

FROI1 02/01/80 TO 02/29/80 

BBLSIDAY M.BBLS 
WELL 10H2 

1/BX-31 . 193.12 42.5 
2/BX-lo 227.51 61.4 
3/BX-30 85.29 23.0 
4/BX-17 179.96 48.6 
5/BX-32 226.36 61.1 
61BX-24 230.44 62.2 
7/BX-23 146.14 39.5 
S/BX-33. 349.64 94.4 
TOT Hi. 1638.47 432.7 

WELL NO. 1 
DAYS BELOW SET LUIIT 7 
SET ~II'IIT IN BBlS/DAY 0.080 
OJtli..ATlVE OOWNT111E TQ-DATE 143 
TOTAL INJECTION DAYS TQ-DATE 22 

I WATER 
BBl. 

BBLIDAY CUH10H2> 
'TEST sg> 149.4 43.3 
FWKO 000.7 232.2 
TOTAL 950.2 '115.5 

I GAS 
tu:f 

I'ICF /DAY C\m(l()H2) 
TEST SEP 80.4 23.3 
r.a<:o· 311.3 90.3 
TOTAL 391.7 113.6 
INPUT 401.0 116.3 
t£T -9.3 -2.7 
"*" KEY FOR C-AS PRODI.ICED t-HH 

NETI+l=FORI'IATION GAS PRODlW 
NET I-> =GAS LIFT + GAS LOST 

BX IN SHU OIL SHALE PROJECT 
OPERATIONS REPORT 

PROJECT I'IGR.: PAUl 1'1. ~ 

I rucTION 
BTU/DAY ctii1.BTU 
10Ho 10H8 

227.1 5.0 
267.7 7.2 
100.6 2.7 
211.5 5.7 
266.2 7.2 
270.9 7.3 
171.8 4.6 
412.i 11.1 

1928.0 50.9 

INJECTION DOWNTti'IE 

2 3 4 5 
2 2 2 2 

0.680 0.686 0.686 0.686 
138 138 138 138 
Z1 Z1 '11 27 

PRODUCTION 
I I 

BBl 
CTDI10H3) BBLJDAY 

4.33 o.o 
23.22 o.o 
'11.6 o.o 

I 
MCF 

C'I'D( 1 ()993) 

2.33 
9.03 

11.4 
11.63 
-o.3 

200 

CTD.BBl.S 
10..2 

42.49 
61.43 
23.03 
48.59 
61.12 
62.22 
39.46 
94.40 

432.7 

0 
2 

PAGE- 2 
DATE- 03/13180 
TIME- 11.14.05. 

CTD.BTU 
10H8 

42.49 
61.43 
23.03 
48.59 
61.12 
62.22 
39.46 
94.40 
50.9 

7 8 
2 2 

0.686 O.b86 0.680 
138 138 138 
27 '11 27 

IL 
BBL. BBL. 

ctm(10H2) CTDUOH2) 
0.0 0.00 
0.0 o.oo 
0.0 J 0.0 

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

BX IN SITU OIL SHALE PROJfCT 
OPERATIONS REPORT 

PROJECT MGR.: PAUL 11. OOJGAN 

PAGE- 3 
DATE- 03/13/00 
TIHE- 11.14.05. 

REPCIRT PERIOD 

FRml 02101/00 TO 02129/00 

f ~· ~ 

STEAM GEN.1 
STEAt1 GEN. 2 
TOTAL 

STEAM GENERATION 

1---FEEHIATER I I . F1JEL. I 
BBl. BBl.. BTU/DAY CUM. BTU CTD.BTU 

BPD 10H2 CUM 10H2 ern 10H3 liCFPD CUM.Ma= ClD.~ (10H6) (10H8l (10H8) 
10.6 275.6 27.56 '127.1 5904.5 11.63 '127.1 59.0 59.05 
11.7 303.3 30.33 254.6 6018.6 5904.51 254.6 66.2 66.19 
22.3 578.9 57.9 481.7 12523.1 12523.1 481.7 125.2 125.2 

SUPERHEATER 
I TOTAL -STEAI1 I I a I 

LBSIDAY CUI'I.LBS CTD.LBS MCFPD CUI'I.~ CTD.MCF BTU/DAY ctJI1.BTU CTD.BTU 
UOH3l UOH4l !10H4l UOH6l ( 10H8l < 10HSl 

0.0 0.0 0.00 2.5 65.5 65.46 0.0 0.0 5.00 

/-TOTAL FACILITY FltEL Flow--/ 

l'tFIDAY 
591.3 

CU1'1.11CF CTD. MCf 
65.5 15113.98 
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EQUITY OIL CO./U.S. DEPARTl'IENT OF ENERGY PAGE- 4 
DAle:- 03/13/80 

BX IN SITU OIL SHALE PROJECT TIME- 11.14.05. 
OPERATIONS REPORT 

PROJECT ~. : PALl 11. DOUGAN 

REPORT PERIOD 

FRO" 02101/80 TO 02129/80 

CfERATlNG PREssmES!PSlG) 
lN.£CTlON DAILY PERIOD AVERAGE 
WEll. NO. AVG. AVG. "lNII'IUI1 l'iAXII'IUI'I To-DATE 

1/BX-31 1391.6 1330.6 1202.00 1394.22 733.2 
2/BX-16 1373.4 1332.4 1265.11 13n.12 600.2 
3/BX-30 1304.8 iuo.6 323.86 1335.25 555.3 
4/BX-17 1396.7 1298.1 855.43 1423.78 049.1 
5/Bl-32 1389.3 1337.1 1231.14 1394.32 668.5 
6/BX-24 1392.8 1340.4 1274.22 1396.56 673.2 
7/BX-23 1393.3 1341.1 1207.57 1399.71 670.5 
8/BX-33 1330.5 1191.3 n8.so 1340.10 595.7 
IDU~ 
.aL tfJ. 
1/BX-29 3.9 3.5 0.00 3.88 3.5 
2JBX"'34 0.0 o.o 0.00 0.00 3.S 
3/BX-35 8.9 0.0 o.oo 0.00 3.5 

StPERHTR 
Dista3. 34.9 35.9 34.85 36.39 1.3 

(ftRATlt«; TB1PERATUnES !DfG.Fl 
DAILY PERIOD AVERAGE 

AVG. AVG. "INUU1 MUM TG-DATE 
SUPERHTR DIS. 378.7 379.1 378.o9 379.16 13.5 
m.Gf.N.1 STK. 429.8 382.1 100.70 517.10 13.6 . 
m.GEN.2 STK. 418.5 369.6 79.10 450.40 13.1 
SUPERHTR. STK. 58.3 03.3 49.42 84.87 2.2 
INJ.WELL 1/BX-31 434.2 432.5 420.54 436.89 15.4 
INJ.WEU 21BX-16 445.2 433.8 0.00 475.00 14.9 
INJ.~ 3/BX-30 ~27.7 345.8 ~1.64 441,77 lZ.3 
INJ.WEU. 4/BX-17 473.3 422.9 03.71 493.80 15.0 
lNJ.WEU. 5/BX-32 484.4 477.9 404.18 ~7.10 17.0 
tNJ.WELL 6/BX-2• 392.0 377.b 351.b1 ~.sa 13.4 
INJ • .a.L 7/BX-23 568.3 563.3 549.69 569.09 20.0 
INJ.WEU. 8/BX-33 558.2 534.9 456.54 561.37 19.0· 
PROD. \Ell. 0/BX-19 51.7 38.9 19.69 52.28 1.4 
PROD.WELL 1/BX-26 48.2 47.2 44.25 50.59 1.7 
PROD.WELL 2/BX-20 32.7 28.8 16.37 34.45 1.0 
PROD. \Ell 3/BX-14 94.7 96.4 92.80 99.54 3.4 
PROD. WEll. 4/BX-21 47.8 46.2 40.06 57.27 1.6 
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EQUITY OIL CO./U.S. DEPARTMENT OF ENERGY PAGE- 5 
DATE- 03/13/80 

BX IN SITU OIL SHALE PROJECT TII'IE- 11.14.05. 
OPERATIONS REPORT 

PROJECT I'IGR.: PAll 11. DOUC<AN 

REmiT PERIOD 

FROI'I 02/01/80 TO 02/29/80 

lEl1PERATURE OBSERVATION WELLS 

/-DAILY AYG. TEl'!PERAME-/ /-PERIOD AVG. TEMPERATURE-/ /--f1INII'Il.ll1 IDIPERATlflE-/ /--11AX I llll1 TEl'IPERA 'TURf-/ 
DEPTH t().1 N0.2 N0.3 N0.1 N0.2 N0.3 N0.1 N0.2 N0.3 N0.1 N0.2 N0.3 
450.0 57.5 116.5 79.2 57.3 91.8 76.9 '57.02 80.33 73.92 '57.47 117.26 79.26 
500.0 '51.9 100.5 79.2 '57.6 86.3 77.9 '57.34 82.13 76.49 '57.91 101.84 79.55 
600.0 6i.4 113.0 104.0 61.2 99.9 100.3 61.08 84.60 97.23 61.38 113.46 104.1~ 
700.0 67.4 106.3 148.9 67.5 ~.5 139.3 67.33 88.69 131.21 67.83 106.83 149.37 
760.0 66.1 176.6 107.8 65.8 142.1 104.4 65.50 107.60 101.21 66.14 180.11 107.91 
780.0 05.6 94.8 118.3 65.2 ~-0 115,(1 64.76 87.89 111.71 oS.OO · 97.65 1!8.48 

5-T-A-R-T -u-P-P-E-R-I-N-J-E-c-T-I -o-N-Z-o-N-E 
800.0 70.4 160.2 83.4 69.3 116.6 82.7 68.21 90.45 81.84 70.44 160.89 83.43 
820.0 94.6 106.9 85.0 89.6 106.5 83.8 85.94 105.78 82.11 94.73 106.99 85.19 
840.0 126·0 99.7 83.1 114.7 98.6 82.2 106.74 97.46 81.44 176.45 99.76 83.10 
860.0 232.4 99.6 82.3 210.9 99.4 82.4 194.00 99.15 82.26 233.29 99.63 82.83 

-N-D---U-P-P-E-R-1 +.J-E-c-T -1-G-N-Z-o-N-E 
880.0 E.7 101.9 84.0 352.2 101.2 83.9 333.87 100.06 83.78 389.04 101.92 84.00 
900.0 100,4 99.7 86.2 93.8 99.3 87.0 83.76 98.03 85.82 100.80 99.72 88.72 
920.0 60.6 104.8 88.1 50.5 105.7 88.1 31.27 104.70 87.83 61.44 107.47 . 88.24 
940.0 80.1 105.3 94.4 76.5 i04.2 94.0 72.44 102.96 93.56 85.72 105.35 94.42 
960.0 93.1 114.5 96.1 97.9 113.4 96.7 92.37 111.74 96.00 107.59 114.60 97.56 

T-A-R-T -P-R-G-D-U-C~T -1-o-H--Z~-N-E 
980.0 93.4 175.1 101.1 98,4 171.0 100.0 ~.2fl 104.79 913.24 108.00 175.77 101.16 

1000.0 90.1 217.6 107.9 92.2 21s.1 108.6 88.83 211.59 107.86 103.99 217.75 109.39 > 

1020.0 135.0 196.7 159.1 195.4 130.50 192.04 221.46 196.77 
1040.0 106.5 132.2 65.2 108.1 131.6 73.3 100.36 128.54 64.52 120.18 132.80 94.86 
1060.0 93 •. 4 93.5 118.6 89.6 93.4 111.8 85.69 92.80 96.29 93.68 93.55 123.40 
1080.0 92.4 56.5 97.7 88.7 56.4 129.5 85.89 56.31 96.03 92.49 56.52 208.85 
1100.0 93.3 . 57.4 161.2 90.2 57.3 158.8 85.78 57.21 155.43 93.63 '51.39 161.37 
1120.0 99.2 . 59.4 122.4 97.8 59.4 133.1 94.85 59.39 117.96 104.62 59.50 156.64 
1140.0 85.4 62.1 74.7 79.2 62.1 85.6 71.72 61.96 74.66 85.64 .62.13 101.68 

-N-D-P-fHHHK-T-I-o-N-Z-o-N-E 
1160.0 89.6 64.2 95.2 88.3 64.2 ~95.6 83.85 64.14 91.46 91.91 64.24 108.12 
1180.0 68.9 66.8 60.1 79.7 66.5 59.7 68.73 66.26 59.39 105.89 66.83 ' . 60.10 
1200.0 105.4 n.3 64.2 119.2 70.6 63.9 104.80 68.96 63.'57 160.40 72.37 64.18 
1220.0 84.2 113.0 65.6 85.6 102.1 65.4 80.63 86.36 65.22 9().35 113.91 65.'57 
1240.0 103.2 150.5 67.6 92.6 133.2 67.4 81.03 105.56 67.23 104.65 151.94 67.56 

S-T-A-R-T--L-o-w-E-R--I-N-J-E-c-T-I -o-N-Z-o-N-E 
1260.0 93.8 345.6 69.8 85.2 304.6 69.7 79.04 195.60 69.53 94.79 355.28 69.83 
1280.0 126.3 356.8 72.2 111.3 308.6 n.o 84.50 217.34 71.81 126.98 361.43 72.?.) 
1300.0 118.5 106.7 79.5 103.3 99.1 78.2 81.90 77.71 77.17 120.18 115.27 79.54 
1320.0 96.2 81.4 148~7 90.7 78.4 103.7 84.20 72.78 88'.66 97.31 81.61 150.56 
1340.0 94.3 71.0 1.60.5 89.0 73.0 109.4 81.69 70.97 85.'57 94.64 74.24 163.21 
1360.0 89.0· 77,4 88.5 73.8 85.57 71.82 9().50 77.49 

+D--L -o-w-E-R--1 -N-J-E-c-T-1-o-N--Z-o-N-E 

iMM KEY TO OBSERYATitw IIEl.LS H*H 

OBS. WEll. t(), l=BX-29 
OBS • .aL t(), 2=BX-34 
OBS. WELL NO. 3=BX-3S 
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EQUITY OIL' CO./U •. S. DEPARTMENT OF ENERGY PAGE- 1 
DATE- 07/15/80 

ax IN SITU OIL SHALE PROJECT TIME- 11.23.59. 
OPERATIONS REPORT 

·PRO~IECT MOR. : PAUL M. DOUGAN Appendix "G" 

REPORT PERIOD 

'FROM TO 

DETAIL SUMMARY OF DAYS INCLUDED IN THIS REPORT 

DATA COLLECTED FOR SEPTEMBER 18. 1979 
DATA COLLECTED FOR SEPTEMBER 19. 197'') 
DATA COLLECTED FOR SEPTEMBER 20. 1979 
DATA COLLECTED FO~ SEPTEMBER 21. 1979 
DATA COLLECTED FOR SEPTEMBER 22, 1979 
DATA COLLECTED FOR SEPTEMBER 23. 1979 
DATA COLLECTED FOR SEPTEMBER 24. 1979 
DATA COLLECTED FOR SEPTEMBER 25. 1979 
DATA COLLECTED FOR SEPTEMBER 26. 1979 
DATA COLLECTED FOR SEPTEMBER 27. 1979 
DATA COLLECTED FOR SEPTEMBER 28. 1979 
DATA COLLECTED FOR SEPTEMBER 29. 1979 
DATA COLLECTED FOR SEPTEMBER 30. 1979 
DATA COLLECTED FOR OCTOBER 1. 1979 
DATA COLLECTED FOR OCTOBER 2. 1979 
DATA COLLECTED FOR OCTOBER 3. 1979 
DATA COLLECTED FOR OCTOBER 4. 1979 
DATA COLLECTED FOR OCTOBER 5. 1979 
DATA COLLECTED FOR OCTOBER b. 1979 

N DATA COLLECTED FOR OCTOBER 9. 1979 .... DATA COLLECTED FOR OCTOBER 10. 1979 .... DATA COLLECTED FOR OCTOBER 11. 1979 
DATA COLLECTED FOR OCTOBER 12. 1979 
DATA COLLECTED FOR OCTOBER 13. 1979 
DATA COLLECTED FOR OCTOBER 14. 1979 
DATA COLLECTED FOR OCTOBER 15. 1979 
DATA COLLECTED FOR OCTOBER 16. 1979 
DATA COLLECl'ED FOR OCTOBER 17. 1979 
DATA COLLECTED FOR OCTOBER 18. 1979 
DATA COLLECTED FOR' OCTOBER 19. 1979 
DATA COLLECTED FOR OCTOBER 20. 1979 
DATA COLLECTED FOR OCTOBER 21. 1979 
DATA COLLECTED FOR OCTOBER 22. 1979 
DATA COLLECTED FOR OCTOBER 23. 1979 
DATA COLLECTED FOR OCTOBER 24. 1979 
DATA COLLECTED.FOR OCTOBER 26. 1979 
DATA COLLECTED FOR OCTOBER 27. 1979 
DATA COLLECTED FOR OCTOBER 28. 1979 
DATA COLLECTED FOR OCTOBER 29. 1979 
DATA COLLECTED FOR OCTOBER 30. 1979 
DATA COLLECTED FOR OCTOBER 31 , 1979 
DATA COLLECTED FOR NOVEMBER 1. 1979 
DATA COLLECTED FOR NOVEMBER 2. 1979 
DATA COLLECTED FOR NOVEMBER 3. 1979 
DATA COLLECTED FOR NOVEMBER 4. 1979 
DATA COLLECTED FOR NOVEMBER 5. 1979 
DATA COLLECTED FOR NOVEMBER b. 1979 
DATA COLLECTED FOR NOVEMBER 7. 1979 
DATA COLLECTED FOR NOVEMBER e. 1979 
DATA COLLECTED FOR NOVEMBER 10. 1979 
DATA COLLECTED FOR NOVEMBER 11. 1979 
DATA COLLECTED FOR NOVEMBER 12. 1979 



---·----
EQUITY OIL co. till. s. DEPARTMENT OF ENERGY PAGE- 2 

DATE- 07/15/80 
ex IN ~ITU OIL SHALE PROJECT TIME- 11.23.59. 

OFERATIONS REPORT 
PR>JJECl MGR. 1 PAUL M. DOUGAN 

REPORT PERIOD 

FROM .09/18/79 TO 02/29/80 

DATA COLLECTED FOR NOVEMBER 13. 1979 
DATA COLLECTED FOR NOVEMBER 14. 1979 
DATA COLLECTED FOR NOVEMBER 15. 1979 
DATA COLLECTED FOR NOVEMBER 16. 1979 
DATA COLLECTED FOR NOVEMBER 17. 1979 
DATA COLLECTED FOR NOVEMBER 18 • 1979 
DATA COLLECTED FOR . NOVEMBER 20. 1979 
DATA COLLECTED FOR NOVEMBER 21. 1979 
DATA COLLECTED FOR NOVEMBER 22. 1979 
DATA COLLECTED FOR NOVEMBER 23. 1979 
DATA COLLECTED FOR NOVEMBER 24, 1979 
DATA COLLECTH• FOR NOVEMBER 25. 1979 
DATA COLLECTED FOR NOVEMBER 26. 1979 
DATA COLLECTED FOR NOVEMBER 27. 1979 
DATA COLLECTED FOR NOVEMBER 28. 1979 
DATA COLLECTED FOR NOVEMBER 29, 1979 
DATA COLLECTED FOR NOVEMBER 30, 1979 
DATA COLLE'cTED FOR DECEMBER 1' 1979 
DATA COLLECTED FOR DECEMBER 2. 1979 
DATA COLLECTED FOR DECEMBER 3. 1979 
DATA COLLECTED FOR [oECEMBER 4. 1979 
DATA COLLECTED FOR DECEMBER 5. 1979 
DATA COLLECTED FOR DECEMBER 6. 1979 

N DATA COLLECTED FOR DECEMBER 7 • '1979 ..... DATA COLLECTED FOR DECEMBER a. 1979 N 
DATA COLLECTED FOR DECEMBER 9. 1979 
DATA COLLECTED FOR DECEMBER 10. 1979 
DATA COLLECTED FOR DECEMBER 11' 1979 
DATA COLLECTED FOR DECEMBER 12. 1979 
DATA COLLECTED FOR DECEMBER 13. 1979 
DATA COLLECTED FOR DECEMBER 14. 1979 
DATA COLLECTE[o FOR DECEMBER 15. 1979 
DATA COLLECTED FOR DECEMBER 16. 1979 
DATA COLLECTED FOR ·DECEMBER 17. 1979 
DATA COLLECTED FOR DECEMBER 18. 1979 
DATA COLLECTED FOR DECEMBER 19. 1979 
DATA COLLECTED FOR [oECEMBER 20. 1979 
DATA COLLECTED FOR JANUARY 1, 1980 
DATA COLLECTED FOR JANUARY 2, 1980 

·DATA COLLECTED FOR JANUARY. 3, 1980 
DATA COLLECTED FOR JANUARY 4. 1980 
DATA COLLECTED FOR ~•ANUARY 5. 1980 
DATA COLLECTED FOR JANUARY b. 1980 
DATA COLLECTED FOR JANUARY 7. 1980 
DATA COLLECTED FOR JANUARY s. 1980 
DATA COLLECTED FOR JANUARY 9. 1980 
DATA COLLECTED FOR JANUARY 10. 1980 
DATA COLLECTED FOR JANUARY 11. 1980 

·DATA COLLECTED FOR ~IANIJARY 12. 1980 
DATA COLLECTED FOR JANUARY 13. 1980 
DATA COLLECTED FOR JANUARY 14. 1980 
DATA COLLECTED FOR ~IANUARY 15. 1980 
DATA COLLECTED FOR JANUARY 16.· 1980 
DAm COLLECTED FOR JANUARY 17. 1980 



REPORT PERIOD 

FROM 09/18/79 TO 02/29/80 

DATA COLLECTED FOR JANUARY 18. 1980 
DATA COLLECTED FOR JANUARY 19. 1980 
DATA COLLECTED FOR .JANUARY 20. 1980 
DATA COLLECTED FOR ,JANUARY 21' 1980 
DATA COLLECTE[l FOR .JANUARY 22, 1980 
[lATA COLLECTED FOR ,.JANUARY 24. 1980 
[lATA COLLECTED FOR .JANUARY 25. 1980 
DATA COLLECTED FOR . .JANUARY 26. 1980 
DATA COLLECTED FOR ,JANUARY 27, 1980 
DATA COLLECTED FOR ,JANUARY 28. 1980 
DATA COLLECTED FOR .JANUARY 29, 1980 
DATA COLLECTED FOR .JANUARY 30. 1980 
DATA COLLECTED FOR .JANUARY 31 , 1980 
DATA COLLECTED FOR FEBRUARY 2. 1980 
DATA COLLECTED FOR FEBRUARY 3. 1980 
DATA COLLECTED FOR FEBRUARY 4. 1980 
DATA COLLECTED FOR FEBRUPRY 5. 1980 
DATA COLLECTED FOR FEBRU1oRY 6. 1980 
DATA COLLECTED FOR FEBRUARY e. 1980 
DATA COLLECTED FOR FEBRUARY 1 (I' 1980 

N DATA COLLECTED FOR FEBRUARY 11' 1980 ...... DATA COLLECTED FOR FEBRUARY 12. 1980 w 
DATA COLLECTED FOR FEBr.t,ARY 14. 1980 
DATA COLLECTED FOR FEI..RUARY 15. 1980 
DATA COLLECTED FOR FEBRUARY 16. 1980 
DATA COLLECTED FOR FEBRUARY 17. 1980 
DATA COLLECTED FOR FEBRUARY 18 •. 1980 
DATA COLLECTED FOR FEBRUARY 19. 1980 
DATA COLLECTED FOR FEBRUARY 20, 198(1 
DATA COLLECTED. FOR FEBRUARY 22. 1980 
DATA COLLECTHI 'FOR FEBRUARY 23. 1980 
DATA COLLECTED FOR FEBRUARY 24. 198.0 
DATA COLLECTED FOR FEBRUARY 25. 1980 

*** TABLE OF ENTHALPIES **** 1 1182.00 
2 1183.92 
::: 1188.25 
4 1181.17 
5 1183.81 
6 1185.42 
7 1182.01 
8 1192. 14 
9 1224.16 

EQUITY OIL .. CO • .'U.S. DEPARTMENT Ot= ENERGY 

BX IN SITU OIL SHALE PROJECT 
. OPERATIONS REPORT 

PROJECT MGR.I PAUL M. DOUGAN 

PAGE- 3 
DATE- 07/15/80 
T I ME- 11. 23. 59 • 



WELL 
1/BX-31 
2/BX-16 
3/BX-30 
4/BX-17 
5/BX-32 
i:./BX-24 
7/BX-23 
8/BX-33. 
TOTAL 

WELL NO. 

REPORT PERIOD 

FROM 09/18/79 TO 02/29/80 

BBLS/DAY 

164.70 
170.94 
46.88 

146.34 
215~73 
149.69 
250.33 
356.18 

1500.80 

DAYS BELOW SET LIMIT 
SET LIMIT IN BBLS/DAY 
CUMULATIVE DOWNTIME TO-DATE 
TOTAL INJECTION DAYS TO~DATE 

. EOlllTY CIL C8. /U.S. DEPARTMENT OF ENERGY 

CUM.BBLS 
10<H>2 
219.(1 
234.2 

1;~>? 
293.4 
202.1 
340.4 
491.5 

2032;.0 

1 
32 

0.686 
32 

;.33 

BX IN SITU OIL SHALE PRO~IECT 
OPERATIONS REPORT . 

PROJECT MGR.: PAUL .'1. DOUG~N· 

INJECTION 
BTU/DAY CUM.3TU 

10<H>6 10*·~8 

68.1 90.6 
70.8 97.0 
19.5 23.2 
60.5 81.1 
89.4 121.6 
62.1 83.8 

103.6 140.8 
148.6 205.1 
622.6 843'. 3 

INJECTION DOWNTIME 

2 3 4 
28 46 31 

(•.686 0.686 0.686 
28 46 31 

137 119 134 

PROraUCTIOIIl 

5 
29 

0.686 
29 

136 

CTD.BBLS 
10**2 

219.05 
234.19 
55.79 

196.10 
293.39 
202.08 
340.44 
491.53 

2032.6 

6 
30 

PAGE- 4 
DATE- 07/15/80 
TIME- 11. 23. 59. 

CTD.BTU 
10**8 

219.05 
234. 19 
55.79 

196. 10 
293,'39 
202.08 
340.44 
491.53 
843.3 

7 8 
29 27 

0.686 0.686 0.686 
30 29 -27 

135 136 138 

1------------------------WATE~--------------------------/ 1-------------------------0IL--------------------------/ 

TEST SEP 
FWKO 
TOTAL 

BBL/DAY 
148.5 
731.0 
879,5 

BB~ BBL 
CUMI10**21 

2'45.0 
1206.1 
1451,1 

CTDI 10**31 
24.50 

120.61 
145.1 

;~------------------------oAs---------------------------1 

MCF MCF 
MCF/DAY CUM110**2• CTDI10**31 

TEST SEP 85,8 141.6 14.16 
FWKO 244.7 403.8 40.38 
TOTAL 330.6 545.4 54.5 
INPUT 393.4 649.0 64.90 
NET -62.8 -103.6 -10.4 

***** KEY FOR GAS PRODUCED ***** 
NETI + l =FORMAT! ON OAS. PRODUCED 
NETI-l=GAS LIFT + GAS LOST 

FLUJ[a PRODUCTION 
PRODUCTION SURVE I LU~NCE MOi'IJTOO 

CUM.BBL CTD.BBL 
WELL NO. BBL/DAY ( 10<1*21 110••21 
0/BX-19 312.9 ::16.3 516.25 
1/BX-26 323.1 ::!33. 1 533.12 
2/BX-20 201.8 ::33.0 333.04 
3/BX-14 238.1 ::92.9 392.85 
4/BX-21 239.8 :::95 •. 7 395. "15 

BE-L/DAY 
0.0 
o.c 
o.c 

BBL BBL 
CUM I 10**21 CTDI 10**21 

o.o o.oo 
o.o o.oo 
o.o o.o 



REPORT PERIOD 

FROM 09/18/79 TO 02/29/80 

t::(tLil fY OIL CO. Ill. S. DEr"RRl .1E1~T OF ENEt .. h' 

BX IN SITU OIL SHALE PROJECT 
OPERAHONS REPORT 

PRO.JECT MOR.: PAUL M. DOUGAN 

STEAM GENERATION 

PAGE- 5 
DATE- 07/15/80 
TIME- 11.23.59. 

1---------------FEED-WATER---------/ 1-----~~----------------------FU~L---------------------------------/ 

STEAM OEN.l 
STEAM OEN.2 
TOTAL · 

BPD 10**2 
12.2 
12.8 
25.0 

BBL BBL 
CUM 1 0*'1·2 CTD 1 0**3 

1676.5 167.65 . 
1753.4 .• 175.34 
3429.9 343.0 

MCFPD 
179.9 
269.6 
449.6 

CUM.MCF 
24650.8 
36940.3 
61591.1 

SUPERHEATER 

CTD.MC= 
64.90· 

24650.77 
61591. 1 

IBTU/DAY ·CLIM,BTU CTD.BTLI 
C10**61 C10**81 C10**81 
179.9 246.5 246.51 
269.6 369.4 369.·40 
449~6 615.9 615.9 

1----------TOTAL-STEAM-------------/ 1-------..:..---------------------FUEL--------------------------------/· 
LBS/DAY CUM.LBS CTD.LBS MCFPD CUM.MCF CTD.MCF BTU/DAY CLIM.BTLI CTD.BTU 

Cl0**31 (10**41 (10**4) C10**61 C10+•al C10**81 
436.5 5979.7 5979.74 9.2 1258.2 1258.23 . o.o 0.0 90.62 

/----TOTAL FACILITY FUEL FLOW----/ 

MCF/DAY 
659.8 

WATER DISPOSAL 
BBL 

BPD CUM C 1 0**2 I 
TOTAL H20. DISPOSED 257.0 424.0 
BACI<WASHCSOFTENERSI 20 .. 7 34.1 
$TEAM SEP.CTOT.-B/WI 236.3 389.9 

CUM.MCF 
1258.2 

CTD.MCF 
90392.68 

BBL 
CTDC10**41 

4.24 
0.34 

3.9 



E:QUITV Ol:L CO./U.S. DEPARTMENT OF E~ERGV PAGE- 6 
DATE- 07/15/80 

~X IN SITU OIL SHALE PRO-JECT TIME- 11. 23. 59. 
OPERATIONS REPORT 

f-'RO . .JECT MGR. : PAUL M. DOUGA~ 

REPORT PERIOD 

FROM 09/18/79 TO 02/29/80 

OPERATING PRESSURESIPSIO) 
IN . .JECTION OA:LV PERIOD AVERAGE 
WELL NO. AVO. AVO. MINIMUM MAXIMUM TO-DATE 

1/BX-31 1262.1 1258.3 6.(1•) 1458.00 643.0 
2/BX-16 1220.1 1212.1 3.67 1428.50 610.4 
3/BX-30 1119.9 ·1049.5 1.0•) 1453.67 565.4 
4/BX-17 1279.8 1281.5 3.0·) 1496.17 652.5 
5/BX-32 1222.6 1208.4 7.H 1453.33 610.8 
6/BX-24 1186.1 1171.9 1.0•) 1454.00 594.5 
7/BX-23 126:.9 1244.8 1.0•) 1457. 17. 629.2 
8/BX-33 102~.4 1010.9 4.67 1447.00 507.3 
MONITOR 
WELL NO •. 
1/BX-29 67.6 .93. 7 0.0•) 109.90 93.7 
2/BX-34 1088.8. 0.0 0.0•) 0.00 93.7 
3/BX-35 9.0 o.o 0.0•) o.oo 93.7 

SUPERHTR 
DISCHG. 326.0 812.2 0.0•) 1404.83 141.8 

OPERAT.INO TEMPERATURES <DEO.Fi 
N DA!LV PERIOD AVERAGE - AIVO. AVp. MINIMUM MAXIMUM TO-DATE en 

SLIPERHTR DIS. 453.8 455.8 ~0.0•) 885.10 e:o.o 
STM.GEN.1 STK. 369.0 359.5 . . . 17."1.7" 785~15 63.9 
STM.OEN.2 STK. 390.1 "·396.4 o·.6:z· 762.78 70.5 
SUPERHTR. STI(. 209.4 208.5 13.18 789.20 37.1 
INJ.WELL 1/BX-31 433.9 432.9 47. 3•) 768.80 77.0 
INJ.WELL 2/BX-1.6· 504.3 421.4 29.6o) 1235.75 74.9 
INJ.WELL 3/BX-30 341.4 336.6 14.75 663.27 59.8 
INJ.WELL 4/BX-17 459.0 462.6 41. 9•) 755.90 82.2 
lN.J.WELL 5/BX-32 483.7 479.8. 31 ~ 4"7 745.70 85.3 
JN,J.WELL 6/BX-24 401.8 406.2 41. 3•) 767.70 72.2 
INJ.WELL 7/BX-23 529.4 527.7 67.83 871.78 93.8 
INJ.WELL 8/BX-33 511.6 511.5 66.73 889.92 90.9 
PROD. WELL 0/BX-19 49.6 49.2 14.27 76.80 8.7 
PROD. WELL 1/BX-26 52.0 51.0 0.7) 73.50 9.1 
PROD. WELL 2/BX-20 43.4· 43. 6. 11. 3•) 74.85 7.8 
PROD. WELL 3/BX.,.14 75.4 73.7 5~5) ·101.35 13.1 
PROD. WELL 4/BX-21 52.0 5L6 . 6. 1·) 78.07 . 9.2 



REPORT PERIOD 

FROM 09/18179 TO 02/2U80 

----~--~------------· ----· 

El~UliY liiL t:.:u./U.S. l;EI·"AIOMt:.NI Lit- ENEI\I_iY 

BX IN SITU OIL SHALE PRO~ECT 
OPERAl'lONS REPORT 

PRO~IECT MGR. t PAUL M. DOUGAN 

TEMPERATURE OBSERVATION WELLS 

t-'1-\Ut.;.- I 
DATE- 07/15/80 
TIME- 11.23.5?. 

/-DAILY AVO. TEMPERATURE-/ /-PERIOD AVO.TEMPERATURE-/ /--MINIMUM TEMPERATURE---/ /--MAXIMIJM TEMPERATURE--/ 
DEPTH NO. I NO.2 NO.3 NO. I NO.2 NO.3 NO. I NO.2 NO.3 NO. I NO.2 NO.3 

450.0 55.3 86.(1 75.1 55.3 85.6 75.0 52.05 75.30 71.87 57.87 182.53 85.82 
500.0 55.8 84.1 76.3 55.8 83.8 76.3 52.75 65.40 73.20 58.33 139.48 84.72 
600.0 59.6 86.2 83.0 59.6 85.8 82.~ 56.50 75.25 6?.30 61.68 139.52 111.15 
700.0 65.4 86.0 103.3 65.3 85.7 102.~ 62.54 76.10 77.88 68.87 15"1.87 165.85 
760.0 64.6 98.8 87.0 64.6 97.4 86.7 61.45 77.20 72.70 66.77 245.07 114.80 
780.0 64.0 85.7 93.2 64.0 85.6 92.8 61.10 66.92 77.81 66.28 124.83 124.38 

•---------------------------------------S-T-A-R-T---U-P-P-E-R---I-N-J-E-C-T-1-0-N---Z-O-N-E----------------------------------------• 
800.0 65.8 100.3 77.6 6'5.7 99.1 77.6 62.30 t-9.45 66.40 72.53 266.70 84.50 
820.0 75.8 106.3 78.4 75.3 106.2 78.4 68.65 103.80 66. 5'5 104.62 107.73 89.53 
840.0 85.1 97.0 78.0 84.0 96.9 77.$' 72.72 94.50 66.00 148.85 101.35 84.40 
860.0 119.7 99.2 79.7 117.1 99.2 79.1 73.27 96.08 67.85 278.12 100.62 83.30 

•-----------------------------------------E-N-D---U-P-P-E-R---1-N-J-E-C-T-I-O-N---Z-O-N-E------------------------------------------• 
880.0 174.5 99.1 81.4 169.7 99.0 81.4 73.80 96.32 71.05 468.50 105.92 85.70 
900.0 77.9 96.7 84.8 77.4 96.7 94.9 69.74 93.65 73.45 110.08 100.30 89.65 
920.0 71.3 106.1 85.2 72.0 106.2 85.2 31.13 98.36 72.70 79.40 110.10 88.63 
940.0 70.9 102.9 91.1 70.4 102.9 91.1 55.97 95.64 79.40 94.98 107.43 95.00 
960.0 82. I 103. o 94.6 81.9 102.8 94.6 70.70 90.83 82.35 117.00 118.33 97.90 

•--------------------------------------------S-T-A-R-T---P-R-0-D-l~C-T-I-O-N---Z-O-N-E---------------------------------------------• 
980.0 82.0 149.1 95.5 81.7 149.1 95.4 71.50 1(19.86 83.70 111.26 184.55 102.62 

~ 1000.0 78.3 190.0 104.6 78.2 190.1 104.6 70.03 127.46 92.60 119.5(1 221.38 110.07 
'-1 1020.0 84.6 171.9 82.3 171.8 57.73 137.38 236.67 199.38 

1040.0 84.1 120.3 85.2 83.5 120.2 95.8 73.87 102.74 41.72 135.00 135.68 98.77 
1060.0 84.8 94.2 98.9 84.7 94.3 99.1 75.77 90.82 75.90 99.88 97.10 140.80 
1080.0 85.1 56.8 109.9 85.0 56.8· 110.7 76.77 55.80 56.23 99.(10 58.20 242.72 
1100.0 84.4 57.9 133.4 84.3 57.9 133.1 76.00 56.60 113.20 101.98 59.90 168.27 
1120.0 87.1 58.8 154.7 86.9 58.9 156.0 77.40 56.60 88.25 1(18.18 60.40 186.25 
1140.0 87.3 61.5 88.5 87.4 61.5 89.0 69.56 59.20 53.93 101.38 63.20 111.10 

•----------------------------------------------E-N-D---P-R-O-D-U-C-T-I-O-N---Z-0-N-E-----------------------------------------------• 
1160.0 90.7 63.7 86.5 90.8 63.7 86.3 78.18 62.10 78.60 94.5:3 64.70 121.60 
lf80.0 85.0 65.7 57.6 85.7 65.7 57.6 39.35 63.90 51.85 116.66 67.25 60.67 
1200.0 90.6 68.1 61.2 90.2 68.1 61.1 79.42 66.40 55.30 170.34 74.34 64.73 
1220.0 77.9 73.1 63.8 77.9 77.3 63.8 70.98 67.10 58.10 101.08 127.20 65.95 
1240.0 80.4 89.8 65.8 ·80.1 83.4 65.8 71.30 69.54 t-0.05 121.37 175.12 67.77 

•---------------------------------------S-T-A-R-T---L-O-W-E-R---1-N-J-E-C-T-I-o-N---Z-O-N-E----------------------------------------• 
1260.0 80.0 140.9 68. I 79.8 136.5 68. I 71.65 71.23 62.30 121.05 444.20 70.07 
1280.0 84.9 140.7 70.0 84.2 135.5 69.9 71.05 ~2.74 39.10 146.42 416.68 72.67 
1300.0 83.8 78.4 73.5 83.3 77.8 73.4 73.40 70.90 67.00 143.00 145.85 82.02 
1320.0 81.2 76.7 98.2 91.0 76.'5 97.3 72.00 66.97 50.35 119.40 87.73 328.73 
1340.0 79.4 73.3 97.8 79.2 73.3 96.5 67.35 64.37 83.70 106.68 75.75 304.07 
1360.0 82.2 73.7 82.2 73.6 7'5. 75 70.98 97.37 86.80 

•-----------------------------------------E-N-D---L-O-W-E-R---1-N-J-E-C-T-I-O-N---Z-O-N-E------------------------------------------• 

•a.••• KEY TO OBSERVA Tl ON WELLS ••••• 
(IBS. WELL NO. I~BX-29 

OBS. WELL NO. 2~BX-34 

OBS. WELL NO. 3~BX-35 

A '5620000 517 1224.16 0 453.82 326.03+00000014.16 
A 5620000 SIS 1224.16 0 453.82 326.03+00000024.50 
A .5620000 519 122JL 16 0 453.E«2 326.03+00000000.(1(1 
A 5~-20000 52(1 1224.16 (I 4'53.82 326. 03+00(11)00(11). 00 
A '56200(10 521 1224.16 0 453.82 326.03+000000'10.38 
A 5620000 '522 1224.16 0 453.82 326.03+00000120.61 



N ...... 
co 

REPORT F'ERJOD 

FROM TO 

E@JITY OIL co·. Ill.:::~ i:tEPARTMENT OF ENEI~1)y 

E<X IN ·SITIJ OIL SHALE F'RO~IECT 
OF'ERo'lTIONS REF'ORT 

F'RO~IECT MGR.: PAUL M. DOUGAN 

DETAIL SUMMARY OF DAYS INCLUDED IN THIS REPOP.T 

DATA COLLECTED FOR DECEMBER 1. 1979 
DATA COLLECTED FOR DECEMBER 2. 1979 
DATA COLLECTED FOR DECEMBER 3. 1979 
DATA COLLECTED FOR DECEMBER 4. 1979 
DATA COLLECTED FOR DECEMBER 5. 1979 
DATA COLLECTED FOR DECEMBER b. t·n9 
[lATA COLLECTED FOR DECEMBER 7. 1979 
DATA COLLECTED FOR DECEMBER s. 1979 
DATA COLLECTED FOR DECEMBER 9. 1979 
DATA COLLECTED FOR DECEMBER 10. 1979 
DATA COLLECTED FOR DECEMBER 11. 1979 
DATA COLLECTED FOR DECEMBER 12. 1979 
DATA COLLECTED FOR DECEMBER 13. 1979 
MTA COLLEC:TE[I FOR DECEMBER 14. 1979 
liATA COLLECTED FOR DECEMBER 15. 1979 
[lATA COLLECTED FOR DECEMBER lb. 1979 
DATA COLLECTED FOR DECEMBER 17. 1979 
[lATA COLLECTED FOR DECEMBER 18. 1979 
DATA COLLECT Ell FOR DECEMBER 19, 1979 
DATA COLLECTED FOR DECEMBER 2(1, 1979 
[lATA COLLECTED FOR . ~IANUARY 1. 1980 
DATA COLLECTED FOR ~IANUARY 2.· 198(1 
DATA COLLECTED FOR ~IANUARY 3. 1980 
DATA COLLECTED FOR JANUARY 4. 1980 
DATA COLLECTED FOR ~IANUARY t 

~·· 1980 
DATA COLLECTED FOR JANUARY b. 1980 
DATA COLLECTED FOR ~IANUARY 7. 1980 
DATA COLLECTED FOR JANUARY 8 • 1980 

. DATA COLLECTED FOR ~IANUARY 9. 1980 
DATA COLLECTED FOR ~IANUARY 10. 1980 
[lATA COLLECTED FOR JANUARY 11. 1980 
[lATA COLLECTED FOR JANUARY 12. 1980 
DATA COLLECTED FOR JANUARY 13. 198(1 
DATA COLLECTED FOR 'JANUARY 14. 1980 
DATA COLLECTED FOR JANUARY 15. 1980 
[lATA COLLECTED FOR JANUARY lb. 1980 
DATA COLLECTED FOR ,JANUARY 17. 19:30 
DATA COLLECTED FOR JANUARY 18. 1930 
DATA COLLECTE[I FOR JANUARY 19. 1980 
DATA COLLECTED FOR :JANUARY .20. 198(1 
DATA COLL.ECTE£1 FOR JANUARY 21. 1980 
DATA COLLECTED FOR ~IANUARY 22, 1980 
DATA COLLECTED FOR JANUARY 24. 1"i180 
DATA COLLECTED FOR JANUARY 25. 198(1 
DATA COLLECTED FOR JANUARY 26, 1980 
DATA COLLECTED FOR JANUARY 27. 1980 
DATA COLLECTED FOR ~IANUARY 28. 198(1 
·DATA COLLECTED FOR JANUARY 29. 1980 
DATA COLLECTED FOR JANUARY 30. 198(1 
DATA COLLECTED FOR JANUARY 31, 1980 
DATA COLLECTED FOR FEBRUARY 2. 198(1 
DATn COLLECTED FOR FEBF<UARY 3, 1980 

PAGE-
DATE- 07/1080 
TIME- 08. 23. 52. 

Appendix "G" 



REPORT PERIOD 

FROM 12/01/7';> TO 02/29/80 

DATA COLLECTED FOR FEBHUARY 4. 1';180 
DATA COLLECTE,D FOR FEBRUARY 5, 1";"1:::o 
[lATA COLLECTED FOR FEBRUARY 6. 1980 
DATA COLLECTED FOR FEBRUARY a. 1980 
DATA COLLECTED FOR FEBRUARY to. 1980 
DATA COLLECTED FOR FEBnUARY 11. 1980 
DATA COLLECTED FOR FEBRUARY 12. 1';"180 
DATA COLLECTED FOR FEBRUARY 14. 1980 
DATA COLLECTED FOR FEBRUARY 15, 1980 
DATA COLLECTED FOR FEBRUARY 16. 1980 
DATA COLLECTED FOR FEBRUARY 17. 1980 
DATA COLLECTED FOR FEBHUARY 18. 1980 
DATA COLLECTED FOR FEBRUARY 19. 1'>'80 
DATA COLLECTED FOR FEBRUARY 20, 1980 
DATA COLLECTED FOR FEBRUARY 22. 1980 

"' DATA COLLECTED FOR FEBRUARY·23, 1',180 
t-' DATA COLLECTED FOR FEBRUARY 24, 1980 1.0 

DATA COLLECTED FOR FEBRUARY 25. 1980 

*II-* TABLE OF ENTHALPIES **** 1 1178.78 
2 1179.21 
3 1183 .. 84 
4 1178.14 
5 1183.27 
6 1179.01 
7 1178.76 
8 1191.59 ., 1231.93 

Et:!UITY OIL CO./,U.S. DEPARTMENT OF ENERGY 

BX IN SITU OIL SHALE PROJECT 
OPERATIONS REPORT 

PRO.JECT MGR.: PAUL M. DOUGAN 

PAGE- 2 
DATE- 07/lt./80 
TIME- 08.33.52. 



N 
N 
0 

WELL 
1/BX-31 
2/BX-16 
3/BX-30 
4/BX-17 
5/BX-:;:2 
6/BX-2'4 
7/BX-23 
8/BX-33 
TOTAL 

WELL NO. 

REPORT PER 100 

FROM 12/01/79 TO 02/29/80 

BBLS/OAY 

177.44 
154.58 
45.84 

147.53 
259.13 
1(19,53 
131.87 
289.89 

1315.81 

DAYS BELOW SET LIMIT 
SET LIMIT IN BBLS/DAY 
CUMULATIVE [oOWNTJME TO-DATE 
TOTAL IN-JECTION DAYS TO-DATE 

CUM.BBLS 
10**2 
115.3 
106.7 
31.6 

101.8 
178.8 
75.6 
89.7 

200.0 
899.5 

EQUIT"( OJL CO./U.S. DE.t'Ah TMEIH OF ENERGY 

1 
26 

0.686 
100 
65 

BX IN SITU OIL SHALE PRO~IECT 
OPERATIONS REPORT 

PRO~IECT MGR.: PAUL M. DOUGAN 

INJECTION 
BTU/DAY CUM. BTU 

101Hf6 10**8 
73.2 47.6 
63.8 44.0 
19.0 13. 1 
60.8 42.0 

107.3 74.1 
45.2 31.2 
54.4 37.0 

12(l, 9 83.4 
544.7 372.3 

IN~IECTION DOWNTIME 

2 3 4 
22 22 22 

0.686 0.686 0.68~-

96 96 96 
69 69 69 

PRODUCTION 

5 
22 

0.686 
96 
69 

CTD.BBLS 
tc•<f-112 

115.33 
106.66 
31.63 

101.79 
178.80 

75.58 

.0 

22 

89.67 
200.03 
8S"•9.5 

PAGE- :;) 
DATE- 07/16/80 
TIME- 08. 33. 52. 

7 
23 

CTD.BTU 
10**8 

115.33 
106.66 
31.63 

101.79 
178.80 
75.58 

8 
22 

8'~.67 

200.03 
372.3 

0.666 0.686 0.686 
'% 97 96 
1:!? 68 69 

1------------------------WA TER-------------------------1 1------------------------0 I L ---------------------------/ 
BBL BBL ~L BBL 

TEST SEP 
FWKO 
TOTAL 

BBLIDAY 
159.1 
923.7 

1082.8 

CUM I l(oil-1121 
144.8 
840.5 
985.3 

CTDI10il-il-3) 
14.48 
84.05 
98.5 

/-------------------------OAS---------------------------1 
MCF MCF 

MCF/DAY CUMI10**21 CTDI101fil-3) 
TEST SEP 71.7 65.2 6.52 
FWKO 264.4 240.6 24.06 
TOTAL 336.1 305.8· 30.6 
INPUT 401.5 365.4 36.54 
NET -65.5 -59.6 -6.0 

***** KEY FOR GAS PRODUCED •**** 
NETI +>=FORMATION GAS PRODUCED 
NETI-l=GAS LIFT + GAS LOST 

WELL NO. 
0/BX-19 
1/BX-26 
2/BX-20 
3/BX-14 
4/BX-21 

FLU J 0 PRODLICTI ON 
PRODUCTION SURVEILLANCE MONITOP. 

BBL/DAY 
285.1 
317.7 
182.9 
294.6 
277.0 

CUM.BBL 
( 10**2) 

259.4 
289.1 
166.4 
268.1 
252.0 

CTD.BBL 
( 10**2) 

259.41 
289.09 
166 •. 44 
268.10 
252.03 

BBLIDAY 
0.0 
0.0 
o.o 

Ctll1o10**21 
0.0 
o.o 
0.0 

CTDI10**21 
0.00 
0.00 
o.o 



REPORT PERIOD 

FROM 12/01/79 TO 02/29/80 

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

BX IN SITU OIL SHALE PROJECT 
OPERATIONS REF'ORT 

PRO...JEcr· MGR.: PAUL M. DOUGAN 

STEAM GENERATION 

PAGE- 4 
DATE- 07/16/80 
T.J:ME- 08.3:3. 52. 

1---------------FEED-WATER---------/ 1-----------------------------FUEL---------------------------------/ 

STEAM GEN.1 
STEAM GEN.2 
TOTAL 

BPD 10itit2 
10. 1 
14.2 
24.3 

BBL 
CUM 10**2 

t-87.4 
9~.3.8 

1651.2 

BBL BTU/DAY CUM.BTU CTD.BTU 
CTD 1(Btit3 MCFPD CLIM.MCF CTD.MCF 110~tit6) (10~tit8) 110**8) 

68.74 130.8 8892.5 36.54 130.8 88.9 88.93 
96.38 292.3 19879.4 8892.52 292.3 198.8 198.79 

165.1 423.1 28771.9 28771.9 423.1 287.7 287.7 

SUPERHEATER 
/----------TOTAL-STEAM-------------1 1-----------------------------i='UEL---------------------------------/ 

LBS/DAY CUM.LBS CTD.LBS r-,CFPD CUM. MCF CTD. MCF BTU/DAY CUM. BTU CTD. BTU 
(10itit3) (10~it4) (10itit4) (10itit6) (10**8) (10itit8) 

413.'· 2812.4 2812.37 5.7 390.7 390.71 o.o 0.0 47.58 

BPD 
TOTAL H20 DISPOSED 221.8 
BACKWASHISOFTENERS> 23.2 
STEAM SEP.<TOT.-B/W) 198.5 

/----TOTAL FACILITY FUEL FLOW----/ 

MCF/DAY 
616.4 

WATER DISPOSAL 
BBL 

CUM(10**2> 
201.8 
21.2 

180.6 

CUM.MCF 
390.7 

CTD.MCF 
41912.59 

BBL 
CTDI10**4> 

2.02 
0.21 

'1.8 



E~<UITY OIL CO./U.S. DEPARTMENT OF EN::Rov PAGE- 5 
DATE- 07/16/80 

BX IN SITU OIL SHALE PRO.JECT TIME- 08.33.52. 
OPERATIONS REPORT 

PRO,JECT MGR.: PAUL M~ DOUGAN, 

REPORT PERIOD 

FROM 12/01/79 TO 02/29/80 

OPERATING PRESSLIRES<PSIG> 
IN .. JECTION DAILY PERIOD AVERAGE 
WELL NO. AWJ. AVO. MINIMUM MAXIMUM TO-DATE 

1/BX-31 1329.9 1333.8 842.80 1458.00 691.6 
2/BX-16 1321. (I 1323.6 834.60 1428.50 1:..66.5 
3/BX-30 1221.8 1167.7 1. (1(1 1453.67 588.1 
4/BX-17 1343.0 1354.7 861.80 1496.17 682.2 
5/BX-32 1234.5 1218.2 567.60 1453.33 613.5 
6/BX-24 1325.3 1326.9 838.00 1454.(10 668.2 
7/BX-23 1330.5 1334.4 838.80 1457.17 676.8 
8/BX-33 10::::5.9 1031.8 4.67 1447.00 519.6 
MONITOR 
WELL NO. 
1/BX-29 3.7 3.7 o.oo 4.47 3.7 
2/BX-34 0.0 (1.(1 0.(10 o.oo 3.7 
3/BX-35 9.0 o.o 0.00 o.oo 3.7 

SUPERHTR 
N DISCHO. ~.9.5 57.0 0.00 566.00 3.6 

.N 
N 

OPERATING TEMPERATURES <DEG.F) 
DAILY PERIOD PVERAGE 

AVG. AVG. MINIMUM MAXIMUM TO-DATE 
SUPERHTR DIS. 399.8 403-. 1 377.00 748.22 37.0 
STM.GEN.1 STI<. 251.6 232.0 17. 17 532.22 21.3 
STM. GEN. 2 STI<. 402.6 415.8 49.00 511.87 38.2 
SUPERHTR.STK. 115.4 120.6 13.18 645.78 11. 1 
INJ.WELL 1/BX-31 429.6 430.6 284.6(1 557.90 39.6 
I N.J. WELL 2/BX-16 478.2 447.9 0.00 1235.75 40.6 
INJ.WELL 3/BX-30 360.3 356.3 34.70 498.58 32.8 
JN,J •. WELL 4/BX-17 475.7 485.7 270.54 606.45 44.6 
I N.J. WELL 5/BX-32 455.0 451.8 31.47 630.85 41.5 
I N.J. WELL 6/BX-24 408.0 414.2 268.02 609.45 38.1 
I N.J. WELL 7/BX-23 558.1 557.1 374.90 738.27 51.2 
I N.J. WELL 8/BX-33 498.5 501.3 66.78 744.22 46.1 
PROD. WELL 0/BX-19 43.7 43.7 14.49 64.72 4.0 
PROD. WELL 1/BX-26 42.0 41.1 0. 70 61.80 3.8 
PROD. WELL 2/BX-20 29.9 30.8 11.82 74.85 2.8 
PROD. WELL 3/BX-14 84.6 82.4 13. 10 101.35 7.6 
PROD. WELL 4/BX-21 48.5 48.5 11.57 78.07 4.5 



·N 
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REPORT PERIOD 

FROM 12/01/79 TO 02/29/80 

EQUITY OIL CO./U.S. [IEPARTMENT OF ENERGY 

DX IN SITU OZL SliALE PRO,JECT 
OPERATIONS REPORT. 

PROJECT MGR.I PAUL M. DOUGAN 

TEMPERATURE OBSERVATION WELLS 

PAGE- · 6 
DATE- 07/16/80 
TIME- 08. 33. 52. 

/-DAILY AVO. TEMPERATURE-/ /-PERIOD AVO.TEMPERATURE-/ /--MINIMUM TEMPERATURE---/ 1--MAXIML~ TEMPERATURE---/ 
DEPTH N0.1 N0.2 N0.3 N0.1 N0.2 N0.3 N0.1 N0.2 N0.3 N0.1 N0.2 N0.3 

'150.0 56.3 89.5 75.5 56.2 88.6 75.3 52.05 75.30 71.87 57.87 182.53 85.82 
500.0 56.8 85.9 77.8 56.7 85.3 77.8 52.75 65.40 73.20 58.33 139.48 84.72 
600.0 60.4 90.9 92.0 60.3 89.9 91.1 56.50 75.25 69.30 61.68 139.52 111 •. 15 
700.0 i;..6. 7 90.9 123.8 66.6 90.1 122.0 62.85 76.10 86.73 b8.87 157.87 165.85 
760.0 65.0 115.7 95.6 65.0 112.7 94.6 61.45 77.20 72.70 66.77 245.07 114.80 
780.0 64.3 89.5 104.4 64.2 89.1 103.3 61.10 66.92 77.95 66.28 124.83 124.38 

•---------------------------------------S-T-A-R-T---U-P-P-E-R---1-N-J-E-C-T-I-O-N---Z-O-N-E----------------------------------------• 
800.0 67.3 110.8 80.0 67.1 108.3 79.8 62.30 69.45 66.40 72.53 266.70 84.50 
820.0 81.4 106.5 80.9 80.5 106.4 80.6 69.20 105.50 66.55 104.62 107.73 89.53 
840.0 96.0 97.8 79.9 93.8 97.7 79.6 73.45 95.70 66.00 148.85 101.35 84.40 
860.0 163.7 99.6 80.9 158.4 99.6 80.7 76.92 98.90 67.85 278.12 100.62 83.30 

•-----------------------------------------E-N-D-~-U-P-P-E-R---I-N-J-E-C-T-I-D-N---Z-0-N-E-----------------------------------------~* 
e8o~o 2t:..8.o 100.3 82.9 258.6 100.2 82.8 95.32 98.28 71.05 468.50 105.92 85.70 
900.0 85.3 98.3 86.2 83.9 98.2 86.1 70.70 96.33 73.45 110.08 100.30 89.65 
920.0 68.8 106.7 86.2 70.0 106.8 85.9 31.13 103.53 72.70 79.40 109.37 88~63 

940.0 1:..9.8 104.0 92.5 68.9 103.9 92.3 55.97 101.23' 79.40 94.98 107.48 95.00 
960.0 87.8 108.7 95.1 87.0 108.3 94.·9 76.77 101.90 82.35 117.00 118.33 97.70 

•--------------------------------------------S-T-A-R-T---P-R-0-D~I-C-T-I-O-N---Z-O-N-E---------------------------------------------• 

980.0 87.5 165.1 97.3 86.8 164.5 97.0 77.03 142.93 83.70 111.26 184.55 102.62 
1000.0 83.0 212.7 106.6 82.7 212.4 106.5 70.65 193.84 92.60 119.50 221.38 110.07 
1020.0 97.8 188.6 93.1 188.1 57.73 169.93 236.67 199.38 
1040.0 89.0 128.2 84.1 87.7 128.0 85.3 77.20 116.57 41.72 135.00 135.68 98.77 
1060.0 88.0 94.3 106.0 87.7 94.4 106.2 81.57 93.00 75.90 99.88 97.10 140.80 
1080.0 88.0 56.6 112.8 87.7 56.6 114.:3 83.10 55.80 56.23 99.00 58.20 242.72 
1100.0 87.6 57.5 146.7 87.4 57.5 145.7 81.70 56.63 125.58 101.98 59.90 168.27 
1120.0 91.1 59.2 156.1 90.5 59.2 158.5 82.98 56.60 88.25 108.18 59.86 186.25 
1140.0 85.3 61.7 87.8 85.6 61.7 88.6 69.56 59.20 53.93 99.28 62.27 111.10 

•-----------------------~----------------------E-N-D---P-R-0-D-U-c-T-I-O-N---Z-O-N-E----------------------~------------------------•. 
1160.0 91.3 63.9 87.5 91.4 63.9 87.1 78.18 62.10 78.60 94.53 64.33. 121.60 
118o.o: 84.8. 66.1 58.6 86.0 66.0 58.4 39.35 63.90 51.85 116.66 67.25 60.67 
1200.0. 95.7 69.3 62.4 94.8 69.1 62.2 84.35 66.40 55.30 170.34 74.34 64.73 
1220.0 81.1 88.2 64.6 81.0 86.4 64.5 70.98 68.68 58.10 101.08 127.20 65.95 
1240.0 86.1 108.4 66.4 85.4 105.3 ( 66.3 71.30 72.60 60.05 121.37 175.12 67.77 

•---------------------------------------S-T-A-R-T---L-O-W-E-R---I-N-J-E-C-T-I-O-N---Z-0-N-E----------------------------------------• 
121:.-0.0 82.3 209.2 68.7 81.8 199.5 68.6 71.65 71.23 62.30 121.05 444.20 70.07 
1280.0 94.1 207.2 70.7 92.6 195.9 70.3 71.05 74.70 39.10 146.42 416.68 72.67 
1300.0 91.7 85.4 75.6 90.5 84.1 75.3 73.40 71.55 67.00 143.00 145.85 82.02 
1320.0 84.6 75.2 105.9 84.2 74.7 104.0 72.00 66.97 50.35 119.40 87.73 328.73 
1340.0 82.7 72.3 108.0 82.3 72.3 105.1 67.35 64.37 83.70 106.68 75.75 304.07 
1360.0 85.1 73.6 85.0 73.5 75.75 70.98 97.37 86.80 

•-----------------------------------------E-N-D---L-O-W-E-R---I-~-J-E-C-T-I-0-N---Z-O-N-E------------------------------------------• 

***** I(EY TO OBSERVATION WELLS ***** 
OBS. WELL NO. 1=BX-29 
OBS. WELL NO. 2=BX-34 
OBS. WELL NO. 3=BX-35 
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QUARTERLY AIR RESOURCES REPORT 

September - November, 1979 

EQUITY OIL COMPANY · 
BX In-Situ Oil Shale Project 

Piceance Basin, Colorado 

Prepared by 
VTN CONSOLIDATED, Inc. 

January, 1980 



1.0 INTRODUCTION 

This report provides a summary of the meteorological data collected 

from the mechanical weather station located at the ridge site along 

Black Sulphur Gulch during the months of September, October and 

November, 1979. Data recovery during the period was 100% for the 

temperature and 97.9% for the wind speed parameters. 
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2.0 SITE METEOROLOGY 

2.1 ~lind 

Winds during the period from September-November 1979 period continue 

to ·show an oven-1helming influence of local topography on the flow 

patterns. The b1o dominating \'lind directions accounting for almost 

47% of all the data, were southwest and south-soutb'iest. A secondary 

maximum occurred from the northeast direction, accounting for an addi­

tional 17.6% of .the data. Examination of the data shov1s that occur­

rences of north.east winds coincides with peri ads of intense solar 

heating in the valley, causing frequent but weak upslope winds, i.e., 

from the northeast during the day. 

Monthly summaries of the wind speed and direction data for September, 

October and November 1979 are given in Tables 1, 2 and 3, respectively. 

The summarized data for the three-month period are given in Table 4 by 

their occurrences and in Table 5 by the frequency distribution. A v1ind 

ro~e for the period is shown in Figure 1. 

The vlind speed data summarized in Table 6 shows that winds were below 3 

miles per hour for 41.3% of the time. The vii nd speed exceeds 12 mph 

11.1% of the time and only 3% of the winds were above 18 mph. 

2.2 Temperature 

A summary of the temperature data is presented in Table 7 rlith data for 

the individual months being given in Tables 8, 9 and 10. The maximum 

tempirature was 89°F (31.7°C), which was recorded on September 6, 1979. 

The minimum temperature reached· was -l2°F (-24.4°C) on November 29, 

1979. The average daily temperature was 41~6°F (5.3°C) for the three-

month peri ad. The temperature fell bel0\'1 freezing on 51 occasions 

starting in September. 
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TABLE 1 

WIND OBSERVATIONS: EQUITY OIL RIDGE SITE 

September 1979 

Speed (mph) 
Average 

Direction 0-3 4-7 8-12 13-18 19-24 >24 Total Speed 

N 7 12 11 1 0 0 31 6.2 
NNE 11 17 11 5 0 0 44 6.3 
NE 41 47 18 3 0 0 109 4.4 

NE 24 6 0 0 0 0 30 2.2 
E 6 2 0 0 0 0 8 2.1 . 
ESE 2 0 0 0 0 0 2 1.2 
Sl: 1 0 0 0 0 0 1 2.5 
SSE 3 0 0 0 0 0 3 1.8 
s 5 4 0 0 0 0 9 2.8 
ssw 33 40 31 16 2 0 122 6.G 
svi 65 68 G2 37 3 0 235 6.8 
~ISH 22 13 16 4 0 0 55 5.6 
w 7 8 23 3 0 0 41 7.2 
WN\~ 6 3 5 0 0 0 14 4.8 
Nl~ 3 2 3 0 0 0 8 5.0 
NNW 1 4 2 0 0 0 7 6.0 

TOTAL 237 226 182 69 5 0 

Total Observations = 719 
Total Calm Winds ~ 36 
Average Wind Speed = 5.9 mph 
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TABLE 2 

WIND OBSERVATIONS: EQUITY OIL RIDGE SITE 

October 1979 

S~eed (mQh} 

Direction 0-3 4-7 8-12 13-18 19-24 

N 0 7 12 
NNE 4 4 5 
NE 65 68 2 
ENE 24 5 0 
E 12 1 0 
ESE 4 1 0 
SE 1 1 0 
SSE 3 2 0 
s 13 7 2 
SSl4 70 31 24 
sw 109 45 19 
WSW 25 22 13 
w 5 5 6 
WNH 1 3 0 
NH 3 2 0 
NNW 1 4 0 

TOTAL 340 208 83 

Total Observations = 698 
Total Calm Winds · = 85 
Average Wind Speed = 7.0 mph 

4 0 
3 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

17 3 
8 1 
6 1 
0 0 
0 0 
0 0 
0 0 

38 5 

229 

>24 Total 

0 23 
0 16 
4 139 
0 29 
1 14 
0 5 
0 2 
0 5 
0 22 

10 155 
8 190 
1 68 
0 1ti 
0 4 
0 5 
0 5 

24 

Average 
S~eed 

8.4 
7.2 
6.0 
1.9 
8.8 
1.7 
2.4 
2.2 
3.2 

11.0 
6.2 
6.~ 
5.5 
4.7 
2.8 
4.0 



TABLE 3 

WIND OBSERVATIONS: EQUITY OIL RIDGE SITE 

November 1979 

S~eed {m~h) 
Average 

Direction 0-3 4-7 8-12 13-18 19-24 >24 Total S~eed 

N 5 9 17 12 0 1 44 11.3 
NNE 12 13 8 9 4 0 46 8.5 
NE 36 74 18 0 1 0 129 4.7 
ENE 24 6 0 0 0 0 30 2.0 
E 4 0 0 0 0 0 4 1.6 
ESE 1 0 0 0 0 0 1 1.0 
SE 6 0 0 0 0 0 6 1..7 
SSE 1 0 0 0 0 0 1 1.7 
s 17 7 1 1 0 0 26 3.1 
SSH 57 16 18 4 1 2 98 5.0 
SW 94 ;j~ 34 30 12 10 21G 7.7 
~JSW 30 14 13 4 0 0 61 4.9 
w 12 5 11 4 0 0 32 6.4 
WNW 3 1 6 1 0 0 11 7.3 
N~-J· 2 8 2 0 0 0 12 5.3 
NN\.>1 3 2 0 0 0 0 5 2.6 

TOTAL 307 190 128 65 13 18 

Total Observations = 721 
Total Calm Winds = 59 
Average Wind Speed = 6.2 mph 
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TABLE 4 

WIND OBSERVATIONS: EQUITY OIL RIDGE SITE 

September - November 1979 

S~eed {meh) 
Average 

Direction 0-3 4-7 8-12 13-18 19-24 >24 Total seeed 

N 12 28 40 17 0 1 98 9.0 
NNE 27 34 24 17 4 0 106 7.4 
NE 142 189 38 3 1 4 377 5.7 
ENE 72 16 0 0 0 1 89 . 2.0 
E 22 3 0 0 0 0 25 5.9 
ESE 7 1 0 0 0 0 8 1.5 
SE ·a l u 0 0 0 9 1.9 
SSE 7 2 0 0 0 0 9 2.0 
s 35 18 3 1 0 10 67 2.6 
ssw 160 87 73 37 6 10 373 7.5 
SW 268 148 115 75 16 11 633 6.1 
WSW 77 49 42 14 1 0 183 5.8 
w 24 18 40 7 0 o· 89 6.6 
WNW 10 7 11 1 0 0 29 5.7 
NW 8 12 5 0 0 0 25 4.7 
NNW 5 10 2 0 0 0 17 4 4 

TOTAL 884 624 393 172 28 37 

Total Observations = 2138 
Total Calm Winds = 180 
Average Wind Speed = 6.4 mph 
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TAoLE 5 

WIND FREQUENCY DISTRIBUTION: EQUITY OIL RIDGE SITE 

September - November 1979 

SEeed {mEh} 

Direction 0-3 4-7 8-12 13-18 19-24 >24 Total -· ------

N 0.0056 0.0131 0.0187 0.0080 0.0000 0.0005 0.0459 
NNE 0.0126 0.0159 0.0112 0.0080 0.0019 0.0000 0.0496 
NE 0.0664 0.0884 0.0178 0.0014 . 0.0005 0.0019 0.1764 
ENE 0.0337 0.0075 0.0000 0.0000 0.0000 0.0005 0.0417 
E 0.0103 . 0.0014 0.0000 0.0000 0.0000 0.0000 0. 0117 
ESE 0.0033 0.0005 0.0000 0.0000 0.0000 0.0000 0.0038 
SE 0.0037 0.0005 0.0000 0.0000 0.0000 0.0000 0.0042 
SSE 0.0033 0.0009 0.0000 0.0000 0.0000 0.0000 0.0042 
s 0.0164 0.0084 0.0014 0.0005 0.0000 0.0047 0.0314 
ssw 0.0748 0.0407 O.U341 0.0173 0.0028 0.0047 0.1744 
sw: 0.1254 O.OoY2 0.0538 0.0351 0.007S 0.0051 0.2961 
WSW 0.0360 . 0.0229 0.0196 0.0065 0.0005 0.0000 0.0855, . 
w 0.0112 0.0084 0.0187 0.0033 0.0000 0.0000 0.0416 
WNW 0.0047 0.0033 0.0051 0.0005 0.0000 0.0000 0.0136 
N'' r1 0.0037 0.0056 0.0033 0.0000 0.0000 0.0000 0.0116 
NNW 0.0023 0.0047 0.0009 0.0000 0.0000 0.0000 0.0079 

TOTAL 0.4134 0.2914 0.1836 0.0806 0.0132 0.0174 0.9996 

Frequency of all Ca1m Winds = O.UH4~ 
Total Observations = 2,138 
Average Wind Speed ~ 6.4 mph 
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TABLE 6 

WIND FREQUENCY DISTRIBUTION: EQUITY OIL RIDGE SITE 

September - November 1979 

SEeed {mEh} 

Month 0-3 4-7 8-12 13-18 19-24 >24 Total 

September 0.3296 0.3143 0.2531 0.0959 0.0069 0.0000 0.9999 

October 0.4257 0.2635 0.1775 0.0901 0.0249 0.0180 0.9999 

November 0.4871 0.2979 0.1189 0.0544 0. 0071 0.0343 0.9999 

Season 0.4134 0.2914 0.1836 0.0806 0 •. 0132 0.0174 0.9996 
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TABLE 7 

MONTHLY TEr1PERATURE ·DATA 
(Degrees F) 

EQUITY OIL RIDGE SITE: September - November 1979 

Nean Average Average 
Month Monthly Maximum Minimum Maximum ·Minimum 

September 60.9 77.4 42.5 89 25 

October 44.8 60.0 32.2 80 -1 

November 20.6 33.6 10.2 51 -12 

Season 41.6 57.0 28.3 89 -12 
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TABLE 8 

TEMPERATURE DATA: EQUITY OIL RIDGE SITE 
(Degrees F) 

September 1979 

Maximum Temperature 89 
Minimum Temperature 25 
Average Maximum 77.4 
Average Minimum 42.5 
Mean Monthly Temperature -- 60~9 

Date ~laximum Minimum Mean Ral}_ge 

1 81 42 65 39 
2 80 51 67 29 
3 83 51 68 32 
4 82 60 72 22 
5 88 49 69 39 
6 89 49 68 40 
7 88 51 69 37 
8 86 55 70 31 
9 87 55 71 32 

10 79 25 62 54 
11 80 47 64 33 
12 69 31 53 38 
13 62 34 49 28 
14 61 29 47 32 
15 72 29 53 43 
16 79 32 58 47 
17 78 39 58 39 
18 83 41 62 42 
19 78 48 61 30 
20 73 45 60 28 
21 72 39 57 33 
22 77 43 62 34 
23 78 43 64 35 
24 81 47 62 34 
25 76 48 61 28 
26 69 48 57 21 
27 70 36 51 34 
28 71 35 54 36 
29 75 38 55 37 
30 75 38 57 37 
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TABLE 9 

TEMPERATURE DATA: EQUITY OIL RIDGE SITE 
(Degrees F) 

October 1979 

Maximum Temperature 80 
Minimum TempP.rature -1 
Average Maximum 60 
Average Minimum 32.2 
Mean Monthly Temperature -- 44.8 

Date Maximum Minimum Mean Range 

1 76 39 57 37 
2 76 43 60 33 
3 60 3H 48 22 
4 73 30 50 43 
5 72 36 54 36 
6 78 38 56 40 
7 80 40 60 40 
8 76 . 46 60 30 
9 61 24 . 43 37 

10 72 30 51 42 
11 75 39 55 36 
12 69 38 53 31 
13 73 35 54 38 
14 69 45 52 24 
15 64 35 51 29 
16 52 3~ 43 19 
17 63 24 44 39 
18 60 31 48 29 
19 60 51 55 9 
20 54 28 32 26 
21 30 24 28 6 
22 44 23 30 21 
23 58 24 38 3.4 
24 59 24 38 35 
25 63 30 47 33 
26 61 40 50 21 
27 50 23 37 17 
28 53 21 37 32 
29 32 25 28 7 
30 25 10 21 15 
31 24 -1 11 25 
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TABLE 10 

TEMPERATURE DATA: EQUITY OIL RIDGE SITE 
(Degrees F) 

November 1979 

Maximum Temperature 51 
Minimum Temperature 12 
Average Maximum 33.6 
Average Minimum 10.2 
Mean Monthly Temperature -- 20.6 

Date Maximum Minimum ~1ean Range 

1 31 -2 13 33 
2 41 8 20 33 
3 43 11 29 32 
4 45 21 33 24 
5 42 . 18 27 24 
6 49 18 31 31 
7 41 22 34 19 
8 42 22 30 20 
9 37 23 29 14 

10 38 10 25 28 
ll 29 16 24 13 
12 42 12 24 30 
13 40 11 24 29 
14 42 11 24 31 
15 43 12 25 31 
16 51 11 28 40 
17 49 19 33 30 
18 . 39 20 29 19 
19 21 14 19 7 
20 20 11 17 9 
21 15 1 9 14 
22 23 -1 8 24 
23 28 2 13 26 
24 27 9 17 18 
25 28 19 22 9 
26 34 12 24 22 
27 25 -2 9 27 
28 17 -10 1 27 
29 12 -12 -2 24 
30 14 -11 -1 25 
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FIGURE 1 

SEASONAL WIND DIRECTION 
RELATIVE FREQUENCY DISTRIBUTION(%) 
SEPTEMBER, OCTOBER, NOV~MBER, 1979 
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SUMMARY 

WORK PERFORMED 

Air Resources 

Meteorological data was collected continuously at the mechanical 
weather station and at the meteoro 1 ogi ca 1 tower. A quarterly summary 
of mechanical station data was completed for the period September 
through November, 1979, and is attached for review. 

Water Resources 

Water quality samples and field readings were taken as shown on the 
following table. 

Sufficient water is no longer available in BX~13 for sumpling. 

Aquatic Biology 

A regularly schedu.led field trip was conducted to collect benthic 
invertebrate and phytoplankton samples from Black Sulphur Creek. A 
summary of sample analysis results is attached for review. 

WORK SCHEDULED 

Air Resources 

Data w111 be collected continuously at the mechanical weather station 
and the meteorological tower. The data will be reduced and summarized 
into quarterly reports. 

Water Resources 

ES-2, 1 eached zone and upper aquifer water quality samples will be 
taken semi-monthly. ES-3 samples will be taken monthly. Semi-monthly 
field measurements will be taken at each of these sample points. 
Monthly field measurements will be taken at the alluvial wells. 

Samples will also be taken of process water semi-morrthly at the free 
water knockout to determine the chemical constituents most likely to 
occur at monitoring wells. Semi-monthly samples will be taken at the 
disposal tank to determine the quality of wastes injected into the 
leached zone. 

Aquatic Biology 

One trip .is planned to Black Sulphur Creek to collect benthic inverte­
brate and periphyton sa~ples. 
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Station 12/3/79 12/6/79 12/20/79 12/27/19 l/3/80 1/10/80 1/21/80 1/24/80 1/25/80 1/31/80 2/7/80 2/14/80 2/21/80 

ES-2 Field X X X X X X X 
Lab X X X X X- X X 

ES-3 Field X X X X X X X X X X X X 
Lab X X X X X X X X X X X X 

BX-13 Field X X )C X X 
Lab X X )I X 

N BX-36 Field X )1. X X X X X X X 
~ Lab X )1: X ·x X X X X X 0 

A-1, -1A, Field X X X 
-2,-3,-4 Lab 



EQUITY OIL COMPANY, BX INSITU OIL 
SHALE PROJECT, REPORT FOR 

JANUARY 15, 1980 FIELD VISIT 

Benthic macroinvertebrates and periphyton algae were sampled at each of 
the weirs on Black Sulfur Creek, Rio Blanco County, Colorado. In 
addition, observations of the habitat conditions in the immediate area 
were made. 

Habitat Observations 

Stream conditions at the upper weir were similar to previous field 
visits in 1978 and 1979. The substrate consisted mostly of pebbles one 
to three inches in diameter with little sand or silt. The bank had 
sage brush and grasses growing down to the water. At the lower weir 
changes in stream cond1t1ons first noted during the August 1979 visit 
were observed again in January 1980. Most notable were substantial 
streambed and bank alterations. It appeared that the streambank was 
leveled and graded above the weir. Below the weir it appeared that the 
streambed had been .dredged and the overburden piled along 'the south 
bank creating a berm one to two feet high and two to four feet wide. 
Shoreline vegetation was sparce and the ~anks were unstable bel ow the 
weir. The original stream course did not appear to have been channeli­
zed, although the stream gradient may have been altered. The substrate 
at the lower weir consisted of small gravel {1/4-1/2 inch) mixed with 
sand and silt. 

Periphyton Algae 

There was a total of 44 diatom species found in the January 1980 
samples. Each of the following diatom species represented more than 
10% of the total density: Achnanthes minutissima, Navicula viridula, 
N. secreta, Gomphonema olivaceum and Cymbella minuta. Structurally, 
the diatom commun1t1es of each station were s1milar as evidenced by the 
similar diversity indices. Also the abundant species were, with one 
exception, found at both stations. (Table 1 ). 

Mean diatom density was greater at the upper weir than at the lower, 
with densities of 6,990 cells/mm2 and 2,110 cells/mm2, respec­
tively. However, due to the large variance at each station the 
difference in diversities is not statistically significant (P=.05). 

The diatom community is quite different from what it was last year for 
the comparable month of February, (VTN Annual Report, 1979). In 1979 
the common diatoms at the upper and lower weirs differed. The common 
diatoms of the upper weir were Achnanthes lanceolata, Cocconeis placen­
tula and Navicula viridula. The common diatoms of the lower we1r were 
RnTOcosphen1a curvata, Synedra rumpens, Cymbella minuta, and Navicula 
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cryptocephala. The only abundant species that are common to this years 
assemblages are Cymbella minuta, and Navicula viridula. Also, this 
year there were more diatom species observed. The green algae Clado­
pnora sp. and Tetrospora cylindrica were also present in the stream but 
were not call ected as part of the sampling program. 

The abundant diatoms from this field visit are usually found in hard 
waters. N. viridula prefers slightly alkaline water, and N. secreta is 
found in-waters w1th a high mineral content. A. minutissima 1s quite 
pH tolerant occuring in waters between 6.5 and 9.0. G. olivaceum is 
usually found in hard waters with a high calcium concentrat1on. 
Cladophora sp. is also found in high calcium environments (Patrick and 
Reimer, 1966; 1975). This refJects the water quality characteristics 
of Bla~k Sulfur Creek. 

Benthic Macroinvertebrates 

There were several differences between the macroi nvertebrate fauna of 
the lower and upper weirs in January 1980 (Table 2). The dominant taxa 
at the lower weir was Baetis tricaudatus, equaling 88.8% of the total 
fauna. At the upper weir chironomids dominated comprising 49.8% of the 
fauna, while Baetis tri caudatus comprised only 15 .8%. Pl ecoptera and 
Trichoptera were sparse at the lower weir but common or abundant at the 
upper weir. 

The total density of invertebrates was 898/m2 at the 1 ower weir and 
9,174/m2 at the upper weir. This is a statistically significant 
difference (P=0.05). The number of taxa and species diversity were also 
lower at the lower weir than at the upper weir (Table 2). 

The results from this field trip contrasts with results from last years 
field trips. In February 1979, the lower weir was dominated by chiron­
om1ds; Baet1s spp. ~qudlt!tl less than 1.0% of the f\luna. Chironomids 
were less abundant at the upper weir in 1979 than in 1980. Other taxa 
were similar at the upper weir between the two sample dates. I~ 
February 1979, density at the lower weir was over twice the density at 
the upper weir. Species diversities were higher at both stations in 
1979 (VTN Annual Report, 1979). In August 1979, when stream alterations 
at the lower weir were first observed, the lower weir still showed a 
greater density of invertebrates than the upper weir. The difference 
was not statistically significant, however. Species diversities in 
August 1979, were similar to the February 1979, samples and higher than· 
the January 1980 samples. 

Sununary of ·Data 

While not significant statistically, diatom densities were over three 
times lower at the lower weir than the upper weir. This contrasts with 
data from 1978 and 1979 when densities at the two stations w~re gener­
ally higher at the lower weir (VTN Annual Report, 1979). 
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The density of benthic macroinvertebrates was significantly lower 
(P=O.OS) at the lower weir compared to the upper weir in January 1980. 
Differences in species composition were also observed between this 
fi~ld trip and previous data. Baetis tricaudatus greatly dominated the 
fauna (88.8%) at the lower weir 1n January 1980. At the upper weir in 
January and at both weirs in February 1979, B. tricaudatus equaled 
between 1.0 and 16%. The lower weir in January 1980, had a sparser 
fauna of stoneflies, cadQisflies, and Diptera than the upper weir or 
from samples of previous trips. Diatom species were similar at the 
upper and 1 ower weir in January 1980. They did, however, vary from 
species identified from February 1979. 

Discussion 

The above differences suggest that changes in the invertebrate and 
periphyton communities have occurred at the 1 ower weir since August 
1979. Differences may be partially due to changes in sample location. 
In February 1979, samples at the lower weir were taken approximately 
one half mile further downstream than in January 1980, due to ice 
cover.. in August 1979, samples were taken just upstream of the 1 ower 
weir rather than below it as in January 1980. The different sites, 
however, appeared to have similar habitats and the fauna did not show 
obvious changes until this field visit. 

It is possible that the differences in fauna observed during this trip 
were caused by sedimentation due to high spring flows in the creek and 
by channel repair in October. The substrate and banks were Qbserved to 
be soft and unstable, and composed of small gravel mixed with sand and 
silt. These conditions are generally poor for invertebrates (Hynes, 
1970). Sea~onal and sample variation may a1so account for some of the 
differences. Water quality d~ta. for the upper and 1 ower weirs were 
similar, and thus suggest no causes for the differences observed in the 
biota. In any event, the results from this field trip suggests all 
factors be carefully considered during fu~re sampling. 
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Table 1. Percent relative frequency of epilithic diatoms from Black 
Sulfur Creek collected January 15, 1980. 

Bacillariophyceae 
Coscinodiscaccae 

Cyclotella meneghiniana 

Fragi 1 a ri aceae 
Fragilaria sp. 
F. vaucheriae 
'S"ynedra sp. 
S. ulna 

Achnanthaceae 
Achnanthes sp. 
A. microcephala 
1\. mi nuti ssima 
A. lanceolata 
~occoneis placentula 
c. aediculus 
~. imi nuta 
Rhoicosphen1a curvata 

Naviculaceae 
Frustulia vulgaris 
Stauroneis smithii 
Navicula sp. 
N. viridula 
W. arvens1 s 
N. savannahi ana 
N. tr1punctata 
W. secreta 
N. cryptocephala var. cryptocephala 
N. cryptocephala var. venata 

Gomphonemaceae 
Gomphonema sp. 
G. olivaceum 
G. olivaceum var. calcarea 
G. 1ntr1catum var. pumila 
G. angustatum 
lr. affine 

Cymbe11aceae 
Cymbe11a sp. 
C. minuta 
~. affini s 
C. s1 nuata 
C. amphicepha1a 
Amphora perpusi11a 
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Upper 
Weir 

0.6 

1.2 

1. 3 
1.8 

0.1 

35.9 
1.1 
0.1 
0.5 

0.02 

o~5 
14.3 
1 • 1 
0.1 
0.8 

13.4 
0!015 
2.1 

0.6 
2.6 
2.1 
0.015 
0.2 
0.1 

0.2 
10.6 
1.2 
0.5 
0.4 
1.4 

Lower 
Weir 

0.004 

0.5 
o, 1 
0.4 
6.6 

0.004 
1.1 

20.1 
2.9 
0.2 
1.5 
0.1 
0.1 

0.004 
0.004 
0.1 

22.3 
3.8 

10.4 
0.7 
2.1 

1.1 
12.5 
4.5 

0.004 

5.5 
0.4 
1.1 
0.2 
1.4 



Table 1. (continued) 

Bacillariopnyceae (continued) 
Nitzschiaceae 

Nitzschia frustulum 
N. holsatica (?} 
!£. dissa~ata 
N. aeicu ata 
lf. v1trea (?) 
N. amphibia 
N. sp. 

Sur1 rell aceae 
suri re 11 a sp. 
s. ovata 

Species 
Diversity Index (Shannon-Weaver) 
Eve ness (J) 

Average Total Density (cells/mm2 
+1 Std. Dev.) 
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Upper 
Weir 

0.3 
0.8 
2.6 
0.1 
1.1 

0.3 

0.02 

37 
3.30 
0.63 

6,990 
+8,470 

Lower 
Weir 

0.6 
0.9 
1.0 

0.004 
0.7 
1.8 

0.1 
0.004 

38 
3. 76 
0.72 

2,110 
+2,750 



Table 2. Mean density and percent relative frequency of benthic 
macroinvertebrates from Black Sulfur Creek collected January 
15, 1980. 

Lower Weir Upper Weir 
x-No/m2 x-No/m2 

+ 2 Stdv. t, + 2 Stdv. % 

EMPHEMEROPTERA 
Baeti dae 

Baetis tricaudatus 
Baetis bicaudatus 

Ephemerell i dae 
Emphemerella sp. 

PLECOPTERA 
Capni idae 

Capnia 

Nemouidae 
Zapada cinctipes 

Perlodidae 
Isoperla patricia 

TRICHOPTERA 
Gl os~nsomatl dae 

Anagapetus 

Hydrop sych ida e 
·Hydropsyche 

Brachycentri dae 
Brachycentrus sp. 

COLEOPTERA 
Hal ipl i dae 

Brychius (larvae) 
Elmi dae 

Optioservus 
{uadramaculatus 
larvae) 

Optioservus 
{uadramaculatlis 
adult) 

DIPTERA . 
Tipul i dae 

Dicranota 
Hexatoma 
Limnophil a 

793+1,022 
4+12 

11+22 

4+12 

14+33 

4+12 

4+12 

4+12 
4+12 
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89.2 

88.8 
0.4 

3.2 

1.2 

0.4 

1.6 

0.4 

0.4 

0.4 

0 
"' 
.. 

5.2 

0.4 
0.4 

1,458+898 
27 4+441 

70+46 

11+0 

1,588+320 

253+76 

640+1,142 

5+15 

5+15 

65+0 

27+76 

27+76 
54+61 
38+15 

19.6 

15.8 
3.0 

0.8 

17.4 

0.1 

17.3 

9.9 

2.8 

7.0 

0.05 

1 • 1 

0.05 

0.7 

0.3 
52.0 

0.3 
0.6 
0.4 
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Table 2. (continued) 

Lower Weir Up~er Weir 
x-Nofm2 x-Nofm2 
+ 2 Stdv. c.t + 2 Stdv. c.t 

DIPTERA (continued) 
Chironomidae (larvae) 36 + 33 4.0 4,569 + 6,317 49.8 
Chironomidae (pupae) 43 + 61 0.5 
Empididae 

Chelifera (larvae) 27 + 76 0.3 
Strati onmydae 
Eueary~hus 10 + 0 0.1 

Musc1dae 
Limnophora 4 + 12 0.4 

HYDROCARI NA 
Lebertiit.lae 4 + 12 0.4 10 + 0 0.1 

GASTROPODA 
Limnaei dae 4 + 12 0.4 

OLIGOCHAETA 4 + 12 0.4 

PELECYPODA 
S~haeriidae 4 + 12 0.4 

Total Mean Density 
(Nofm2) 898 9,174 

No. of Taxa 16 20 

Species Diversity 1.68 2.~4 
(Shannon-Weaver) 
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