Condols

DOE/MC/05301-4

OiL RECOVERY BY CARBON DIOXIDE INJECTION -
Annual Report, July 1978—June 1979

: Date Publiséd-—’February 1980

: Prepared foyr:t‘he Départme’nt of Energy
- Under Contract DE-AC21-76 MC05301

Pennzoil Company :
Vienna, West Virginia

U S. DEPARTMENT OF ENERGY



NUTICE

. ThIS report was prepared as an account of Work : ] .

‘ Jsponsored by an’agency “of the United States[' e

: Government Ne|ther the Unlted States nor any

E agency thereof not any. of their employees makes e
- any warranty, expressed or lmphed or: assumes‘ '
any legal liability. or responsnblhty for any thll’d
party’'s-use -or “the uesul‘cc of ‘such use of anyl
“information, apparatus product or- process dis-
: closed “in this report, or represents that fts use by
“'such thlrd party would not mfnnge privately.
: owned rlghts : :

5 ~Pr1nted in: the Umted States of Amenca L

, Available from S

. Natlonal Techmcal Information Semce &
Us. Department of Commerce

5285 Port Royal Road

Sprmgfleld VA 22161

NTIS pﬂce codes :
. Printed copy: - $4.50.
5 Mlcroﬁche copy $3,00 :




DOE/MC/05301-49
Distribution Category UC-92a

OIL RECOVERY BY CARBON DIOXIDE INJECTION

Annual Report
for the Period
July 1978—June 1979.

Paul King
Principal Investigator
Pennzoil Company
Vienna, West Virginia 26105

R. J. Watts
Technical Project Officer
Morgantown Energy Technology Center
Morgantown, West Virginia 26505

Date Submitted—November 1979
Date Published—February 1980

Work Performed for the Department of Energy
Under Contract DE-AC21-76MC05301

U.S. DEPARTMENT OF ENERGY



TABLE OF CONTENTS

Page No.
INTRODUCTION .« v v v v v e e e e e e e e e e e e e e e 1
SUMMARY. . . + v v v v v . e e e e 2
CONCLUSION © v v v v e e v e e e e e e e e e e e e 6
PRODUCING WELLS. & v v v v v v e e e e e e e e e e 6

INJECTION WELLS
- Carbon Dioxide Injection Wells. . . . . . . . . . . . . . 8

Back-up VWater Injection Wells . ., . . . . . . . . .. ... 9
OBSERVATION WELL . . . e e e e e e e e e e e e 10
APPENDIX A

Stimulation Treatments. + . , « . . o v v v o w0 e . 11

~APPENDIX B ‘

History of Production . . . . « .« . . o . o o . e 12
APPENDIX C "

Graphical History of Production C e e e e e 14
APPENDIX D

Produced Gas Analysis . . v . « ¢ « v v v v v v e e e 16
APPEMDIX E .

History of Carbon Dioxide Injection . . . . . . . . . . .. 17
APPENDIX F ‘

Graphical History of Carbon Dioxide Injection . . . . . . . 18
APPENDIX G _

History of Water Injection. . . . . . . . . . . . .. ... 24
APPENDIX H :

Graphical History of.water Injection. . . . . . .. . .. 35
FIGURE 1 '

Project Schedule. . . . . . . .. e e e e e e e e e e 4
FIGURE 2 v

Pilot C02 Project Map . . « « « « v v o h u e e e e 5
TABLE I

Pattern Production History. . . . . . . . .. Y

ii



INTRODUCTION

This report is the forty-seventh report on the progress of
the Rock Creek carbon dioxide project in Roane County, lest
Virginia.

Designed, developed and operated by Pennzoil Company, this
project will demonstrate the feasibility of miscible carbon dioxide
0il récovery in the Rock Creek Big Injun Field. A successful
demonstration of this prbcess will 1ead to a fier wide commercial
development. Also, the technical success of this project wou}d be
utilized in the development of other miscible carbon dioxide 01l
‘recovery projects in numerous fields within the Appalachian area.

The pilot consists of two contiguous five-spot pattérns
encompassing a total of 19.65 acres. These dual five spots are
surrounded by thirteen back-up injection wells drilled as or |
converted to water injection wells with the sole purpose of
containing the injected carbon dioxide (see Figure No. 2). The
total effective volume of 1iquid carbon dioxide to be injected
approximately equals 25% of the hydrocarbon pore volume in the
pilot area. Prior to initiating carbon dioxide injection, the
- reservoir pressure was increased to over 1000 psia from the
reservoir pressure of 91 psia at the start of the project. This
.pressure increase was accomplished by water injection.

Once miscible reservoir conditions were obtained and certain



mechanical difficulties resolved, carbon dioxide injection began.
Upon completion of the carbon dioxide injection, a water slug will
be injected as long as necessary to evaluate the full recovery of
the process. | |

A detailed description of the reservoir 1ithology, laboratory
tests, process design, and project‘dgsign was presented in the
first annual report for tHis project and puB]ished in Volume No. 1 ‘
of the 1977 ERDA Symposium Proceedingé,entitled "Development of a
Pilot Carbon Dioxide Flood in the Rock Creek Big Injun Field, Roane

County, West Virginia."

SUMMARY

After one year of response, the 1n¢reasé in production due to
waterflooding ended by December, 1978. ‘The tota]-prbduction credited
to the waterflood process was 10,403 barrels or 529 barrels per acre.
This short, sharp production résponse indicated a thin 011 bank and
was simi1ér to previous waterf]ood‘attempts in the Rock Creek area.
As of Juiy'1, 1979, the total pi]oﬁ production was 11,155 BO,

40,344 BY, and 5.4775 MMCF. | |
On February 20, 1979, limited carbon dioxide injection began.
This was approximately five months behind the revised schedule of -

the preceeding annual report. Less than a month after injection



began, a high carbon dioxide content was found in the produced gas
atvShaffer No, 1. Abparent]y, this‘carbon.dioxide production is é
result of channe]ing through the Biqg Lime thief zone. In April,
the carbon dioxide injection rate'was:reduced to a total of 90 tons
per day in an‘attempt“tq‘increése the effective injection from 26.7%
to the desi‘ghed' 50%. The net carbon dioxide injectidn was, 10,595.50
tons on.July 1, 1979. vThis~is{42;3% of the total to be injected.
| Water injectfon into the back-up 1njectibn we]]s was initiated
on October 16, 1976 and water injection into the sixkpattern 1njéctioh
we]ls commenced on‘Apkil 22, 1977. After severé] atteﬁpts, the
problem of communication from the ba;k-qp injection wells fhrough
thé,Bfg Lime thief zone has apparént]y béen'feso]ved. As of JU]yV1,
1979, total water injection was 1,791,878 barfre]s{ |

~In February, April, and again in June, compensated neutron‘
and induction Tbgs were run in L. W. Shaffér 0B-1. These Togs
showed an ihcreasing resistivity over a four foot seétibn of the
Big Injun formation. To date, the relationship of this resisfﬁvity
increase to CO2 injection has not been substantiatedf This increase
wf]l be studied and monitored using future'logs.

| The brogress of the proje;t and the-cbrresponding,cash’Out]ay :
are depicted pictoriaily inkFigure Ho. 1. 1FiguréVNo. 2 is a map

of the project area.



Figure No. 1
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Figure No. 2
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CONCLUSION

Although the project has not proceeded as originally
anticipated, progress has been made. The reservoir response to
waterflood has been evaluated, several problems resolved, and
’carbqn‘dioxide injection initiated. Carbon dioxide production
-through ‘the .Big Lime thief zone in:Shaffer Ho. 1 is a problem, but
it should not affect the overall results of the project. Currently,
the major difficulty is keeping an adequate carbon dioxide supply.
Nhen this supply is maintained, the project‘shou1d proceed
successfully. At this time, there is no evidence to indicate that
carbon dioxide injection will fail to provide a profitable method

of 01l recovery.

PRODUCING WELLS

- The waterflood response of the two central producing wells
peaked in July, 1978 and was depleted by December, 1978. Recovery
due to water injection was 529 barrels per acre.  The total production
rate of L. W. Shaffer No. 1 has increased from 6€8 BO, 1,082 BMW,
and 42.0 MCF in June, 1978 to 10 BO, 2,646 BW, and 1,282 MCF in

June, 1979. L. W. Shaffer No. 4 has increased from a total p%oducingf



rate of 235 B0, 4 BW, and 153.2 MCF in June, 1973 to 0 BO, 3,088
BW, and 1.2 MCF in June, 1979. A major reason for these fluid
production increases was stimulation treatments perfofmed on the
center producers thfoughout the year. Fracture treatments, performed
on L. W. Shaffer No. 4 in January and L. W. Shaffer No. 1 in
‘ February were successful 1nf1ncreasing’the productivity of both
wells. A list of the work done on L. . Shaffer Nos. 1 and 4 from
July, 1978'to July, 1979 is located in Appendix A. The prdduction A
history of these two wells 15 tabulated in Appendix B énd grdphicé]]y
presented in Appéhdix C. | |

Table I shows thé effective water 1njection volumes and ratés
in comparison with fluid withdrawals from each pattern as of July 1,
1979. Effective iﬁjection is defined as the amount. of fluid that
would enter the pattern area based on a radial flow pattern with
no interference by the outside injection wells. Also, it is assumed

that no water injected intovthe;back-up‘we11s enters the pattern

area.
TABLE I
Shaffer to. 1 Shaffer #o.-4 )
Pattern Pattern Project
10.01 Acres 9.64 Acres 19.55 Acres
Cum. Eff. W.1.-7/1/79, Res. Bbls. 69,544 . 61,914 - 131,458
Cum. Eff. CO, Inj.,-7/1/79, Res. Bbls. 12,590v 13,229 . 25,819
tum. EFf. I1nj.-7/1/79, Res. 8bls. 82 134 75,143 157,277
Cum. EFf. Inj./3.f, Produced 3.13 2.2 3.05
Cum. EFf. Inj./80 Produced 15.27 13.01 14.10 ~

Cum. Recovery, STBOPA 537.36 530,17 567.53



The considerable decrease in these ratios from last year is
-most 11ke1y due to waterflood response. |

Since the beginning of the project, gas samples have been
taken periodically from the two'center producfng wells. From
June, 1978 to Augdst,k1979 gas gravities have increased from
1.2025 to 1.5202 énd 1.0525 to 1.3974 in L. W. Shaffer Nos. 1
and 4 respectively. These analyses are presented in Appendfx D.
The carbon dioxide produced through the thief ione has greatly
affected the gas analyses of L. W. ShafferlNo..l. L. W. Shaffer
No. 4 is beginning to show an increase in thé carbon dioxide

percentage of the produced gas as of July, 1979.

INJECTION WELLS

Carbon Dioxide Injection Wells

“From July 1, 1978 to Fébruary 20, 1979,4the six pattern
injection wells continued to inject water. During this time, the
injection rate averaged 80 BWPD at an average wellhead pressure
of 1063 psig. Total water injected into these wells has been
391,679 barrels. R

The initial carbon dioxide 1njection was delayéd when a
supplier in Charleston, West Virginia, shut dowhktheir ammoﬁia

plant due to the high price of natural gas, Another source was



located and limited carbon dioxide injecfion,began on February 20,
1979. Cumulative carbon dioxide injection as of July, 1979 totaled
10,820.10 tons. Of this volume, 224.60 tons have been produced
from L. W. Shaffer No. 1 as a résu]t of the Big Lime thief zone.
Therefore, the net volume of carbon dioxide injection to date has
been 10,595.50 tons. This net volume of carbon dioxide equates to
' 75,016 barrels at a reservoir pressure of 1400 psia and is 42.3%

of the total designed carbon dioxide volume of 25,000 tons. As

of July 1, total production from'the center wells since the start
of carbon dioxide injettion was 24,132 barrels. Therefore, by
material balance it is estimated that 32.2% of the carbon dioxide
injection has entered the pattern area. fhe ihjection rate of
carbon dioxide averagevaO’tons or 637.20 reservoir barrels per

~ day during April ahd May. In June, the injection rate was 1owered
to 60.1 tons or 426 reservo1r barrels per day due to a short supply
of carbon dioxide in the summer months. The carbon dioxide
injection history is Tisted in Appendix E and presented graphically

in Appendix F.

Back-up Water Injection lells

Injection into the thirteen back-up wells totaled 1,400,199
barrels of water as of July 1, 1279. The average41njection rate
for the active wells during June, 1979 was 68 BPDPW at’an average
wellhead pressure of 1085 psig. In comparison, the average rate

in June, 1978 was 125 BPDPY at an average wellhead pressure of



955 psig. This decrease in injectivity and 1ncrease’in injection

" pressure is indicative of pressure build-up in the reservoif. |

Also, remedial treatment of ihjection wells shown to be in

communication with the Big Lime thief zone has decreésed the

injection rate. ’During tﬁe’year, E.‘Lewis Nos.‘17 and 18 and L. W.

Shaffer No. 2 were squeezed to eliminate the thief zone prob1em;
The injection history for ‘these'wells is tabulated in Appendix

G and presented graphically in Appendix H.

OBSERVATION WELL

- L. W. Shaffer 0B-1 was'comp1eted in February; 1979. The
purpose of this well is to monitor reservoir pressure and fluid
movement inside the pattern area. Fjberglass casing was hung over
the reservoir interval to enable the use of induction logs through-
out the project life.

Since completion of 0B-1, dual induction and compensated
neutron logs have been run three times. These logs have shown an
increase in’'resistivity over a fouf foot séctibn’of the Big Injun
reservoir. This resistivity ihcrease, which is ﬁUrrentWy being
studied, may be relatéd to carbon dioxide 1njection. Copies of

these logs were included in the appropriate monthly reports.

-10-



APPENDIX A

~ Rock Creek Pilot CO2 Project
Rock Creek Field - Walton District
Roane County, West Virginia

STIMULATION TREATMENTS

L. W. SHAFFER NO. 1

January 22, 1979 - Open hole squeeze - Appeared to be
successful in eliminating fluid entry
“from the ‘thief zone.

‘February 24, 1979 - Fracture treatment - Used 180 barrels
. of treated water and 3,600 1bs. of
20/40 sand. '

May 31, 1979 - Acidized - Used 1,000 ga1ions of

7-1/2% HC1 acid with a sequestering
agent; had little effect on production.

L. W. SHAFFER MNO. 4

‘ November, 1978 Treated for paraffin damage; had

no significant results.

Acidized - Increased'f1u1d withdrawal
from 21 to 50 BFPD.

,.December'13, 1978

Fracture treatment - Used 500 gallons
of 15% F.E. acid, 150 barrels of
treated water, and 3,000 1bs. of
20/40 sand. Productivity increased
to over 100 BFPD.

January 15, 1979

May 24, 1979

. Acidized - Used 1,000 gailons of
7-1/2% HC1 acid with a sequestering
- agent; had Tittle effect on production.

-11-



APPENDIX B
History of Production

ROCK CREEXK PILOT CARBON OIOXIDE PROJECT
HISTORY OF PRODUCTION

L. W. Shaffer No. 1 L. W, Shaffer Mo. ¢
0il, vater, Gas, 011, Water, Gas ,
Bbls. Bbls. MMCF Hrs. Bbls. Bbl;. - MMCF Hrs.
1976 |
October 43 0 0.0744 - 47 3 69 0.0620 48
November 44 0 0.0720 59 0 47 0.0600 60
December 51 0 0.0744 64 0 26 0.0620 64
1977 ' o
January | 40 0 0.0576 37 0 15 0.0420 34
February 39 0 0.0672 46 0 16 0.0560 38
March 53 0 0.1635 62 22 10 0.1268 62
April 60 0 0.1723 66 28 5 0.1168 60
May 49 0 0.1527 58 24 17 0.1744 54
June 56 12 0.0950 €5 34 19 0.1949 60
July 56 78 0.1224 8 43 7 0.2083 70
August 33 56 0.1929 93 43 3 0.2239 - 62
September 30 10 0.1650 93 % 2 0.2100 62
October 35 62 0.1009 100 37 2 0.1653 67
November 31 34 0.1305 87 34 4 0.1204 - 66
. December 20 86 - -0:1023 8 39 5 0.1178 66
1978 |
- January 4 43 0.0495 33 32 1 0.0570 57
February 0 0 0o 0 41 0 0.1108 79
March 2 313 0.0194 147 43 3 0.1178 67
April | 14 1,116 0.0435 404 34 1 0.1133 64
May 195 681 - 0.043¢ 254 40 8 0.1178 60
June 685 1,082  0.0420 616 235 4 0.1532 162
Cumulative k | : ‘ s
Production - 1,548 3,573 - 1.9409 . 768 274 ‘z.e1oy

- -12-



ROCK CREEK PILOT CARBON DIOXIDE PROJECT
HISTORY OF PRODUCTION

Continued
L. W. Shaffer No. 1 L. Y, Shaffer Mo. 4
011, Hater, Gas, 017, Water, Gas,
Bbis. Bbls. MMCF  Hrs. Bbls. Bbls. MMCF Hrs.
1978 - Continued |
July 1,246 1,036 0.1170 694 2,029 15 0.2022 690
August 1,178 ¢ 1,016 0.1190 726 1,662 22 0.1686
September 804 932 0.0810 720 919 167 0.0917 720
October ’ 474 1,031 0.0373 744 314 350 0.0262 646
November 109 1,315 0.0094 ;720 ’17 783 - 0.0010 605
December o 857 0.0008 424 9 768 Oﬁma',sm
Cumulative ‘ ; : '
Production . 5,356 9,760 2.3054 . 5,718 2,378 3.1206
1979
January 0 0 0 Workover - 10 2,258 0.0110 685
February "0 0 0 Morkover 17 2,777 0.0149 £54
March .0 2,446 0.0962* 458 8 2,377 0.0038 568
April ) 11 2,451 0;9147* 669 17 3,473 0.0151 705
May : 2 3,118 1.4950*% - 484 6 3,57 0.0057 672
~June 10 2,646 ~1.2818%  .607° : 0 3,088 0.0012 604
Cumulative ‘ k |
Production 5,379 20,421 3.7877% - - 5,776 19,923 3.1721

*COZ Production

-13-
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APPENDIX C
Graphical History of Production
ROCK CREEK FPIOT C O» PROJECT
L. W. SHAFFER NO. |
PRODUCTION HISTORY
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ROCK CREEK PILOT €O, PROJECT
L. W. SHAFFER NO. 4
PRODUCTION HISTORY
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APPENDIX D

Rock Creek Pilot CO2 Project
Rock Creek Field - Walton District
Roane County, West Virginia

PRODUCED GAS ANALYSES
August 8, 1979

Shaffer No. 1 Shaffer No. 4
Mol % Mol %

Specific Gravity 1.5202 1.3974
Methane -~ Trace ‘ 17.67
‘Ethane : 0.20 ‘ 14.08
Propane 0.13 18.61
Iso-Butane 0.03 3.98
N-Butane 0.08 7.44
~Iso-Pentane 0.03 2.05
N-Pentane 0.02 1.52
Hexane 0.97
Oxygen 0.09 -
Nitrogen 0.76 0.27
Carbon Dioxide. 98.66 : 33.41
Hydrogen '

Total ' 100.00 100.00

-16-



APPENDIX E

History of Carbon Dioxide Injection

E. Lewis P.I. No. I

=

. Shaffer P.I. No. 2

. "Shdffer P.I. Ho. 3

[ S
==

H. Looney P.I. No. 4

»
o

. Elmore P.I. No. 5
L. W. Shaffer P.I. No. 6

Total Injection or
Average Pressure

Cumulative Injection

E. Lewis P.I. No. 1

W. Shaffer P.I. No. 3
. Looney P,I. MNo. 4
. C. Elmore P.I. No. 5

~ = e
=

. W. Shaffer P.I, {lo. &

Total Injection or
Average Pressure

Cumulative Injection

W. Shaffer P.I. Ho. 2

ROCK CREEK PTILOT CARBON. DIOXIDE PROJECT
-HISTORY OF CARBON DIOXIDE INJECTION

January, 1979

February, 1979

March, 1979

Inj., Avg. Inj.,  Avg. Inj., Avg. Res. Bbls.
, Tons WHP Tons WHP Tons WHP @1400 psia
0 -- 75.20 850 270.23 725 2,445.6
0 -- 15.90 755 295.65 840 2,205.8
0 -—- 40,60 675 259.16 745 2,122.3
0 -—- 15;70 545 264.30 675 1,982.4
0 -- 98.30 925  335.96 755  3,074.6
Q -- 89.40 795 /223.47 620 2,215.1
0 -- 1500 755 1,648.77 -~ 725  14,045.8
0 335.10 1,983.87
April, 1379 May, 1979 June, 1979
Inj., Avg. . -Inj.,  Avg. Inj., Avg. Res. Bbls.
Tons WHP Tons WHP Tons WHP @14C0 psia
735.25 880 449.87 780 269.28 750 12,742.8
707.52 . 1150 469.10 830 293.96 750  12,617.5
778.37 945 465.26 820 - 318.95 785 13,185.3
787.13 730 462.51 725 309.19 755 13,061.4
772.85 955 © 469.85 905 308.01 800  14,0%3.6
481.10 ' 1O4O;V 449.28 835 302.75 780 10,945.7
4,262.22 950 2,771.87 825 -1,802.14 770 76,806.3
6,246.09 9,017.96 +10,820.10

-17-



Bblis.

Monthly Water Injection,

CO, TONS

Average Pressure, PSIG

APPENDIX F

Graphical History of Carbon Dioxide Injection

ROCK CREEK PILOT CO, PROJECT

INVECTION HISTORY
E. Lawis P.l, No. |
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CO, TON

Bbls.

Monthly Water Injection,

Averdge Pressure, PSIG
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CO, TONS
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Monthly Water Injection,

Average Pressure, PSIG
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Monthly Water Injecfi‘bn, Bbis.

CO, TONS

Average Pressure, PSIG

ROCK CREEK FPILOT €O, PROJECT
INJECTION HISTORY
J. H. Looney P.l. No. 4
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CO, TONS

Bbls.

Monthly = Water .Injection,

~Average Pressure, PSIG
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CO, TON

Bbis.

Monthly Water Injection,

Average Pressure, PSIG

ROCK CREEK PILOT CO, PROJECT
INJECTION HISTORY
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APPENDIX G

History of Water Injection

ROCK CREEK PILOT CARBON DIOXIDE PROJECT
HISTORY OF WATER INJECTION

October, 1976 “November, 1976 Decamber, 1976

inj., Avg. inj., Avg. Inj., "Avg,

Bbis. WHP - Bbls, WHP Bbls., WhP
E. Lewis P.I. flo. 1 ——— - a—— - - ———
L. W. Shaffer P.I. No. 2 -e- -—- — - - —-
L. W. shaffer P.I, No. 3 - == —— -—- ——- -
J. H. Looney P.I. Mo 4 eem ame o oeen - - -
R. C. Elmore P,I. Ho. § - ——— ——— ——— ——— ——-
L. W. Shaffer P.I. No. 6 -- - - —- - —
R. C. Elmore WIW No. 1 1,785 Q 2,461 0 4,479 0
R. C. Elmore WIW No. 4 1,244 510 2,326 825 2,263 800
E. Lewis WIW No. 17 1,909 730 3,288 | 820 3,318 800
E. Lewis WIW No. 18 1,754 750 3,196 785 2,951 800
E. Lewis WIW No. 27 ——- -—- 2,878 715 k3,016 800
E. Lewis WIW No. 28 1,390 . 660 1,926 705 ’ k1,342. 765
E. Lewis WIW No. 29 —— - 967 725 1,198 815
J. H. Looney WIW Mo, 1 1,928 190 3,646 380 4,723 430
J. H. Looney WIW No. 5 S 1,768 2750 . 1,326 800
L. W. Shaffer WIW No., 2 1,923 | 0 2,615 0 5,139 0
L. W. Shaffer WIW No. 8 2,046 405 3,417 350 3,156 435
L. W. Shaffer WIW Ho. 10 -—- ——— 637 800 . 287 805
L. W. Shaffer WIW No. 11 -—- - 452 815 327 845
Total Injection or

Average Prassure 14,579 - 405 29,627 590 33,5825 630

Cumulative Injection 44,206 77,731
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ROCK CREEK PILOT CARBON DIOXIDE PROJECT
HISTORY OF WATER IMNJECTION

[l — ~ ~ < s .m m
. .

Continued
January, 1977 February, 1977 tarch, 1977
Inj., Avg. Inj., Ava, Inj., AVg.
8bls. WHP © Bbls. WHP Bbls. WHP
E. Lewis P.I.-No. 1 ——— ——- - —— —- -
L. W. shaffer P.I. to. 2 am- . -— - ——— ——-
L. W. Shaffer P.I. llo. 3 - — .- - - ———
J. H. Looney P.I. ilo. 4 ‘ —e- -—— -— ——— ——- -
R. C. Elmore P.I. No. § ——— —— ——— - ——— -~
L. . Shaffer P.I. No. 6 - - - - - -
R. C. Elmore WIH RNa. 1 4,895 0 7,273 0 - 8,558 0
R. C. Elmore WIW No. 4 2,250 805 2,213 845 2;547 ,'810
E. Lewis WIW No. 17 601 800 2,279 795 3,117 775
E. Lewis WIW No. 18 2,990 800 2,56 340 2,595 810
E. Lewis WIW No. 27 2,696 805 1,687 853 1,814 810
. Lewis WIW No. 28 1,326 765 1,194 795 3,027 740
Lewis WIW No. 29 1,081 820 782 870 685 860
. H. Looney WIW No. 1 3,658 515 6,259 815 6,527 '800
. H. Looney WIW No. 5 1,344 820 1,101 870 1;073 860
'R Shaffer'HIw Mo, 2 7,174 ‘0 7,637 0 3,334 0
W. Shaffer WIW No, 8 3,785 575 4,328 790 3,961 690
. W. Shaffer WIW Mo, 10 356 815 191 863 178 835
. W, Shaffer NIH Ho. N 484 850 267 885 277 865
Total Injectioh or
Average Pressure 32,640 645 37,772 710 43,693 680
Cumulative Injection 110,371 148,143 191,33
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ROCK CREEK PILOT CARBON DIOXIDE PROJECT
HISTORY OF WATER INJECTION

Continued
April, 1977 May, 1977 June, 1977
In3., Avg, Inj., Avg, Inj., Avg.
- Bbls.. WHP Bbls, WHP Bbis. YWHP

E. Lewis P.I. No. 1 624 535 2,603 815 3,17 605
L. W. Shaffer P.I. No. 2 662 700 4,622 820 5,816 900
L. W. Shaffer P.I. No. 3 380 715 1,501 890 2,126 905
J. H, Looney P.I. No. 4 648 75 2,304 880 2,471 €15
R. C. Elmore P.I. No, § 673 610 5,230 765 5,700 | 825
L. Y. Shaffer P.I. No. 6 818 465 3,799 400 5,506 345
R. C. Elmore WIW No. 1 5,166 0 12,738 0 7,422 0
R. C. Elmore WIW No, 4 2,643 755 2,345 810 . 2,694 945
E. Lewis WIW No. 17 3,376 790 3,985 875 4,5f2 955
E. Lewis WIW No. 18 2,406 790 3,039 830 3,177 940
E. Lewis WIW No. 27 2,720 790 3,969 860 4,303 945
E. Lewis WIW No., 28 4,899 630 4,495 825 5,005 915
E. Lewis WIW No. 29 | 976 825 1,016 885 . 2,537 935
J: H. Looney HIW Ho. 1 5,905 775 6,223 845 6,450 939
J. H. Looney WIW Ha, S 1,359 ‘805 4,421 775 4,70 605
L; W. Shaffer WIW No. 2 4,418 0 6,451 o} 4,946 -0
L. W. Shaffer WIW MNo. 8 3,957 630 « 4,442 840 4,824 920
L. W, Shaffer WIW Ho. 10 253 825 2,920 865 4,343 960
L. W. Shaffer WIW No. 11 473 810 4,236 840 ' 4,454 955
Total -Injection or . ,

Average Prassure 42,350 645 - . 80,329 725‘ 85,294 745
Cumulative Injection 234,186 ' 314,525 399,3119
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ROCK CREEX PILOT CARBON DIOXIDE PROJECT
HISTORY QOF 4ATER IMJECTION

Continued
July, 1977 August, 1977 Seotember, 1977
Inj., Avg. Inj., Avg. Inj., Avg,
Bbls. WHP Bbis., WHP Bbls, WHP

E. Lewis P.I. No. 1 3,701 390 4.104 715 3,977 770
L. W. Shaffer P.I. No. 2 3,205 845 3,777 940 3,344 . 920
L. W. Shaffer P.I. No. 3 3,773 885 3,851 1030 2,967 1040
J. H. LooneyP.I, No. 4 4,363 475 5,053 87% 4,172 820
R..C. Elmore P.I. No, 5 4,080 660 3,883 795 4,097 835
L. W. Shaffer P.I. No. § 3,441 235 4,745 379 5,439 605
R. C. Elmore WIW No. 1 7,601 a 6,415 0 10,332 40
“R. C. Elmore WIW No. 4 2,876 950 3,068 1025 2,936 1045
E. Lewis WIW No. 17 4,145 970 0 - 226 325
E. Lawis WIW No. 18 3,329 965 3,444 1035 3,071 1020
E. Lewis WIW Mo. 27 4,987 970 5,178 1045 4,352 ‘1630
E. Lewis WiW Mo, 28 5,274 900 5,776 985 4,331 940
E. Lewis WIW No. 29 2,759 925 4,524 1035 3,655 ’915
J. H. Looney WIW No. 1 6,487 930 6,494 980 5,932 1015
J.-H. Looney WIW -No. 5 5,480 ‘895 6,169 860 5,918 755
L. W, Shaffer WIW No. 2 8,383 - ] 6,236 0 7,456 0
L. W. Shaffer WIW No. 8 4,918 940 5,260 1015 5,056 935
L. W. Shaffer WIW No. 10 5,354 960 5,204 1040 4,41 980
L. W. Shaffer WIW No. W1 4,601 965 5,215 7 1040 4,825 . 1020

‘Tota1 Injection or
~ Average Pressure 83,767 720 88,397 320 87,047 790

Cumulative Injection ‘ 488,536 . 576,983 664,030
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Total

Lewis P.I. No.

Looney P.I.

Elmore P.I.

WIW No.

ROCK CREEK PILOT CARBON DIOXIDE PROJECT
HISTORY OF YATER IMJECTION

1

W. Shaffer P.I. No. 2
.'Shaffer P.l. YNo. 3

No. 4
No. 5

Shaffer P.I. No. 6

No. 1
Na. 4
17
18
27
28
29
No. 1

No. 5

~n

WIW No. 8
WIW Mo. 10
WY Mo, 11

Injection or

. Average Pressure

Cumulative Injection

7
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Continued

October, 1977 ‘

Hovember, 1977

December, 1977

Inj., ‘Avg. InJ., Avg. Inj., Avg.,
Bbls, WHP Bbls. WHP Bbls. WHP

1,627 745 4,236 685 4,452 945
4,511 1015 3,570 1040 2,987 1055
3,083 1120 2,354 1155 1,979 1160
4,438 865 4,168 930 3,957 1110
3,495 775 . 4,328 880 4,682 1035
4,534 660 4,304 750 3,775 955
10,589 225 9,779 315 12,393 565
3,060 1055 2,883 1075 2,892 1070
3,383 870 1,854 385 3,310 320
3,299 1075 2,957 1090 3,978 1080
4,429 1090 3,606 1095 3,177 1095
3,590 890 2,980 965 2,491 1000
2,603 765 2,131 815 2,032 860
5,190 .-805 4,717 925 5,119 990
6,007 825 5,373 865 5,672 950
10,064 90 11,448 195 19,072 245
4,383 815 4,072 840 4,530 945
3,949 910 3,899 1020 3,759 1085
4,825 1035 4,523 1075 4,267 1095
87,029 830 83,182 845 85,522 950
51,059 834,241 " 919,763



ROCK CREEK PILOT CARBON DIOXIDE PROJECT
HISTORY OF WATER INJECTION

Continued

January.‘1§78 Februérv. 1978 March, 1973

Iny., Avg. Inj., Avg., Inj., “Avg,

Bbls, WHP Bbis, WHP Bbls. WHP
E. Lewis P.I. No. 1 3,317 1070 2,889 N.R.* 2,667 1025
L. W. Shaffer P,I, MNo. 2 2,381 1065 1,484 H.R, 1,239 1220
L. W. Shaffer P.I, Mo. 3 1,653 1150 1,090 H.R. 741 1000
J.-H.-Leoney P.I.:No. 4 45125 1108 3,282 LR, 3,188 1070
R. C. Elmore P.I. No. 5 4,826 1090 45251 N.R. 4,350 1050
L. W. Shaffer P.I. No. 6 3,344 1100 3,984 I - 4,272 1045
R. C. Elmore WIW Mo. 1 4,124 725 0 == 0 -
R. C. Elmore WIW No. 4 2,691 1065 2,319 N.R. . 2,460 1040
E. Lewis WIW No. 17 4,203 855 4,425 M.R. 5,225 985
E. Lewis WIW No. 18 4,753 1065 4,664 t.R. 5,471 1000
E. Lewis WIW No. 27 2,790 1090 2,282 N.R. 2,138 1050
E. Lewis WIW No. 28 2,572 890 - 2,048 N.R. 1,855 990
E. Lewis WIW No, 29 2,777 980 3,144 H.R. 3,276 1045
J. H. Looney WIW Mo. 1 4,588 895 4,199 N.R. 4,247 1030
J. H. Looney WIW No. 5 5,493 955 4,745 M.R. 4,868 1025
L. W. Shaffer WIW No. 2 10,866 430 12,544 N.R. 15,220 945
L; W, Shaffer WIW No. 8 4,191 975 3;360 N.R. 3,292 975
L. W, Shaffer WIW No. 10 3,099 1085 2,064 N.R. 1,468 1050
L. W. Shaffer WIW No, 11- 4,064 1085 3;439 N.R. 3,330 1055
Total Injection or . '

Average Pressure 76,357 935 66,213 985 - 69,308 102Q

Cumulative Injection ‘ 996,120 ‘ 1,062,333 . 1,131,638

*Not Recorded
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ROCK CREEK PILOT CARBOM DIOXIDE PROJECT
HISTORY OF WATER INJECTION
i Continued )

-30-

April, 1978 May, 1978 June, 1978
Inj., Avg. inj., Avg. Inj., *  Avg,
Bbls. WP Bbs. WHP Bbls., WHP

E. Lewis P.I. No. 1 2,432 1070 2,225 1030 2,177 1120
L. M, Shaffer P.I..No. 2 751 1045 910 1060 1,142 1075
L. W. Shaffer P.I. No. 3 814 1140 1,595 1115 1,176 1170
J. H. Looney P.I, No. 4 2,769 s 2,791 1065 2,586 1055
R. C. Elmore P.I. No. 5 3,873 115 3,789 1050 3,883 1110
L. W. Shaffer P.I. No. 6 2,951 1020 720 810 3,574 1120
R. C. Elmore WIW No. 1 1,371 450 4,773 768 3,696 130
R. C. Elmore WIN No. 4 2,319 1090 2,253 1035 2,128 1090
E. Lewis WIW o, 17 3,453 825 549 480 2,325 1100
E. Lewis WIW No. 18 4,406 940 6,342 1040 4,266 730
E. Lewis WIW No. 27 1,444 1085 605 990 1,491 1090
E. Lewis WIW No, 28 1,639 1015 1,484 990 1,823 1040
E. Lewis WIW No. 29 2,873 1080 m 1065 2,294 1030
J. H. Looney WIW No. 1 4,090 1075 4,080 1035 3,815 1085
J. H. Looney WI4 No. 5 4,487 1070 3,775 975 4,268 . 1075
L. W. Shaffer WIW Ho. 2 14,703 970 13,864 975 8,001 750
L. W. Shaffer WIN No. 8 3,241 1035 3,314 975 3,123 1060
L. W. Shaffer WIW Mo. 10 1,480 820 1,696 980 1,907, 1105
L. W. Shaffer Wi No. 11 2,867 1090 2,703 1040 1,851 "‘des |
Total Injection or :

“ Average Pressure 61,563 1000 58,239 975 55,526 1005
Cumulative Injection 1,193,201 1,251,440' 1,306,966



ROCK CREEK PILOT CARBOM DIOXIDE PROJECT
HISTORY OF WATER INJECTION

m

Continued

July, 1978 Auqust, 1978 September, 1978

Inj., Avg. Inj., Avg. Inj., Avg.

Bbls..  WHP Bbls.  WHP Bbls.  HHP

E. Lewis P.I. MNo. 1 2,533 1045 2,824 1085 2,307 1075
L. 4. Shaffer P.I. No. 2 1,348 1065 1,414 1065 2,300 1085
L. . Shaffer P.I. Ho. 3 1,181 1165 1,177 1160 1,698 1150
J. H. Looney P.I. Mo. & 2,876 1085 2,34 1110 2,870 1120
R. C. Elmore P.I. No. 5 3,23 1110 2,957 1110 2,414 120
L. W. Shaffer P.I. Mo. & 3,049 1125 3,152 1130 3,321 1120
R. C: Elmore I No. 1 9,383 625 9,267 775 7,916 740
R. C. Elmore WIW No. 4 1,199 885 1,720 1100 1,556 1105
E. Lewis WIN No. 17 2,625 1120 2,634 1110 2,967 1105

. Lewis WIW No. 18 3,815 615 551 755 0 --
E. Lewis NIW Ho. 27 1,627 1108 1,54 1105 1,338 1110
E. Lewis WIW No. 23 2,175 1025 2,398 1020 2,636 1020
E. Lewis WIN Mo. 28 2,243 1100 1,981 1105 1,737 1105
J. H. Looney WIW No. 1 3,600 1095 3,382 1080 2,930 1055
J. H. Looney HIt'Ho. § 4,065 1050 - 4,059 1085 3,841 1085
L. W. Sheffer WIK No. 2 3,077 700 4,529 305 499 440
L. W. Shaffer WIM flo. 8 3,110 1065 2,922 1065 2,630 1070
L. W. Shaffer WI¥ No. 10 1,838 1085 2,383 1090 2,3 1115
L. W. Shaffer WIK No. 11 2,064 1065 2,335 1070 2,216 1080

Total Injection or S '

Average Pressure 55,040 1010 54,259 1015 48,123 103

Cumulative Injection 1,362,006 1,416,265 1,464,388
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E. Lewis P.I. No. 1

ROCK CREEK PILOT CARBON DIOXIDE PROJECT
HISTORY OF WATER INJECTION
Continued

. W. Shaffer P.I. No. 2

C. Elmore WIW No.

o = i~ g (= — ™
. . . . . .
o

C. ETmore WIW No.
Lewis WIW No. 17
Lewis WIW No. 18

m m m
. .

. Lewis WIYW No. 27

m

Lewis WIW No. 28
. Lewis WIYW Mo. 29

< m

. H.-Looney WIW No.
J. H. Looney WIW MNo.

L. W. Shaffer WIW No.
L. W. Shaffer WIW No.
L. ¥W. Shaffer WI¥W No.
L. W. Shaffer WIW No.

Total Injection or
Average Pressure

Cumulative Injection

1
4

1
5

W. Shaffer P.I. No. 3
H. Looney P.I. No. 4'
- Elmore P.I. No. 5

W. Shaffer P.I. No. 6

2
8
10
11

October, 1978

Movember, 1978

December, 1978

Inj., Avg. Inj., Avg. Inj., Avg.
Bbls. WHP Bbls. WHP Bbls. WHP
2,971 1080 2,896 1045 2,343 935
2,122 1075 1,961 1045 1,757 935
1,842 1155 1,532 1125 2,174 1025
3,043 1135 2,671 1095 2,771 995
2,366 1125 2,122 1080 2,229 985
3,411 1135, 3,640 1020 2,361 790
8,703 855 3,352 460 8,900 760
1,507 . 1105 1,472 1080 1,386 975
3,166 1110 810 1095 488 1005
0 - 212 1050 2,100 975
1,218 1110 1,209 1080 1,278 1015
2,948 1030 3,064 1000 2,982 920
1,€01 1100 1,788 1080 1,661 995
3,009 1100 2,849 1080 2,686 1005
3,847 1085 3,818 1065 3,737 990
2,066 835 1,666 995 2,929 - 955
2,487 1060 2,383 1035 12,284 950
2,220 1105 2,123 1085 1,742 980
2,308 1110 2,218 1085 1;300 1015
50,835 1075 41,786 1030 47,608 960
1,515,223 1,557,009 1,608,517
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ROCK CREEK PILOT CARBON DIOXIDE PROJECT
HISTORY QOF WATER INJECTION

1

Shaffer P.I. No. 2

Looney P.I.

‘Elmore P.I.

. Shaffer P.I. No. 3

No. 4
Ho. 5

Shaffer P.I. No. 6

. Elmore
. Elmore
Lewis WIW
Lewis WIW
Lewis WIW A
Lewis WIW
Lewis WIW
. Looney

. Looney

WIW

WIW

No.

No.

Mo. 1
No. 4
17
18

. 27

No.

No.

WIW

WI

W

-anaffer WId Mo, .

28
29
No. 1
No. 5

n

. Shaffer WIW No. 8
. Shaffer WIW No. 10
. Shaffer WIW No. 11

Total Injection or
Average Pressure

Cumulative Injection 1,
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Continued

January, 1979

February, 1979

March, 1979

Inj., Avg. Inj., Avg. Ing., Avg.
Bbls. WHP Bbls. WHP Bbls. WHP
2,303 975 1,202 975 0 --
1,654 970 909 955 0 --
2,108 1060 1,108 1055 0 -
2,639 1035 1,503 1040 0 --
2,143 1035 1,182 1040 0 --
2,199 910 1,482 980 581 1120
9,660 985 8,400 1020 5,604 610
1,254 1015 1,131 1040 1,305 1085
529 1020 414 1045 411 1000
2,122 985 1,915 1015 2,158 1015
1,193 1025 983 1050 1,342 1090
1,929 930 2,075 970 2,132 1000
1,288 1010 1,058 1035 962 7150
2,689 1015 2,542 1040 3,069 1090
3,609 1010 3,027 1035 3,722 1085.
2,853 975 2,843 995 2,836 990
2,231 965 2,008 985 2,472 1020
1,604 1020 1,161 1050 1,283 1080
1,765 1030 1,501 1040 1,818 1100
45,769 1000 36,044 1020 29,695 1000
650,386 1,686,430

1,716,125



ROCK CREEK PILOT CARBON DIOXIDE PROJECT
HISTORY OF WATER INJECTION

Continued
fpril, 1979 May, 1979 June, 1979
Inj., Avg. Inj., Avg. Inj., Avg.
Bbls.  WHP_ Bbls. WHP Bbls.  HP
E. Lewis P.I. No. 1 0 - 0 - g -
L. W. Shaffer P.I. No. 2 0 o 0 - £ -
L. M..Shaffer P.1..Mo. 3 0 - © 0 - -0 -
-J. H, Looney P.I. No. 4 0 -- 0 - 9 -
R. C. Elmore P.I. No. § . 0 -- 0 -- 0 .
L. W. Shaffer P.I. No. 6 . 992 1110 0 - : -
R. C. Elmore WIW No. 1 6,386 540 6,068 795 5,191 775
R. C. Elmore WIW No. 4 980 955 1,011 1145 1,205 - 1165
E. Lewis WIN No. 17 326 990 266 1000 251" 1000
E. Lewis WIW No. 18 1,226 980 1,172 1000 1,314 1000
E. Lewis WIW No. 27 1,222 1085 1,090 1145 1,147 . 1165
‘E.'Lewis NIN No. 28 2,136 1055 2,624 1070 3,627 1060
E. Lewis WIW Mo. 29 1L.17 - e30 1,021 1160 1,000 1175
J. H. Looney WIW No. 1 - 2,266 920 2,435 1150 2,670 1170
J. H, Looney WIW No. 5 3,325 1060 3,386 1135 3,301 1165
L. W. Shaffer WIW No. 2 1,359 1000 940 1000 1,327 - 1000
L. W. Shaffer WIW No. 8 2,189 1030 2,156 1105 . 2,293 1120
L. W. Shaffer WIW No. 10 953 1115 918 1155 1,098 1170
L. W. Shaffer‘WIw No. 11 1,318 1125 1,149 M55 1,298 1175
Total Injection or . . )
Average Pressure 25,795 985 24,236 1080 25,722 . 1085
Cumulative Injection 1,741,920 ‘ 1,765,156 1,791,878
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Bbls.

Monthly Water lnjecﬂon,‘

Average Pressure, PSIG

APPENDIX H

Graphical History of Water Injection

ROCK CREEK PILOT CO> FPROJECT
INJECTION -HISTORY
R. C. Elmore WIW No. .
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Bbls.

Monthly Water Injection,

Average Pressure , PSIG

ROCK CREEK FILOT €O, PROJECT
INJECTION HISTORY
R. C. Elmore WIW No. 4
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Bbis.

Monthly Water Injection,

Average Pressute, PSIG

ROCK CREEK PILOT CO, PROJECT
INVECTION HISTORY
E. Lewis WIW No. 18

] ! T ] T X
! : i
? ! r ; !
‘ % | :
1 . : :
? i ’ !
; i
! i .
|
|
100, 000! !
0. :
8o ¥ .
70: i i | % } |
50, I | @
40 ; . X i
i 5 | |
30+ - :
o I |
20~ — :
; ; ; *
10,000 ‘ ? |
h | : |
SE ; ] i
f i = :
o ; : L
' : : T n ]
3 = I~ il 8 | ~ !
;w“ﬁ—-Water Injection i ; '
2 : 5 : ' =LY
o |
i ]
IR 1L
I,OOQi ! e S GLE,.... ~—— :
8 L 4 : \ : T ;
T i s ~ ; \ 1/ E 1
6. ’ ; : Y Z—laveraqe Pressure 1
H H T
CR L i : i !
.l i i
3
2
oo LHLLEL L bl ey PP el DL ]
- JFMAMJJASONDIUFMAMJ J.AS ONDIJFMAMJ JASOND‘JF.MAMJJASOND!\JFMAMJJASOND‘

1976 1 1977 | 1978 I 1979 | 1980

-37-



Bbls.

Monthly Water 1njecﬁon.

Average Pressure, PSIG

ROCK CREEXK FILOT CO, FROJECT
INJECTION HISTORY
E. Lewis WIW Na 27
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Average Pressure, PSIG

Monthly Water Injectfion, Bbls.

ROCK CREEK FILOT €O, PROJECT
INJECTION HISTORY
E. Lewis WIW No. 28
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Bbis.

Monthly  Water Injection,

Average Pressure, PSIG

1,00

ROCK CREEK PILOT €O PROJECT

INJECTION HISTORY
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100,000
90

80T

T0

60

50

40

30

tWater |hjection

L et e

\ /-

)
{

-

v

1

rarey. xtle/

1
i
i
1

E-3

rAverage

Pressure

100

REEE

ARRREREERE

LI

LU

L[] ]

EESEIRNENY

JFMAMJJASOND

JEFMAMJJ ASCON

JFMAMJ JASOND[JFMAMJ JASOND

JFMAMJ JASOND

1976

1977

1978

1
|

1979

1980

-4(Q-



Bbis.

Monthly - Water Injectlon,

Average Pressure, PSIG
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Bbls.

Monthly . Water injecﬂon,

Average Préssure, PSIG

ROCK CREEK PILOT CO> PROJECT

INJECTION HISTORY
J. H. Looney WIW No. §
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Monthly Water rﬁ‘jecﬂon, Bblis.

Average Preséure. PSIG

ROCK CREEK P/LOT COZ PROJECT
‘ INJECTION HISTORY
L. W. Shaffer WIW No. 2
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Bbls.

Monthly Water lajection,

Average Presiure, PSIG

ROCK CREEK PILOT CO, PROJECT
INJECTION HISTORY
L. W. Shaffer WiW No 8
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Bbls.

Monthly Water In‘fecflon,

Average: Pr-es':'-;'ure , PSIG

ROCK CREEK PILOT COp, PROJECT
. INJECTION HISTORY
L. W. Shaffer WIW No, 10
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Bblis.

Monthly Water injectlon,

Average Pressure, PSIG

ROCK CREEK PILOT CO, PROJECT
INJECTION HISTORY

L. W. Shaffer WIW No. 1]

] I : . ] :
= T : ; ; ; :
v T M T O
i 1 H : ; :
i | i i
¥ ; 4 : : '
{ : i : !
; . z 5 !
i i i - | !
| . BEEE N
| | | |
| ? | |
100, 0C0: ‘ i ; ?
90~ - : - . ;
80 - - ; : -
10 , . . - . - ;
GG‘ i i N i i i
so-. : ! ; { | |
‘ i i ‘1 i
40 H . N ! |
A T
30+ : A
| | | i
| ! ! ! ;
20 = . -
.
i ¥ i
3 | |
10,000 : . |
a- ; . _ i
7 - ; ‘ ; !
& : ! : : !
i i : i i I
5= —F : : :
t
4 el U ?
; ! s = i
" 1 | b le— ‘
i i ! o ) Water Injection
2- ' j S —
: |
. i |
1,000 _ : :
s , : :
7: i i '
(-3 i R i 1
5. | !
; A B | ;
41 + B
| U | |
- |
2 ? i
|
i |
N TeloRRaRAREERERN] Hl,l!!!}!i‘uillli L L L L
JFMAMJUASOND|JFMAMJJASONDIJFMAMJ JASONDIFMAMJ JASONDIJFMAMJY JASOND
1976 1977 ! 1978 i 1979 1980

_46-





