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ABSTRACT

OBJECTIVE

The objective of this field test is to evaluate and demon-
strate the effectiveness of using CO injection to recover
high gravity crude oil from shallow Gatered-out reservoirs.
The estimated recovery potential from the flood pattern of
six (6) acres is approximately 50,000 barrels. The work
will be conducted in five (5) phases as follows: ’

Phase 1--Preliminary Testing and Construction,
Water Injection, and Plant Construction

Phase 2--Natural Gasoline Injection
Phase 3--C0, Injection
Phase 4--Carbonated Water Injection

Phase 5--Water Injection

SUMMARY

The year's activity can best be described as disappointing.
With the conclusion of CO, injection in June 1977, the
fifth phase of the project, water injection, began. While
we did not reach the required injection rate of 50 barrels
per well per day, we were able to maintain a reasonable
rate due to the many changes made in the injection system
during the summer of 1977. Total injection for the period
was 64,535 barrels or 44.2 barrels per well per day. In
addition to mechanical changes in the injection system,

it was also necessary to treat the injection wells to re-
lieve the high reservoir pressures encountered.

While injection was about as expected, production was
another story. Peak oil production was reached in June
1977 at 2440 barrels. When water injection was resumed
during the month, o0il production began a decline that
continued throughout the period. By June 1978, production
had declined to 1340 barrels. Water production throughout
the period continued to increase. During the winter and
spring of 1978, discussions were held with D.0.E. to deter-
mine what steps could be taken to obtain further data to



evaluate the project. As of June the problem had not
been resolved.

Through June 30, 1978, approximately &,560 barrels of 011
had been produced as a result of CO2 injection

INTRODUCTION AND REVIEW

The Granny's Creek Field was drilled in the period from
1916 to 1944 and at present is being waterflooded by
Columbia on the southern 350 acres and by Pennzoil in the
northern part of the field.

The waterflood was initiated in 1964 by, a then subsid-
iary of Columbia Gas System, Preston 0il Company, with a
10 acre pilot project consisting of 6 water injection wells
and 3 producers. Approximately 4000 barrels per acre of
seconaary 0il was recovered with an approximate response
time of 2 1/2 years.

Subsequently, in early 1975, the Columbia Gas Transmission
Corporation, acting in conjunction with the Morgantown
Energy Research Center and the Pennzoil Company, drilled
an additional well inside the pilot area as part of the
Energy Research and Development Administration's continu-
ing program for furthering the use of fracture systems
for secondary recovery. In addition, residual oil satu-
ration was determined and the feasibility of initiating a
miscible flood process to recover additional oil was
investigated.

Upon completion of the core analysis, log analysis, mis-
cibility studies, fracture orientation determination and
other important conSiderations, the reservoir conditions
appeared to be favorable for a tertiary recovery project
utilizing a miscible flood technique.

During the preliminary testing and design phase of the
project, three basic questions arose:

1. Is the residual oil saturation after waterflood
high enough to warrant an attempt for tertiary
oil?

2. How big a '"'slug' of co, should be injected?

3. Should it be injected in one mass or in stages?



The first of these questions was answered by core analy-
sis from a test well in the proposed pilot area as dis-
cussed above (an indicated 35%). -On question #2 - based
on the "'state of the art" at the time, it was determined
that a minimum of 4000 tons of CO, and a maximum of 8000
tons of CO, could be injected and“give satisfactory re-
sults. This maximum and minimum was determined using the
two prevailing methods of calculation, i.e., 200 scf/bbl.
of 0il, or 5% of the pore volume. The actual slug size
was to be determined by observing and analyzing data as
it was collected. On #3 - the '"state of the art' also
indicated that the CO, slug should be injected in one
mass followed by altefnate slugs of 'carbonated" water.

Columbia began construction of the project in August, 1975
with the resumption of water injection into the 6 original
pilot input wells in an attempt to repressure the reser-
voir to 1000 psi. Periodic bottom hole pressure tests
were run on the inside producers to determine if this were
being achieved. During the period from August, 1975, to
June 1, 1976, wells were reworked and CO, storage and in-
jection equipment was ordered and installed.

292 AND WATER INJECTION

On June 1, 1976, approximately 300 barrels of gasoline
was injected to promote miscibility and on June 2, 1976,
CO2 injection began. '

While original plans called for the injection of 36 tons
per day, the actual injection averaged 45-50 tons per
day. During the latter part of July and early August, o,
was detected in the produced gas of both the inside and
outside producers. After extensive testing and study,

it was decided that enough CO, had been injected so that
water could be injected withofit an adverse effect on the
CO, slug. Subsequent to the injection of 1000 barrels of
wa%er per well, it was decided to alternate future in-
jection of CO, with water, so that each well would follow
the overall sChedule listed below:

i) 800 Tons COZ*
2) 1000 Barrels“Water
3) 500 Tons C02
4) 850 Barrels“Water
5) 400 Tons C02
6) 680 Barrels™Water
7) 300 Tons CO2
8) 510 Barrels“Water



This schedule was followed with little difficulty until
mid-December when the worst winter on record set in.

From mid-December, 1976 to mid-March 1977, CO, was
virtually non-existant in Appalachia due to t%e natural
gas crisis in the area. An attempt was made to inject
water during this period, however, this was extremely
difficult due to constant freeze-ups. As a result, reser-
voir pressure declined 400-500 pounds. ’ '

In mid-March, CO, began to be available although it was
necessary to brifig it in from northwestern Ohio. Due to
the distance involved, and the expense, we resumed in-
jection with about 1/2 to 2/3 of the daily requirements
of the project. However, this did arrest the decline in
pressure and even increased it slightly. ‘

When CO, became available again locally in April, it
was decided that the remaining CO, would be injected in
one slug rather than resuming the“various cycles of the
wells. It was also decided to add an additional 1000

tons of CO, after the 8800 tons in the original proposal
had been ifijected.

CO2 injection was completed on June 14, 1977, and water
injection resumed. Cumulative injection of CO2 per well
is as follows:

#2020 #2022 #2023 ‘ #2025
2,364 Tons 2,794 Tons 2,264 Tons 2,456 Tons
B Total: 9,878 Tons

With the conclusion of CO, Injection, Phase V, or the
water injection phase of %he project began. Although this
phase called for the injection of 50 barrels per well per
day for a total of 200 barrels per day for the project,
we actually reached this total on few occasions. The
reasons for this were mainly high reservoir pressures and
down time caused by power outages and maintainence. How-
ever, we were able to maintain a reasonable injection
rate even throughout the winter of '77-78. This was ac-
complished by treating the wells to increase injection,
re-burying the lines and rebuilding the water plant to
prevent freeze-ups, and re-vamping the water system to
provide for additional water supply. Except as discussed
above, the water injection phase during the period July
1977-June 1978 was fairly routine.



Total water injected during the period is as follows:-'

Well No. Annual Inj.(bbls)  Daily Av. -
2020 | 14,720 40.33
2021 13,779 37.75
2023 18,930 51.86
2025 17.106 4686

Total 64,535 - 176.81,

During the spring of 1978 adjustments were made on the
injection rates of 2025 and 2023 in order to improve the
balance of the flood, however it occurred too late in
the period to be noticeable. R

~ PRODUCTION

Prior to June 15, 1976, all wells in the field except the
4 wells inside the pattern were pumped into a central tank
battery and production allocated on the basis of pumping
time. The 4 wells inside the pattern were shut-in for
periodic B.H.P. testing. On June 15, construction of
lines and tank sites had been completed and the 12 wells
involved in the project began producing into an individual
tank for each well. Flow testing for different periods

of time was initiated on the inside producers June 3, 1976
and continued until July 1, 1976. -

b

From July 1, 1976 until August 30, 1976, these wells
flowed 24 hours per day. On August 30, 1976, all of the
inside producers, except Well No. 4254 had been shut-in
and since that time have been used for reservoir testing
~only. During the fall of 1976, bottom hole pressure tests
indicated a higher productive capacity in Well No. 4254
than the well was actually producing, although increases
in production had been noted.

The well was therefore treated with carbon bisulfide, re-
conditioned and given a light fracture treatment .in an y
effort to stimulate production. Production then increased
from approximately 30 barrels per week to 60 barrels per
week and was steadily climbing when winter arrived.



As pressure declined due to lack of sufficient injection
media, production in the well declined to approximately
20 barrels per week. The cycle was repeated with the
resumption of CO, injection and the well again reached a
peak production Of approximately 60 barrels per week.
Since all indications pointed to a higher productive
capacity for the well, the decision was made to pump the
well instead of allow1ng it to flow.

Almost immediately after pumping operations were started,
0oil production began an almost steady decline and water
production began a steady increase. At the end of the
period, the well was producing approximately 1 barrel of
oil per day and 36 barrels of water per day.

The test well inside the pattern (20274) also began to
give us problems during the winter of '77-78. A casing
leak developed on the outside of the 4 1/2". During the
winter while the leak was small, it was necessary to flow
the well periodically to relieve the pressure. By spring
the leak had developed to the point where it was necessary
to flow the well continuously. While the well did con-
tribute to the oil productlon it caused a pressure drop
in the pattern and thus ''unbalanced" pressure in the reser-
voir. Since by spring of 1978 it was obvious that the
project was beset with too many problems to be successful,
repalir of the casing leak was deferred until a decision
was made regarding future operations.

While production increases were noted in the wells outside
the pattern, the most significant one was in Well No. 2046.
Throughout 1976, this well had a bottom hole pressure in
excess of 950 p51 yvet flowed only 1-2 barrels per day.

The well was tested and treated with carbon bisulfide to
relieve paraffin blocks, to no avail. 1In May of this year,
the well was tubed and started to pump. Since that time
production increased to a peak of approximately 23 barrels
per day, before declining to about 10 barrels per day. -

The original proposal called for flowing the producing
wells in order to maintain better reservoir control such
as miscibility sweep effLCLency, reduce corrosion and pre-
vent paraffln deposition. '

By the summer of 1977, it was realized that pumping would
be necessary if the productlon goal was to be reached or
even reasonably approached. Through June 30, 1978 total
0il produced from all wells due to CO, injection was 8562
barrels with approximately 4540 coming from 1n51de the
pattern.



One of the most interesting and, in retrospect, dis-
couraging aspects of this project, has been the relation-

gh%p between oil and water production and C0, and water
injection. «

Since the project was installed in a "watered-out" section
of our waterflood, it was expected that water production
would come first, especially inside the pattern. This
was not the case. Increases in oil production began al-
most immediately with the injection of CO.,. This was ac-
companied with very little increase in wafer. As long

as CO0, was being injected, oil production increased and
water production remained fairly constant. As soon as CO
injection was completed and water injection resumed, the
production cycle reversed; oil production declined and
water production increased. This would seem to indicate
that the CO, entered a previously untouched zone and that
the water efitered the zones it had during the waterflood.
The early arrival of CO, at the producing wells is typical
of current CO, injectiofi projects and to date seems to be
unpreventable? ,

2

BOTTOM HOLE PRESSURE TESTS

Bottom hole pressure tests were initiated in 1975 when

the former water injection wells were returned to service
to repressure the reservoir. As can be seen on the en-
closed graphs, this was accomplished prior to the commence-
ment of CO, injection. These tests have been continued
periodical%y throughout the life of the project and il-
lustrate the various phases in the injection and production
cycles described previously. Bottom hole pressure data,

in addition to that shown on the graphs, is enclosed on

the data sheets in the enclosed quarterly reports.

GAS SAMPLES

Gas samples were taken monthly beginning in August 1976
from wells within the project as well as other selected
wells in the field. These samples were analyzed for CO
content and measured for volume. This data is also sho¥n
in the attached quarterly reports.

Gas separation and metering equipment was installed on
Well 2044 in an effort to measure produced gas along with
the oil.. This was done in 1976 and reported on previously.
However, the equipment was plagued with continual problems



of fluid accumulation in the meter and its use was dis-
continued during the summer of 1977. Two separate
metering and separation stations were installed on the
test tank batteries and were manifolded in such a manner
as to allow each well in the project to be tested. ’
The wells were tested throughout the reporting period

and the data is shown in the attached quarterly reports.

WATER SAMPLES

Water samples were taken periodically throughout the year
from those wells producing water. The results of analysis
of these samples for pH and chloride content are shown on
the data sheets in the accompanying quarterly reports.

PROBLEMS

From an operational standpoint, three problems have oc-
curred: 1) the high pressure injection pump; 2) meter-
ing the liquid CO,; and 3) the change over from €O, to
water during injeCtion cycles.

1. Although technically we were handling a liquid,
the CO, had a tendency to vapor lock the pump,
particllarly in hot weather. Changes in in-
‘sulation and piping design was the solution.
Packing adjustment and the proper lubricating
0il were critical due to the O F operating v
temperature. Unlike a water pump, the packing
on a CO, pump cannot be allowed to leak or ice
will fo¥m, and the packing will blow out. The
proper lube oil must be used to keep vapor en-
trapment to a minimum, and in general the
plungers must be over lubricated or packing
blow-outs will result.

2. The meters originally installed were water
meters converted for CO7 usage. However,
these proved inaccurate and turbine meters were
substituted with much better results.

3. While the water injection system was satisfact-
ory during the life of the pilot waterflood,
it proved unsatisfactory when the wells were . .



periodically changed from CO, injection to
water injection as outlined previously. This
was due to the higher pressure necessary to in-
ject water once the reservoir was pressured up.

This was especially true during the winter of '76-77 when
leaks and freeze-ups were a daily occurrence. However,
when CO, injection was completed, these lines were tied
into th& water plant and the problem solved. We have add-
ed to the water supply system and replaced the filters

and associated equipment in the water plant, and have been
able to operate relatively trouble-free.

One problem that has not occurred is corrosion due to

CO, injection. While outside corrosion has occurred due
to"weathering, no evidence of internal corrosion has been
found. We have inspected various pieces of surface equip-
ment and subsurface equipment, and found no evidence of

CO, corrosion. We believe this is because of the relatively
low temperature of the reservoir (approx. 70°F) . :

We have had paraffin problems in certain wells and it has
been necessary to steam the tubing when it gets serious
enough to restrict production.

The biggest single problem has not been one of mechanical
operation of the project, but of interpreting the results
from the data obtained. Since the project was essentially
"watered-out" or at least fast approaching that point by
January 1978, meetings were held with D.O.E. to discuss
what steps, if any, could be taken to determine what had
happened in the reservoir. D.0.E. proposed drilling, cor-
ing, logging and drill stem testing of a well inside the
pattern. Columbia investigated that cost and feasibility
of taking a pressure core as the best method of obtaining
a representative reservoir sample. After much analysis
and debate, it was decided that additional drilling and
coring would not obtain the desired information. As of
June 30, 1978 the problem had still not been resolved.

CONCLUSIONS

After two years of operation, the following conclusions
can be drawn from the project:



Reservoirs of this type can be repressured to
a point where miscibility can be achieved.

Handling liquid CO, on the surface presents
few operating diffifculties, although the equip-
ment does require constant attention.

CO0, moves through the reservoir much faster

than conventional injection media, as shown by
the almost immediate response when injection

was originally started and again after the
three-month shut-down durlng the winter of '76-77.
Premature CO, breakthrough is a problem that has
not yet been~solved.

While this particular project has not lived up
to expectations, CO2 will recover additional oil.

Considering the advances in the ''state of the
art'" in the past few years, a larger volume of
CO2 will be required in future projects.

co, related corrosion is not a problem in shallow,
loWw temperature reservoirs.

CO, can be injected at much higher rates than
% been originally calculated.

It is still believed that much more basic re-
search concerning the interaction of CO, and
rock and fluid characteristics of the ré&servoir
is necessary before accurate predictions as to
reservoilr response can be made.
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APPENDIX A -
ABSTRACT

OBJECTIVE

The objective of this field test is to evaluate and demon-
strate the effectiveness of using CO, injection to recover
high gravity crude oil from shallow Watered-out reservoirs.
The estimated Tecovery potential from the flood pattern of
six (6) acres is approximately 50,000 barrels. The work
will be conducted in five (5) phases as follows:

Phase 1--Preliminary Testing and Construction,
Water Injection and Plant Construction

Phase 2--Natural Gasoline Injection
Phase 3-—C02 Injection
Phase 4--Carbonated Water Injeétion

Phase 5--Water Injection

- SUMMARY

Total water injection for the quarter was 17,370, an in-
crease of approximately 2700 barrels over the previous
period. The increase was due to remedial work on the input
wells that was completed during March. The only problems.
occurred during June, when excessive shut-downs resulted
from line plugging after moving the water tanks. Thisg
problem was subsequently solved. :

0il production for the period was 4314 barrels, an increase
of approximately 660 barrels over the previous quarter.
Although increases in production were experienced in wells
outside the pattern, the central producer continued at
about 1 barrel per day with increasing water production.
Total production attributable to 002 injection is 8562
barrels.

- 13 -



WATER INJECTION

Water injection for the quarter totaled 17,370 barrels
compared to 14,663 for the previous period. Daily average
injection per well amounted to 47.72 barrels; an increase
of 7 barrels per day over that of the January-March
quarter. This was largely due to remedial work performed
on the wells during the latter part of March. Injection
rates for each well during the quarter is shown below.

Well No. Quarterly Inj.(bbls) Cum. Inj.(bbls)
2020 4,452 15,157
2022 3,378 14,651
2023 5,226 19,945
2025 4,314 17,903
Total 17,370 67,656

Down time for the period was 118 hours or approximately

5% of the total operating time. The down time was due to
power outages and shut-downs due to high pressure. Con-
siderable trouble was experienced with the system during
June. After moving the water tanks that supply the in-
jection plant, line plugging occurred, apparently due to
foreign matter, and caused shut-downs due to high pressure.
This problem has been corrected.

Water production for the project since its inception is
shown on the enclosed graph.

OIL AND WATER PRODUCTION

Total oil and water production for the quarter is listed

in the table below. That attached charts and graphs indicate
the production for each well in the project along with a
summary of production for wells both inside and outside

the pattern. ~

Month - 0il Prod. (bbls) Water Prod.(bbls)

April 1,384 3,465
May 1,584 4,351
June 1,346 4,188
Total 4,314 12,004

- 14 -



While oil production increased approximately 660 barrels
during the quarter, water production increased 3,560 barrels.
It should be noted that water production increased at about
the same time as injection increased. Flow tests were

run on most of the wells in the project. The results along

with the associated gas volumes are shown on the accompany-
ing data sheets.

Cumulative oil production through June 1978 that has been

attributed to CO2 injection is 8562 barrels. The watercut
is currently 75%" ~

BOTTOM HOLE PRESSURE TESTS

Bottom hole pressure tests were run on selected wells in
the project during April and June. They were not run dur-
ing May since the service company's tool was not available.
Results of the tests are as follows:

B.H.P.(psi)
Well No. April June
2024 1,178 1,235
20274 810 957
2021 1,608 1,537
2020 2,180 2,081
2022 1,997 1,929
4562 1,106 935
2025 1,815 1,898
2023 2,180 2,098
GAS SAMPLES

Gas samples were taken from selected wells in the field

and were analyzed for CO, content and the wells were tested
for open flows. The resu%ts of these tests are listed on
the accompanying table. Samples from several wells were
also sent to the Morgantown Energy Research Center for a
more complete analysis. The results of these tests are
also included.

WATER SAMPLES

Water samples were obtained from certain wells in the pro-
ject and analyzed for chloride content and pH. The results
of these tests are listed on the attached chart.

- 15 -~



EVALUATION PROCEDURES

During the quarter meetings and disucssions were held
with consultants and the Department of Energy to determine
the best procedure to follow in evaluating the project,

As of June 30, these procedures were still in the develop-
ment stage. '

"PROJECT SCHEDULE

The attached Milestone Chart shows the original schedule
for the project and the progress to date. As can be seen,
a delay of approximately one month occurred due to winter
shut-downs, and the additional 1000 tons of CO, injected.
Although water injection rates have been somew%at lower
than anticipated, it is believed that the project will b
completed on schedule. :

- 16 -
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MORGANTOWN ENERGY RESEARCH CENTER

Al2-06¢
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SAMPLE COLLECTER: DATE RECEIVED: w_ o 9%
GAS ANALYSIS 77
SEND REPORT T0: C. /. Lec K ¢ . ARALYTICAL LABORATORY DATE REPORTED:
NUMBER SAMPLE NOJLAB. No. | SAMPLE No| LAB. jO. | SAMPLE o/ LB, NO. | SAMPLE NO.[LAB. |
IDENT I F 1 CAT | ON /<
; WSyl 2 \sus | s berel o e
DATE TIHE DATE TTME DATE TIME | DATE TIME
COLLECTING : ‘
‘ Jr-77 T/ -7y F-/5=7F 2-2/07
SAMPLE ('o/vmo’/a Cu/v»«u J;a C'v /u»fj/a Cz://m é/.'r
DESCRIPTION Cas Jrong. Ges Trzns. Cas 7r2ne. | Gos Tozng
== ' ” u
Well "oy We/) T2e97 | well %oy e/ f/_gfg
ANALYSES WANTED LIST: LIST: ) List: LIST: g
(OR PLACE "X" AN L 0L : ce,
BELOW IN FRONT OF Himse e fo g5 6
CONST ITUENT DE- yod £5- ¢
SIRED. INCLUDE :
ONLY THOSE OF
INTEREST)
CONSTITUENT
L-]HYDROGEN Ho
| OXYGEN 0q /72 c/’_/g 2/, 00 /.(éc
[NITROGEN | Ky L. 30 33,02 74./6 S$.2¢
cAcarson MoK | co |
L AMETHANE CHy 2,727 /.32 /G
LA ETHAKE CZHG 2;25 /147 /ZC’/ ’/é'
CARBON D1 0X | 7 | o
| ETHYLENE | Cp4, e
PROPARE | Coll Y32 [ 23 LS4 Y
¢ 1S0-BUTANE | iCyH,q /'3 2) , 3 , / 9 " /—5 |
o BUTAKE CyHio 3./ 1,00 7Y LDk
=
4~ 1S
ANALYSTS: CATE: CHECKFD RY:



SAMPLE COLLECTER:

SEND REPORT T0: (. 0. Lec K €

MORGANTOWN ENERGY RESEARCH CENTER

GAS ANALYSIS
ANALYTICAL LABORATORY

Al2-N6C

DATE RECE!IVED:

DATE REPORTED:

NUMBER SAMPLE N0 L;%f NO. | SAMPLE NO| LAB. MO.|SAMPLE NO| LAB. NO. | SAMPLE KO.LAB. N
IDENT [F |CAT | O R
/
o 1 7157%| o | 1379
DATE TTHE DATE TIME | DATE TIHE DATE TTHE
COLLECT NG ]
IR7-7r 3 =2 &7
SAMPLE C‘D/UM//.".' CD/*’”!J’/&
DESCRIPTION Czs Trens. | Qaos Jrens,
, T .
Vwetl TRoeve | e Tioyp
ANALYSES WANTED | LIST: o LIST: LIST: LIST:
nyn ekl k 7
(OR PLACE "X pmex , CC
BELOW IN FRONT OF G GO A
CONSTITUENT DE- / et 777
SIRED. INCLUDE Clo
ONLY THOSE OF
INTEREST)
CONSTITUENT
.~ HYDROGEN | Hy
~{OXYGEN 09 ), 87 9.3
INITROGEN | Np 2,68 32,97
L—{CARBON MON | €O
AMeTaNe | oy J0 ., HE 7,06
] ETHAKE CZHG ZItOO /// 0—-.y
{CARBOH DI0X} €O, 20,95 22,2/
| ETHYLENE | CoH
_|PROPAHE | Cgtg /877 ¥
| 150-BUTANE | iCyHig Y 0 7.04
| BUTANE Cytijo ¥, 27 v, 7¢
1 25
ANALYSTS: CATE: CHECXFD RY-
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SAMPLE COLLECTORE LU 475/ VORGANTOMN ENERGY RESEARCH CENTER

AtL=-Uny

DATE RECEIVED:

CzA> GAS ANALYSIS
SEND REPORT TOKIM@ ANALYTICAL LABORATORY DATE REPORTED: 6v2/v7?
NUMBER SAMPLE NOJLAB, NO. | SAMPLE NOJ LAB. NO.|SAMPLE NoJ LAB. NO. | SAMPLE No.lLAB. wO.
IDENTIFICATION |zl /1;’//7’-’4’ C. .
7 Yoity| 1520 |Gt 2| 152/
DATE TTME DATE TTME TIME DATE TTHE
COLLECT NG
SAMPLE
DESCRIPTIOK
ANALYSES WANTED LIST: LIST: LIST: LIST:
(OR PLACE "X" N oy loc] it
BELOW IN FRONT OF 5 ek f
CONSTITUENT DE- S »
SIRED. INCLUDE WC/;.,A;;A/K// »e
ONLY THOSE OF s . ,%j
INTEREST) ot Thn [ fe hor
CONSTITUENT % Z
HYDROGEN | 1y '
/OXYGEN 09 ¢, 5C /20
b o
£ INITROGEN | Ky 2./, LY 575
£—1CARBON MON | €O
//METHAHE CH{‘Q> 7, /0 2 ’g/
L~ | ETHANE CoHg 20,80 rn2S
L—{CARsoN D10X| Co, . 20.29
o [ETHYLENE | Goy
—{PROPANE | C4flg 20,05 23258
—1 ISO-BUTAKE | iCyli 428 L.70
| BUTANE CyMig 5,3 18,57
JuA %;,,/uﬂmmuq/ =
AHALYSTS: O vy DATE: CHECKED BY:
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APPENDIX B
ABSTRACT

OBJECTIVE

The objective of this field test is to evaluate and demon-

strate the effectiveness of using CO, injection to recover

high gravity crude oil from shallow Watered-out reservoirs.
The estimated recovery potential from the flood pattern of

six (6) acres is approximately 50,000 barrels. The work
will be conducted in five (5) phases as follows:

Phase l——Preliminary‘Testing and Construction
Water Injection, and Plant Construction

Phase 2--Natural Gasoline Injection
Phase 3——CO2 Injection
Phase 4--Carbonated Water Injection

Phase 5--Water Injection

SUMMARY

Total water injection for the quarter was 14,663 barrels.
Although this was approximately 1750 barrels less than pre-
viously, three of the four injection wells were acidized
during the period and injection was much higher during March.
" To date no serious injection problems have occurred and the
water supply remains adequate.

0il production for the period, while indicating a decline
of 971 barrels for the quarter, showed a substantial in-
crease during March. While 4254 (the center producer)
continued at about the same rate, increases in both oil and
water production occurred in most of the outside producers,
particularly well numbers 2046 and 4090. Total oil pro-
duction that has been attributed to C02 injection is cur-
rently 8303 barrels.
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'WATER INJECTION

Total water injection for the quarter amounted to 14,663
barrels compared to 16,405 for the previous period. . The
daily average injection per well was 40.73 barrels. While
injection was somewhat lower on a quarterly basis, three
of the four injection wells were acidized during the last
half of the period and as a result, injection was sub-

- stantially increased during March. Injection for each
well during the quarter is listed below: o

Well No. Quarterly Inj.(bbls)  Cum.Inj.(bbls)
2020 | 3,137 10,705 |
2022 2882 | 11,273
2023 4182 14.719
2025 4462 © 13.589

Total 14,663 50,286

While the injection rate per well is substantially below
the 50 barrels called for in the contract, the remedial
work performed during March will alleviate the problem.
March rates were 49.6 barrels.

Down time for the period was 120.5 hours or approximately
5% of total operating time. Approximately 70 hours of this
was due to necessary maintenance of the high pressure pump-
ing equipment. The remainder occurred during the first
half of the quarter and was due to shut down by the high
pressure safety switch and power outages and resulting
freeze-ups of surface equipment.

Water injection for the project since its inception is
shown on the accompanying graph.

OIL AND WATER INJECTION

Total oil and water production for the period is shown in
the table below. The attached charts and graphs indicate
the production for each well in the project along with a
summary of tne production both inside and outside the pattern.
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Month 0il Prod. (bbls) Water Prod. (bbls)

January 1,152 2,230
February - 990 , 2,161
March ' : 1,511 3,052
Total 3,653 8,443

As can be seen in the above table, production continued the
previous decline until March when it increased rather dra-
matically. Although production from the center producer
showed little or no change during the period, most of the
producers outside the pattern increased during March. The
largest increases were from 2046 and 4090. In view of the
increased water injection at this time, it is apparent that
the injection media, either water or the CO2 slug, has
moved outside the pattern.

The gas metering and separation equipment was installed
during February and flow tests were started on all wells in
the project. The results of the tests run during the quart-
er are shown on the attached data sheet. It is intended

to run three day tests on all wells in the project and have
a sample of the gas analyzed.

Cumulative coil production through March 1978 that has been
attributed to CO, injection is 8303 barrels, and the water
cut is currently 67%.

BOTTOM HOLE PRESSURE TESTS

Bottom hole pressure tests were not run in January due to
the unavailability of the service company's instrument.
However, the instrument became available in February and
tests were run during the last two months of the quarter.
We also rebuilt the wellheads on the input wells during
the quarter and were thus able to run B.H.P.'s on these
also. Results of the tests are as follows:

: B.H.P. (psi)

Well No. February March
2024 1,902 1,854
20274 1,737 1,602
2021 1,580 1,337
2020 2,037 2,028
2022 1,941 1,971
4562 1,463% 1,229
2025 1,967*
2023 2,080+

*First test taken
' - 42 -



As shown above, reservoir pressure has declined somewhat,
however, it is still substantially above miscibility
pressure.

GAS SAMPLES

Gas samples were taken from certain wells in the field and
were analyzed for CO, content and the wells were tested
for open flows. The“results of these tests are shown on
the accompanying table. Samples from two wells (2024 and
20274) were also sent to the Morgantown Energy Research

Center for a more complete analysis. The results of these
tests are also attached. ‘

WATER SAMPLES

Water samples were obtained from selected wells in the
project and analyzed for chloride and pH. The results of
those tests are listed on the attached chart. ‘

ADMINISTRATIVE MATTERS

A representative of the U.S. Department of Agriculture
visited the project on January 23rd. This visit was a
follow-up of the December inspection of representatives from
the Oak Ridge National Laboratories. To date Columbia has
had no further formal contact with either parties.

Considering the many unusual aspects of this project, partic-
ularly the disappointing production performance, the Morgan-
town Energy Research Center has proposed a modification of
the contract. The proposal would entail the drilling, cor-
ing and logging of a well inside the pattern and a complete
analysis by reservoir simulation of the project. Columbia
has responded to the proposal and, at this writing, is
waiting on a reply.

PROJECT SCHEDULE

The attached Milestone Chart shows the original schedule
and progress to date. As can be seen, completion of the

CO, Phase (Phases 3 and 4) were delayed approximately one
mofith due to the shut-down of last winter and the addition-
al 1000 tons injected. Although water injection rates

- have been slightly lower than anticipated, it is believed
that the project will be completed on schedule.
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SAMPLE COLLECTOR

SEND REPORT TO: A7 /@ﬂ?/?/’//

MORGANTOWN ENERGY RESEARCH CENTER

GAS ANALYSIS
ANALYTICAL LABORATORY

DATE RECE!VED:

A12-057

DATE REPQORTED:

[

vl

7‘, ’t

+ 5.44”,"[3 a7 ﬂﬁyi ?
r’d

G fmme 257

- 58 -

CHECKED BY:

NUMBER SAMPLE NOJLAB. NO. | SAMPLE NOJ LAB. NO. | SAMPLE NOJ LAB. NO. | SAMPLE NO.[LAB. NO.
DENT IF1CAT -
IDENTIFICATION . R j5o2 £ 1553
DATE TIME DATE TIME DATE TIME DATE TTHE
COLLECTING 2/23 /58 2/2%/78
SAMPLE el oY lwall 2027¥
DESCRIPT ION L 55 Lectla i 55 es
-;f W MA"”“/ il/,aufs‘»«l_ Lt o}
ANALYSES WANTED LIST: LIST: LIST: LIST:
(OR PLACE "X"
BELOW IN FRONT OF > g7 q.&3
CONSTITUENT DE- /
SIRED. INCLUDE
ONLY THOSE OF
INTEREST)
CONSTITUENT
V/|HYOROGEN | Hy — - s
,/ |oxvGeN W) 2. 3% o 1
v |NITROGEN Np /. ‘,'/? o.l%
/ |CARBON MON | COC . o -
~  |METHANE Chy 2. %0 Py
7/ |ETHANE CoHg 3.97 2.470
: . 7
V/ {CARBON DIOX] €Oy | “ril. . B QR Lol e Te) 8
/ |ETHYLENE | Coly
/ | PROPANE CaHg e y
v | 150-BUTANE | iCyHig /.3 0,52
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APPENDIX C
ABSTRACT

OBJECTIVE

The objective of this field test is to evaluate and demon-
strate the effectiveness of using C0., injection to recover
high gravity crude o0il from shallow Gatered-out reservoirs.
The estimated recovery potential from the flood pattern of
six (6) acres is approximately 50,000 barrels. The work
will be conducted in five (5) phases as follows:

Phase l--Preliminary Testing and Construction
Water Injection, and Plant Construction

Phase 2--Natural Gasoline Injection
Phase 3——CO2 Injection
Phase 4--Carbonated Water Injection

Phase 5--Water Injection

SUMMARY

Water injection during the 5th phase of the project con-
tinued throughout the quarter. This phase will continue
until terminated by the Technical Committee. Totral in-
jection of 16,097 barrels was approximately 300 barrels
less than the previous period, although down time was 100
hours less and operating days were the same. The lower
rate is directly attributable to the continually increas-
ing reservoir pressures encountered as shown by the
bottom hole pressure tests. To date no serious injection
problems have occurred and the water supply continues to
be adequate.

0il production continues to decline particularly in the
center producer (well 4254). Total oil production for the
period was 4624 barrels, bringing the total to date due

to CO, injection to 8,155 barrels. Tncreases in water
produCtion along with the decline in oil production has
brought the total water cut up to 63%. Other than routine
servicing, no particular problems were encountered with

the producing wells.
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WATER INJECTION

Total water injection for the quarter amounted to 16,097
barrels. This compares with 16,405 barrels for the pre-
vious quarter. The daily average injection per well de-
clined approximately .8 bbl/well/day. Although down

time for the quarter was about 100 hours less than pre-
viously, and the number of operating days were the same,
injection rates were lower due to continual high pressure.
Most of the shut-downs, particularly in November and Dec-
ember were due to high pressure safety shut-downs. Ve
have, therefore, found it necessary to adjust the safeties
on the pump to about 1450 psi or about 100 psi over current
operating pressure. There is also the possibility of

well bore damage. This will be investigated and corrected
if necessary. Overall, the injection has been higher than
that experienced before the work done this past summer

to relieve the supply and injection problems discussed in
previous reports.

Water injection for each well in the project along with
cumulatives for Phase 5 is listed below and is shown on
the accompanying graph.

Well No. Quarterly Inj.(bbls) Cum. Inj.(bbls)
2020 ; 3,933 7,568
2022 3,847 8,391
2023 4,522 10,537
2025 3,795 9,127
Total 16,097 35,623

OIL AND WATER PRODUCTION

Total o0il and water production for the period is shown
in the table below, The attached charts and graphs in-
dicate the production for each well in the project along

with a summary of the production both inside and outside
the pattern.

”Month 0il Prod. (bbls) Water Prod. (bbls)
October 1,732 2,700
November 1,525 2,499
December 1,367 2,389
Total 4,624 7,588
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The production, shown above, is approximately 1500

barrels lower than the previous quarter for both oil ;
and water. While oil production continues a steady down-
ward trend that started with the cessation of CO. in-
‘jection, water production seems to fluctuate bot% up and
down. O0il production from well 4254 has steadily declined
until the December production of 44 barrels approximately
equals that at the start of the project. It is becoming
apparent that the water is being injected in an area of
the reservoir that the CO, was not. It is interesting to
note that production has %eclined or at best leveled off

in all of the wells except those to the west. These seem
to be unaffected.

Although the gas metering equipment has not been installed,
construction of the manifolding did continue and production
tests were run on observation well #2024 in October. The
results are as follows:

Date ' 0il(bbls) Water (bbls)
10-7 1.66 : 29.88
10-8 2.49 26.56
10-9 1.66 | 19.09
10-10 - 22,41
10-11 .83 o 19.92
~10-12 1.66 16.60
10-13 .83 -
10-22 - 14,11
10-23 .83 22.41
10-24 .83 14.11
10-25 - 23.24
10-26 1.66 24 .07
10-28 1.66 . 19,92
10-29 1.66 12.45

Cumulative production to date due to CO, injection is 8155,
The total water cut is approximately 63%.
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BOTTOM HOLE PRESSURE TESTS

Bottom hole pressure testing was resumed in September after
repairs to the instrument were made. Work was started
during the quarter to re-build the wellheads on the input
wells so that B.H.P,'s could be run in these wells also.

The results of the testing during the quarter are as follows:

Well No. Oct. Nov. Dec.
2024 1,733 1,937
20274 1,793 1,737 1,794
2021 1,530 1,563 1,602
2020 >2,400%* 2,171 2,124
2022 2,124

*0ff chart - range of gauge too low

As can be seen from the above, reservoir pressure continues
to increase and has about reached the limit if fracturing
is to be avoided. We will continue re-working the remain-
ing wellheads and should have them complete next month.

WATER SAMPLES

Arrangements were made to relieve the manpower situation,
somewhat, and we were able to resume the water sampling
that had been discontinued during August and September.

The results of the water analysis are shown on the attached
chart.

GAS SAMPLES

Personnel was still not available to obtain and analyze
- gas samples during the quarter.

ENVIRONMENTAL ASSESSMENT

In late November a request was made by the Morgantown
Energy Research Center (MERC) to conduct an inspection of
the project with an environmental group from the Oak Ridge
National Laboratory. The request was granted and on Dec-
ember 7th the inspection was made, and hopefully their
questions were answered satisfactorily. '
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PROJECT SCHEDULE

The attached Milestone Chart shows the original schedule
and progress to date. As can be seen, completion of the

CO, phase (phases 3 and 4) were delayed approximately one
mo%th,due to the shut-down of last winter and the addition-
al 1000 tons injected. Although water injection rates

have been slightly lower than anticipated, it is believed
that the project will be completed on schedule,
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INJECTION PROJECT

GAS OPEN FLOWS & C02 ANALYSIS
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APPENDIX D

 ABSTRACT |

OBJECTIVE

The objective of this field test is to evaluate and demon-
strate the effectiveness of using CO, injection to recover
high gravity crude oil from shallow %atered-out reservoirs
The estimated recovery potential from the flood pattern of
six (6) acres is approximately 50,000 barrels. The work

will be conducted in five (5) phases as follows:

Phase 1--Preliminary Testing and Construction
Water Injection, and Plant Construction

Phase 2~-Natural Gasoline Injection
Phase 3——CO2 Injection
- Phase 4--Carbonated Water Injection

Phase 5--Water Injection .

SUMMARY

The 5th Phase of the project, water injection, began on
June 16, 1977, with the completion of CO, injection, and
continued throughout the current quarter? It is planned
to continue this phase until terminated by the Technical
Committee. Total water injection for the period was
16,405 barrels for an average of 44.5 barrels of water per
well per day. While the current rate is somewhat below
that planned, it is expected that the project will be com-
- pleted as scheduled. Although there were 198 hours of
down time, only 30 of it was planned and that was to in-
stall a new filter system and clean the water storage
tanks. The remainder of the down time was caused by power
outages.

0il production for the period amounted to 6155 barrels,
bringing the total oil recovered due to CO, injection, to -
7620 barrels. While total oil production %as higher than

the previous quarter, it actually peaked during June and
declined slightly during July and rather drastically

during August. Pumping equipment was installed in well

#4254 in the latter pert of July and almost immediately the
0il production began declining and water production increased.
Bottom hole pressures taken during the quarter indicates we
continue to have high reservoir pressures inside the pattern,
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WATER INJECTION

Phase 5, Water Injection, began immediately upon com-
pletion of the CO, injection phase and will continue until
terminated by the"Technical Committee. This phase of the
project began on June 16 and continued throughout the
quarter. Quarterly injection rates are shown below for

each well along with cumulative volumes since the phase
started,

Well No: Quarterly Inj.(bbls) Cum. Inj. (bbls)

2020 3,198 3,635
2022 3,672 , 4,544
12023 5,000 6,015
2025 : 4,535 5,332
Total 16,405 19,526

Daily average injection per well was 44.5 barrels. This is
somewhat below that proposed in the contract. However,

it was necessary to continually raise the injection pressure
in order to maintain a satisfactory rate. Injection press-
ures increased from 1100 psi to 1350 during the quarter.

Since the CO, lines were used as water injection lines
after manifo%ding the two plants together during the past
winter, no trouble was experienced when the pressure was
increased. Most of our trouble was experienced with the
local power company. The 198 hours of down time was mostly
due to power outages, although we were down approximately
30 hours to install new filtering equipment and clean the
water storage tanks.

Also during the period additions were made to the water
supply system, and a program of reburying supply lines and
insulating surface equipment was started. This is being
done in order to avoid the problems of winter,

A monthly break-down of injection to date for each well is
shown in the attached table. The enclosed graph shows
weekly injection of CO2 and water since the project was
started,
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Total oil and water
follows:

OIL AND WATER PRODUCTION

Month
July
August
September

Total

0il (bbls)

2,320
1,954
1,881

6,155

production for the quarter was as

Water (bbls)

1,686
2,108

2,196

5,990

This compares with o0il production of 5888 barrels

and 5008 barrels of water for the preceding quarter,

or an

increase of 267 barrels of o0il and 982 barrels of water.
However, these comparisons are somewhat misleading in that
0oil production as shown on the attached graphs and chart
actually peaked during June and has subsequently declined.

While the production characteristics of most of the wells
after June seem to be reversing themselves, the most marked

Since the
well did not produce to its potential by flowing, pumping

change has been in 4254, the central producer.

equipment was installed during the latter part of July.

Almost immediately, water production increased and during
August and September oil production dropped substantially.
Other than routine servicing, no serious problems were
encountered with production equipment.

During August flow tests were made on wells 2021, 2024 and
20274 with the following results:

Date

8-10
8-11
8~12
8-13
8-14
8-15
8-16
8-17
8-18
8-~19

Total

2021
0il Water
12.45 8.30
4,98 10.79
.83 3.32

18,26 22.41

2024 20274
0il Water 0il Water
10,79 19.09
6.64 18.26
8.30 22.41
- 19,09 ‘
- 2.49 13.28 27 .39
3.32 25.73
4,98 14 .98
1.66 25.73
25.73 81.34 23.24 93.83
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Through September 30, 1977, cumulative o0il production
directly attributable to CO, injection is 7620 barrels.
Monthly totals of o0il and water production for each well
in the project, along with a summary slieet for the project
as a whole, are shown on the attached data sheets.

BOTTOM HOLE PRESSURE TESTS

An attempt was made to run B, H.P.'s in July, However, the
‘instrument became stuck in well 2024, the first well sche-
duled to be tested., During fishing operations, that consumed
approximately 10 days, the instrument suffered some damage
and was sent in for repairs and recalibration, Since the
service company did not get the tool back until early in
September, no B.H.P.'s were run in either July or August,
They were run on 3 wells on September 8, 1977, with the
following results:

Well No. B.H.P. (psi)
20274 1,641
2021 1,479
2044 883

As indicated on the graphs, we continue to have high reser-
voir pressure within the pattern.

GAS SAMPLES

Due to changes in the organization, manpower was not avail-
able to obtain and analyze gas samples. However, the gas
separation and metering equipment was in service on well
2044, During July, gas production from this well averaged
13,819 cu.ft. per day. During August the meter was sent in
for repairs and had not been returned by the end of the
quarter. Work was started during the quarter to move the
separation equipment to the tank batteries and construct
manifolding, so that all wells in the project can be tested
for gas production, instead of only the one (2044).

- 88 -



WATER ANALYSIS

Water samples from those wells having water production
were taken In July and analyzed for pH and chloride con-
tent. During August samples were sent to Halliburton for
analysis and no samples were taken during September since
personnel was not available for this work.

PROJECT SCHEDULE

The attached Milestone Chart shows the original schedule
and progress to date. As can be seen, completion of the
CO, phase (phases 3 and 4) were delayed approximately

oné month due to the shut-down of last winter and the
additional 1000 tons injected. Although water injection
rates have been slightly lower than anticipated, it is be-
ieved that the project will be completed on schedule,
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Respectfully submitted,

HALLIBURTON SERVICES, A DIVISION OF
: HALLIBURTQN COMPANY

- LA | -
N OTICE This report is limited to the described sample tested. Any persop/using or relying this repart agrees that Halliburion

shall not be ligble for any loss or damage whether due to act of ophission resultigg from such report or its use.
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