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STATE OF NEW MEYICO
FHNERGY AND MINERALS DEPARTMENT
011, CONSERVATION DIVISIOHN
STATE LAND QFFICE BLDG,.
Santa Fe, New Mexico
18 March 1987

EXAMINER HEARING

IMN THE MATTER CF:
Application of Benson-Montin-Greer
Prilling Corpeoration for the expans-
ion of the BMG West Puerto Chiquito-

Mancos Pressure Maintenance Proiject
Area, Rio Arriba County, New Mexico.

BEFORE: David R. Catanach, Examiner

TRANSCRIPT OF HEARING

APPEMRMRANCES

For the Division: Jeff Taylor

Legal Counsel to the Division

CASGE
9111

0il Conservation Division
State Land Office Rldg.

Santa Fe, New Mexico

for the applicant:




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

a%

MR, CATANACH: Call next Case
Number $111.

MR. TAYLOR: Case HNumber 9111,
application of Penson-Montin~Greer Drilling Corporation for
the expansion of the BMG West Puerte Chiguito-Mancos
Pressure Maintenance Projact Area, Rio Arriba County, New
Mexico.,.

MR. CATANACH: At the request
of the applicant this case will Dbe continued to the

Commission iearing March 30, 1987.

(Hearing concluded.)
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STATE OF NEW MEXICO
ENERGY AND MINERALS DEPARTMENT
OIL CONSERVATION DIVISION
STATE LAND OFFICE BLDG.
SANTA FE, NEW MEXICO

3 April 1987

COMMISSION HEARING

IN THE MATTER OF:

Application of Benson-Montin-Greer
for the expansion of the BMG West ,
Puerto Chiquito-Mancos Pressure Main-
tenance Project Area, Rio Arriba
County, New Mexico, and

Application of Benson-Montin-Greer
Drilling Corporation for the amendment
of Division Order No. R-8124, Rio
Arriba County, New Mexico.

BEFORE: William J. LeMay, Chairman
Erling A. Brostuen, Commissioner
William R. Humphries, Commissioner

TRANSCRIPT OF HEARING
APPEARANCES

For the Commission: Jeff Taylor
Legal Counsel for
0il Conservation D
State Land Office
Santa Fe, New Mexi

For Benson-Montin-Greer: William F. Carr
Attorney at Law
CAMPBELL & BLACK P
P. O. Box 2208
Santa Fe, New Mexi
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MR. CARR: May it please the
Commission, at this time I'd request that the next two cases
on the docket be continued and readvertised and scheduled at
a later date. They're applications for Benson-Montin-Greer,
and we would request that they be rescheduled following the
entry of an order in this matter.

MR. LEMAY: Thank you. Is

there any objection to that request?

If none, then that request is

noted and it will be followed.

(Hearing concluded.)
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prepared by me to the best of my ability.
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MAY 21, 1987

COMMISSION HEARTING

Application of Benson-Montin-Greer Drilling
Corporation for the expansion of the BMG West
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BEFORE: William J. LeMay, Director

TRANSCRIPT OF HEARING

APPEARANCES

For the New Mexico Oil
Conservation Commission: Jeff Taylor
Legal Counsel for the Commission
State Land Office Building
Santa Fe, New Mexico



MR. LEMAY:

MR. TAYIOR:

MR. LEMAY:

The hearing will come to order. Call Case 9111.

Case 9111, the application of Benson-Montin-Greer Drilling
Corporation for the expansion of the BMG West Puerto
Chiquito-Mancos Pressure Maintenance Project Area, Rio Arriba

County, New Mexico.

At the request of the applicant this case will be continued

to June 18, 1987. The hearing adjourned.
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STATE OF NEW MEXICO
ENERGY AND MINERALS DEPARTMENT
OIL CONSERVATION DRIVISIONW
STATE LAND OFFICE BLDG.
Santa Fe, New Mexico

18 June 1987

COMMISSION HEARING

IN THE MATTER OF:

Application of Mallon 0Oil Company for CASE
the reinstatement of oil production 9072

allowables and an exception to the pro-
visions of Division General Rule 502

for certain wells located in the Gavilan-
Hancos 0il Pool, Rio Arriba County, New

Mexico

and

Application of Benson-Montin-Greer Drill- CASE
ing Corporation for the amendment of Div- 8951

ision Order No. R-8124, Rio Arriba County,
Mew Mexico

and

Application of Benson-Montin-Greer Drill- HE;}
ing Corporation for the expansion of the (9111 )
MG West Puerto Chiquito-Mancos Pressure i

Maintenance Proiject Area, Rio Arriba
County, New Mexico.

BEFORE: William J. Lemay, Chairman
Erling A. Brostuen, Commissioner
William R. Humphries, Commissioner
TRANSCRIPT OF HEARING
APPEARANCES
For the Division: Charles E. Roybal

Counsel to the Commission
Energy and Minerals Department
525 Camino de Los Marquesz
Santa Fe, New Mexico 87501

For the Applicant:
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cases, we won't have
the docket for awhile,
all involved the West
the request of counsel

16th hearing.

MR. LEMAY: The remaining three
to read them because they've been on
but Cases 9073, Cases 8951, Case 9111
Puerto Chiquito Gavilan Area, and at

these cases will be continued to July
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STATE OF NEW MEXICO
ENERGY AND MINERALS DEPARTMENT
OIL CONSERVATION DIVISON
STATE LAND OFFICE BLDG.
SANTA FE, NEW MEXICO
16 July 1987

COMMISSION HEARING

IN THE MATTER OF:
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For the Commission:
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NEW MEXICO OIL CONSERVATION COMMISSION
SANTA FE, NEW MEXICO
SEPTEMBER 24, 1987

COMMISSION HEARING

IN THE MATTER OF:

Application of Benson-Montin-Greer
Drilling Corporation for the expansion
of the BMG West Puerto Chiquito-Mancos
Pressure Maintenance Project Area, Rio
Arriba County, New Mexico.

CASE 9111
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BEFORE: William J. LeMay, Director

TRANSCRIPT OF HEARING

APPEARANTCES

For the New Mexico 0il
Conservation Commission: Jeff Taylor
Legal Counsel for the Commission
State Land Office Building
Santa Fe, New Mexico



MR. LEMAY:

MR. TAYLOR:

MR. LEMAY:

Call next Case 9111.

Case 9111, the application of Benson-Montin-Greer
Drilling Corporation for the expansion of the BMG
West Puerto Chiquito-Mancos Pressure Maintenance
Project Area, Rio Arriba County, New Mexico.

At the request of the applicant this case will be
continued to the Commission hearing to be held on

October 15, 1987. The hearing is adjourned.



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

STATE OF NEW MEXICO

SNERGY, MINERALS AND NATCRAL RESOURCES DEPARTMENT

IN THE

BEFQORE:

OIL CONSERVATION DIVISION
STATE LAND OFFICE BLDG.
EANTA FE, NEW MEXICO

15 October 1987

COMMISSION HEARING
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wWilliam J. LeMay, Chairman
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William R. Humphries, Commissioner

TRANSCRIPT OF HEARING

APPEARANCES

Por the Division: Jeff Taylor

Attorney at Law

Legal Counsel to the Division
State Land Office Bldg.

Santa Fe, Hew Mexico 878
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Attorney at Law
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Santa Fe, New Mexico 87501
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MR. LEMAY: Case pNumber 2111.
Apglication of Benson-Montin-Greer Drilling Corporation for
the expansion of the BMC Wwest Puerto Chiquito-Mancos
Pressure Maintenance Project Area, Rio Arriba County, Hew
Mexicce.

MR, CARR: May 1t please the
Commission, Benson-Montin-Creer Drilling Corporation re-
Guests that this case be continued to the Commission hearinc
to Dbe held in Decemper of this vear, if there is one; if
not, then to the next scheduled Commission hearing.

MR, LEMAY: Thank you, Mr. Carr.

Without objection Case Number

9111 will be continued to the December docket of the

Commission.

(Hearing concluded.)
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STATE OF NEW MEXICO
ENERGY, MINERALS AND NATURAL RESQURCES DEPARTMENT
OIL CONSERVATION DIVISION
STATE LAND OFFICE BUILDING
SANTA FE, NEW MEXICO

18 February 1988

COMMISSION HEARING

IN THE MATTER OF:

Application of Benson-Montin-Greer CASE
Drilling Corporation for the expan- 9111
sion of the BMG West Puerto Chiquito-~

Mancos Pressure Maintenance Project

Area, Rio Arriba County, New Mexico.

BEFORE: William J. LeMay, Chairman
Erling Brostuen, Commissioner
William R. Humphries, Commissioner

TRANSCRIPT OF HEARING

APPEARANCES

For the Division: No attorney appearing.




NATIONWIDE 800-227-0)20

TOLL FREE IN CALIFORNIA 800-227-2434

FORM 23C16P3

BARON

10
1"
12
13
14
15
16
17
18
19
20

21

23
24

25

Ny

MR. LEMAY: Tase Number 2111,
the application of Eenson-Montin-Greer Drililing Corperation
for the expansion of the BMG West Puert~ Chigquito-Mancos
Pressure Malntenance Project Area, will hHe extended -~
continued to March 17th, at the request of applicants, as
will Case No. 9073, de novo hearing, application of *¥allon
Nil Company for the reinstatement of oil production
allowanles.

Foth of those cases will be

extended to the Commission Hearing on March 17th.

{Hearing concluded.)
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MR. LEMAY: And I'll call Case
9111, the application of Benson-Montin-Greer Drilling Cor-
poration for the expansion of the BMG West Puerto Chiquito
Mancos Pressure Maintenance Project, Rio Arriba County, New

Mexico.

I shall call for appearances in

Case 9111.

MR. CARR: May 1t please the
Commission, my name is William F. Carr, with the law firm
Campbell & Black, P. A., of Santa Fe, New Mexico.

We represent Benson-Montin-

Greer Drilling Corporation.

MR. LEMAY: Thank you. Addi-

tional appearances? Mr. Kellahin.

MR. KELLAHIN: Mr. Chairman,
I'm Tom Kellahin of the Santa Fe law firm of Kellahin, Kel-
lahin & Aubrey. I'm appearing on behalf of Sun Exploration
and Production Company.

MR. LEMAY: Thank you. Addi-
tional appearances? Mr. Pearce.

MR. PEARCE: May it please the
Commission, I am W. Perry Pearce appearing in this matter on
behalf of Mobil Exploration and Producing, U.S., as well as

on behalf of Mallon 0il Company.
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Mr. Chairman, I would like to
state that appearing with me on behalf of Mallon 0il Company
is Mr. Frank Douglass and Miss Becky Miller of the Austin
law firm of Scott, Douglass, and Luton.

MR. LEMAY: Thank you. Welcome
to New Mexico, Miss Miller and Mr. Douglass.

MR. DOUGLASS: Thank you.

MR. LEMAY: You're no stranger
to this court.

Yes, sir, Mr. Bruce.

MR. BRUCE: Mr. Chairman, my
name 1s James Bruce from the Hinkle Law Firm and I'm here
representing Mesa Grande Limited, Mesa Grande Resources,
Inc., Reading & Bates Petroleum Company, Hooper, Kimball and
Williams, Inc., and Limestone Investments Company. That's
basically the City of Tulsa, Mr. Chairman.

MR. LEMAY: Thank you. We're
happy to have Oklahoma represented.

Additional appearances in the
case?

MR. BUETTNER: Mr. Chairman,
I'm Robert Buettner representing Koch Exploration Company.

MR. LEMAY: Welcome to New Mex-
ico.

Additional representation in
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these cases? !

Okay, 1if not, we shall begin
with Mr. Carr.

MR. CARR: May it please the
Commission, I have a very brief opening statement.

MR. LEMAY: Fine. Sally, let's

go off the record just a little bit.

(Thereupon a discussion was had off the record.)

MR. LEMAY: Before we start
with the opening statements I'l]l summarize for the record
that we have -- we have allocated two days for the hearing;
that there are some time restraints on the second day:; that
we have agreed to go into the second part of the testimony
today if we <can get there, and that we will start with
opening statements.

So with that, Mr. Carr, please
begin.

MR. CARR: May it please the
Commission, Benson-Montin-Greer Drilling Corporation is be-
fore you here today seeking expansion of the BMG West Puerto
Chigquito Mancos Pressure Maintenance Project Area.

This project was originally ap-

proved by the 0il Commission in 1968 and it has been expan-
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10
ded from time to time since that date.

We're now here before you seek-
ing Commission approval for the thirteenth revision of the
participating area and this case involves only that ques-
tion. It involves whether or not this pressure maintenance
project should be expanded, expanded so that the project
area will include all the acreage within the Canada Ojitos
Unit.

There are two basic things we
believe we must show if we are to obtain your approval.

The first is that there is ef-
fective pressure communications, communication between the
existing pressure maintenance project and the area included |
in the proposed expansion area.

We also have to present evi-
dence that pressure maintenance has increased recovery of
01l 1in the project area and can be expected to continue to
do so.

This 1is not a case to debate
where the boundary should be in the Gavilan Pool or the West
Puerto Chiquitoc Pool. Those have been previocusly decided
and we will stay away from that.

We will present evidence on
communication and that is the first and primary focus of our

presentation. We're going to demonstrate that pressure com-
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il
munication, effective pressure communication, exists
throughout the area between the existing project and the
proposed expansion.

We're going to show you this in
a number of ways.

We're going to show you that in
fact everytime we've looked for communication you can find
the communication exists and therefor inclusion of this
proposed expansion area in the project area is essential if,
in fact, waste is to be prevented.

We're also going to talk about
the improved recovery that we realize as a result of
the pressure maintenance. This is not something new; it's
been recognized repeatedly by this Commission over the years
since 1968. But we will show you that pressure maintenance
coupled with gravity drainage and gravity segregation will
result 1in increased recovery of o0il, recovery of o0il that
could not be obtained without pressure maintenance.

Now I understand at the pre-
vious hearings over the years, and particularly in the last
year or so, you've heard a great deal about these
reservoirs, perhaps more than you've ever wanted to know,
and we're going to attempt to keep the evidence on the
reservolir restricted, but it 1is essential for a full

understanding of pressure maintenance that we do at least on
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12

occasion talk about this particular reservoir and we intend
to do that and show you what will happen to the production
from this reservoir if our application for expansion of the

project 1is in fact denied, for if it is denied, we submit
that waste will occur.

We also are going to address
the question of correlative rights. Now, we will show you
because of the communication there is not a barrier in the!
reservoir and having done that, we have to take a look at
the pressure maintenance credit formula, credits that are
given for re-injection of gas produced in the pressure main-
tenance project.

We will show you and compare

voidage, reservoir voidage from wells within the project

area with those that are outside the area, and we will show
you how this formula is essential and how it works to pro-
tect <correlative rights of those interest owners, not only
in the unit area, but those outside, as well.

We are convinced when the evi-
dence 1is in it will be clear to you that communication, ef-
fective communication, exists throughout the reservoir; that
pressure maintenance is working and we expect it to continue
to work, and that only by expanding the project area as we
propose can you carry out your duty to prevent the waste of

0il and protect the correlative rights of all interest own
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ers in this reservoir.

MR. LEMAY: Thank you, Mr. Carr.

Mr. Douglass.

MR. DOUGLASS: Thank you, Mr.
Chairman.

On behalf of Mallon 0il Com-
pany, we -- I think the =-- from the sound of the opening
statement, at least, that the issues have been drawn here,
the main issue, and that is whether there is effective com-
munication between these wells and that they propose to have
this allowable benefit and the injection that's supposed to
be taking place.

The proposal by Mr. Greer here,
and Sun, will result in 991 barrels a day increase in the 2-
section area that adjoins the Gavilan Pool.

It will increase an already ex-
isting 3-1/2-to-1 advantage in o0il withdrawal rates to 6-to-
1, and according to Mr. Greer's theory of the Gavilan Pool,
we suggest that that will result in waste because gas from
these wells will be produced and then injected in an area
which is not in effective communication with the Greer-oper-
ated wells that will have this almost 1000 barrel a day in-
crease in production.

One of the exhibits that we will

submit 1is a map, a status map of the area, where we have
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colored in brown the current pressure maintenance area. It
is showing the wells that are there and the wells that are
producing there.

The wells that are in question
in this proceeding will be the 2-section area between the
pressure maintenance project and the boundary between the
Gavilan and the West Puerto Chiquito Pool at this time. In
other words, these twelve wells in here that are colored
green and operated as unit wells will have their gas taken,
injected four to seven miles away in three injection wells,
and will receive allowable credits for that and increase
their production by 1000 barrels a day immediately offset-
ting the Gavilan Pool.

The Commission ordered testing
that has taken place, we believe has provided at least out- |
side parties and the Commission the first oil zone pressures
taken in the pressure maintenance area that we've been aware
of for seventeen years. The last pressure that was presen-
ted to the Commission in this pressure maintenance area was
a pressure taken in December of 1970 in the C-20 -~ excuse
me, the C-34 Well. We now have a pressure taken in a recent
survey in that well.

The Commission ordered testing
and pressure data, we think has shown that the pressure in

the pressure maintenance area immediately to the east of
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this barrier that we show is about 1400 pounds and the pres
sure immediately east of it is in the range of 950 pounds, a
450-pound pressure differential across this barrier, which
supports and actually confirms the existence of that barrier
and taking the gas from the west side of the barrier to put
it on the east side, 1is not an effective communication with‘
these wells that are proposed to have a 1000 barrel a day
allowable increase.

The Commission's order of June
8th, 1987, said there was limited communication between the
two areas. Your testing that was ordered has confirmed that
not only is it limited, but it's probably nonexistent be-
tween the areas as far as communication is concerned.

My client assumes that Mr.
Greer will have the burden of proof in this hearing to prove
his case and even though Mr. Greer has written your staff
telling them when this Commission will act, about what date
they will act. We suggest that this Commission is not going
to act until it hears all the facts, until it analyzes and
is satisfied with what it has been able to determine based
on information in this -- in this hearing.

The pressure data will not sup-
port Mr. Greer as far as effective communication and the
pressure data will show no effective communication. We

would suggest to the -- to the Commission that under Mr.
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Greer's theory of taking gas from this area and injecting it
over here, when it's not having any effect over here, will
cause waste, according to his theory of reservoir production
in the Gavilan.

What he proposes is to increase
that pr-duction, as I've indicated, by 1000 barrels a day.
If you follow Mr. Greer's logic in this situation, then the
Commission should not permit the expansion in this area if
you don't want to increase gas withdrawals in this area over
here, according to his theories of reservoir (unclear.)

In the previous hearings Mr.
Greer has stated to this Commission, if you're going to err,
err in the side of safety; err in the side of being safe,
taking care of the situation if later facts should develop,
and I think that's essentially what this Commission has done
and 1it's difficult to be critical of a Commission that is
trying to do the right thing and err on the side of safety.

In this proceeding if there's
going to be an error made, then if you follow Mr. Greer's
logic in that respect, then it should be denied to give cre-
dit in here, increase these withdrawals, when there's not
effective communication, because that, according to Mr.
Greer, will cause waste.

We are ready to go forwards

with evidence to show lack of effective communication across
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here. We think the production data and pressure data that's
been submitted has shown the necessity that you do not ex-
pand this area as far as the pressure maintenance project is
concerned.

Thank you.

MR. LEMAY: Thank vyou, Mr.
Douglass.

Mr. Kellahin.

MR. KELLAHIN: Mr. Chairman, on
behalf of Sun Exploration and Production Company I'd like to
make a brief statement so that you understand our position.

Unlike Mallon, who has inter-
ests only in Gavilan-Mancos, and unlike Mr. Greer, who has
interests only in the unit, Sun Exploration and Production
Company is in the unique position of being in both areas.
Sun Exploration has some 40 percent interest ownership in
the Canada Ojitos Unit. In addition, it has more than 50
percent of the ownership in Gavilan-Mancos, operating some
29 wells in that pool.

We have independently through

|
I
{
|
i
]
|
!
!
i
i
|

our own experts analyzed both reservoirs and we are in sup-

port of Mr. Greer and his position.
We have carefully worked with
him in order not to attempt to duplicate in an extensive way

his presentation. We do feel that it's necessary and essen-
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tial that we present ot you two of our own witnesses.

We will present to you Dr. John

Lee, who testified before you back in March and April of
last year when were discussing allowables in Gavilan-~Mancos.
Dr. Lee has conducted his own studies of the pressure main-
tenance project and he will present to you his conclusions
on that subject.

It's my understanding and be-
lief that I can present his direct testimony within an hour,

an hour and a half. We will do our very best not to be re-

petitive of Mr. Greer, but we believe that his testimony is

essential so that you'll understand our position.

In addition, we know the Com-—
mission has heard extensive geologic testimony; however, we
would like to present our geologic witness, Mr. Dick Ellis,
who also has testified before you on numerous occasions on
the Gavilan-Mancos reservoir.

Mr. Ellis has prepared displays
and testimony focused specifically on the question of
whether or not geologically the expansion area, the 2~tier
section area, 1is geologically suitable for inclusion in the
expansion area. We will provide you his displays, conclu-
sions, and reasoning for that decision.

We have between the two areas

established by the Commission and reconfirmed by the Commis-

i

i
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sion, the boundary of the two pools. The boundary between
the western side of Gavilan and the eastern side of West
Puerto Chiquito-Mancos 1is not adjusted. We are talking
about taking the area that now is included in the West Puer-
to Chiquito Mancos Pool and simply expanding that 2-tier
area including it into the existing pressure maintenance
prcject.

Contrary to the allegations
that Mr. Douglass has provided for you, we believe our
experts will demonstrate to you, and the truth will be, that
every time that alleged buffer is tested, it communicates;
every conceivable way our engineers have tested to determine
where there is a calculation or a test that can be made to
establish communication between the expansion area and the
existing area, in fact, proves communication.

It will be our testimony and
proof that the expansion area 1s a necessary, viable,
integral part of the project area and must be included. We
pbelieve it can be included in such a way as not to pose a
risk to our interests in the Gavilan and that through a
method of gas injection credits we can maintain a system
where the reservoir voidage between Gavilan and the pressure
maintenance project is in reasonable balance.

We believe this is a typical,

traditional pressure maintenance project that ought ot be
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proof is 1in,

20

We believe after all the

that you'll see no other course of action but

to approve the application of Mr. Greer.

lahin.

briefly, we may have one or

and we'll wait and see about
clients, Reading & Bates,

pools and contrary to Sun,

Benson-Montin-Greer.

MR. LEMAY: Thank you, Mr. Kel- |
Mr. Bruce.

MR. BRUCE: Mr. Chairman, very
two very, very brief witnesses
this.

I would comment that one of my

is also an interest owner in both

it opposes the application of

They believe that the facts are other-

wise than presented by Benson-Montin-Greer.

Bruce.

like to reiterate what counsel just pointed out,
trary to Mr Kellahin's statement about the ownership,

also owns interest in both of the units,

and also opposed Mr. Greer's

MR. LEMAY: Thank vyou, Mr.

Additional opening comments?

MR. BUETTNER: Mr. Chairman.

MR. LEMAY: Mr. Buettner.

MR BUETTNER: Just briefly, I'd

that con-

Koch

both these areas,

application.

MR. LEMAY: Thank you. Addi-
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tional opening comments?

If not, we shall continue. Mr.

Carr, you may proceed, and then Mr. Kellahin.

MR. CARR: I1'll begin and at

this time we'd call Albert R. Greer.

MR. LEMAY: At this time would
all the witnesses that are going to be delivering testimony,

would you please stand and raise hand and we'll swear you

all at one time.

(Proposed witnesses sworn.)

MR. LEMAY: Mr. Greer.

ALBERT R. GREER,

being called as a witness and being duly sworn upon his

oath, testified as follows, to-wit:

DIRECT EXAMINATION

BY MR. CARR:

Q Would you state your full name for the

record, please?

A Albert R. Greer.

i
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0 What 1s your relationship to Benson-Mon-

tin-Greer Drilling Corporation?

A I'm an engineer and officer.

Q And you are the applicant in this case?

A Yes, sir.

Q Mr. Greer, have you previously testified

before this Commission?

A Yes, sir, I have.

0 And at that time were your credentials
accepted and made a matter of recordz

A Yes sir.

] How were you qualified at that time, as a’
petroleum engineer?

A Yes, sir.

Q How long have you been involved with the
development of the West Puerto Chiquito Gallup 0il Pool?

A About -- well, since its =-- since the
first discovery about 1962.

Q Did you also participate in the original
hearing which resulted in an order approving pressure main-
tenance in a portion of this reservoir?

A Yes, sir.

Q And have you been involved at all rele-
vant times since then?

A Yes, sir.
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0 And you've studied the reservoir?
A Yes, sir.
0 And you're familiar with what's being

sought here today?
A Yes, sir.
MR. CARR: Are the witness'
qualifications acceptable?
MR. LEMAY: His qualifications
are acceptable.
0 Mr. Greer, would you briefly state what
Benson-Montin-Greer is seeking with this application?

A Yes, sir. If you'll look under Section A

0 And are you referring to what has been
marked Exhibit Number One?

A Yes, Exhibit Number One.

0] Okay.

MR. KELLAHIN: That's the brown
book?

) And that is the brown book?

A The brown book. A plat on the lefthand
side in the first part of Section A, and it shows an outline
of the existing unit, and by the dashed margin the area that
we seek to have added to the pressure maintenance project.

0 Mr. Greer, this 1is the plat with the
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green outline that is the first document behind the intro-
ductory tab?

A Yes, sir, this is the introduction tab,
I'm sorry.

Q It shows not only the unit boundary but

the proposed expansion.

A Yes, sir.
0 Now we're going to be working with this
exhibit for some time. Before we start working through the

various sections, would you identify for the Commission the
general area that you plan to cover working from this exhi-
bit?

A Yes, sir. We've divided the presentation
into four parts: First, the reservoir description; Part II,
benefits of pressure maintenance; and Part III, evidence of
reservoir stratification; and Part IV is evidence of commun-
ication of wells in the proposed expansion area with the ex-
isting project area.

Q Would you now turn to the first document
contained behind Tab A in Exhibit Number One, and first

identify what this is intended to show?

A Yes, sir. The schematic fracture system
shown on the lefthand side is =-- is our interpretation of
the geometry of the reservoir. Naturally fractured reser-

voirs typically are of a matrix porosity laced with frac-
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tures.

We did not find that to be the case in
our investigation early on in this reservoir. Studies since
that time have confirmed that indeed this is the geometry.

The wells act as though they are within
little isoclated reservoirs by themselves and yet those
reservoirs are connected with each other. There's no other
way that can be satisfied.

In addition, we found what I describe as
tight blocks. That's these little, separate blocks we show
on the plat, surrounded by a high capacity fracture system.
That high capacity fracture system contains a large part of
the reservoir o0il and as such, that allows for gravity
drainage and pressure maintenance to be effective.

If the reservoir were a matrix porosity
type laced with fractures, only a small part of the reser-
voir with fractures, the pressure maintenance would not have
worked.

We would not even have attempted it in
the first place, but in view of the fact that a large part
of the reservoir is in a high capacity fracture system, the
pressure maintenance project could work.

Now we have shown in earlier exhibits in
our interpretation of this reservoir, we have presented

colored maps over the structure that show flexes and struc-
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tural flexes as they move from the east side of the reser-
voir to the west side. We have interpreted that to mean
that there is probably a directional permeability
north/south. We've not run an interference test with enough
wells to confirm that, but this is logical, we believe, that
with the synclinal flexes at different points through the
reservoir as it moved from east to west, that these flexes
would have had a bearing on the fracture system and 1 think
of them as -- as benches or permeability plateaus, and this
has been really helpful in the pressure maintenance project.

We inject gas in the up-dip wells, even
though where the injection wells are located the reservoir
is relatively tight, the gas tends to move north/south first
and then diffuse west into the next bench.

In that next bench it moves north/south
and then diffuses again to the next bench to the west, and
so on down the line.

This has been helpful in the pressure
maintenance project being effective in the past. We 1look
for it to be helpful if we install a gasoline plant, which
is our -- our plan now, and as the stripped gas moves
through the reservoir, we expect it to move north/south,
then diffuse to the west, picking up liquids as it goes.

This reservoir geometry, then, becomes

important in how we =-- how we undertake the pressure main-
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tenance project and how we propose to continue doing it.

One of the significant features in this
reservoir 1is that it's stratified. We've (unclear) this
since early on in drilling wells, drilling with air, dril-
ling with gas, picking up o0il in the different stratified
zones. We've confirmed this recently with a production
model and we recognize that as one of the problems that we
have in dealing with this reservoir is that in time the
zones, particularly the upper zones, with gravity segrega-
tion and stratification are going to carry a higher percent-
age of gas and when that gas reaches a producing well, and
we have to recognize that as a problem and how to take care
of it. Initially we took care of it by producing the lwoer
zones first.

Now with this fracture system the way it
is, and particularly within any one of these permeability
plateaus, we have found that -- that the drainage is so ef-
fective that a well with good communication with the frac-
ture system can drain the tract of a well completed in a
tight block maybe two or three miles away better than the
well in that tight block itself, and what that means is that
we don't need a large number of wells to deplete the reser-
voir.

Q Mr. Greer, how many stratified zones are

there in this reservoir?
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A We recognize three zones, have identified
three, but even within those zones there are layers that
themselves are stratified. There can be two or three layers
within the A zone and there can be gas production in the up-
per part of the A zone and o0il production in the lower part.

Q Are these zones all present throughout
the entire reservoir?

A Yes, sir, but in some areas one zone will
be more productive than another and in one area the A zone
may be more productive than it is in a different area and
we'll look later at how to identify the zones.

0 All right, why don't we go to the next
plat in behind Tab 1, which has a portion of the map shaded
in yellow, and I'd ask you to identify what the shaded yel~-
low area is intended to show.

a That yellow area shows ocur interpretation
of the area which is predominant A and B zone production and
we make that assessment by reviewing the production history
of the areas around it.

To the southwest, of course, is Gavilan,
which generally it's believed it's primarily A and B 2zone
production.

Up to the northeast, the East Puertoc Chi-~-
guito Mancos Unit has produced 4,000,000 barrels of oil from

A and B zones only. The C zone doesn't produce there.
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North of the wunit on some Jicarilla
lands, A and B zones only production.

The L-27, the well colored in red, pro-
duces only from the A and B zones. It produced about 1.6-
million barrels of oil out of the A and B zones.

At the hearing last April there was some
question raised, skepticism as to what the A and B zones =--
whether the A and B zones really were the producing zones in
the L-27 and since that time we've run a production log on
that to confirm that, indeed, that is the source of the pro-
duction in the L-27.

0 All right, now in Tab -- behind Tab A,
would you please go to the next plat, part shaded in yellow,
part shaded in brown, and explain what that is intended to
show.

A We've added to the previous plat an area
colored 1in brown and which we interpret to be dominant C
zone production. There 1is also A and B zone production
there but the dominant zone is the C zone.

We confirmed that with the production log
on the F-30, which was reported in the hearing last April,
and since that time we've run a production log in the B-32
that confirms it, and from tﬁe low gas/o0il ratios of other
wells in the area, we believe that this is a reasonable re-

presentation of the dominant C zone production area.
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0 Would you now go to Tab B in this exhibit
and 1I'd ask you to initially identify the basic benefits of
pressure maintenance that you have observed in the unit area
as a result of pressure maintenance.

A We have listed on the first schedule
under Tab B some of the important features of pressure
maintenance.

Number one, keeps the viscosity low
and the formation volume factor high with an increase in the
otherwise ultimate recovery.

In previous hearings we've spelled out

how -- how we estimate the additional recovery.
And two, it keeps the productive -- the
wells productivities high. That means that there are fewer

wells required to deplete the reservoirs in any given amount

of time and this is significant.

Number three, it provides a gas cap in

which will be helpful in our cycling operations when we
strip gas through a gasoline plant and reinject it, and
cycle the gas in a sense in the up-dip wells while we're
still maintaining pressure on the down-dip wells.

We're about to that point now.

And item number Four, the work that our
assocliates have done, particularly Sun and Dr. Lee, it looks

like we can pick up a significant amount of additional

|
]
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liquids by moving the stripped gas from the residue from the
gasoline plant, reinjecting that, 1letting it pick wup
liguids, and we anticipate a significant increase in ulti-
mate recovery that just could not be obtained any other way.

Number Five, it augments gravity drainage
by pressure maintenance, keeping the fractures open and
maintaining higher productivity and a higher rate of gravity
drainage.

A significant part in the management or
operation 1s lower operating costs. We have no rod and
tubing wear; no bottom hole pumps to maintain; no risk of
expenses for fishing jobs; all mechanical repairs are on the
surface; can flow the wells to depletion; and in the end,
any oil remaining in the tight blocks =-- tighter part of the
reservoir, we'll produce it during "blow-down".

0 Now, Mr. Greer, if you'd go to the green
pages which follow that summary, first if you would identify
the schematic drawing, and then using this, would you review
the initial depletion plan you have for this reservoir?

A Yes, sir. We show on the righthand side
on the up-dip part of the reservoir are injection wells.

In the middle of the reservoir are the
intermediate wells, what we refer to as cycling wells, and

that spacing there is roughly one well to 3, maybe 4, sec-
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Then the down-dip recovery wells the
spacing is roughly one well per section.

We point out that in the intermediate
area there's only one well in 2 to 3 to 4 sections. The
reason for that is that once we have achieved with the down-
dip recovery wells a rate of reduction that is high enough
to meet the gravity drainage potential, then any additional
wells not only are unnecessary but they're harmful. The more
wells we have and the higher the production rate, the lower
is going ot be our ultimate recovery because -- for the
reason that the producing mechanism slips from gravity seg-
regation, gravity drainage, gravity displacement, into solu-
tion gas drive, and that's the reason that we've located our
wells the way we have.

We can do that and produce at high rates
on the down-dip wells, the recovery wells, without the in-
termediate wells. We just don't need them; we just some-
times use them for observation wells. And the end result is
this greater recovery, higher efficiency all the way around.

The initial depletion plan is to produce
the C zone wells first, 7 zone first. Where we can't get
production out of the C zone, then we had to come up to the
A and B zones. The reason for that is in a lower zone we'd

expect it to have the lowest gas/oil ratio. It did, and out




10

1

12

13

14

15
16
17
18
19
20
2t
22
23
24

25

33

plan has been as the gas moved down structure displacing
0il, we would shut the wells in when the gas/oil ratio
reached 2-or-3000 cubic feet a barrel and when the gas fin-
ally reaches the down-dip wells, then our plan was to come
back, open up the A and B zones and at that time have a
large volume of gas.

In the meantime, when we're producing on-
ly the lower zone with low gas/oil ratios, we can do that
very efficiently with a very small amount of horsepower.
Initially we were producing the reservoir with probably a
fourth or a fifth the horsepower that's now required.

This was an essential part of our plan.

Once we reach the point that we're to cy-
cle gas, which we are now, and install a gasoline plant,
then we still continue pressure maintenance until we reach
an economic limit, depending on =-- on o0il production and the
plant liquid recovery.

Q Mr. Greer, how does the proposed expan-
sion that we're discussing here today affect this original
or initial basic depletion plan? Does it alter it at all?

A The only alteration we have is =-- is the
problem that we face with Gavilan, the cross boundary migra-
tion there.

Q And what is the affect of that?

A For one thing, we opened up all three
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zones on the west boundary because that was the way the Gav-
ilan wells were completed, and in order to minimize migra-
tion ~-- there's no way we can completely stop the migration
from the unit to Gavilan but we minimize it by opening up
the same zones going to higher gas handling volumes now than
we otherwise would have.

And with the high rate of pressure de-
cline in the Gavilan, the pressure difference, then, from
our injection wells to Gavilan becomes greater and greater
and the problem of migration gets greater. So we visualize
and commnced last summer when the Commission ordered the
high allowables, to market some gas where we could try to
keep that pressure differential from -- from getting much
worse. It's going to get worse from time to time unless
Gavilan does something to hold up their rate of pressure de-
cline, ©but we needed to do something to keep it from being
as high as it might otherwise be.

Finally, then, if we're not able to pro-
duce the wells to depletion the way we had ordinarily plan-
ned using the injection gas as our energy to lift the oil,
then we'd have to resort back to gas lifting the oil until
the time of depletion.

6] Mr. Greer, how does stratification actu-
ally relate to this pressure maintenance effort?

A It relates to it in the sense that we




10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

25

have recognize that we have to handle the gas one way or an-
other when -- when it shows up. We can either shut in the
wells, seal off the zone, or return the gas to the reser-
voir, which means more and more horsepower as gas breaks
through in these stratified zones.

Q Would you now go to Tab C in Exhibit Num-
ber One and briefly review recent evidence on stratifica-
tion?

A Under Tab C we show results of production
logging of two of the wells, L-27 and the B-32.

Now the L~27 is the one that there was a
question about where the gas and oil were coming from and
the B-32 we had the same, same question.

If you turn to the first gray sheet,
which shows the plat with the location of the well, the L-27
and on the lower part of the page we show our log of the
well., I've identified there the A, B and C zones.

And then if you'll turn to the blue
sheets, you'll see here the results of the production log.
The 1logging company's analysis is set out on the righthand
page. On the lefthand page we've shown schematically what
~=- what that shows.

On the lefthand column the fluids are
identified principally by the densitometer in which we find

water in the bottom with no flow between the B and C zones
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and at the very top of the B zone has oil production and in
the top of the A zone and that's oil and gas.

On the little triangular shaped plots on
the right we show the percentage of o0il and the percentage
of gas and where they're coming from. In this 1instance
practically all the oil is coming from the B zone, as indi-
cated by the center plot, triangle.

On the righthand side the gas is 1indi-
cated. Practically all the gas is coming from -- from the A
zone.

Of significance here is water over the C
zone. The well does not make any water and so -- and this
log was made while the well was flowing. There's no way
that production can be coming up through the C =zone with
water -- with a water blanket on top of it, so that's just
further confirmation that the C zone is not productive 1in
this well.

Q Now, Mr. Greer, 1is there similar informa-
tion available on the B-32 Well?

A Yes, sir. Following the blue sheet are
some white sheets which show the front of the log in detail
and then under Section D, if you'll pass the brown sheet and
come to the gray sheets again, the well is located on the
plat and the A, B and C zones are again identified by the

log below it.
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Q Now, if you'll go to the pink sheets --

A Yes, sir, if we lock at the pink sheets
we'll see the same kind of production logging analysis that
we looked at on the L-27. Here, however, we find that the
oil, practically all of the o0il is coming from the C zone,
two parts of the C zone. The major part of the gas 1is com-
ing from the B zone and some additional gas coming from the
A zone.

Here is a typical example of a stratified
reservoir in which the gas and oil have segregated in those
parts of the reservoir where there's communication, vertical
communication, faults, fractures, such as that, or the upper
zones, we've seen displacement of the o0il by the pressure
maintenance project, the injected gas.

This ~- the well produced initially with
a low gas/oil ratio so we know that all zones, all zones in-
itially produced oil. Now the upper 2zones produce gas and
the lower zone, the lower zone is producing a very low gas-
oil ratio.

If we were to seal off the A and B zones,
the C zone, which produces all the o0il, and this is a good
well, a significant part of the production, can produce 6-
700 barrels a day, 1its gas/oil ratio would be like 6-0r-700

cubic feet a barrel.

0 Now, Mr. Greer, the B-32 Well that we're
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talking about is a well located in the expansion area, is it
not?

A It is.

Q All right. Behind that is again some
supporting information?

A Yes, sir.

0 I'd like you now to go to Tab E in Exhi-
bit Number One and have you now focus for a few minutes on
the effect stratification has on pressure maintenance, and
first I'd direct you to the first green pages behind Exhibit
Number E and would ask you first to explain what these dia-
grams show.

A These sketches show one of the things
that c¢an happen with a stratified reservoir.

We show in the upper lefthand sketch a
well producing from a stratified reservoir, oil from the
lower zone, gas from the upper zone. Its gas/oil ratio is
10,000 cubic feet a barrel.

Then on Plat II on the righthand side we
show 1if we just open up a well in the gas zone and say take
half of the gas out of that well, and only half out of the
other well, which will result if depletion takes place and
we've found, of course, as we've indicated in one of our ex-
hibits last April, everything else being the same, the gas

will deplete about 8 to 15 times faster than the oil, and so
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you have a reduction, then, in the gas coming out of the A
Well, as we show it here.

Here 1is a drop in gas/oil ratio, then,
this well now only makes 500 MCF a day, 100 barrels of oil a
day and its gas/oil ratio has declined from 10,000 to 5000
but that has no bearing on the o0il production from the oil
zone, and particular 1if that o0il zone 1is producing by
gravity drainage, then there can even be damage to the
reservolr with the ower gas/oil ratio. We see that in the
lower sketch where, as we have in this reservoir, places
where there's vertical communication, then as the oil -~ gas
is produced from the upper zone, the gas/oil ratio drops,
the oil migrates from the lower zone to the upper zone, and
if it were gravity drainage recovery in the lower oil zone,
it now deteriorates tc solution gas drive as it migrates up
into the upper zone.

Q Now 1is there any good news that comes
from this situation?

A Yes, sir, the fact that the gas/oil
ratios seem to change up and down, there's some good news to
that, Mr. Chairman, and that good news is that that can
happen only if we have some kind of gravity segregation. If
we have gravity segregation then somewhere in the reservoir
we can have efficient gravity drainage. All we have to do

is recognize it and take advantage of it.
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Q Now, Mr. Greer, would you turn to the
gray pages whaich follow and first identify what the plat is
designed to show noting the green circle and the wells in --
the green square and the wells inside that square.

A All right. Mr. Chairman, we show here
something that has happened just almost exactly 1like the
little sketches we were just looking at.

In the green outline we've shown two
wells in red. That's the N-31 and E-6, two producing wells.
the J-6, the orange color, was shut in. The green colored
well is Tapacitos 4, a well outside the unit, and the other
two wells in the southwest part of that 4-section block are
wells that produced at a low rate during June and when the
Commission set the high allowables, those wells then
produced at high rates, high gas volumes, and they pulled
out of the stratified zone a gas which then came from the
offsetting wells, the well to the north, the two wells to
the east, and as a consequence their gas/oil ratio was low
but not because there was increase in production of those
wells.

The two red circled wells, wells that are
operated by the unit, it did not change the production rate
in July, and the reason we didn't, we -~ in order to try to
satisfy the Commisison's directive to go to high rates of

production for comparison, we had to change the mechanical




10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

25

41

equipment, the surface equipment of some of our wells. Two

of them are capable of producing about 1000 barrels a day.
We typically do not produce the wells at the -- at the al-
lowables. We've always produced at less than the allow-
ables. We just did not have the equipment in place to go to
these high rates of production.

Now, these two wells, the N-31 and the E-
6, we didn't have to do much to them and what we did was
wait until we got most of the wells that we were going *to
increase production on equipped and then we raised the rate
of production; Jjust an arbitrary decision to do that, but as
a consequence of that there was then a very good test of
what was happening and we didn't know that this would hap-
pen. We just in reviewing the records since the high rate
of production took place, we found that these offset wells
pulling gas out of a stratified zone lowering our gas/oil
ratioc, but we didn't do a thing to change the rate of pro-
duction.

If you'll look at the pink sheets, the
next two pink sheets, we show on the top line a plot of the
well production of the E-6 Well and, Mr. Chairman, we keep
very close track of the production of our wells. We have
daily records of the oil and gas production. We keep charts
of the pressures and part of our process of accumulating in-

formation is to convert production every day to daily rates.
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I know most operators don't do that but
there's no way that the pumper can get around to a well at
the same time every day.

We take the amount of production, the
time of the production, convert it to daily rates so that we
know what is going on in that well.

You can see that the oil production rate
stayed very stable all the way across.

Now during this period, July and August,
at the high rates of production the reservoir pressure was
dropping approximately 40 pounds a month. We found that the
operating pressure on our wells was dropping 40 pounds a
month. Now this meant that the drawdown on the reservoir
was exactly the same throughout this period. We  had the
same size o0il chokes, the same size -- same amount of gas
lift gas; o0il production stayed very stable. Gas produc-
tion, as we can see, dropped off.

Now this can only happen if you have a
stratified -- stratified reservoir situation and that's what
happened here.

If we go to the next sheets where we've
shown on the lower green sheet by the dark shading the vol=-
ume of gas that was being produced by the offset wells.

In June very little gas was being pro=-

duced by the offset wells and in July the rate picked up at
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a high rate, and so there is the relation, and not the pro-
duction rate of our well but the production rate of the off-
set well pulling gas out of the stratified zone.

Now, after mid-August we went ahead and
increased our production rate. We put in bigger chokes,
more gas lift gas, we got a higher rate of production. Now
that higher rate of production, then, 1is coincident with
lower gas/oil ratios, but that's not the reason for the
lower gas/oil ratios.

Now we notice the same thing -- I've
plotted here only the E-6; the N-31 had the same result and
the Tapacitos 4, and we do not operate that well so I'm not
as familiar with it, but it is shown on the statistics of
the green sheets above the graph. The Tapacitos 4 appeared
to have (unclear) in the gas/oil ratio but also they did not
increase the production rate of that well.

So my assessment of that is that the same
thing happened to the Tapacitos 4.

C Now, Mr. CGreer, if we look at the plat,
the gray sheet, certain of the wells in the green block are
within the proposed expansion area of the pressure mainten-
ance project and others are outside.

A Yes, sir.

0 What sort of a crediting arrangement is

authorized for the production that =-- for the gas that's re-
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injectible in the unit?

A If we inject 50 percent of the gas we
produce, then we get injection gas credits for that 50 per-
cent, and if we don't inject anything, we get no credit.

Q What would be the effect of not allowing
an operator to get this credit for the injected gas?

A Then if we cannot get credit for the in- |
jected gas, then we cannot produce our gas that's moving
past us into Gavilan. We have to get that credit so that we
can pick up our gas, at least slow it down, we're not going
to stop all of it, Dbut we can slow it down and return it to
the reservoir. Then two things happen.

Number one, it's inequitable that our gas
move over to Gavilan and they take it and sell it. That's
an inequity. That would tend to offset that inequity;

Another inequity is that when that gas
moves across to Gavilan it gives those operators a higher
gas/oil ratio than they otherwise would have and they get a
lower o0il allowable, and that's an inequity.

We solve both inequities, or at least we
move 1in the direction of solving both inequities by letting
us have our gas injection credit and we take our gas and put
it back 1in our reservoir and continue with the pressure

maintenance project.

0 All right. ©Now I'd like to have you turn
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your attention to communication between the proposed expan-
sion area and the existing project area.
Will you turn to Exhibit F and first just
identify the first plat again that's contained behind Exhi=-

bit F on the gray sheet?

A The plat, again the plat shows the unit
and the proposed expansion unit.

Q And what does the first Section F show,
what -- what type of communication; what evidence of commun-
ication 1s present?

A The evidence of communication that we ad-
dress here is overinjection. We overinjected in the exis-
ting project area and by overinjecting with no pressure in-
crease 1in the project area means that the gas had to go
somewhere, or gas and oil.

The only logical place for it to go is to
the west into the proposed expansion area, and we show here
that for the period of July to November that we overinjected
at the rate of an average of 3300 reservoir barrels a day;
from November to February, nearly 2000 barrels a day.

Q Will vyou go to the tan sheets that are
next in the exhibit book and identify those?

A Well, these show the —-- the upper -- the
upper sheet shows the statistics which we just discussed.

The lower sheet shows the pressures in the wells in the gas
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cap area.

Now as we look at the pressure change
from June to November we see some substantial changes there
in some of the wells.

The CC-5, for instance, shows a gain of
159 pounds. Now that well, we'd not injected in it for ten
years and there's a fairly large interference effect as a
consequence.,

By the same token the A-14 has a large
pressure decline.

Overall it looks to me like there might
have been a 20 or 30 pound pressure decline in that period.

Then 1if we look at the pink sheets we
show the same information on the pink sheets except this 1is
for November to February.

Here again it looks to me like we have
overall pressure decline in the area, even though we overin-
jected.

Now a more definitive comparison is from
July to February and we show that on the next green sheet,
where we cover the entire period, and there we can see a
consistent pressure drop in all these wells except the C-5,
the one real tight injection well shows a small increase of
five pounds.

All right, now during that time the
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reservoir was overinjected approximately 600,000 resevoir
barrels.

Q And what does this tell you about the
communication in the reservoir?

A That means to me that we have communica-
tion from the existing project area into the proposed expan-

sion area and probably on to the west.

C If there wasn't communication what would
this overinjection -- what would be the result of the over-
injection?

.\ The pressure would build up in the exist-

ing project area.

0 Now will you go to the information con-
tained in Section G of Exhibit One, 1loocking now at evidence
on pressure gradients, and I1'd ask you to first go to the
first sheet behind that and simply summarize what's intended
to be shown with this section.

A In this section, Mr. Chairman, we show a
pressure gradient across the reservoir, and we determined
this pressure gradient principally from surface pressures of
the -- of the wells.

Now we found that where we produce the
wells with gas 1ift and the gas/o0il ratios have risen as
high as they have, that we have -- on shut-in we find a gas

gradient from the surface to the producing zone, whether
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it's the A zone, B zone, or whatever is producing oil, and
so actually for these wells we can get a very accurate de-
termination of reservoir pressure and pressure gradient by
taking the surface pressures and there's another reason for
doing that.

When we try to measure pressrue gradients
across the reservoir with bottom hole pressures, we run into
many problems. The only way it can be accurately done is to
calibrate all the wirelines, calibrate all the logs with the
same instruments. We have to measure the surface elevations
of the wells. We have to take into account the deviation of
the holes, and a myriad of problems that you don't have by
dealing with surface pressures.

Now we show here on the yellow pages a
comparison of a pressure increase, a surface pressure in-
crease of two of our observation wells, along with the bot-
tom hole pressure increase which we concurrently measured,
and is shown with the thecoretical pressure increase and they

fit very well.

c Now, the green sheets, are they just a --
A They're just a --

Q -— statistical comparison?

A Yes, sir. They're the information sup-

porting the yellow graph.

Q All right.
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A On the whites sheets we identify some of
the problems of attempting to (unclear) bottom hole pres-
sures to determine pressure gradients.

Then 1if we'll go to the blue sheet with
the colored plat of the pressures opposite it, we've shown
here the results of the pressures which were measured. Now
these pressures were taken immediately following the Novem-
ber OCD order for a pressure survey and at that time we kept
our wells shut in. I think the time for the test was about
three days; we kept our wells shut in for another week, so
we had roughly 8 or 10 days shut-in time to check the be-
havior of these wells. We checked them every day, checked
them with dead weight testers and on a number of the wells
we had two dead weight testers to compare the readings of
the two.

And we see here, when we plot these pres-
sures and study them, we recognize the permeability plateaus
that we talked about earlier.

In the 1injection wells the pressure is
around 16-1700 pounds. This is after being shut in all this
time.

For 1instance, going from the orange to
the Dblue area, a pressure differential there of 4-to-500
pounds. Some people interpret 4-to-500 pounds as meaning

there's no communication, but we've injected in these wells
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for twenty years, Mr. Chairman, and there's no question we
have communication from the injection wells to the lower
presssured next plateau to the west.

Then 1if we -- if we look at the blue
colored area, the pressures within about 80 pounds north and
south.

We get over into the green area and here
these wells are all within, oh, 10 or 15 pounds north and
south, where the gas 1is spread north/south as it diffuses to
the area to the west.

And we show one well in the pink colored
area, about 860 pounds, but it carried with that pattern,
Mr. Chairman, carries all the way even into the brown and
the yellow areas.

Now the brown area, we only show a
difference of pressure in the brown area to the yellow area
of 10 or 15 pounds, but the same pattern applies
north/south. We see only 3 or 4 pounds difference in the
wells in the brown area.

Get into the yellow area and there's only
a couple of pounds difference in the wells, and yet they're
10 pounds different from the others.

Now, this pressure gradient means to me
that the overinjection in the present project area has to be

moving 1in a direction of lower pressures and that direction
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is west to the proposed expansion area and over to Gavilan.
Now right on the Gavilan boundary; we don't have information
west o0f there of the same type we took of these pressures.
My assessment of what we've seen before, from a (unclear)
test before, 1is that probably the Gavilan wells nearest our
yellow area would show very nearly the same pressures, that
we could probably equalize.

Q Mr. Greer, could you tell me now before
we go on, why should the boundary for the pressure
maintenance project be on the western side of the Canada

Ojitos Unit or the proposed expansion?

A Well, that's the area of the present
participating area. The participating area has been from
time to time expanded. The project area has been expanded

right along with it up until this last time and when we made
application for this 1last expansion, then some of the
Gavilan operators had objection to it and wanted this heard
at a hearing where they could voice their opinions, and so
that's why it was not done at that time, and it's the only
logical place for the -- for the expansion, 1is to go to the
edge of the unit and, of course, the pressure maintenance
formula is designed to provide for pressure maintenance of a
part of the reservoir. That's just the way it's designed
and it's -- most of the times, pressure maintenance projects

cover only a part of the reservoir.
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0 If there was not communication across
this reservoir what would you think the pressure would --
what would that do to the pressure gradient?

A Well, if there were no communication with
Gavilan, we would have a significantly higher pressure.

0 Would you now go to the Section H in Ex-
hibit Number, which addresses pressure build-up during shut-
in times and explain what the brown sheets are designed to
show?

A Yes, sir. We showed in Case 9113 last
April how we had interpreted the pressures in the different
zones to be, that they would crossover at about 10-to-11-
million barrels cumulative production from both pools, and
that occurred in the fall of 1986, and at that time, then,
among other things we ran a pressure interference test on a
frac treatment and reported that earlier, and we show on the
vellow pages then following that the rate of pressure in-
crease in this =-- these =-- this particular shut-in well that
was our observation well.

Now we can see on the upper yellow graph
how the pressure increased following the frac treatment and
how it tended to level off at a very low rate, .05 of a
pound per day. Prior to that time -- and that's .05 of a
pound probably still includes part of the frac (unclear).

The pressure leading up to -- or the time
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ahead of it was only .02 of a pound a day. Now, I interpret
that to mean that when the pressure is equalized throuchout
the area, the only time then that we're going to see effects
of pressure maintenance is when the wells are producing and
there's a pressure difference and then gas moves into the
producing zone from the injection area.

Now, we have by contrast then, Dby con-
trast to =-- to this leveling off of pressures and staying
level, and this is for a number of days, like eight days af-
ter shut-in, and it was in a time when there was a problem
with the gas plant in -- taking gas from Gavilan. A number
of the Gavilan wells were shut in. We had all the wells 1in
the township this well is in shut in, so there's no extrane-
ous effects that would change or affect this bottom hole
pressure and it Jjust stayed practically flat for 8 or 9
days.

Now, by contrast, in last November when
the pressure survey was taken and we kept our wells shut in
beyond the pressure at the time of 3-day shut-in, we found
pressures rising in this well and the adjoining well and at
that time there was 3-or-400 pounds pressure difference from
the nearest well, which is even 2 or 3 miles away, wasn't
near, but in terms of wells up dip from these producing
wells, and then we have, with that pressure differential, we

see a pressure increase then in these shut-in wells. We
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didn't see that when the pressures were all the same.

This means to me that pressure is from
the pressure maintenance project from the gas injection is
causing the pressure to rise.

We show on the blue, blue colored graph
at the Dbottom of the graph the rate at which the pressure
increased in September, 1986, and then just a year later the
same well, plus the well right next to it, how the pressure
is increasing.

Now these pressures were surface
pressures measured with dead weight tester, two different
dead weight testers, and they show a very close comparison
of the pressure increase.

Now these +two wells are high capacity
wells. They show early on, on production or shut in, the
reflection of reservoir pressure in the area in which a
large amount of the o0il is taken.

Q Now, Mr. Greer, the two wells that are
depicted on the blue graphs are wells 1located in the

expansion area, is that --

A Yes.

Q == not correct?

A Yes, sir.

Q How would you expect them to perform if

they were not in pressure communication with the injection
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wells?

A Then they would both have the same rate
of pressure build-up as shown by the dashed line at the
bottom of the graph.

Q In your opinion could the pressure
increase depicted on the blue graph be caused by anything in
the Gavilan?

A No, sir. Most of the -- some of the
Gavilan wells were shut in for awhile. I don't think it
would have an affect on it, but some of them actually went
on production, so if those Gavilan wells went on production,
then their affect would have been to pull the pressure down.

So if there's any =-- any affect from the
Gavilan wells it's to reduce the amount of pressure build-up
that we see here and had they not been producing, then they
would have had even a higher rate of pressure build-up.

Q In Section 8, Mr. Greer, there are a
number of tables of figures on pink, white, and blue sheets.
Would you just identify those, please?

A Yes, sir. Those are just the statistics
which support the graphs we just looked at.

) Would you now go to Section I in Exhibit
Number 1, which relates to evidence of communication as
shown by gas/oil ratios? Would you go to the gray sheets

right behind that tab and explain what this shows?
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A Yes, sir, this shows =- this is the same
plat we looked at earlier. We show the injecticn wells in
the triangles on the righthand side, the producing wells in
the expansion area are colored in red, and for those wells
that are producing colored in red, we show their producing
gas/oil ratios on the gold colored sheet following.

0 Now you're going te the gold colored
sheets?

A Yes, sir. On the gold colored sheets we
show a graph. The upper gold colored sheet shows a graph of
the gas/oil ratio of the wells in the proposed expansion
area. That's the lower solid line.

The upper solid line for comparison is a
gas/oil ratio in Gavilan.

Then the dashed 1line shows the net
gas/oil ratio if we take into account the gas we've injec-
ted.

The -- in general, what this shows 1is
with the lower gas/oil ratios, they just would not be that
low without the effect of gravity drainage and pressure
maintenance and the fact that the o0il has to be drained from
up-dip from these wells and if it's coming from up-dip, it
has to be coming from the existing project area.

And the efficiency overall for the period

of time shown by this graph, the unit used roughly 1/3 as
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much reservoir energy as Gavilan, disregarding the injected
gas.

When we consider the gas we've injected,
then the unit is only using about 10 percent as much reser-
voir energy for each barrel of o0il that we take out of the
ground as is Gavilan.

0 All right, Mr. Greer, if you'll go to the
plat that follows, would you identify what this plat is in-
tended to show?

A We know that the pressure gradient and
the movement of o0il has to be from east to west from what we
show here now and what we showed a year ago. If so, the
production from the two wells on the righthand side of the
blue colored area, if we convert the amount of o0il that they
produce with some kind of a reasocnable reservoir volume, if
-- if, say, two-thirds of the ultimate recovery has been
produced -- already been produced by these wells, it would
have to come from an area about like the size of the blue
colored area. If it's only one-third, then they have pro-
duced from an area which reaches up to the brown shaded
area, well inside the existing project area.

This 1is Jjust further evidence that the
two areas produce from the same, same reservoir.

C And are the remaining sheets in this sec-

tion supporting statistics for that?
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A Yes, sir.

Q Would you go to Tab J. This talks about
communication as evidenced by pressure behavior and explain
what this section is designed to show?

A Yes, sir. We realize, Mr. Chairman, that
in our pressure maintenance project, that if we inject as
much gas up dip as moves out of the project area down dip
into the expansion area, that observation wells within the
project area will show very little pressure change because
there's as much gas coming toward a well as is going away
from it, and that, plus the fact that we did not want the
pressure difference from the unit area to Gavilan to get any
worse than it absolutely had to, we decided to market some
gas. By marketing gas we just -- we accomplish two things.

One 1is we tend to hold down the pressure
difference between the unit and Gavilan and the other is
that there's some action takes place in the =-- in the gas
cap area. If we inject for awhile, we don't inject, then
presumably when we're not injecting we would expect the
pressure to decline. When we're injecting, we'd expect the
pressure to increase.

So the C-34, the lower righthand colored
well is the one that we treated, opened up the A and B zones
last spring, and we thought that might be a good well to --

to test. So we -- we made that as an observation well, and
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that well was shut in in May and we started taking pressures
in it soon after the Commission ordered its high rate of al-
lowable and carried that as an observation well up until the
November test period.

The D-17 was a well we completed last
summer., It turned out to be a low capacity well. We
wouldn't 1lose much income by shutting it in, so we shut it
in and made an observation well out of it and started taking
pressures in it sometime, I think the last week 1n September.

And then if we turn to the tan colored
sheets next (unclear), we can see how the pressure changed
in the C-34 observation well depending on whether we're just
producing, selling gas, or =-- or injecting gas. The pres-
sure goes up and down; appears to me overall there's probab-
ly a general pressure decline in that well.

Then 1if we'll +turn to the next pink
colored sheets, we show here what happened when wells were
shut in for the pressure survey in November. The pressure
was declining in the D-17, the upper graph, at about 1.3
pounds a day. That's about 40 pounds a month that we had
earlier noted.

Then in the C=-34 it was not quite as
much, about 1.13 pounds per day.

When the wells were shut in, then the

pressure tended to level off and then to increase and that's
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an interference effect.

And one thing that we note here 1is the
flat, flat character of the curves at the bottom. If we had
had only a one-on-one situation, one producing well, one ocb-
servation well, we would expect that curve to be rounded but
in both instances there's that flattening and that flatten-
ing can only be caused by multiple wells effects on the ob-
servation well.

Q All right, what do the green sheets show?

A The green sheets show the same plot. Now
the ones that we looked at before on the tan sheets, they're
hand -- hand plotted for a point about ten times a day.

The green sheets are mechanical plots and
each one of those little dots is where the pressure bomb
took a pressure, and they were about every 30 minute inter-
vals, and you can see that only by the hand plots they might
be skipping part of the plots, there's little change 1in
character but not a lot. The mechanical plot pretty well
confirms the general shape of those curves, and the fact

that there had to be multiple wells affecting the observa-

tion well while shut in, and during this -~ that period, Mr.
Chairman, we -- we were injecting only a small part of the
gas, Jjust prior to shutting in a lot -- most of it, and in
order to have a situation which we hoped that the -- that

most affect that would be seen on the observation wells
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would be the result of the producing wells with a minimum
effect of the injection wells.

Then we have a number of graphs. We
might look at the first gray graph following the green.

For each of the plots that we showed ear-
lier, a tan colored sheet of the C-34, we showed some solid
lines and then there are dashed lines in between. The solid
lines are duplicates of these individual surveys which we
show here and 1'd call your attention to what are known as
"lubricator bleed". This is where a well -- I'm going to
bomb a well and on going through this exercise there's some
gas lost to the air and it pulls the pressure down.

On this particular observation well we
had a new wireline unit on it. It was stiff and in order to
get the bomb to fall to the bottom, why the men in the
field backed off on the stuffing blocks (sic) and =-- and we
got a little more leap than we ordinarily would have and
that caused the pressure to drop; takes about, oh, a day for
it to recover, and then pick up the reservoir -- the true
reservoir pressure decline.

And if we go to the second, third,
fourth, fifth, the sixth gray graph I'd point out something
else, and this is where we'd have two dashed lines intersec-
ting. It's for the C-34 from the 11lth to the 24th of Sep-

tember.
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The bombs that we're using have an adver-
tised accuracy of about 2 or 3 pounds. In other words, if
we pull a bomb like we have on one run here, the lefthand
line of circles, bring it into town and get the information
out of it, reprogram 1it, take it back out and run it in the
groung, it's only guaranteed to be within 2 or 3 pounds, and
we can see that that would be a big difference,

Now many times we have found that they
compare just as closely as it did here. They appear to ¢o
back 1in with only 2 or 3 tenths of a pound of difference
from +the pressure that's indicated when it came out. They
are just amazing instruments, and they're not infallible and
once in awhile they'll have that 2 or 3 pound drop, and if
you have a problem with the battery, why, you have a com-
plete failure.

I believe that's all we -- these are just
back up graphs from which the information was taken to con-
duct the tan colored graph at the first part of this sec-
tion.

0 The rest of the material in this section
is just support data, is it not, Mr. Greer?

A Yes, sir.

0 Would vyou now go to Section K in which
evidence of communication is shown from pressure decline in

a reservoir and explain what this section is designed to
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show?
A Yes, sir. During February we -- we had
shut in a number of our wells which turned out to the A and

B zone wells primarily and we produced C zone wells.

One of our -- one of the things we felt
we should -- should demonstrate, 1if we could, we felt we
showed communication from the A and B zones, when -- when we

fraced the well in the C-34, it showed up in the offset
wells to the south and we'll be looking at that in just a
minute -- or to the west.

We still did not have then direct commun-
ication with the C zone. Now my feeling is that with the
varied communication in different places in the reservoir
that if we had communication across in the A and B zone, it
probably gets into the C zone. So we produced mainly C zone
wells and we took pressures in them, and we show here on the
yvellow colored sheets, a comparison of pressure declines.

For the D-17 in October, the upper yvellow
colored sheet, we showed about 1.2 pounds a day for October
and then from November 1 through 14, about 1.3 pounds a day:
in other words, it's fairly steady. We had a little higher |
production rate in November than in October but the barrels
per pound was about the same, around 2400-2500 barrels per
pound.

Then we take a look then at the next
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graph, we show here the tan colored graph, the 1.21 pounds a
day that we showed back in October; the 1.31 pounds a day on
the next graph in November; and then if we will go to the
blue sheets following that, the first blue sheet, we show
here the production from February lst to the 20th on the |
producing C zone only wells, and we find here that the rate
of pressure decline is only .14 of a pound a day for .1500
barrels a day, or about 10,000 barrels a pound.

We show that on these next graphs. The
D-17 we had one run the first part of February; showed about
10,000 barrels a pound. And the D-17, now, as I noted ear-
lier, is a small well, makes only a few barrels a day.

To confirm that the D-17 was showing the
presssure decline of the reservoir, of the bulk of the
reservoir, we decided to run a bomb also in the B-29. 1It's
our largest well and we knew that if the -- if that con-
firmed the pressure decline that we had in the low capacity
well, plus being closer to the area of production, that that
would be a good confirmation.

So we ran a bomb in the B-29 and it's
shown on the lower scale and 1've shown in there 10,000 bar-
rels per psi.

Now what that means, Mr Chairman, is that
during this period of time just producing these =-- a few

wells in the unit, that we were realizing and we were recov-
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ering more barrels per pound, in fact, nearly twice as many
barrels per pound as both Gavilan and West Puerto Chiquito
together during the higher rate of production. Now this is
exceptional evidence of the efficiency the gravity drainage
and of the pressure maintenance project and we think should
be given large consideration in this hearing.

Now to continue, if these wells are in
good communication with the main reservoir, then on shut-in
they should show a reaction and the wells closest to the
production should show the greatest reaction and that's what
happened. When the wells were shut-in then in November, the
B-29, the high capacity well closest to production showed
its =- its immediate and rapid rise in pressure.

The D-17 showed its (unclear.)

Q Now, Mr. Greer, what conclusions have you
been able to reach concerning communication in the reservoir
as a result of this reservoir pressure decline?

A Well, Mr. Chairman, I conclude that the
reservoir from which these wells are producing, primarily
the C zone, 1is under gravity drainage. The pressure main-
tenance is effective, and given the right opportunity, high
-- high recovery can be expected from the wells.

They are sensitive to rate of withdrawal
and the rate of withdrawal that has affected these wells,

it's clearly the withdrawal in Gavilan.
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0 Now, Mr. Greer, is it your testimony that
the pressure maintenance project is maintaining the pressure
in the expansion area as well as in the existing project
area?

A Mr. Chairman, the pressure maintenance
project 1s being effective. There's no way that it can
maintain the pressure because of the high rate of withdrawal
in Gavilan. If we just had -- and, oh, I wish we had it -~
an underground fence along the boundary between Gavilan and
West Puerto Chiquito -- I imagine I'm not the only one who
wishes that -- then we would see pressure maintained just as
we did in years past in the earlier operation of the unit.

Q What percent of the unit production is
being recovered in the expansion area?

A Well, a large part of the unit's total
production is in the expansion area. That's, of course, be-
cause of our method of operation. Our recovery wells are
our down-dip wells, and we just don't drill in the inter-
mediate area.

c Is there any place other than in this ex-
pansion area that the unit and the project could effectively
be protected from production to the west in the Gavilan?

A No, no, there's no other practical way to
go at it.

0 And what, 1in your opinion, would be the
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effective measure to expand this project area as you are

proposing?
A Well, if we cannot expand it, then that
means that we do not get pressure maintenance credit. That

means that we cannot produce our gas and return it to the
reservoir, and if we can't do that, then it's not feasible
to install a gasoline plant. 1It's not even feasible to con-
tinue the pressure maintenance project, so we'd just have
two Gavilans instead of one good operation and one Gavilan.

MR. CARR: At this time we are
planning to move to Exhibit Number Two. If the Commission
plans to take a break this morning, this would be an appro-
priate time.

I will warn you, it looks a lot
like Exhibit Number One if you look at in on the binding.
It does not take as long to present, however.

MR. LEMAY: We'll take a fif-

teen minute break.

(Thereupon a fifteen minute recess was taken.)

MR. LEMAY: Let's continue. Mr.

carr?

Q Mr. Greer, would you briefly identify

what Exhibit Number Two is?
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A Well, vyes, sir, Mr. Chairman, in estab-
lishing communication, one way we can do it is during a
frac treatement where a well is given a frac treatment, a
large volume of fluid is injected in a reservoir in a short
time and sends a pressure pulse through the reservoir and
observation wells then can pick up that pulse and that's ev-
idence of communication.

0 And Exhibit Two reviews that kind of test

information.

A Yes, sir.

Q Would you turn --

A Excuse me, it's mostly information that
we obtained since the last hearing, although there =- I be-

lieve there may be one or two tests that we have referred
to earlier.

0 All right, would you turn to the first
plat behind the introduction tab and identify that, please?

A | Yes, sir, we show here in the orange
colorea lines the areas of communication where we have iden-
tified communication before in -- in earlier cases, and the
green, the upper green area shows comunication which we had
determined earlier, reported earlier to the Commission. The
lower green 1lines show communication which we had earlier
reported in Case 9113.

I might point out, we still show the same
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little plat that we had in Case 9113 with the area with the
question marks in the shaded area of postulated low perme-
ability.

Q What is the table behind that plat?

A The table behind the plat identifies some
of the tests that we made and some of the statistics for
them.

0 All right, would you go to Section A and
identify what is contained in Section A?

This is the frac treatment on the F-30.

A The F-30 we reported earlier, the upper
graph shows a plot of the pressure 1increase against log
time. The reason we do that is for comparison with some of
the other tests that we've made here in case the Commission
staff might like to go back and make comparisons on the same
basis.

Q All right, Mr. Greer, is there anything
else behind this particular tab you'd like to address?

A That's all statistics.

0 All right. If you would go to Tab B now
and refer to the first plat on the yellow sheet behind that
tab and identify what this is and how this relates to the
prior information?

A Yes, sir. This is a reproduction of an

earlier plat and added to it are two blue lines showing on
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the righthand side the C-34 well. We fraced the C-34 well
in April, 1987, with observation wells being the B-32 and B-
29. We had instruments in those wells, approximately 2-to~
2-1/2 miles from the treated well.

Now, the treated well, the C-34, is one
of the wells that produced from the C zone earlier. We've
now opened up the A and B zones and fraced at that time with
only the A and B zones open.

All right, if we turn to the next -- skip
over the two green sheets and go to the gray colored sheets

that have the log and the graph.

The log shows -- identifies the A, B and
C zones. We introduced the bridge plug between the B zone
and C zone. The dgray shaded area shows a response to

radiocactive sand tracer used in the frac treatment, so we
know from that that the frac did go into the A and B zones.

There's a little bit of an indication of
the tracer down on top of the bridge plug, which we think is
some radioactive sand settled on top of it.

The two lines shown on the lower graph
are plots of pressure decline versus time following the frac
treatment. It Jjust happened in this particular well that
they had a problem after we had about 70 percent of the frac
away and we shut down for awhile and we kept track of the

pressure decline and then compared it with the pressure de-
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cline following the frac treatment, but what this means is
that the frac treatment was -- was in a sense getting out
into a reservoir. If -- if we were just fracing into a zone
that was not 1n communication with anything else, that
second line would have been higher where the pressure Jjust
builds up as a consequence of introducing the frac fluid in
the formation.

That's our first indication that the --
that the frac treatment did indeed get into the main reser-
voir.

0 All right, now go to the blue sheets.
A The blue sheets show the pressure
response to the frac treatment in the B-32 Well.

Now the lower line of circles sloping up
to the right shows the pressure buildup or the pressure sur-
vey in the B-32 run the last of January, '87, and we can see
that the relation of pressure through log time is a straight
line all the way up to about the fifth day, at which time
that test was ended.

Now, when we -- when we fraced the C-34
and then we have a similar parallel line, we see that soon
following the frac treatment of the C-34, the pressure in
the B-32 begins to deviate from that line and that's a con-
sequence of the frac. We call that a frac response.

Then undexr Tab C the graph is a similar
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graph plotted from information taken from the B-29 Well and
if wyou'll recall the B-32 and B-29 are both 2/2-1/2 miles
west of C-34; one nearly due west, the other about
northwest, and here we see the frac response, a similar kind
of a response to what we saw in the B-32.

Q Now this is evidence of communication
across that area?

A Yes, sir, that's evidence.

Q Could you now go -- and the remaining in-

formation behind these Tabs B and C is the supporting infor-

mation, --
A Yes, sir.
C Is that not correct?
T\ Yes, sir.
0 Will you go to Tab D now, to the pink

sheets immediately following that tab and explain what addi-
tional information is placed on the plat?

A Yes, sir. This 1is the same plat we
looked at before with another set of blue lines imposed on
it.

These upper blue lines, the junction of
them is at the A-16 well. The A-16, we treated the A and B
zones 1in it in the same fashion we did the C-34. We had
bombs then and observation wells at A-20 and the B-22, and

again, we saw pressure response. And I1'l1 note here that in
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narrating a description of each of these tests we've in—g
cluded the previous information simply so that someone
studying this could pick up at any point and understand what
we're trying to describe.

o] Could you now proceed to your Tab E?

A Tab E shows the pressure response to the
A-16 frac treatment and the A-20 Well and here we don't see
quite as much pressure response but we see a strange up and
down behavior of the pressure, which I interpret that to in-
dicate cross flow.

When we fraced that well we had indica-
tion of <cross flow as the pressure was dropping off and I
feel that that is what happened on the A-20.

0 All right, Mr. Greer, now we've seen the
pressure response for all the blue lines in the plat behind
Tab D.

Could you go to Tab F and I'd ask you to
go to the blue plat immediately behind Tab F and show what
additional pressure response you're showing here.

A Under Tab F we show the frac treatment
along the pink colored line and that's where we fraced the
D-17, the northwest end of the pink line, and saw a response
in the A-20, and I might note that in this test as well as
all of the other tests we've just looked at, we shut in all

of our wells in Township 25 North, Range 1 West, and that, I
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might point out, 1is a significant -- significant cost. If
we're shut in 2000 barrels a day for a week it is a substan-
tial reduction in income. In order to support this test we
-- we have undertaken it with that understanding.

Q Mr. Greer, how quickly was the response
to the fracture treatment noted?

A Well, I don't show the time exactly here.
We've got it plotted against log time on the -- on the next
sheet, Dbut 1it's within a matter of a few hours after the
frac treatment that we begin to see the frac response.

Q And how far apart are the wells?

A These two wells are about a mile apart,
under a mile.

C Would vyou now refer to the information
contained behind Tab G?

A Tab G we show again the same -- same plat
as before and in addition we have some purple lines and two
dashed red lines.

The dashed red lines one of the tests
that we recorded in Case 9113, BMG Exhibit One, Section M.

The purple colored lines are those that
identify the wells when the F-7 Well was given a frac treat-
ment in November, '87. We had bombs to the north in the E-

6, to the northeast in the J-6, and to the southeast in the

D-17.
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0 Now, Mr. Greer, vyou agaln have seen a

quick response to the frac treatment?

A Yes, sir.

Q What does that show other than just com-
munication?

A Well, we =-- we have found, which we'll

look at later, that's it's possible to analyze these tests
and determine something about the pore volume of the reser-
voir as well as the transmissibility.

0 Will you now to the information contained

behind Tab, I believe it's H in the exhibit book?

A Well, under G 1'd like to note =-=-

] Okay.

A -- the blue graph, first, which shows the
response 1in the J=-6. The J-6 is a (unclear) well which

shows a sharp spike and this particular well, the pressure
was building up fairly fast as a consequence of us having to
cut paraffin in the well later than we had intended, but
it's pretty clear that the pressure was beginning to follow
a pretty general path, 1identified path, prior to the frac
treatment. There's no question that this sharp increase in
presssure was a consequence of the frac treatment.

Q Are you now ready to go to Tab H?

A Yes, sir.

Q Would you go to the graph immediately be-
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hind Tab H and identify that?
A This is the -- shows the frac response in |
the E-6. It was the next farthest removed well.

We can see there the plots of the pres-
sure and the frac response, the shaded area.

Q All right, Mr. Greer, would you now go to
Tab I and review the graph immediately behind that tab?

A This shows, Tab I, the graph here shows
the frac response to the D -- in the D-17 Well, and here I
note that the plot of the pressures prior to the frac treat-
ment was approximately 5.3 pounds per log cycle; after the
frac response, approximately 11 pounds per cycle.

Now, that 2-to-1 slope can occur as a --
as a consequence of the -- an indication of a boundary or
lower permeability and so I can't tell from this whether
that is a frac response or a response from a boundary.

Just generally, though, that seems
strange to me that it would be nine days after the well was
shut in that change in slope occurs; that just by happen-
stance we would -- the pressure response to the well would
be a consequence of a boundary when just immediately follow-
ing the frac treatment a response is shown.

So my feeling is that it's probably the
result of the frac treatment that causes that (unclear).

o) Mr. Greer, what conclusions can you draw
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from the information contained in Exhibit Two concerning

these fracture treatments?

A That we have demonstrated communication

throughout the area.

Q Have you attempted to analyze this test

information in terms of reservoir properties?

A Yes, sir.

Q And how have you gone about making this
analysis?

A Mr. Chairman, the -- we'll be looking at
three -- three frac/pulse tests and an analysis of them and
-~ or four. Three of the -- three of the tests were recom-
mended by the Gavilan Engineering Committee and -- and of

those three tests we reported information to =- to the Gavi-
lan Engineering Committee and we noted there that there ap-
peared to be what we could describe as an empirical relation
between the pump volume, the pump rate, and the distance be-
tween wells, and then as such, it might be susceptible to
analysis.

It was my thought that that would be one
project the Engineering Committee could undertake would be
the analysis of these frac/pulse tests to determine some-
thing about the reservoir properties.

Unfortunately, when we took the informa-

tion for the third test that was at the time when the work
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of the committee was discontinued.

So, we did not do this as a -- as a com-
mittee, and I initially felt that it would probably, to pro-
perly analyze this would be a very difficult, complicated
process. We'd have to get into (not clearly understood).

When discussing it with Dr. Lee after our
hearing last spring, he said that he felt that from a --
just a practical standpoint an analysis of these tests could
be done by use of the EI formula, the EI formula by differ-
ence, and we need to take just a minute to -- to understand
what -- what Dr. Lee was talking about and why we think it's
a suitable and practical way to go about trying to analyze
this test.

And to do that, we look at how engineers
analyze pressure build-up tests and how they determine
reservolr properties from that.

And the way they go about it, 1let's say,
for instance, that we have a well that produces for ten days
and is shut in for ten days. There is a -- in a sense a
pressure wave moves through the reservoir whenever there's a
pressure disturbance within it, and for example, after a
well had been producing ten days and the pressure is drop-
ping at the wellbore, it's dropping throughout the reservoir
as far as it has its communication, you shut the well 1in

and immediately the pressure starts building up in the well-
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bore, let's say 1000, 2000 feet away it's still dropping.

And so what the engineer does in a sense
is he takes the previous rate of pressure decline and then
he calculates how that pressure would continue dropping, how
it would continue dropping, because it does drop out at d4if- |
ferent distances, if the well were to continue to produce.

And then to simulate what happens on
shut-in he imposes an injection well right next to it of ex-
actly the same capacity and then he takes the difference in
the amount of build-up caused by the injection well, amount
of drawdown that he calculates would be, if the well contin-
ued to produce, and then by difference he determines what
the pressure build=-up is.

Now, that's kind of complicated and --
and an engineer working on this found that he could make
some general assumptions that would simplify this.

He could assume, for instance that the
reservoir characteristics were the same on the pressure de-
cline as they are on pressure build-up and also, -- and in-
cidentally, now, he calculates both the pressure decline and
the pressure build-up by the EI formula, and he noted, among
other things, that after a certan length of time, that the
-- the EI function can be expressed as a function of log, of
logarithm.

So, when he shook it all out, he found
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that he could come up with a relation between the pressure
change and logarithm of ratio of time, the ratio of time is
the shut-in time divided by the sum of the producing time
and the shut-in time, and -- and that he could make a plot
of that; Jjust plot that -- just plot that ratio, the loga-
rithm of that ratio against the pressure and then there's a
relation that he can use to calculate the characteristics.

Now that engineer's name was Horner and
wehnever we make a plot like that we call it a Horner plot,
and the point of this is that if you can use a Horner plot
to analyze this reservoir, you can use the EI formula by in-
ference with interference tests and for analysis of these
frac/pulse tests.

So that's how -- how we made this -- the
analysis.

I think, Mr. Chairman, we ought =--

0 Yeah, if we can take a minute, we'll pass
out a book that shows how this was done, and while we're
doing that, Mr. Greer, would you explain how the informa-
tion you get taking this approach is different from this in-
terference information you got a result of these tests, this
straight pressure response?

A Oh, well, the -- the interference tests
themselves show the pressure response, the time of the re-

sponse, and we take that information, then, and analyze it.
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Now, what we looked at in the black book,
we just showed the pressure response without any analysis to
it. We just showed that.

MR. CARR: The red book is Ex-
hibit Three.

Q Now, Mr. Greer, could you turn to Tab A
in Exhibit Number Three and identify that plat and what is
shown on that plat?

A Okay, the plat is at the -- at the end of
Section A, and we show here the four tests, the area of the
four tests that we conducted.

Now, the colored area shows the area of
influence of the particular tests; 1like for instance, the
yellow colored area covered only a short period of time and
covered only a short, small area.

The wupper lefthand circle and the lower
righthand circle in the yellow area are the test well and
the observation well for the yellow area. And then the up-
per righthand red circle and the lower lefthand one, the
lower one is the one for the red colored area.

It's important to recognize that in an
interference test the properties shown by the test are not
necessarily those between the wells, rather the bulk of the
effect of the influence comes from outside that area and

that's one of the virtue's of an interference test that




10

12

13

14

15

16

17

18

19

20

21

22

23

24

25

§2

covers such a big area, you know, we need to realize, of
course, that -- that we can't tell from the test itself
whether the entire area is productive or not, but one of the
virtues of this type of a test is that -- let's take, for
instance, one of the areas that we assume is productive,
let's say that only half of it is productive, then the cal-
culated transmissibility that we get, the calculated pore
volume that we get, then, is half as much as it really is.

But we have calculated over the entire
area, and so 1f we take our calculated pore volume in the
area we get exactly the same answer, even though part of the
area 1s not productive. So this is useful in that sense.

Now, we just can't tell exactly where the
area 1s productive, where there's tight spots, but what hap-
pens is we get an average. Doesn't have to be a homogeneous
reservoir, doesn't have to be uniform properties, what we
get are average properties and we're looking at the results
on that.

Now, we've summarized these tests on --
by the tabulation on the white sheet.

I would come down to line 9, in which we
show the pore volume in terms of stock tank barrels per ac-
re. On the first test, the first column, we show about 1500
barrels an acre; the next barrel about 2800 barrels an acre,

and the next one, 1800, and the next one, 1100.
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Now, the one on the righthand side, the
C-34 and B-32 tests, there only the A and B zones were open,
and the other tests all three zones were open.

The shortest test, the one with the least
reliability would be Tapacitos 4, the second column, which
shows the highest volume of stock tank barrels per acre.

My assessment is that for the areas that
we've tested, that the probable pore volume in terms of
stock tank barrels per acre, lies between 1500 and 180¢, and
I should point out at this point that at the 1last hearing
Mr. Brostuen asked where the 3000 barrel per acre figure
came from, and I did not take the stand after that to be
able to answer 1it, but where it came from was in the course
of the Gavilan Engineering Study Committee, I volunteered
that we had found from interference tests of one zone what
we thought was about 1600 barrels an acre. Looked like in
Gavilan they're -- at that time they thought maybe all three
zones might be productive. I didn't think the three zones
would have three times as much the volume as one zone, but
it might have twice as much.

And so just kind of as a horseback star-
ter, we talked about 3000 barrels per acre. We used that
figure in our -- one of our exhibits in last April, although
we pointed out then that we felt that that was high, and we

think that in time it will be shown that with Gavilan and
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this area here generally has about that volume, somewhere in
the range of 1500-1800 barrels per acre of pore volume.

Now, we come down to the bottom line, we
find -- first, 1let's see, we should look at the tenth line.
By injecting a frac fluid, of course, we can't tell what's
in the reservoir; what we can determine is transmissibility
in terms of Kh/u, which we've shown in Line 10.

Now, 1f we know the gas/oil ratio of the
area in guestion, then we can convert Kh/u to Koh or trans-
missibility in terms of (unclear), and =-- which, incidental-
ly, we show that in one of the appendix to this -- to this
report. It's not generally set out in the technical litera-
ture and so we included it here.

Then we come down to Line 13 and we show
transmissibility in terms of Koh runs from 12 to 50 darcy
feet. Again we note that the one with the highest transmis-
sibility is the one with the shortest test, probably not as
accurate as the others, but it would appear that the range
of 12 to 20 darcy feet is a pretty reasonable figure.

Now, when we first performed our inter-
ference tests 20 years ago, we came up with an average Kh
for the areas tested of about 6-to-8 darcy feet, and that
included both the high capacity system and the tight blocks,
an average of those. At that time we estimated that the

high capacity system would probably have transmissibilities
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on the order of 10 to 20 darcy feet and we reported that to
you 20 years ago.

We had no way then of testing that high
capacity system. We think now that these frac pulse tests
probably show the transmissibility of the high capacity sys-
tem. As time goes on and the frac fluid diffuses into the
reservoir and the reservoir itself responds and the oil dif-
fuses into the tight blocks, that then we get closer to an
average, and so early -- in each of these tests, we take
early time, we show always some higher transmissibility than
the later, and my feeling is that that is what that means.

Now, the significant thing, the really
significant thing in these tests, is that associated with
the high transmissibility is a very substantial part of the
reservoir volume. Now, this -- this is important.

If a large part of the reservoir volume
has a high transmissibility, then it's susceptible to --
will respond to -- to reservoir management, which allows the
gravity drainage to operate and will let the pressure main-
tenance project operate.

So this confirms what we had earlier
found from earlier tests and could be a really rather prac-
tical tool that we think, if the industry wants to study it
further, they may find that it's quite useful.

o] All right, Mr. Greer, will you turn now
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to Tab B and to the blue sheets behind Tab B, and explain
the graph that's shown here?

A What we show here, the average character-
istics that we found from these tests, we have <calculated
what the shape of the curve might be for a frac pulse for
observation wells at different distances from the =-- from
the treated well.

The -- the upper curve, the squares, 1is
for a 3000 foot radius; and then the next one, 4000, then 6,
8 and 10, and what's of interest here 1is how dces this frac
pulse Dbehave as it moves through the reservoir. Should we
expect a 1little spike at each well and at different
distances? Will it be a little spike or what will happen?

And we see here that for wells close
enough with reservoir characteristics of the kind that we
have here, that at 3000 feet we do indeed get a fairly sharp
increase and a fairly sharp dropoff.

We get as far out as 10,000 feet, we see
no spike but in fact the pressure keeps increasing and at
the end of four cdays at 10,000 feet it's still increasing.

Q Now will you go to the yellow graph and
explain the difference in this yellow graph as opposed to
the first one?

A The yellow graph is the same, Jjust a

continuation of the blue graph, except we've carried it out
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to nine days and we see there that at nine days the pres-
sures begin to draw together regardless of the distance from
the well.

C Now the blue sheets contain statistics
that were used in making these computations?

A Yes, sir, we —-- we show generally here
what -- how -- how we analyzed the tests.

The first column we show the time after’
the frac treatment. The second columnn 1is a pressure
response.

Then the third column is one that we in-
clude just to be able to -- to study the test and how the
accuracy of the EI formula is required under this method of
using the EI formula by difference.

If we had continuous pumping, then the
third column shows what the pressure would be in the well at
the different times. Like, for instance, on the bottom line
it would be 314 pounds, whereas by difference it's only .75
of a pound, so we see we have to have the EI solution fairly
accurate in order to come up with the difference that gives
us the right answer.

Then the other columns, we note that the
EI formula is a point source for solution. Wells are not
point sources. They have physical dimensions and wells af-

ter fracing, they have the large rw. Now, that doesn't stop
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the engineer from using the principal of the EI formula Hor-
ner plot. They go ahead and use it. 1t has some -- some |
limitations. We recognize the limitations here, that the EI
formula, if the diffusivity constant times time divided by
the wellbore radius squared is greater than -- or less than
100, 1less than 100, then the EI formula will not be exactly

correct.

We've shown here, for instance, like for
an rw, the next to last column, of 250 feet, an effective rw
of 250 feet 1is generally recognized as a frac 1length of
about 1000 feet, so 1if we frac the well at about 1000 foot
fracture, induced fracture, the calculations for an effec-
tive rw about 250 feet will apply.

Okay, we see here in the next to last
column that up to about one day our guideline is less than
100. That means the EI formula will not be perfect. Okay,
to determine how far off the EI formula is, we go to the far
righthand column and by taking the diffusivity constant
times time and dividing it by the distance squared, that's
between the observation well and the treated well, then we
can go to some information that's in the appendix here that
shows how far off the -- the calculation is.

Now we have shown on the plats as we come
to them, 2 percent errors and 10 percent errors, so that we

would -- so we'll have an idea of the -- how far the -- just
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the solution itself might be off, and whether 1it's far
enough off the required (unclear) that we go to -- to an ex-
act solution to solve our problem or if we can feel comfor-
table with where we are.

0 All right, Mr. Greer, what is shown on
the yellow table?

A On the yellow page we have shown an exam-—
ple here if we look at the lefthand column, after nine days
we find that the pressure has increased in the second column
up to about a half a pound and then begin to slowly fall
off; quite different from the sharp spike that we get for a
well close to it.

Q Okay, Mr. Greer, let's now take a look at
the individual tests. Let's go to the first test and the
data on that after Tab C.

A This shows the test between the E-6, Can-
ada Ojitos E-6, and Canada Ojitos N-31, and we've looked at
the summary of the statistics that we calculated for that
earlier.

Now if we'd go to the gold colored sheets
we'll see how we analyze the field data to come up with the
amount of the -- of the frac response. Now these -- these
gold colored sheets were provided the Engineering Committee.

We show here the producticn on the little

schedule on the graph on the left of nearby wells, which ap-
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pears that they would produce fairly constantly during the
time just prior to the test and during the test.

The nearest well, we plotted it's produc-
tion, the Howard 1-8, on the bottom, where it would appear
that its average production over the time would not have ac-
tually affected the well.

We see how the pressure increased, fell
back off. Then the treated well was put on production and
where the arrow shows N-31 on production, then withina
short time after that the pressure began to respond to the
N—-31 pressure.

Q Now what's shown on the pink sheets?
A On the pink sheets we show the calcula-
tion for that particular test.

The orange colored line shows where the
EI formula could be -- not be expected to be more accurate
than within 10 percent.

On the blue colored line, as far as the
calculation formula itself then would be about 2 percent.

The x's show the field data and then the
other two lines show the calculated information for -- cal-
culated curves, depending upon the assumed values of Kh and
diffusivity (unclear) and then we have calculated the pore
space which these two curves would show. In this particular

instance the pore volume would be the same with a 1little
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difference in Xnh, and we've chosen curves that (unclear)
back at the (unclear).

o) All right, 1let's go to Tab D and look at
the information on the E-6 and the Tapacitos 4.

A Here we have the same type of informa-
tion.

Now, the Tapacitos 4 was -- had to be put
on production shortly after the test started and so the area
covered, the area of influence, 1is smaller than any of the
other tests.

The plot of the field data is shown on
the yellow sheets following the next (unclear).

You can see how -- how we estimated the
pressure increase by extrapolating the rate of pressure de-
cline. That's on the yellow sheets.

Then for the same well, the Tapacitos 4,
still wunder Tab D, the last graph under Tab D shows again;

the (unclear) of the field data and my calculations for the |

pore volume and (unclear).

o] All right, let's go to Tab E and the Unit
B-32 Well.

A This the B-32 and F-30. This 1is test
that was reported last -- in the last hearing with no calcu-

lations made on it. The calculations appear here.

First, we show again the response in
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terms of pressure versus log time. We looked at thes curves
earlier.

And we pass on over to the tan colored
sheets and here again we show with the orange and blue lines
the 10 percent and the 2 percent lines for accuracy of the
EI formula.

My feeling is that as far as a practical
method of determining what these frac pulse tests mean, the

ElI solution is a very practical way to do that.

Q All right, Mr. Greer, go to Tab F and the
last test.
A This shows the C-34 and the B-32, the

calculation for that area, and this graph is shown on the
green sheets that follow.

Now, this -~ these wells are separated, I
believe, the greatest distance of any of the tests, about
two miles, 10,400 feet, and of course, have the smallest
pressure response, but here again the results appear to be
about the same as we've found before, a 1little smaller
amount of stock tank barrels per acre in place, but again
the treated well had only the A and B zones open and that
may have had an effect on it. I think it might.

0] Would you now to go to -- I'm sorry, to
Tab G and explain the variation of the curves that may re-

sult from various input parameters in this frac treatment?
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A Yes, sir. We wanted tc show here about
how the sensitivity of the -- of the information and our
testing 1in order to determine do we really have a pretty
good analysis or would we, if we used entirely differnt
characteristics, would we still get a match of the curves,
and so we show some comparisons of that, and indeed there is
2 big difference from the -- from the measured field data if
we use arbitratily selected values that are substantially
different from the matches that we got.

If we look a the tan colored sheets we
see that the upper one is a reproduction of the match that
we made on the E-6 and N-31 and the comparison we make is if
Kh/u 1is only one darcy feet instead of what we had earlier
estimated, 1like 50 to 80, and if we match the peak pressure
and then determine the diffusivity constant in the curve
shape, why, we see that the curve nowhere near matches the
field data, the field data as being shown by the x's, and so
there is a very -- a distinction, c¢lear distinction, 1if we
choose properties that are substantially different from
that, which gives a good match.

By the same token, the next sheet --
well, I guess this one is more tan and the other one's more
orange than this, but this shows the match at the time of
the two pressures and then compares the pressures.

Well, again the field data is shown down

1
!
'
|
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at the bottom with the x's and we see that instead of a 6
pound 1increase there would be a 660 pounds and this is for
again, kh/u is equal to 1 darcy feet.

o] Will you to the blue sheet --

A One darcy feet, Mr. Chairman, is higher
than some of the engineers have felt is representative of
this reservoir.

0 All right, Mr. Greer, now would you go to
the blue sheets and review those, please?

A Okay, here the question arises, we ad-
dressed the question 1if instead of a large part of the
reservoir is in the high capacity fracture system, if it's?
only a small part, say 10 percent, we make a comparison here
of how would the match be, and we see on the blue sheets
that it doesn't match at all.

Q All right, what is contained behind Tabs
H and I in this booklet, Mr. Greer? Is this reference

material?

A Oh, these are just references, yes, sir,
references and an appendix where we've done -- show some of
the calculations, how we -- how we go from Kh/u to Koh, and

such as that.
0] What conclusions can you draw from the
analysis you've made of the pressure pulses generated by

these fracture treatments?
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A Well, the consistency of the -- of the
information that they show, the calculated information,
leads me to believe that they're a reasonable way to -- to
add to our store of knowledge about this reservoir and that
particularly the high capacity fracture system is associated
with a large part of the reservoir volume.

MR. CARR: May it please the
Commission, we are now going to pass out Exhibit Number
Four, this additional booklet, and you will see when you re-
ceive it that the bulk of it are copies of an appendix and
previous orders related to this pressure maintenance pro-
ject.

The last section contains an
explanation of how the crediting arrangement works.

I think we can present it very
quickly. This is our last exhibit we'll present.

MR. LEMAY: The lightest, too.
Please proceed.

@) Mr. Greer, would you identify what is
contained in Exiibit Number Four?

A Yes, sir, we thought it would be good to
collect the orders that affect the spacing in West Puerto
Chiquito and the orders which set out the regulations for
the prssure maintenance project, and we have them presented

here 1in case there's any question comes up, that we can
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readily refer to them and there's a chronology of how -- how
the orders originated and whether they'll be useful at our
hearing today or not, we don't know, but we wanted to have
the information available in case it was needed.

O Now what is contained behind Tab A 1in

this exhibit, Mr. Greer?

A Under Tab A are the orders relating to
spacing.

Q And Tab B?

A Orders relating to the pressure mainten-

ance project.

] I'd like to direct your attention to Tab
C in this exhibit.

A Okay, 1in Tab C we show how the pressure
maintenance credit formula works. 1It's really a very simple
formula, Jjust based on net gas/oil ratio, and that means
produced gas less injected gas, and that's how basically al-
lowables are determined.

In order to make a comparison of reser-
voir space voided 1I've used some approximations here to
show, for instance, for this example, about 3 barrels per
MCF of free gas, reservoir space voided, and we use that in
some of these next comparisons.

Q Okay, would you like to go to what 1is

marked Case 1 on the green sheets and review that?




10

12

13

14

15

16

17

18

19

20

21

22

23

24

25

97
A Yes, sir, on Case 1, if you'll look at
line 1, we show here for the conditions under which we are
ow operating, which is 400 barrel per day allowable and 600
cubic feet per barrel, for a 320-acre spaced well.

This particular well we assign a gas/oil
ratio of 1200 cubic feet per barrel, that means -- and its
limiting gas volume is 240 MCF a day, that means it has an
allowable of 200 barrels a day.

Coming further over to the right we sece
what reservoir space it voids: By oil, 250 barrels, by gas,
510, total of about 760 barrels of reservoir space voided.

Now, a unit well, say, offsetting that
non-unit well, with the same gas/oil ratio, same limiting
volume, 1if there's no gas injected, we show that in the
third column, 2zero percent gas injected, then 1its net
gas/oil ratio 1is the same as its produced gas/oil ratio,
1200-to-1. 1Its allowable is 200 barrels a day, voids the
same reservoir space as a well outside the unit.

Now, 1if some of the gas is injected and
the production is held the same, then the unit well voids
much less space than the non-unit well. We show that by

statistics 1in the rest of the table; graphically be the

sketch below.
For instance, is 90 percent of the gas is

re-injected, then the unit well only voids about 100 barrels
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of reservoir space a day, whereas its offset outside the
unit voids seven times as much.

o) All right, if you'll go to the second
table and show how this differs from the first?

A Here we show the variable gas/oil ratio
and how a unit well can produce then at a higher gas/oil
ratio 1if its gas is -- is re~injected and gets credit for
it.

In this instance we used 100 barrels a
day for the basic case.

Under line one, we show the non-unit well
voiding on the righthand side 740 barrels of space per day.

The unit well, under the same conditions,
then, 1line 2, with zero percent gas injected voids the same |
amount cf space.

And so on down for lines 3 and 4 and 5,
and then that information is shown by the lower line on the
graph below similar to the one we just looked at before.

Now we take the case where the unit well,
now, produces twice as much gas as the non-unit well, 480
MCF a day, 1in the second column, sixth line. 1It's gas/oil |
ratio is 4800 cubic feet a barrel.

Now, for the non-unit -- or for the unit
well to continue to produce at that rate, it's necessary

that 50 percent of the gas be injected. If less than 50
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percent 1is injected, then the well is overproduced and has
to be cut back.

And that is shown graphically by the
middle line below.

If more than 50 percent is injected, then
the unit well with twice as high a gas/oil ratio as the non-
unit well, producing twice as much gas and the non-unit
well, nevertheless only voids a fraction of the space of the
non-unit well.

By the same token we go to 9600 cubic
feet a barrel, and so on. But at 9600 cubic feet a barrel
gas/oil ratio, then it's necessary to inject or re-inject at
least 75 percent of the produced gas.

Q Mr. Greer, how does this 1injection
formula affect correlative rights in the area?

A It protects correlative rights in a sense
that it 1is really, despite the fact it's a very simple
formula, it's very ecuitable, very practical, and easy to
use and to monitor, and the unit is given the option to
inject more than is necessary to -- to get the allowable.
In other words, if it's necessary to inject 5C percent to
get the allowable up the well as we just looked at with the
4800 cubic feet per barrel gas/oil ratio.

And the unit, the operator and the unit

owners believe that it's beneficial to inject more than 50
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percent. Then the operator has the option to that, to
inject more than 50 percent, void considerably less space,
less reservoir space than the offsetting well outside the
unit, but if he thinks it's beneficial to do that, he has
the option to do it.

If for some reason, the pressures break
down, or whatever, the gas is not injected, then there is no
gas injection credit, and the allowable, then, becomes the
same as the non-unit well.

It's a very fair and equitable formula.

Q Is this kind of an injection formula
unique to this pressure maintenance project?

A Oh, no, 1it's the standard formula and
similar ones apply to water injection.

Q Mr. Greer, Dbased on your study of the
reservoir and your knowledge of this particular pressure
maintenance project, do you have an opininon on whether or
not there's effective pressure communication between the
project area and the expansion area?

A Yes, sir, I believe there is.

Q In your opinion has pressure maintenance
been working in this reservoir?

A Yes, sir.

Q Do you believe it will continue to work

in the future?
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A Yes, sir.

Q In your opinion is the credit =-- the in-
jection credit formula working effectively to protect cor-
relative rights?

A Yes, sir.

o] What would be the effect, in your opin-
ion, of failure to expand the pressure maintenance project
as you are recommending here?

A Well, as I noted earlier, the -- we would
have to forego our plans to construct a gascline plant, in-
ject the residue, and probably would have to phase out the
pressure maintenance project rapidly.

Q In your opinion will expansion of this
pressure maintenance project that you propose result in in-
creased recovery of 0il from this reservoir?

A Oh, I think substantially increased.

0 Would denial of this application result
in waste?

A Yes, sir.

Q Are you aware of any other logical bound~
ary at this time for this pressure maintenance project than
the one you're proposing after the project is expanded as
you're recommending?

A Ch, no, 1it's a very logical boundary.

The recovery wells are on the very lowest part of the struc-
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102
It's == it's practical.

of

course, include Gavilan in the unit.
Q Mr. Greer, were Exhibits One through Four
prepared by you?
A Yes, sir.
MR. CARR: May it please the

Commission, at this time

Exhibits One

Montin~Greer

Exhibits One through Four

direct examination of Mr.

Carr. I think we'll take

at 1l:15.

(Thereupon the

now come to order.

Mr. Carr?

we'd move the admission of Benson-
through Four.
MR.

LEMAY: Without objection

will be admitted into evidence.

MR. CARR: That concludes my
Greer.
MR. LEMAY: Thank vyou, Mr.

a break for lunch and we'll return

noon recess was taken.)

MR. LEMAY: The meeting will

You've concluded the direct,

MR. CARR: Yes, 1 have.

MR. LEMAY: At this time we'll
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conduct cross examination of the witness.

MR. DOUGLASS: Mr. Chairman,
I'm ready to go forward but I thought maybe Mr. Kellahin, if

3,

he has any questions, I don't know whether they're really
Ccross examination or not, but perhaps I could cover both.
If he's going to question Mr. Greer, then that could take

place and I can cover both areas.

MR. LEMAY: Have you got some
questions, Mr. Kellahin?

MR. KELLAHIN: For economy of
time, Mr. Chairman, I don't propose to ask Mr. Greer any

gquestions on direct.

MR. LEMAY: Please proceed, Mr.

Douglass.

CROSS EXAMINATION

BY MR. DOUGLASS:

Q Mr. Greer, if the proposed expansion area
is not in effective communication with your injection wells,
then would you agree that your proposed expansion area
should not get the benefit of the net ratio for gas injec-
tion?

A Sir, we don't want credit if we're not
entitled to it and I would say that there's no way that we

can get credit for the gas injection if there's no communi-
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cation.
0 Well, 1is the answer to my question, yes,
that you should not get injection credit unless there's ef-
fective communication between your injection wells and your

proposed expansion area?

A Yes, sir.
0 Turning to your Exhibit Cne, the struc-
ture map, 1 believe that's under Tab =-- the first page under

Tab Intro.

A Yes, sir.

0 Do I understand this -- what's this a
structure map on, please? Is it on the Mancos or what is
it?

A It's on the contour marker, top of the

Niobrara Zone A.

0] Niobrara Zone A, all right. Does it re-
flect that on the east side of your unit here that you have
a elevation or structural dip of about 800 feet per mile?

A Yes, sir.

Q And then when you get in the —-- about the
middle of your unit, you have about 400 feet per mile?

A Yes, sir.

Q And when you get, right before you get to

the expansion area over here you have about 200 feet per

mile?
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A Yes, sir.
0 Now, the contour lines from -- let's sece
how high they do go. They go up to 3000 feet, +3000 feet?
A Just about, yes, sir.
O All right, sir, and from 3000 feet to 600
feet, those are 200 foot contours on this structure map, is

that correct?

A Yes, sir, the dashed line is a 100 foot
contour.

Q So you change the contour interval when
your —- the contour interval on your structure map when you

jct down to 600 feet, is that correct?
A Yes, sir, we did that in order to show

the lower part of the area on the lefthand side.

Q All right, sir. In the expansion area,
which is the dashed area, I take it, on this map, 1is that
correct?

A Yes, sir.

¢ In the expansion area would you consider

the structural elevation of that area to be relatively flat?

A Yes, sir.
) And then, as I understand it, when vou
conme into Gavilan to the -- to the west over here, there's

only a slight structural increase in that area, is that cor-

rect?
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A Yes, sir.

o] You would consider the Gavilan to be rel-g
atively flat, the entire Gavilan area to be relatively flat
with reference to the unit area from 600 to 2000 feet,
wouldn't you?

A Well, on the south part of Gavilan the
structure rises again. It's what we refer to as the Gavilan
nose or dome.

O But other than that the rest of Gavilan

you'd consider relatively flat to your unit?

A I believe it drops off to -- to the west.

0 You had an exhibit under Tab B. It's a
schematic drawing =-- diagram, cross section?

A Yes, sir.

o Showing an arrangement of your unit wells?

).\ Yes, sir.

0 I wonder =-- I'd like to keep that green

tab and the diagrammatic sketch, or schematic diagram under
B, and also look at your structure map --

A Okay.

Q -- to see if we can identify the wells
that you're talking about.

A Ckay. The down dip recovery wells are
essentially those in the expansion area.

0 All right, so it would be -~ the dashed
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green line on your structure map would be about where the
dotted 1line is that separates the down dip recovery wells
from the intermediate cycling wells on your green schematic
diagram, is that correct?

A Yes, uh-huh, to the extent that that
sketch is not to scale, yes.

Q Approximately. Then what would be your
intermediate cycling wells?

A They run over there from that point to --
to the injection wells.

) Now, wait a minute, vyou'wve got up dip
injection wells, I see K-13 at a minus -- at a +13 is that

-- I don't know whether that's 50 or 30.

A Yes, sir.

0 Would that be an intermediate c¢ycling
well?

A Probably. We initially intended for the |

K-13 and just to the west of it the P-11 and the A-14 and A-
23 to be cycling wells but as we -- as we worked over and
opened up the A and B zone in scme of the other wells, it
locks to me like there's a good possibility that we may not
need those wells, and so they would be cyclins wells with
the exception of whether it's unnecessary to just =-- to go
to the expense of putting them in the production system. In

other words, we might do the cycling we want to do without
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those wells.
. Well, I just want to know what -- what
area Wwithin your unit would be considered the intermediate
cycling wells with reference to the structure position that

you have.

A Everything down dip from the injection
wells to the -- just about to the boundary.
0 Okay, and then your up dip injection

wells, would that be vyour five injection wells that vou
have?

A Yes, sir, but we only have --

o] You had five; I think there are just four
shown on your exhibit, is that right?

A Well, yeah. At one time the first well we
used for injection was the K-13. That was to initially test
our theory as to whether the reservoir might be susceptible
to injection. Cnce we found that out, then we moved the in-

jection wells back farther away from it.

Q So there would be the four, on vyour
structure map 1t would be the four wells that show tri=-
angles, the injection wells, wouldn't it?

A Yes, sir.

0] Now, isn't it -- isn't it a fact that you

could construct this gas plant, cycle the gas, and have suf-
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ficient volume that you don't need any additional gas from

economics on is 10,000 MCF a day.

A That's correct.

the down dip recovery wells?

A No, sir, I would not recommend that.

o] Let me show you what I'm going to ask to
be 1identified =~-- I'll bring you a copy of Mallon Exhibit
One, I haven't stamped it, but it's a letter dated March 12,
1988.

Dc you recognize that letter?

A Yes, sir. Worked Saturday afterncon to
get it out.

0 You signed it, didn't you?

A Yes, sir.

Q All right, sir. On the -- on the second
page of that letter don't you say in the 1, 2, 3, third new
paragraph, at the bottom of the -- the last sentence of that
paragraph, you say, "All in all, we expect to have a capa-
city from all of these cycling wells of 15,000 MCF per day
or more."

A Yes.

o) And those cycling wells do not include
any of the wells in the expansion area, do they?

A No, no cycling wells.

Q And the plant capacity that you do vyour
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0 So even from the cycling wells, according
to your letter, vyou expect to have 5000 MCF a day more than
the necessary deliverability to operate this plant.

A Yes, sir. Could I respond to that a
little more fully?

0 Anything you want to, Mr. Greer.

A Okay. The economics, Mr. Chairman, on
the gasoline plant hinges not only on the total volume which
you have to put in the plant, but the total reserves, and
one of the concerns that we have 1is to =-- to optimize
whatever we <can in the way of o0il and gas from this
reservoir, and we want to take all the gas that we possibly
can through the plant and reinject it and with the cost of
the plant and the plans that we have for it, I would be
concerned that there is not enough total gas in just the
cycling wells alone to be an economically sound venture.

Perhaps I should go into a little bit of
detail about that.
The thing that we want to accomplish, Mr.

Chairman, 1s to pick up as much additional reservoir liquids

as we possibly can. Now to do that means getting the
treated gas as lean as is reasonable to do. Now this means
that we have to -~ to recover a substantial portion of the

ethanes. We can't quit, as a number of plants sometimes do,

with just butares, propanes. We have to go to ethanes.
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Wwhen we go to ethanes, the vapor pressure
of the mixture that we'd have will be too high for the pro-
ducts to be economically trucked. That means the only way,
the only feasible way that we can -- can go forward with
this plant is to construct a pipeline from the plant to the
nearest pipeline that we can get into to -- to market the
products.

The nearest point is at Lybrook. That's,
I think 40, we can see here, 44-some odd miles, 44.6 miles.
The cost of that pipeline alone approaches Two Million Dol-
lars, One Million Six-or—-Seven Hundred Thousand Dollars.

By the time we add that to the cost of
the plant we're up to about a Four Million Dollar expendi-
ture and 1 just would not recommend to our partners that
they take the risk of this big an expenditure and only plan
on treating a part of the gas that we have available.

C You don't condition this AFE on any
amount of reserves, do you?

A I don't put it in the letter. 1 asked in
a sense 1in I think it's the last paragraph that -- well,
somewhere I asked that they trust our judgment. That's,
perhaps, asking a lot of some participants but most of them
we've had for a long time and they do trust our judgment.

0 Mr. Greer, there's nothing to keep you

from putting through this plant the gas that you're current-
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ly producing in the expansion area, isn't that right?

A There's nothing to keep us from doing it?
o) That's right.
A Well, as 1 indicated this morning, if we

don't have approval of the expansicn of the pressure main-
tenance project then we can't pick up the gas, we can't re-
turn it to the reservoir, we can't run it through a pipe-
line, so we'd have to phase out the injection project and
forego the plant. 1 7just would not recommend that at all.

0 Well, I don't understand why you can't =--

you're now picking up the gas from the wells in the expan-

sion area.

A Yes, sir.

Q You run it in a gathering system to some
point.

A Uh-huh.

0 Why can't you run the gas that you're now |

picking up through a plant?
A If we don't get this expansion we probab-

ly will cease doing that.

Q Well, you say you probably will, but
won't -- wouldn't the economics be there?
A No, sir, the economics would not be

there.

Q How much gas are you producing today from




10
n
12
13
14
15
16
17
18
19
20
21
22
23
24

25

113

the expansion area?

A Well, it varies from time to time; about

4-0r-5,000,000.

o] 4-0r-5,000,000 currently?

A Yes, sir. The rough figures that I had
in mind, Mr. Chairman, is that we'd pick up about half the
gas, 4-0or-5,000,000 cubic feet a day from the down dip re-
covery wells. Then we would make up the cycling wells with
-~ and with this capacity, 15,000,000 feet a day or more,
then the cycling wells could pick up the difference, what-
ever it takes to balance out the load, and we would want to
first take the gas from down dip wells because in time, as
we inject, or re-inject the residue, then that dry gas, al-
though we expect it to pick up liquids, is not going up as
much as is currently being produced from the wells.

This means that the cycling wells will
lean out and so in order to have a viable operation, we need
to treat all the gas.

0 Mr. Greer, do I understand that vyou're
currently producing under the current allowable, restricted
allowable, 4-to-5,000,000 cubic feet a day from the wells in
the expansion area?

A I'd like to go back and take a look and
see. Let's see, let's start with the F-7, it's a full al-

lowable. It will have 480,000 feet a day.
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Then the section to the north of that
480, that would be about a million.

N-31 a quarter, that's a million and a
quarter.

The F-18, about a quarter of a million,
that's a million and a half.

The F-19 will be allowed about a
gquarter, that's 2-million.

The F-30, I believe is about, let's see,
close to a half million.

Then starting back up from the bottom,
the G-5, that will be a half a million, that's up to 3.

The B-32 would have another, that would
be 3-1/2.

The B-29, about 4-million.

0 Yes, sir, about 4-million. Now, how much
increase are you going to get if you're able to produce your
exXpansion area wells at current restricted rates as far as
oil is concerned but not with reference to gas?

A Let's see, let's see if 1 understand your
question.

Q All right, how much gas increase really
are you going to get from this application?

A Ch, it may vary from time to time.

Initially, if we start out as I just indicated, about half
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the gas from -- from the down dip recovery wells and half
from the others, we will go 4-million to 5-million, perhaps
a million feet a day.

Q So you're saying the economics of this
gas plant project are hinging on l-million cubic feet a day
coming from these pressure expansion area wells.

A No, sir. What I said is if we don't get
the expansion we probably will not have a casoline plant or
a pressure maintenance project.

0 Well, 1 Xnow you say that, but the econo-

mics are there even without the increased gas production.

A No, sir, not the way I analyze it, sir.
Q Now, let me ask you with reference to the
schematic fracture system. I believe it's also under the

Intro, is that correct?

A I show it under exhibit -- under Section

Q Oh, do you? I'm sorry, excuse me, you're
right. Thank you. That's the one that has the --
A Yes, sir.
Q Let's see if I understand what your con-
cept of the reservoir is.
This applies to the Gavilan as well as it
cdoes to West Puerto Chiquito, is that right?

A Well, we have good tests on wells in West
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Puerto Chiquito and good information. We have that good in-
formation all the way up to the boundary of Cavilan.

I've had a lot of concern about the tests
that were taken in the Gavilan, that they've been conducted
as carefully as they should be and I can't say that the same
thing exactly applies, but I do know that in general there
is a high capacity fracture system in the Gavilan and I can
tell you why I know that.

0 That's all right. I'm just asking vou
what your concept of the reservoir is and does this apply

both to Gavilan and to West Puerto Chiquito.

A More to West Puerto Chiquito than to
Gavilan.

QO In Gavilan, you say you think there are
the high == high capacity fractures there, is that correct?

A Yes, sir, there are some; may not be as

much as in West Puerto Chiquito but there are some.

Q And I believe you also said that actually
in what you call the tight blocks you can complete a well
and it won't drain that tight block as well as a good well
two or three miles away. Is that --

A That's correct.

Q Let's see, for instance, if there's a
well over here and it's a poor o0il well and it's in Gavilan,

and let's say that it =-- there's another section here and
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then here's the current pool boundary here, and over in the
next section down here let's say there's a good oil well,
one of these good Greer o0il wells down there and it's in one
of these high fracture systems.

A Yes, sir, there's just not enough of them
to do it all.

0 I understand. I think that's what this
fight's Dbeen about for the last several years, is that

there's some good oil wells over in Gavilan that you want to

be -- make good Greer oil wells.
Let me -- and what you're saying is that
this -- this tight well in this tight block might have some

good fracture systems that that well 1is not even in
connection with and that fracture system may come down where
it's in good communication with the Greer o0il well.

A Yes, sir.

Q And so if I were to measure pressure in
this poor well up here of 750 pounds, that's not the
pressure of that section there. The pressure may be 1200
pounds out there in that high fracture system but it's not
connected to it, isn't that right?

A That's a possibility, but we have found
there are no instances of that in West Puerto Chiqguito,
which, of course, as I understand that's the hearing that

we've got here today, is West Puerto Chiquito.
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¢ Well, I just want to understand what your
wells are capable of doing in this area here.

Are you saying that pressure wouldn't be
higher out here in this high fracture system?

A What we found in West Puerto Chiquito,
Mr. Chairman, 1is that the pressure in that tight block 1is
going to be about the same as the pressure in the high
capacity fracture system.

The rates of diffusion that we -- we came
up with as a consequence of the individual well tests and
the interference tests show that we're looking at something
like a matter of days for the pressures to equalize.

If there was a situation such as is shown
on the board here now, it would be different from what we
have found in West Puerto Chiquito.

Q Okay, when you -- when you say tight
blocks, then, are you saying that that pressure in the -~ in
the tight well is going to be 1200 pounds and it reflects
the pressure in the entire section?

A Yes, sir, if you get a good pressure on
that well, that's what it will show.

0 What do you mean by a good pressure, Mr.
Greer?

A Well, it's accurately taken.

C Well, vyou can take an accurate pressure
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in one day, can't you?

A Okay, a pressure that accurately reflects

the pressure in the block.

Q Well, you mean if it's allowed to huild
up long enough that that tight well would reflect the

pressure of the block.
A Exactly.

C Ancd are you saying that that is done in a

|day or two over here in West Puerto Chigquito?

A Yes, sir, we've found, oh, three or four
days -=- in three or four days we've found equalization in
most instances.

Q So =--

A Every one of the permeability plateaus
that I mentioned earlier.

0 So over here in the West Puerto Chiquito
this high fracture system 1is not going reflect a big
pressure differential between any well drilled on that

section at any point.

A I think that's right.
Q But it is possible in the Gavilan where
you have tight -- if there are tight sections over there,

where you can actually have a pressure that's different in
the well on a section than in these high pressure -- excuse

me, high =-- big fracs, isn't that right?
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A Well, our Gavilan Engineering Committee,
Mr. Chairman, when we were studying it we found two or three
wells, I think the Mallon Johnson Well was one, that showed
roughly 100 pounds higcher pressure than the other wells.
The consensus, 1 believe, of the members, at least it was my
opinion, that that well was in a little tighter section than
the others.

Ry and large, though, they came fairly
close. The closer they are, the wells are to West Puerto
Chiquito, apparently a better fracture system; the farther
they get away from it, the more it appears to deviate.

MR. DOUGLASS: Could we have --
could we offere Mallon Exhibit One, the letter dated March
12th, 19887

If we need to stamp it, I'm not
familiar with your procedure here.

MR. LEMAY: Without objection,
Mallon's Exhibit Number One will be admitted into evidence.

Q Mr. Greer, do you thin% that you've had
-- or have cycled all the gas in the pressure maintenance
area or 1s there still additional gas reserves to be

produced there that hasn't been injected?

A Oh, yes. Yes. There's a substantial gas
yet to be -- come out of solution.
Q Do you have an estimate, approximately

you've got in the -- in the pressure maintenance area?
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A Well, we can make a minimum estimate.
O That will be fine.
A In the gas cap area generally, I'm going

to refer now to gas cap and cycling wells.

Q I call it the pressure maintenance area
now and the other the expansion area now.

A Okay, the existing pressure maintenance
area, I'll have to kind of guess but it's something like, I
think, maybe 8-million barrels, in that area and a formation
volume factor of 1.3 would put you up to about 11 or 12-
million barrels {(unclear). For the o0il in the rest of the
resevoir, oh, we might get up to 12-15 million barrels of
the space that we know hasn't been voided by o0il and so
that's roughly about 100 atmospheres, so that would be 3-
million barrels, about 100-million feet. 100 atmospheres
would be something like, oh, about 10 BCF, and 10 BCF is

where we'd run, say, 10-million feet a day through the gaso-

line plant, would be -- would be about 3.6 BCF a vyear. We
might have three years of -- of plant volume in the gas cap,
as we would feel now is a secure volume. Of course, that's

not enough to support the plant.

0O Well, I thought, Mr. Greer, that you've

already injected 11.1 BCF.
A We recycled a lot of that.

Q Well, that's what I asked yvou to begin
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with, whether you had thought you had cycled the volume of
gas that was there.
A Oh, 1I'm sorry, sir, I just didn't under-

stand your question.

Q Yes.
A Oh, yeah, I'm sure that we'd cycled some.
The C-34, we ran an experiment on it, you know, to -- to es-

timate the gravity drainage from the tight blocks (unclear).

0 Well, I thought you were calculating re-
maining gas that was in the o0il that was in the well that was
in the -- in the injection area.

A No, I just counted a figure, a secure
figure that I feel that when we recommend a gasoline plant,
that we would be looking at three years of its cycling
course. That would be at 100 percent sweep efficiency. 1If
we don't have 100 percent sweep efficiency, why, the gas
will lean out quicker than that.

So there's no question, you know, that we
have to have additional gas to have a viable, economic pro-
ject at the plant.

0 How many volumes of gas do you think you
have cycled now out of 11.17?

A Oh, 1'd just have to dig into it and see.
I doubt that we've cycled that amount.

We've cycled a substantial amount through
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the ((-34, some through L-27, and some through the E-10.

We'd just have to look at those figures and see.

0 You don't have an opinion on that?
A No, not without looking into it.
0 Did I also understand your testimony to

be that you found a directioconal permeability over in the

pressure maintenance area?

A That's my -- my belief. We have --
0] North and south.
A -- we have not really run any interfer-

ence test to show that but I think it's reasonable to as-

sume.
Q North and south directiocnal permeability.
A Right. Yes.
0 That means the east and west permeability

you can see less than north and south.

A Yes, I believe that's true.

0 And I believe in the past you have shown
an area that you called today as the postulated low perme-
ability area in the eastern, excuse me, in the western part
of your overall unit. 1Is that correct?

A Yes, sir, but that's a carry-over from
two or three years ago when we first talked about it. More
than anything else, I think we were thinking that there

would be a separation between our unit and the Gavilan but
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it didn't turn out.

Q In your booklet in the -- under Tab --
Exhibit One, Tab B, the benefits of pressure maintenance,
those will only be experienced by wells that are in effec~
tive communication with your pressure maintenance project,
isn't that correct?

A Yes, sir.

Q Under Tab C you've run some production
logs on a couple of wells that show where they're producing
from, is that correct?

A Yes, it is, and evidence of stratifica-
tiecn.

o Evidence of stratification. Let me ask
you, is L-27 one of those logs?

A Yes, sir.

Q And I believe that ycu show there that
gas 1s coming out of the A zone and oil out of the B =zone,
is that right?

A Yes, sir.

Q I notice on the -- on your exhibit there,
you show 0il plus gas in the A zone but only gas 1is comning
out?

A Yes, sir. The column on the left that
shows o0il plus gas, 1s -- that information comes from the

densitometer and all it can tell is the density of the
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fluids, and so it can distingquish, for instance, water in
the bottom, o0il up higher, and the o0il plus gas, and so the
-- where it shows o0il plus gas, why, it's the gas coming out
of the A zone and the o0il coming out of the B zone that
gives it the total of oil plus gas.

Q Was this well fraced when it was initial-

ly completed?

A Yes, sir.
o) Big frac?
A I1'd have to look at the records. That

was pretty early; in those days I think we were fracing with
2-to-4000 barrels.

Q Are there areas where the A and the B
zone are in natural communication?

A Oh, vyes, I think that all three zones,

that there is no question they're in communication.

0 Natural, vertical communication.
A Natural, vertical communication. I think
not frequently but enough to -- to give a lot of pressure

equalization.

Q If this were -- if the L-27, if it were
producing from a reservoir, you're normally supposed to find
water on the bottom, then o0il, and then gas, 1is that cor-
rect?

A Well, we never found any oil in this =-- I
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mean water in this formation.

Q Well, I see some water right here on
this. 1Is that wrong?

A Yes, sir, but that's not water in the
sense that it was indigenous to the formation. I have an
idea that was either condensation or (unclear) coming out of
the gas, maybe. You know, over a =-- well, close to fifteen
years, Jjust a very small amount of water would find its way
here.

Q So in a reservoir you'd expect to find
0il and then gas above it, is that correct?

A Well, we found in this reservoir with
these stratified zones, the upper zones are more gassy than
the lower zones but not -- not oil-free. They're == this
well, for instance, that vyou're looking at, the L-27,
produced with an initial gas/oil ratio right at solution
ratio and so it was known that initially the two zones that
are producing there now produced oil and produced o0il with-
out any free gas.

0 What I'm saying is, 1if this AB =zone was
a commeon reservoir you would, after this long period of
time, you would expect to find ©0il on the bottom and gas on
the top.

A If we have gravity segregation;

gravitation segregation.
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Q If it's in a common reservoir nature
takes care of gravity, does't it?

A Over -- over geologic time, vyes. At the
time we produced this reservoir that would not happen.

0] And you've got structural height on -- in
the pressure maintenance area you're dealing with here that
lends itself to gravity drainage, don't you?

A Yes, sir, and that's an asset.

Q Is it your testimony that the gas in this
L-27 1s gas from injection where it's gassed out this A zone
only and not the B zone?

A That's my opinion, yes, sir.

0 And I believe what you're telling this
Commission 1is that when you have that kind of situation you
need to Dbe aware of it in order to properly complete and
produce your well.

A Well, we recognized then when we first
started operating the area, that that would be a problem if
you opened all zones up at once, and so you make a judgment
decision as to how is the best way to proceed.

0 Well, you opened the A and B in this well
at once, didn't you?

A Yes. We tried first the C zone and were

unsuccessful in establishing production so then we came back

to the A and B zones.
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0 Now, the B=32 Well is another well that
you've run a production log on, is that correct?

A Yes, sir, that's -- we ran two in 1986
and two in 1987; the B-32 and L-27 were run in 1987,

Q Is this the only -- you said you ran two.
Did you run the same wells both years or --

A No, sir. We ran -- in 1936 we tested the
N-31 and the F-30 and we reported those tests in the hearing
last April, Case 9113.

Q And then you ran the L-27 and the B-32.

A This year -- or in 1987.

I Dbelieve you'll find, sir, on our AFE
that we sent out for approval to test these wells that one
of our objectives was to determine if these zones were stra-
tified as we had thought they were in these down dip recov-
ery wells so that we would be prepared when gas broke
through as to how to handle it. We needed to know if there
was a situation in which we might, number one, seal off a
zone, or numpber two, it was best to just pick up the gas,
provide the extra horsepower and put it back in the ground.

Q Let me ask you on B-32, you got gas only
in the A and B zone in that well, is that correct?

A Yes, sir, for all practical purposes.
There might be a little bit of o0il there to the A and B

zones but it is primarily gas.
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0 Are you saying that the B-32 has been

gassed out in the A and B zones from your injection?
A That's what I would -- that would be my

assessment.

0 Even though the C-34, which is a nearby
well, it's about a mile or two miles to the west -- to the
east. I believe it's two miles, the C=34 is two miles to
the east.

A Yes, sir.

Q And it's produced over 4 BCF of gas,

hasn't it?

A Yes.

Q And you would say that this B-322 because
it's gassed out has this good pressure communication that
exists in the West Puerto Chiquito that we were talking
about earlier.

A Well, it has communication, yes, sir. It
doesn't take as good a communication as would be normal for

gas as it does for oil.

Q Yes. This is a good o0il well, this B-32.
A Yes, sir, out of the C zone.
0] But it does have that good pressure com-

munication that we've been talking about in West Puerto Chi-
gquito, nor these good --

A It has ~-- it has communication. We need




10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

25

130

to make a distinction between the pressure and the pressure
maintenance project opened up pressure in the expansion
area; 1t can't hold up pressure there because Gavilan pulls
it down, but it can move gas and oil from the existing
project area into the expansion area and once it gets there,
then it's up for grabs; one way or another, Gavilan gets it.

Q Well, what you're saying then on this
well here is that the gas is communicating -- in a good com-
munication in this AB gas zone because you've already gassed
out the AB zone in this B-32, is that =--

A That's my opinion.

Q The -- have you looked at the bottom hole
pressures that were taken in November and February in this

-- in this pressure expansion area?

A Yes, sir.
0 Did you find that the pressures in your
-— is one of the wells that you =- that was measured on both

the November and February surveys, the B-32 Well?
A Yes, sir.
0 Did you find that its bottom hole pres-

sure was approximately 450 pounds lower than the C-34 Well?

A Yes, sir.
Q And the C-34 Well is completed in the AB?
A Yes, sir, It's like 400 pounds less than

the pressures (not clearly understood.)
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0 Wouldn't that indicate to you separation
between this good C-34 Well and this good B-32 Well when
you've got within a 2-mile distance 450 pounds of bottom
hole pressure difference?

A Well, sir, 1 would refer you to Section
G, the next to the last plat and note there that from the C-
34 back up to the injection area, that there is a 500 pound
differential, and we know that for twenty years there's been
communication across there. It's pretty difficult to say
just on the strength of the pressure differences whether
there is communication. That's why we prepared the exhibits
we did, to show the different ways that we've analyzed it.

G Well, let me -- you referred me to that
exhibit. You're saying that 450 pounds difference, accurate
pressure, two miles apart do not indicate to you that there
is separation between those two pressures, as far as the
resevoir 1is concerned.

A Obviously the communication is not as
good 1in this area as in areas where they're equalized; it
doesn't mean that there is no communication.

Q I thought you told me, though, earlier,
that the AB zone had gassed out in the B-32 Well from the
injection that you carried on four to six miles away.

A Okay.

Q That would indicate that for the AR 2zone
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to gas out there would have to be good communication in the
gas zone, isn't that what you told me?

A I believe I said it takes less permeabil-
ity 1in the gas zone than it does in the oil zone and once
you get into the lower pressure area, then a small volume of
gas expands to (not clearly understood.)

o Let me ask you about your colored map,
since vyou referred to it. The pressures that you show in
the orange there are in what you call the gas cap or the
injection area, is that correct?

A In the gas cap area.

Q Isn't it a fact that the 1678 pressure is
not a shut-in pressure, 1it's just, apparently just measured
it on the day of shut=-in?

A I believe it was shut-in about 8 days.

0 Well, 1is that B-18 -- is that the B-18
injection well that says 167872

A 1'11 have to look at my statistics to see
what it is.

C Well, I don't know whether you'd need to
look at the statistics to tell me whether B-18 is the well
with 1678, there.

A Ch, yeah, that 1678. 1 wanted to look
at my statistics to see if it was one of the wells that --

Q Well, I'm just =-- I'm reading from the
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blue sheet now, above it, that information above it there.
It says B-18 in Township 25 North, Range
1 Bast. 1Is that the same well we're talking about?

A It says the pressures for these wells was
measured November 19th. Okay, so that would been a 3-day
shut-on pressure on that one.

I believe, it's my recollection that the

November pressure survey =--

Q Starting on November the 16th 1t was
shut-in?

A 16th to the 19th.

¢ I think I recall that, too.

A Yes, sir.

0 I talked -- was reading in the upper part

up there it says November the 19th. You extended it on, you
said, three days, is that correct?

A Yes, sir, that well was shut-in -- that's
a 3-day pressure.

These others in the pink, the brown, and
the yellow, we had 8-day pressures on them.

0 And the 1726 pressure you show, you'd ac-
tually put some gas injection in during the period of time
that it was shut in and when you measured the pressure, is
that right?

A I believe, let's see, that's the November
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pressure. I'd have to look the records up. I think it re-
ceived injection in that -- well, probably about the same
time.

0] Well, I'm sorry, I =--

A Is that the other one that I say was

shut-in and measured on the 19th?

Q No, I think I confused you. I believe
the B-18 you actually injected some gas in, also, 1is that
right?

A Well, my recollection is that before the
shut-in period of November 16th that we were marketing most
of the gas and we were injecting a small volume in the B-18,
but I'm sure that the -- all injection wells and all produc-
ing wells were shut-in before the pressure survey.

Q Is the bottom hole pressure going to be
greater or 1éss if you have a surface pressure of 167872

A The bottom hole pressure is greater.

0 Do you know what the criginal pressure
was in the B-18 Well to the reservoir?

A I'd have to estimate approximately. Oour
initial pressure, as I recall, was about 1600 pounds.

o] Well, doesn't that, excuse me, doesn't
that reflect then that what you're doing in these two injec-
tion wells here, where you got pressures of 1726 and 1678,

that vyou've actually created a greater pressure at the base




10
"
12
13
14
15
16
17
18
19
20
21
22
23
24

25

135

of the 1injection surface that you had originally in the

reservoir?
A Oh, vyes, sir.
Q And what keeps the reservoir from fracing

with that gas going =--

A It's == it's considerably below a fracing
pressure. We calculated the fracing pressure -- we bought
one compressor that we could use for injecting at fracing
pressure 1if we needed to and I think it was about, we
figured, 3000 to 3500 pounds surface pressure would be re-
quired to reach fracing pressure. So we -- we stay like
1000 pounds below that.

Q For these up-dip injection wells, do you
find them generally to be a little tighter than your produc-
ing wells?

A Yes, sir. Yes, sir.

0 And you're not suggesting that 1678 or
the 1726 really represents an average reservoir pressure for
what the pressure would be in that area, are you?

A I think I made a note there that it 1is
very difficult to tell the weighted average pressure in the
gas cap because of the large amount of interference effect
where we have no injection and shutting the wells in.

Q Do I also read your colored map to show

that, for instance, in the yellow and the brown areas, those
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pressures essentially are very close together?

A Oh, yes, sir.

¢ You indicate good communication through
that pressure expansion area.

A Yes, sir.

0 And then your green pressures, they ap-
pear to be relatively close together, is that correct?

A Yes, sir, that's one of the permeability
plateaus 1 mentioned.

s} Indicating good pressure communication
through that area.

A Yes, sir.

Q And do 1 see that in the red area here
you only have one pressure and that's the G-57?

A Yes, sir, that's the only one I had
available.

Are you in the black book now?
0 No, I think I'm in the same one, aren't

I, Exhibit One?

You mention that you made some
calculations that looked like you had overinjected. Do you
recall that?

A Yes, sir.
Q Do you remember that tab?

A Perhaps I can help you find it. Yes,
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sir, Tab F.

A The second page of Tab F, there 1is a
tabulation there, is that correct?

A Yes, sir.

0 I'm not sure I understand, it says test
period July 1987 to November 1987.

A Yes, sir.

0 And it says, withdrawals for test period

M, is that thousands of reservoir barrels --

A Yes, sir.

0 -- a day?

A Yes, sir, that's what I mean by that M.

Q That means that there were 515,000 reser-

voir Dbarrels withdrawn per day over that July to November,

'87 period.
A Yes, sir.
Q And then the injection for that period of

time you say is 954,000 reservoir barrels, is that right?

A Yes, sir.

0] And then the injection less withdrawals
is 490 -- 439,000 barrels.

A Yes, sir.

Reservoir barrels.

L O]

Yes, sir.

o o»

And it says test days, 135.
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A Yes, sir.

0 And then it says average rate of overin-
jection in the thousands of reservoir barrels a day, which
is the same measure as above, and it's 3300.

A Yes, it would be 3.3 M barrels, or 3300.

0 | Well, I don't understand, if there's ==
1f there's only been 954,000 barrels a day injected, how

could 3.3-million reservoir barrels be the average rate of

overinjection?
A It's only 3300 barrels.
Q Well, that's not what it says. It says

3300 thousand reservoir barrels.

A Oh, 1I'm sorry, that's a -- that's a mis=
take.

0 Should it just be 3300 barrels?

A Yes, sir. That's in the c¢lerical. I

didn't check that for typographical errors.

Q And then during the test period November,
'87 to February, '88, there's 1900 barrels overinjection?

A Yes, sir, essentially.

Q Did you find that the reservoir pressure
in the pressure maintenance area increased between November
of '87 and February of '88?

A No, sir, I believe when we reviewed that

this morning what I said was that the pressure dropped prob-
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ably both times, from July to November and November to Feb-
ruary, and then we looked at the overall from July to Feb-
ruary as being more definitive of the total pressure drop.

0 How about your measured bottom hole pres-
sure? Did it show an increase or decrease between November
of '87 and February of '88 in your pressure maintenance
area?

A 1'd have to look that up. I don't --

Q Well, subject to check, according to the
information we have your L-27 and your E-10 had pressures of
1389 and 1391 in November of '87.

A Yes, sir, they were about the same.

Q And then in February of '87 -- '88, in

those same two wells the pressure was 1387 in the L-27,

which i1is about the same.

A Yes, sir.

0 And it was 1403 in the E-10, or about 12
pounds greater.

A Yes, sir.

Q When you overinject do you expect to get

some pressure increase?

A Well, perhaps whoever is involved in the
pressure survey will recall, we decided to - to estimate the
pressures of those two wells in February, and the L-27 ~-- or

the E-10 in November, by taking (unclear) surface pressure
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and estimating the bottom hole pressure.

You'd think, of course, those would have
been within 10 or 15 pounds but I wouldn't want to guess
that they would be any closer than that.

There are two other things to <consider.
The L-27, 1s one of the closest wells to the C-5 injection
well and if we'll look at the pink sheets following, about
the second or third sheet following that schedule that
you're locking at, we'll zee that the C-5 lost 154 pounds in
February and so 1t's not very far from the C-2 but the
weighted average pressure woulda be far from the L-27, Dbut
the weighted average pressure would be a pressure change and
again, as I stated earlier, it's very difficult to tell.

As far as the E-10 is concerned, the E-10
was pulled pretty hard in November just prior to shut-in and
was produced only a small amount between HNovember and
February.

So we have to take all these things into
account in order to try to arrive at what's happening in the
reservoir, and the best way, I felt, was to lcok from July
to February, the entire period, and that's shown on the
green sheet and (not clearly understood) overall to the gas
cap area lost pressure.

0 Well, the only measured bottom hole

pressure you have in the -- in July, the -- strike that,
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because, first of all, vyou haven't given Mallon all the
bottom hole pressure data you have, have you?

A Well, we've given them all that we've
used for this hearing.

Q I understand, but that's nct all vyou
have, 1is it?

A Well, no.

G In fact, even for +this hearing, for
instance, on some of the graphs you gave us you left out
pressures in between, didn't you?

A If you'll refer to what graphs vyou're

talking about, I'l1 be able to tell you.

Q Yeah. Like on the COU-34.
A Okay.
Q You gave us 1, 2, 3, 4, 5, 6, 7, 8, 9,

10, 11, 12, 13 periods of bottom hole pressure, 1is that
right? I have a list here you can use.

A Okay. Let's see, 1 asked my secretary to
make copies of everything that we had on our graphs.

MR. DOUGLASS: 1I'd like to have
that identified as Exhibit Two, a copy of a printout of the
bottom hole pressure survey given to Mallon, March 9, 1988.

Q Is that a list of the pressures that you
supplied?

A I believe that's the 1list, yes, sir.
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Q Well, I'm asking you on the CU -- COU C=-
34, that's not all the bottom hole pressures you've measured
from June 30th to November the 21st, is it?
A Well, it should be. It is our intention

that that would be.
Q Is that --
A Yes, sir, because there -- locking at the

dashed lines between the pressure surveys?

Q Beqg pardon?
A I'm looking at the pressure plat on this
C-34 under Section J, the third -- it was my instructions to

the person preparing the pressure surveys to be sure that
every one that is being used here was copied for you.

Q Well, I understood that. Now, looking at
that graph, were there any pressure surveys made in between
these points that you've not supplied us?

A We tried to take some. Now, July, 1

think you'll find some plats in July.

Q Right.

A August, and in September, the early part
of September. That's when we were having problems with the
batteries. The supplier, manufacturer, of the bottom hole

pressure equipment somehow or other got a supply of bad bat-
teries, and we didnt' know what the problem was, 3just that

we got failed runs. We would run them down in the hole,
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come back out with 1t, and we had no information.

We had earlier, when we first started
using these GRC instruments, found that if -- if the battery
-- it's a battery pack is what it is, and it's got, I think,
six cells C size cells, and altogether they've got 1-1/2
volts aplece, gives you about 9 volts.

We had found in the first part of (not
clearly wunderstood) in 1986 that we needed to check the
overall voltage of this gravity pack and when it was less
than 9 volts, why we found that we would get bad runs, and
so 1in the -- from that time on we checked every, every
battery pack before we ran it and they all checked out fine.

And so we had no idea until we finally
had a -- testing every possible way that we could, we found
that an individual cell within a 6-cell battery pack, if it
was weak, that that would cause a failure, and so in about
mid-September, then, we adopted the system of checking the
-~ each 1individual cell.

Mr. Chairman, we had to devise in our own
way. We think that the manufacturer could tell us how to be
sure that we were going to have batteries that would
properly operate their equipment, but they didn't. We had
to sit down and figure out how to put a load on each of
these little 1-1/2 volt cells, test it, we tested for six

minutes, then we'd take about one percent of the cell's
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total ampere hours out of it and then if it does show sub-
stantial drop in voltage or in temperature, we found a bad
cell would get so hot you couldn't hold it in your hand for
the six minutes.

So, we just had to do that and the result
was that we had to discard about half of the battery packs
that we bought.

We have since that time worked out an ar-
rangement where we buy ourselves directly from the manufac-
turer, test them, then have them put in the battery pack.

And so here during July, August and Sep-
tember we had battery failures, I remember that. I don't
know about the one in October, that dashed line.

Q Would you say the pressures from these
failures were inaccurate?

A (Unclear) not accurate. They just didn't
recorc. (Unclear) Then the man takes them out to the field,
runs them 1in the lubricator, hold them there for fifteen
minutes, or so, gets a check on a lubricated pressure,
writes that down, and goes ahead and runs the bomb in the
hole.

Then we pull the bomb, 1'll say, a week
later. We don't know whether we get a run or not until that
bomb gets out of the hole and what we found was the bomb had

registered every thirty minutes like it's supposed to, reg-
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istering atmospheric pressures and it might only run for two
hours. It would fail, completely fail, before a man ever
got back out to the field, and yet there was no way, we had
no way o¢f telling that until after we'd run it in the
ground, left it there for a week, pulled it out and brought
it Dback and we'd take it out and the printout shows pres-
sures for two or there hours and then it's just blank.

G Did you have any oottom hole pressures on

| this C-24 well prior to July, excuse me, June I0th of 19277

A I think we had some, o©¢h, two or three
scattered ones when we treated that well.

Q We have a -- we have a pressure you pro-
vided wus that says in December of 1970, that that pressure

was about 1555 in that well.

A In 197072

o Yes, sir. Do you have any since 1970 to
198772

A Ch, I doubt it.

o] What =-- over in your injection area, what

seals off the north end and the south end of the gas «cap
area that you've described?

A Well, to -- to the north there's not much
production up there. The -- we have plans, and I hope that
sometime we do have production up there, but unless we

figure something out, there's no =-- hardly any place for the
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gas to go, so =--

9] Is this =-- is there some of this
formation production farther to the north than other places?

A Yes, sir, but not very much.

0 How about to the south? Is there
production to the south in this area?

A There's two -- two wells beginning to be
%drilled south of us. We have our fingers crossed it won't
be a south Gavilan.

0 But right now you don't know of any
separation Dbetween the north area that's producing a little
bit and the south area, which you now say is producing a
little bit.

A Well, I feel 1like the gas 1is not
escaping, 1f that's your point. There's no place for it to
go.

0 Well. Let me turn you to Tab E. I

believe you skipped it going to a later one.

A Tab E, you want?

Q Tab E, yeah.

A All right, sir.

0] The green sheet, you show three plates

there, is that right?
A Yes, sir.

Q In the bottom plate, vyou show a dimen-
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sion for the oil to get up to another area up there, is that
correct?

A Yes, sir.

Q Well, if -- if that -- that same connec-
tion could exist in Plate I and Plate II, also,
couldn't it?

A Oh, vyes, sir. I just took them in se-
guence 1in order to make it a little bit simpler to try to
make my point.

Q And do I understand in this section that
what you're -- what you're talking about here is that you're
saying that the E-6 Well, since its o0il production didn't go
up and its gas/oil ratio went down, that was caused by some
other well rather than the E-6, is that right?

A Yes, sir.

Q And you say that's bad, that the E-6
gas/o0il ratio going down is bad.

A Yes, sir.

Q All right, so as I understand your theory
in the Gavilan, if the gas/o0il ratios go up, that's bad, if
it's in the Gavilan wells, but if it the gas/oil ratio goes
down in your well, that's good, that's bad also.

A It's bad when the gas moves out of our
area over to another one. It's bad when gas depletes a

stratified zone and our o0il migrates up into it, and I think
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o] Let me look with you on the third sheet.
I think in that section there's two sets of green sheets but
the one I want, it says page 3.
A All right, sir.
o) Do you see that one? Do I see on the E-6
Well that in June, when it produced 7128 barrels it has a
ratio of 43767
A Yes, sir.
Q And when the production went up by about
50 percent the gas/oil ratio went down from 4376 to 2509.
A No, sir, the gas volume went down first
and then (unclear) the oil.
MR. LEMAY: Excuse me, Mr.
Douglass, where are you?
MR. DOUGLASS: I'm sorry, on
this page right here, Page 3 under Tab F -- D.
MR. PEARCE: The second set of
green sheets behind Tab E, Mr. Chairman.
MR. DOUGLASS: Tab E, two sets
of green sheets there, Tab E.
Right there, there you are.
MR. LEMAY: Thank you.
MR. DOUGLASS: I apologize.

MR. LEMAY: That's all rigat.
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¢} My question was, in June your oil produc-

tion was 7128 barrels, is that correct?

A Yes, sir.

O And your gas/oil ratio was 4376.

A Yes, sir.

0 You increased your o0il production by 50

percent, approximately, from 7128 to 11,180.

A But that's not the sequence. The gas
volume went down first and then you raised the o0il volume.

0 Well, --

A That's why we -- we give this explained
in more detail than that simplistic approach.

Q Well, it is -- I'm sorry I'm so simplis-
tic, Mr. Greer, but is the answer to my question yes, that
when you went from an oil production 7128 to an oil preoduc-
tion of 11,180, or about 50 percent increase, the gas/oil
ratio went down from 4376 to 25092

A No, =s=ir, the gas/oil ratio went down
first as is shown on the green graph just below the statis-
tics that you're looking at.

First the gas/oil ratio went down. The
E-6 0il production was quite high at about 320, 15, 20, 30
barrels a day.

Q Well, the gas production for June is 31-

million, 1s that right?
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A Uh-huh.
0 The gas production for July is slightly
higher than that, 1is that correct?
A Right.
Q And then the gas production in August

goes down about 4-million, is tht right?

A Yes, sir.

o Now, there's a gas/oil ratio. Did it go
down from June to August when the production went up &C
percent?

A As I said before, sir, the ga/oil ratio

went down first and then we raised the o0il rate in the last
part of August. That's when the oil rate went up.

The first part of August we show here.
the o0il rate is still 330 (unclaar) barrels a day.

It was the last approximately three weeks

in August that we raised the o0il rate.

o On the N-31 the April production is 1967
barrels?

A Yes.

0 With a gas/oil ratio of 271072

A Okay.

Q Is the o0il production in August 5912, or

about three times the April rate?

A Yes. The same thing happened to the N-31
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that happened to E-6.

) Yes, sir.

A The gas column went down first. Then we
changed the producing equipment to pick up the 0il rate 1in
the last half cof August.

o] Does the gas/oil ratio from April go from
2710 down to 13467

A Yes, sir.

G On the Tapacitos 4 Well, May production,
4548 with a gas/cil ratio of 10037

A Yes, sir.

C August production rate gone down slight-
ly, gone down about 300 barrels a day and the gas/oil ratio
went from 1000 cubic feet per barrel down to 709, 1is that
correct?

A Well, it looks to me like the oil rate,
if anything, dropped off a little bit on Tapacitos 4.

0 Well, that's what I said, 1t went down
about -- it went down about 300 barrels and the gas/oil
ratio went down 1000 to 700, right?

A Right, so it increased the production but
I did not affect its gas/oil ratio because it had increased.

0 Well, if you look at June, the last month
it produced 24 days, it produced 3320 barrels at 918 ratio,

diégn't itz
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A Yes, sir, only 24 days, it's a little

hard to compare that.

0 Well, I don't know what's hard about it.
The others are dated -- were those 31-day rates on the rest
of them?

A (Unclear).

0 Those 317 The gas/oil ratio, though,

went down as production went up between June and July and
August, is that correct?

A No, sir, the whole production stated
about the same, 4548 in May, 4350 in July, 4240, it dropped
in August, so it's production, oil production did not go up.

Q Well, I asked you in June, the o0il pro-
duction was 3320 --

A In June it only produced 24 days and you
can't really compare it by days.

Q The -- on the Howard 1-8, the April pro=-

duction was 362 barrels, is that correct?

A Yes, sir.

] And the gas/oil ratio was 61717

A Yes, sir.

) The August production was 85967

A Yes, sir.

O And its gas/oil ratio was 3233, 1is that

right?
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A Yes, sir.

0 And the Howard 1-11, the April production
was 815 barrels that month, GOR of 7240, is that right?

A Yes, sir.

0 And its o0il production in August was 5400
barrels and its gas/oil ratio was 58817

A Yes, sir.

0 And your testimony is that when the --
when this shows the gas/oil ratio is going down with oil
production going up, that's bad, and when this shows that
gas/oil ratios are going up as production goes up, that's
bad.

A Well, that's not quite what I said.

Q Ckay. Was there any reason in putting in
this blue sheet here on the Mallon wells, showing the uncor-
rected daily field readings and the corrected daily field
readings?

A Ch, vyeah, They corrected each of our
daily rates by the final total volumes for the month. We
tried to do the same thing for Mallon's. We didn't have the
figures exactly for them but we used what information we had
that was reported by days and then by the month and we re-
cognize that that may not be an absolutely correct adjust-~
ment for the Mallon wells; however, I think it's

insignificant insofar as this particular exhibit 1is con-
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cerned that one uses the exact amount of gas production
(unclear).

0 You're not suggesting that Mallon was
doing anything improper as far as these figures =--

A Ch, no, no. We have to make those cor-
rections on anybody's report.

C Okay.

MR. DOUGLASS: Mr. Chairman, I
will continue on but any time anyone needs or wants a break,
I lose track of time sometimes.

MR. LEMAY: Continue on, Mr.
Douglass.

C A number of times when you were referring
in your exhibit here to high allowables and high production
rates, were you referring to the production that occurred
under the normal statewide allowables that were applicable
to this field?

A I was referring to the high allcwables
that the Commission set last -- last spring over the three
or four month period in the fall.

C When you refer ot those high allowables
what you're really referring to is the normal statewide al-
lowables for those wells, isn't that correct?

A No, sir, that's a high allowable but the

normal allowable for this pool is what we're producing at
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right now. That's what was set by the Commission last (un-
clear). The existing allowable is the allowable.

0 Well, the existing allowable is actually
a restricted allowable by virtue of an application that you
made to the Commission or a request you made to the Commis-
sion, you've reduced it below statwide allowables, 1is that
right?

A Well, it's the allowable that's in effect
and I believe the order that set the high allowable said
that would be a temporary allowable.

0 wWell --

MR. LEMAY: I don't know if
there's much to be gained by arguing relative high, 1low. I
think the Commission knows what the allowables were and Dby
charactizing them as statewide, high, low, averace, I don'tj
see any =-- any -- where you're going on that subject.

MR. DOUGLASS: I just wanted to
find what allowables are --

MR. LEMAY: I think we under-
stand high and low and I think it's the same as your refer-
ence to statewide versus restricted; however you want to
characterize them, they're -- they're numbers assigned to
the wells and we know which ones they are.

MR. DOUGLASS: That's -- 1

wanted to make sure what (not clearly understood.)
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G Did I understand that you changed some
equipment on your wells in order to produce at the test
rates that were set forth in the Commission's order?

A Yes, sir, that's correct.

o] Do you find that -- that it's important
to an operator to know what the allowable is going to be for
the field in order that he can set the necessary eguipment
to produce that allowable?

A Well, vyes.

o] Were you, by installation of this equip-
ment, able to produce the higher volume than you had pre-
viously?

A Yes, sir.

Q Referrng to your surface pressures that
you've used, 1s it your testimony that surface pressures are
more accurate than measured bottom hole pressures?

A Under the circumstances of what we were
-- made a survey, and particularly where the formaticn dips
from -- from east to west, the only real significant area
that would come about for these particular wells that were
tested and have a gas column from the surface to the o0il
pay, would be the density and the pressure difference that
would be a consequence of the fluids in the reservoir at
different structural positions, and moving from east to

west the structure drops to the west, and so if we made any
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correction at all there, for that part of an analysis, why
then the —-- the pressure gradient would be greater, and so
what -- what we're saying here is that the way we took the
pressures would show a minimum pressure gradient across this
area. And for the reasons stated, it would be more accurate
for pressure differences than the problems you get into

trying to get bottom hole pressures.

o Well, has it been your usual experience
that bottom hole pressures are more accurate than surface
pressures?

A It depends on what vyou're trying to
determine.

Q If you're trying to determine the pres-
sure differential between an area would you normally find
the bottom hole pressures more accurate than the surface

neasured pressures?

A Not where we're dealing with 15 to 20
pound pressure differences; not -- not the kind of surveys
there were conducted for these =-- these surveys the Commis-

sion ordered.

You see, none of the wirelines are cali-
brated, the bombs weren't calibrated at the same equivalent
{sic); no hole deviation taken into account; no surface ele-
vation differences taken into account; the Amerada RKG-3

bombs that are typically used, we found that just the tem-
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perature correction itself at different times that we've had
the Dbombs calibrated can be as much as 5 pounds difference.
We subtracted 7 pounds from each of our measurements, appro-
ximately, to take care of the -- the effect of the pressure
or temperature on the equipment, which is as accurate as we
could do. But other operators, how they corrected theirs,
we don't know.

But unless you have some kind of a stand-
ard, there's no way to take bottom hole pressures and expect
to get pressure differences within 15 to 20 pounds when the
bombs themselves are only supposed to be accurate within 8
or 10 pounds, and some not even that much.

Q Well, the bottom hole pressure bombs,

this Amerada gauge type are 1/4 of a pound per 1000 feet.

A They're 1/4 -- some of them are 1/4th of
1 percent and some of them are a 1/2 a percent. I believe
the ones that -- that were used here primarily were 1/2 a

percent.

One percent on a 3000 pound element, see,
is 30 pounds, and 1/4 percent is 8 pounds; that's the kind
that was used on one well, so there's no just no way to tell
pressure differences within a few pounds the way these sur-
veys were conducted.

Q Let me ask you, I think the next section

here is H, Did you have the -- this is a graph showing the
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pressure maintenance effects on shut-in wells B-32 and B-29.

Is that is depicted?

A Yes, that's correct, the blue graphs.

Q That's the blue graphs?

A Yes, sir.

0 Well, now, let me ask, do I understand

that the bottom graph there is the rate of pressure increase

in September of '86 in the B-327?

A Yes, sir, that's the very bottom dashed
line.

) That well was shut in for 12 days?

A Yes, sir.

G And was -- during that period of time was

the rest of the field shut in?

A Yes, sir.

Q All of the rest of the field was shut in
for those 12 days?

A Well, in our area. Now I think I men-
tioned that a gas plant was down for a substantial period at
that time and a lot of Gavilan wells were down, so there was
a minimum of pressure disturbances in the reservoir in Sep-
tember of '86.

Q Well, was this pressure only 806 pounds,
then? That surface pressure was only 806 pounds?

A No, sir, the =- what I've shown on the
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bottom scale 1is simply the rate the pressure increased, not

the pressure itself.

0 The pressure was substantially higher
than --

A Oh, vyeah, it was around 1400 pounds.

Q And the -- you show in November of 'e7,

vou show two lines of pressure increase --

A Yes.

o) -- for the B-32 and the B=-29,

A Yes, sir.

o] And is that -- was that during the period

cf time that the entire field was shut down?

A Yes, the entire field was shut down for
three days and we kept our wells shut in for another, oh, 8
or 9 days, as I recall.

0 Were there other wells producing from the
field during that period of time?

A Well, some of the wells in Gavilan were
producing and we had our wells shut in.

0 Isn't another explanation of the increase
in pressure in November of '87 that the B-32 and the E-29,
that they've drawn down to the point where they were build-
ing up from a pressure influx from an area west of what I've

called the barrier or west of the pressure maintenance area?
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came from the pressure maintenance project where we had like
way up to 1700 pounds.

) Well, I understand that's your feeling
but my question 1is, couldn't that also represent an increase
in pressure from the surrounding area?

A I think it's very unlikely. We found all
the evidence so far that we studied is pressure drainage
from east to west.

Q Well, vyou had the higher pressures 1in
November of '87 on the Mallon acreage and higher pressure on
the B-17 than you did at the B-32 or the E-29, didn't you?

.\ The Mallon acreage, I think, felt the
pressure that time as significantly higher than the {(un-
clear).

The Johnson well, which as I indicated
earlier today, we found during studies in the Gavilan En-
gineering Committee, that it's an entire are and typically
runs about 100 pounds higher than the rest.

0 Well, the pressure was higher in the B-17
area, also, wasn't it, in November?

A I don't remember. It would not be very
much higher.

o well, 1if 1it's any higher in this real
gocd rock that you're talking about here, it's going to

cause an increase in the B-2% and the B-32, isn't 1it?
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A And if it's higher it got 1its pressure
from the pressure mainenance project (not clearly under-
stood.)

0 The B=-17 had been shut-in, hadn't it,
hadn't been producing it?

A Yes, sir. It still reflects the pressure
in the area.

0 But it's going to have a higher pressure
if it's shut in if other wells around it are producing,
isn't it?

A Well, it just reflects the reservoir
pressure.

] And I say, 1f it hadn't been produced,
then it can reflect a higher reservoir pressure than the
wells around it.

A But that would have no bearing, whether
it's producing or not on the build-up of these wells here.

0] Let' me see if I understand what vou're
saying.

Out in the reservoir here, where I'm not
producing and I have a well that is producing, normally the
pressure 1s going to be lower where the well is than out in
the reservoir where I'm not producing.

A Until the pressure builds up, ves, sir.

0 You mean until it equalizes?
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Q So if I don't produce an area and I
measure the pressure, then normally it's going to be higher
than the producing wells in the area.

A Sure.

0 And the way it equalizes is the pressure

goes down in the area that I'm not producing and comes up in

' the area I have been producing.

A The -- I would have to loock at the PB=-17
pressure and compare it with the B=-32. My recollection is
that there was not any substantial difference in pressure.

O wWell, it doesn't take much pressure at
all 1in this good rock that you're talking about to cause a
slight pressure increase, does 1it?

A No, but, Mr. Chairman, in order to deter-
mine if there is a pressure difference, a small amount, we'd
have to go at it in some other way than the way these pres-
sures were taken.

0] Well, on the blue graph here, vyou're
talking about small pressure increases, aren't you, 6, 7, 8
pounds?

A Right, and I show how to determine small
pressure differences. We can determine it but not by bottom
hole pressures, which was what you were preparing to do.

Q I know, you've used the more accurate
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C For this purpose, yes, sir.

Q Let me go to Tab I. Now, as I understand
the heading you say here is that this is evidence that be-
cause of the gas/oil ratios in the expansion area, because
they're lower than the Gavilan pressures -~ excuse me, Gav-
ilan gas/oil ratios, that's evidence that your pressure
maintenance expansion area is in communication with vyour
rresent pressure maintenance area.

A No, sir, not that they're lower than Gav-
ilan; Jjust that the low level that they are would be asso-
ciated with something other than a solution gas drive and
that something other would have to be gravity drainage or
pressure maintenance, or both.

The comparison with Gavilan was simply to
show the efficiency of recovery by comparing one area
against another.

o Well, what -- the area you're comparing
on this exhibit, as I understood, the statement, you say on
the average, these wells, you're -- are you talking about
your pressure expansion area wells?

A Yes, sir.

o These pressure expansion area wells show
substantially lower GOR's than the adjoining Gavilan wells.

Do you mean the entire field, entire Gavilan field, or pool?
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A On the average, vyes, sir, I think that's
what we plotted.

0 You haven't compared it with the wells
that are adjoining, in the two sections adjoining this area,
have you ?

A I took the average of Gavilan and the
average of each well.

U And thern you're saying bhacause the GOR on
the =18 is sligntly above the solution ratio, that that
indicates that 1it's in the pressure maintenance area as
opposaed to being in an area out here by -- in the -- in an
area ccnnected with Gavilan and not connectec with the
injection area?

A No, sir, I'm not saying that at all. Mr.
Chairman, there 1is a high degree of communication between
Gavilan and West Puerto Chiquito. There -- there's just no
question about that, and I do not intend to imply that.

what the lower gas/oil ratio shows, so
far, and we've only found that low gas/oil ratio in the ¢
zone 1in this area, and that low gas/oil ratio means to me
that 1it's not in the C zone; 1t means to me that this is
showing gravity drainage; it means to me that it's getting

help from the pressure maintenance project.

¢

Q Did vyou measure pressure in the F-1

Well?
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A I don't believe we did.

o In this area of pressure maintenance --
excuse me, 1in the expansion area, have you never measured a
pressure in the C zone versus a pressure in the AB zone?

A As near as we can tell in that area,
very little; they're probably the same.

) My guestion was have you ever measured,
wasn't it, between the C zone and the AB?

A No.

o Were you requested during this pressure

survey area to make that kind of pressure survey to see in

the C 2zone and AB and see what -- if there was a pressure
difference?
A Yes, sir. I think it would be an exer-

cise in futility since each of these wells are fraced in all
three 2zones and the odds are that they probably are tied
together 1in some way with the fracture system, and even
thouch they're segregated, it's very unlikely that we should
run a pressure and find a difference. But not only that, we
know that reservoir wide that the zones are tied together
and so it's only reasonable to assume that the pressures are
about the same,

0 Are the -- are the wells in the proposed

expansion area generally lower structurally than the Cavilan

wells?
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A Yes, sir.
0 Under a sclution gas/oil ratio producing
mechanism you would expect the lower structural wells to
have the lowest gas/oil ratio relative to any time 1in the

producing life of the reservoir.

A No, sir.
0 Why not?
A No, sir, a solution gas drive, you expect

the gas/oil ratio to be the same regardless cof structural
position.

¢ When this gas comes out of solution in
this reservoir, where does it go, Mr. Greer?

A There is -- we're non-solution gas drive
and it segregates by gravity, which I contend it does segre-
gate by gravity and the others contend that it does nct seg-
regate.

If you have segregation, then you have
the wherewithal to have gravity drainage and efficient grav-
ity drainage recovery, and I'm convinced that 1in Gavilan
there is some gravity drainage recovery. There's no way, no
matter how bad the reservoir is abused, there's going to be
some gravity drainage, and that's evidenced by -- by gravity
segregation.

0 In a solution gas drive reservoir with

the pressure below bubble point, would gas come out of solu-
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tion in the reservoir?
A Yes, sir.
0 Where does that gas go when it comes out

of solution in the reservoir?

A To goes to the wellbore.
G All of it goes to the wellbore?
A Yes, sir, that's typical of a solution

gas drive reservoir, Mr. Chairman. It makes no difference
the rate at which you produce it, how you produce it, a so-
lution gas drive reservoir will give you the same gas/oil
ratio and if -- if the gas segregates and goes to the top of
the reservoir {not clearly understood), then again you have
gravity segregation and potential for gravity drainage re-
covery, not solution gas drive.

C Well, of course the gas moving structur-
ally high 1in a solution gas drive reservoir is a natural
phenomenon in a solution gas drive reservoir, isn't it?

A Mo, sir, not unless you have gravity seg-
regation, it is not.

Q Well, when you say gravity segregation,
0il versus gas 1s gravity drive, isn't it gravity segrega-
tion?

A No, sir. Mr. Chairman, the engineers
have a clear understanding of solution gas drive and a soclu-

tion gas drive means that the gas and o0il mixed together
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move to the wellbore and there is no way for gas to segre-
gate and to move up structure or to move down structure, un-
less you have gravity segregation.

If you have gravity segregation, you can
have gravity drainage, and to whatever extent that happens,
then you moved from solution gas drive to cravity drainage.

This is the thing that we've seen in this
reservoir and we'd like to take advantage of it and have
tried to operate over these twenty vyears.

Q I just want to make sure that your testi-
mony 1s that in a solution gas drive reservoir if you get
below the bubble point and the gas comes out of solution, it
all moves to the wellbore and none of it moves structurally
higher than its current position.

A That is right. The permeability is so
low, Mr. Chairman, that the gas and the ©il can only move
one direction and that's to low pressure.

If it segregates and goes up structure,
then you have gravity segregation. It's just that simple.

0 The permeability of 10 darcy feet to 50
darcy feet 1is not going to be much of an impediment to
fluids moving, o0il or gas.

A No, that's our position, that this reser-
voir has high enough transmissibility for gravity drainage,

gravity segregation.
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0 Well, if you have that in a solution gas
drive reservoir, structurally you expect the lower structure
wells to have the lower gas/cil ratios.

A No, sir, we've been over this two or
three times. That's not the way a solution gas drive
operates.

0 In -- I believe we're in Tab I and I see
here a plat with a sideways pyramid, brown and hlue.

A Trapezoid, is what I call it.

0 Trapezoid, all right. Tell me what that
trapezoid is.

A Well, Mr. Chairman, 1I'm sorry that I
can't -- have not properly explained these exhibits when we
went through them.

¢ Well, I think the chairman 1is smarter
than 1 am. That's why I'm asking; I want to make sure I
underestood what you said.

A Okay. My assessment, Mr. Chairman, is
that the movement in this area, undercoround movement, moves
from east to west.

When we take the amount of oil that the
B=-29 and B-32 have produced and recognize that it's coming
from the east, and then make just an approximate assumption
as to percentage recovery and oil in place per acre, and

gravity drainage, approximate, and put that oil back in the




10

i1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

171

reserveoir, I recognize whether it's either 2/3rds depleted
or 1/3 depleted in that area, we come up with a substantial
area that has had to supply o0il to those two wells and that
substantial area 1is back up into the existing project area,
and the point of the exhibit was to show that the production
from these wells is not coming just from the wellbore or
just from the 40 acres around 1it, but very probably is com~
ing from, it's coming from the present expansion -~ or pre-
sent project area and doing just exactly the way we expect
recovery wells to do, to pickup oil from the intermediate
area where we have only one well for three or four sections.

Q Mr. Greer, you show no drainage from the
west to the east 1in the B-29 and B-32 wells, 1s that
correct?

A Yes, sir. From east to west I show
drainage.
Q I was going to say, you show no drainage

from the west to the east --

A No.

Q -- of the B-29 and B-32.

A No, most of it's coming from up-dip.

L I see, I understand you say -- feel that

way, but what keeps the B-29 and the B-32, these very good
wells, from draining from the west?

A Gavilan.
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Q Unless the pressure is lower in the B=-29
and the B-32 than it is to the west, it will be draining the
area to the west, is that right?
A I don't think the pressure is higher to

the west.

Q And it --
A Not in any, excuse me, not to any -- any
significant part of the reservoir. There are 1isolated

wells and tight, tight spacing units that will show a higher
pressure but that doesn't mean that the area as a whole is
draining to the east.

Q And as I understand it, what vyou're
really saying here 1is essentially all of the drainage that's
occurred in the B-29 and B-32 well, all of the o0il that
is produced has come from the east of those two wells?

A Well, of course (not clearly understood)
I guess, my opinion is that most of it, you know, there's 10
percent or 20 percent coming from the wells fraced west of
it, but by and large the source of build up is just like we
had planned with this pressure maintenance project, it's up-
dip from the recovery wells.

0 If there is a barrier to flow to the east
of the B-29 and the B-32, that would mean that the drainage
area that you show here would have to be west rather than to

the east, wouldn't 1it?
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A If it was an effective barrier, and 1if
there were no other indications of directional flow.

O Let me turn to the next tab, J, I believe
you've already mentioned the 34 well, anyway, 1in the
pressure data. Do you have a graph on that?

A Yes, sir.

0 Is it vyour conclusion that the C-34
represents a reflection of the injection and pressure
maintenance areas?

A Well, I think this graph shows the
reflection of both production and injection.

Q It does not show -- this graph, pressure

graph of the C-34, does not show communication with wells to

the == to the west, does it?
A Well, it's not a one-on-one test like we
had with the -- with the frac pulse tests. The fact that

the pressure drops, 1t appears to me it has to come from =--
from production or from withdrawals from the reservoir and
as I indicated earlier, the reason that we market some gas
is in order to get some kind of reaction in the reservoir
that otherwise would not show if we were just putting as
nuch gas in as we're taking out.

o} Well, 1is the answer to my guestion that
this pressure graph alone does not show any communication

with wells to the east =-- excuse me, wells to the west?
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A It shows communication with the wells; we
just can't identify which wells and it appears to me that
production or withdrawals is from the expansion area and
that that almost has to be the cause of it.

c I'm sorry, would you repeat that answer?

A Well, 1like 3/4 to 90 percent of the pro-
duction that we have taken from the wells has been from the
expansion area and so I would assume that the ~-- the pres-
sure decline 1in this well is a consequence of withdrawals
since most of the producing wells, or most of the production
is in the expansion area, it would just be my assessment
that that's probably the cause.

O Well, in the -- in the August and Septem=-
ber period that you have here, didn't you have a very rela-

tively small amount of injection in the -~

A Yes, sir.
0 -- injection wells?
A Yes, sir.

Q And your pressure was going down.

e

Yes, sir.

¢ Let me go over to D-17. Is the -- is the
time that the pressure starts -- first of all, the pressure
is declining in the D-17 prior to the beginning of this
test, is that right?

A Yes, sir, we're looking at the dgreen
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sheets under Tab J.

0 Yes, sir.

A The wells are producing on the down slope
there.

0 And that means that the wells in the
pressure maintenance =- excuse me, 1in the expansion area, or

the Gavilan area, were causing the pressure to decline in
the B-17, 1s that correct?

A Well, that would be ny assessmwent, ves,
sSir.

0O Now, when the pressure starts increasing,
is that when all the wells in the field were shut in?

A Yes, sir.

o And it continued to increase until when?
I get November, about November the 21st?

A I think (not clearly understood). 1 for-
get how long (not clearly understood) but something like
that.

And was that ~- when were —--

0

A Pardon me?

When were the wells returned to produc-

tion, do you recall?
A Yes, sir. That's a -- I would consider a

typical interference effect.

e And that interference affect =-- the expan
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A Yes, sir. I think I made some rough --
rough calculations that (not clearly understood) -- that I
pelieve part of the -- that pressure decline very well was

caused by Gavilan --

0 The D=17 pressure alone does not show com-
munication of that well with the pressure maintenance area,
does it?

A Not in itself, no, sir. Now those, those
-- those curves, I think, tend to reflect more just inter-
ference of production and shutting in. That's what our ana-
lysis showed.

Q Did the bottom hole pressure survey on
the C-34, as you described it, that was a bottom hole pres-
sure bomp you were describing that you called "an amazing
instrument", wasn't it?

A Yes, sir. Yes, sir, if we had all of the
bombs like that for our survey, we might be able to show up

some pressure differences across the reservoir.

G Let me ask you about Item K here in Exhi-
bit One.

A Yes, sir.

o If the -- if your application —-- first of

all, do you know about what your oil production is per day

under the restrictive allowable in this pressure maintenance
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expansion area?

A It seems to me it's in the range of 1500
and 2000 barrels a day. 1I'd just have to get, you know, the
records out and look at that.

0 That =-- I think that our calculation of
one month is around 1732 barrels. Does that scunds in the
range of what you're talking about.

And on the -- on this Exhibit X, or Tab K
here on the gold sheets --

A Okay.

O -- it may be an appropriate color; does
that show the daily rates you could produce those wells in
the pressure maintenance =-- in the proposed expansion area
if this application is granted?

A I believe so. The -- there might be some
pressure declines since November; a more realistic figure is
probably 2500 barrels of oil per day.

o It shows about 3176 barrels a dav, is
that right?

.\ Yes, sir. I'm not sure that it still has
that capability.

0 And, for instance, the B-29 well, it's
1066 Dbarrels, 1it, 1f this pressure maintenance expansion
area 1s granted, even though its normal allowable would be

800 barrels a day, under the rules that you have in effect
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for your unit, vyou could actually produced 1066, couldn't
you?

A Yes, sir, we could. Our practice, how-
ever, 1is again not to do that. The only time we got to pro-
duce wells at that high a rate was in cooperation with the
Commission here in trying to analyze the reservoir, high and
locw rates of production.

We have never produced these wells at
their full allowable. I just don't believe in that.

So the answer is we would not produce at
3000 barrels a day.

We would not produce the B-292 at 1100
barrels a day for a 30-day period. We might produce it for
half the month and average maybe 5-or-6-or-700 barrels a
day, but we would not pull it that hard.

Unless, there's only one (not clearly un-
derstood) and unless, that's unless we're ~- we're 1losing
0il to Gavilan and we have to do that to protect from drain-
age. That would be the balancing thing that I hope we don't
have to get into.

Q Well, if you, have you made a study to
determine what the relative producing rates are between the
first two rows of sections on the Gavilan side versus two in
the proposed expansiocn area?

A No, sir. Of course it depends on whether




10
1
12
13
14
15
16
17
18
19
20
21

22
23
24

25

179

we continue with the existing allowable or not, and if we
do, why, then our threat to drainage 1is minimized as
compared to high rates of production and, if so, then we can
slow, slow our producing rates down.

Q But you're going to be the one to make

that decision.

A Well, --
9] You, Mr. Greer.
A -- 1'l1 probably get some help from some

of the working interest owners.

Q But you have no -- under vyour proposal
you have no allowable limitation to keep you from producing
3176 barrels of oil a day.

A If we injected all the gas.

0 Is it -- is it a regquirement that you
inject all the gas or that you inject all the gas above 6C0-
to-17?

A To c¢et the full allowable we have to
inject everything above 600-to-1, yes, sir.

MR. DOUGLASS: I'm going to
holler uncle this time, if that's (not clearly understood).

MR. LEMAY: Are you suggesting
that we take a break so you can analyze the other two books
here, Mr. Douglass?

MR. DOUGLASS: Well, I'd like
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to do it for two purposes but that's one of them.
MR. LEMAY: We'll break for

twenty minutes.

{Thereupon a twenty minute recess was taken.)

MR. LEMAY: ©Shall we resume?
Mr. Douglass?
MR. DOUGLASS: Thank vou, Mr.
Chairman.
Qe Let me ask you to go to Exhibit Two, if
you would, Mr. Greer, and the first page I see in there, 1

believe 1is a structure map under Tab Intro, and 1 bhelieve

that you -- this 1s a previous exhibit that you have.
A Yes, sir.
0 Before I believe you connected up some of

these wells 1in the green here to the wells in orange or
gold, is that right?

A Well, in Exhibit Two we show some of the
connections, yes.

e Not on this one.

A No, sir. That represents what we had
earlier provided to the Commission.

0 Well, for most of the communication that

you show in the gold area here, or orange lines, are those
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shut-in type interference tests where you produce one well
and shut-in another, and that type of thing?

A Well, as I recall, they were -- they were
different. I'éd have to go back to our earlier exhibit to
identify any one issue or points. The 0-33, let's see =--

O Well, I didn't want to go to each one and
identify each one.

Wnhen I read the transcript of the two
previous hearings and looked at the exhibits, I thought that
what you indicated here, that these were not frac type
interferences but these were --

A Oh, I -- yes, sir.

Q -— pressure, what we call normal or usual
pressure interference tests where you shut in one well or
all the others and produce another and see if vyou get
pressure effects.

A I believe most of these, let's see, the
interference tests that we ran are not shown on here. They
were in addition to what's shown here.

The tests that are indicated here, all
right, for instance, the C=-34, the well that I believe we've
said produced 3-or-4 BCF, we felt like there was no way that
that C-34 well has produced that volume of the gas with no
more pressure decline than it had, and it took at different

times the amount of pressure decline and the amount of gas
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produced and there's no way that that could come about with-

out that well receiving support from the gas injection
wells.

Q All right, maybe 1 can approach it this
way. Are there any of the wells that are connected by the

orange or gold here that represent frac type tests, inter-

ference tests?

A Not -- no, none of these are frac pulse
tests.

0 Now, as we go to the green wells on this
same =--

A Okay.

Q -- thing, are any of those interference

tests that are shown here the frac type tests?

A Yes, certainly. The lower set of green
solid 1lines are one of the frac pulse tests and they're --
and that particular test is covered in the red book.

¢ Okay, that -- that's an old test, one

that you had put on at the last hearing.

A Yes, sir.

o And it was a frac type test?

A It was a frac type test.

Q Now, in the earlier exhibit that you put5

on, didn't you have a dashed pink line between the green B-

32 and the orange C-34 wells, do you recall?

1]
i

t
i

i
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A I believe we have that in one of the ex-
hibits and I think we showed the exhibit following that or
it was probably done in one of those trapezoids, but I don't
recall for sure.

C All right. Now in your Exhibit Two here
under Tab B, is the communication which you say occurs there
from a fracture treatment?

A Yes, sir, that's a sand fracture.

Q It's not -- it's not what you engineers
would normally call an interference test.

A No, no, sir. No, sir. This is what we
call a frac pulse test, the kind of test the Gavilan
Engineering Committee recommends we could look into, and did
do, 1in cooperation with Meridian on one test and Dugan on
another and two of the unit wells on another ( not clearly
understood.)

0 This test, the C-34, the B-29 and the B-
32 would be across what my client has indicated is a Dbar-
rier.

& Yes.

0 1 want to visit with you about what's
happening in this area.

As I understand what you've done here 1is,
on the blue graphs here, you've shown on the B-32 and R-29

when you thought the frac responses were present, 1is that




10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

right?

A Yes, sir.

0 Now, wells can have responses as far as
pressure build-ups or drawdowns are concerned because of
things other than the well being fraced, can't they?

A Oh, ves.

Q Could be other wells going on production.

? A Yes, sir.

QO Cther wells going off production.,

A Yes, sir.

o} Faults.

A Sure.

G Permeability barriers.

A Yes, sir.

O Any type of reservoir limit that might
restrict the pressure.

A Yes, sir.

C Going to the first graph --

A Oh, excuse me, sir, there has to be com-
munication between two wells to -- for that to occur.

A I understand. DNow, let's see if I under-
stand the blue graph here. When do you show the first re-

sponse that you call frac response?
A In time in terms of days we might ought

to look at the next book. This frac is in logarithm, logar-
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ithmic scale.

Q Do you want to --

A It may be easier --

) Do you want to refer to another book now?
A Well, in order to get away from the loga-

rithmic scale it might be simpler.
0 Well, I didn't know that I needed to be
that precise.

You show a line here and then you show a

separation cf circles. Did it appear that it occurs within
A Well, it's about a fourth of a day.
G About a fourth of a day. Okay, that's

good enough for me.
And timewise it occurs in about, what,

roughly 3-1/3, 3-1/2 days from the shut-in?

A Yes, sir, a 1little better than three
days.

0 Three days plus. Now, 1if 1 were to look
back on that B-17 pressure build-up, would it have -- would

it's curve look something like this that you have with the
pressure build-up on that B-17 that we had back in Exhibit
One?

A Well, the B-17, if 1 recall was not dril-

led at the time of this =-- this test.
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0 I'm saying it may not have been drilled
but I was talking about the shape of the -- of the pressure
increase, there's a curve, build-up at the end there, didn't
it?
A Are you going to talk about another one

of the frac pulse tests that the --

Q Nope.

A -- B-17 was 1in?

0 Nope. Not =-- just a normal -- as I recall
you ran a shut-in pressure in that well in November, a

pottom hole pressure.

A Yes, sir.

0 And you have it build up at the end .

A Yes, sir.

0 And the curve at the end was building up

higher than it was to begin with.

A Yes, sir.

0 Isn't that what's <generally happening
here as far as the B-32 is concerned?

A Well, we show now how the response
happened 1in the E-17 in the frac treatment and in this
instance, you know, we had all the wells in the township

shut in.

Q Well, the pressure survey we discussed on




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

187
the E-17 in Exhibit One was not from a frac response, was it?

A The ~-- the comparison, Mr Chairman, that
needs to be made for the point under discussion here now, is
the difference in the pressure build-up as a consequence of
the frac pulse and for comparison we have a build-up not ne-
cessarily on another well; we have a build-up this well and
it's the one on =-- the lower graph on this pace. Let's see,
the blue c¢raph, 1t says a Response to Frac Treatment of the
plue graph. It says Response to Frac Treatment cf the (0-34.
As a consequence of the frac treatment in the C-34 and we
can see a build-up curve and the B-32 was shut-in in January
of 1987. 1t has a very straight line.

Let's see, have you found the graph?
MR. LEMAY: We're on the C-34
now or the --

A Yes, 1t says Response to Frac Treatment
on COU C-34 on the bottom graph, and Bottom Hole Pressure
Build Up Survey Well COU B-32,

Did you have the right graph?
MR. LEMAY: Okay, we had that,
yes.

A On the lower -- the lower line shows how
a pressure build-up in this particular well as a conseqguence
of shut-in following production, and it's very clearly a

straight 1line and for the same -- it was shut-in for about
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five days. We can see that at the point where the frac re-
sponse starts on the C-34, on a similar test just about a
few weeks later, it does not follow that same straight line.
It deviates and it deviates because of the interference from
the frac treatment.

So, Mr. Chairman, we'll have to go to an=-
other well to see what would have been the pressure build-up
we had (unclear).

0 Let me ask you, M™Mr. Greer, vyou haven't
prepared what the producing rates were in January of '87 or
the producing rates in April of '87 on the B-32 well, have
you?

A I don't show it here but I did check it
out and they were approximately the same.

0 Ané did you check the production in the
rest of the Gavilan and the proposed expansion area to see
what the production in that area was over both periods of
time?

A We had all of our wells shut-in, the

whole township.

O In what periods of time?

A Through the period of the test.
0 Each time?

A Yes, sir.

0 Is this the -- is the -- is the time se-
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quence the same here on the B-32 in January of '87 or is it

A Yes, sir, the bottom scale while we're in
the Delta T is the same; same, so we have comparable graphs.

0 All right. Then with reference to the
frac response that you had, 1is this the fracture treatment
that was done on the C-34, you actually fractured the reser-
voir over a substantial distance, is that right?

A Well, the service companies, Mr. Chair-
man, will -- will tell you that they can get a frac out 1000
feet, 1500 feet, or whatever. We don't know what happens in
this fractured reservoir, just how far it goes.

The assumptions that we've made soc far is
that I feel like in general they probably do not exceed 1000
feet and that's where we come up with 1/4th of that distance
or a 250-foot effective wellbore radius. But just how far
they go, it's a little difficult to -- to tell.
The classical theory on 1t apparently

just doesn't fit this reservoir.

Q I1f you've got a well two miles away that
was fraced vyou could see the response in approximately a
quarter of a day, 1is that right?

A Yes, sir.

Q (Not clearly understood.) Now the next

well is also a frac response, vyou say, from the same frac-
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ture treatment, i1s that right

A Yes, sir. We had a bomb in both wells,

when the well was treated and the C-34 was treated.

0 Is this B-29 well farther or closer to
your --

A This was a little bit farther.

) And the pressure response there is about,

what, about a half a day, roughly?
A Yes, sir, something like that, ves, sir.
Q Again you get a -- a well's been shut-in

about two and a half days when you get a response, as you

icall it.

A Well, we -~ we deliberately plan it that
wWay . You see, Mr. Chairman, these bombs with the (unclear)
they have, have about a six-day maximum that we can rely on
getting pressures, so in designing a test like this we have
to -- have to figure approximately how to allocate that six
days and the way I've done it so far, it should take two or
three days prior to the -- to the frac treatment that we
shut the well in and run the bomb, and then we do the frac
treatment and then that gives us maybe three and a half,
four days, after the frac treatment to pick up the response.

That's really a tricky situation if we
have bad weather and we have a problem, maybe, gettng a frac

job off exactly when you plan it.
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In this instance, as I recall, we -- we
managed to do it about -- well, about that procedure, so in
round numbers that's how and why we do it the way we did it.

Q Do you have the pressure information
prior to the bomk time of 51 hours, for instance, on this B~
29 well?

A Well, I think so. I imagine we provided
it to you people along with everything else.

Q You think we already have it after vyou

provided it to us?

A I think so.

C And the same would be true on the data on
the C -- on the B-32 well --

y2t Yes, sir.

e -- prior to the time of 20.8 (sic) hours?

A Yes, sir.

¢ Was there any change in the curve in the

early period of time on these two shut-in wells?

A Ch, I don't remember. The -- what we
tried to do is fit the information on our graph here and
it's a question of whether you start on one end or the
other, and we —-- I think we balanced it out with the last
pressure on the righthand side of the scale and we ran it as
far back as the graph would go.

Q Did the pressure response that you say
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here, frac response, have been from a permeability barrier
in the reservoir?

A I don't -- I don't see it that way here.
Qrdinarily you have a 2-to-1 slope in a case like that and I
haven't measured that and just looking at it, it's not a 2-
to-1 slope, so I don't think that's =--.

Q How about a well being shut-in in the
reservoir? It doesn't give you a 2-to-1 slope or increased
well communication, does it?

A I don't know what you're saying.

0 Well A is producing and Well B is shut-in
for a pressure —-

A Okay.

G -- test, when you shut in Well A, through

communication you should see an affect =--

A Yeah, right.

0 -— on the pressure.

A Yes, sir.

Y And it's not a 2-to-1, is it?

A Wwell, we're not talking about a houndary
there.

Q Let's == let's go to =-- D is the BA-156

frac and you measured it in B~32 and A-20, is that correct?
A Let's see, under which tab ncw?

Q D.
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A D, like dicker?
o D, as in dog.
A D, as in dog. Yes, sir, that's the A-16

frac. We observeda it in the A-20 and the B-32.

& Now, there, on your -- on your graph com-
paring it to the B-32, how quickly did you see the frac re-
sponse according to what you indicate there and timewise?

A well, 1it's like another, oh, a fraction

of a day.

Q Cuarter of a day?
A Something like that.
0 Now that -- that well is about, almost

taree miles away whereas the C-34 is approximately, what, a

mile and a half to a mile and a quarter?

A The C-31 is about two miles, maybe =--

0 Two miles?

A -- two and a half to the B-29.

Q I thought we were talking about the 232,
I'm sorry.

Am I off a well?

A Well, I was comparing the C-34 and the R-
29 frac with the A-16 and the B-32.

c Well, that wasn't what I was comparing.

A Oh, okay, two different things there.

) All right, I thought you =-- I thought we
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were comparing A-16 with B-32.

A Okay.

0] And that distance is about three miles,

A Okay, yes, sir.

0 And the B-32 to the C-34, according to

what I see here, 1is about a mile and a half to a mile and
three-quarters.

A Well, it's 10,400 feet. That's very
close to two miles there.

Q It's about two miles. All right, and
when the =-- and you got a response in about the same period
cf time, about a quarter of a day, is that rignht?

A I was thinking we got a quicker response
on the north/scuth line than we did the east/west line, but
I'm not -- I'd have to look at the information to be sure.

o Well, I thought you looked back at the

-- I guess it's D, isn't it?

A Yeah, I think we're just kind of guessing
at a quarter a day. There's probably not that much differ-
ence.

¢ All right, sir. And then the -- timewise

what are we looking at from the time of shut-in? Again

about threes plus days?

A Okay, now are you looking at the A-16 and

the B-327?
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0 Yes, sir.

A Yes, sir, shut-in about a little over
three days at the time of the frac, and ran it out to again
about six days, the same method as before.

0] All right, under Tab E would be the A-20,
is that right?

A Yes, sir, the A-20.

0] When vyou fraced the 3-16 this 1s the

‘pressure graph in the A-20Q.

A Yes, sir.

0 Again this time the A~16 is closer, ex-
cuse me, the A-20 is closer to the A-16, isn't 1it?

A Yes, sir.

c And what is 1its time to get the frac re-
action according to your frac response?

A I1'd have to run a -- it might be a little
bit longer than the other one; looks like, oh, maybe half a
day. It's a 1little hard for me to see it on this small

scale.

O

Okay, closer but it took longer.
A Yes, sir. I think that's typical of our
north/south running probably higher than the east/west.
Q Okay, and you show here some cross flow.
A Yes, that's my interpretation, yes, sir.

0 You mean cross flow in the A-20 well?
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A That would be cross flowing between the
4, B and C zones within the A-20 well itself. That -- we
found that to be the case when we fraced the well and the
pressure Dbleeding off during the frac. It kind of 1looked
like we had cross flow in it then and that's why I've obser-
ved it here, because of the erratic pressure behavior here
after it leaves that upper dashed line.

O The rest of the pressure tests, or the
rest of these still are frac tests and they're between wells
that would all be in the pressure maintenance -- excuse me,
in the expansion area, 1s that correct? In other words,
starting with --

A Yes, sir, the F-7 frac and the B-17 and
the A-20; the A-20 to the B-32 and B-29, vyes, sir.

Those two wells, the C~-24 and A-16 are
the only ones we had available for workover in the AR =zone,
so they're the only wells in the unit we could use to make

such a test.

0 Turn to Tab I, if you would, please, sir.
A Okay.
@] As I understand how you deterined whether

it's been frac response, or any kind of a response 1is a
slope change, is that correct?
A Yes, sir.

Q Looking at the beginning of this graph
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that you have here, it says 4.3 over there.

A Yes, sir.

Q Isn't there a slope change from about 4.3
as you go to a little over 4.42, I guess it is, from there
compared ot the, oh, from about 4.43 to roughly 4.87?

A Yes, sir.

0, All right, sir. And you haven't identi=-
fied that as what that slope change was, is thgt correct?

A No, sir, it's not very much of a change.
It would be -- whether that was just the well leveling off
or what, we didn't feel that was signficant.

o Do 1 see at the -- where you say the frac
of the F-7 started, isn't there a slope change prior tc the
time that that -- you started pumping F-7 frac there?

A Well, I'm not sure. You can see how that
pressure ranges around there. It appears to me, and my ana-
lysis of it is tnat a straight line from the lower lefthand
set of circles up through that part, it just makes sense to
me 1s that that's the -~ what we're looking at there, of
course, 1s 2-or-3/10s of a pound difference in those points
tnat are relatively below the -- that dashed line. I think
it's Jjust a question of the first pressure that we measure
there appears to be like, probably, within minutes of the
frac treatment it's pretty hard to follow that in a graph.

I imagine if we go back to the particu-
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lar pressure survey and we have noticed frac responses with-
in =-- within minutes rather than hours, I think that
could very well be the case here.

0 The pressure that you're measuring here
is in the B-17, is that right?

A Yes, sir.

Q And do we have the pressure data prior to
146.5 hours, did you furnish that to us?

A Ckay, that's Dbomb run number 1 ana it
shows to be, well, it's the D-17 for -- let me see if I can
find the schedule.

We show a run from November 7th to
November the 12th; then we have another one from 11-13 to
11-21, so you have that bcmb run.

O The bomb run that's shown here like 1009
and the bomb run 1008, does that mean that's the total
number of bomb runs that you've made for the unit or is that
the total number of bomb runs in this well?

A No, 1it's not really very significant of
anytning. I thought at one time that we would try to keep
the bombs identified by bomb runs and then I decided it was
better to start out again by the wells, and so it's kind of
mixed up. About all it is, is the identification of then so
we can go to our files and find a particular run if we need

to.
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0 And then it wasn't =-- do you have a tabu-
lation that shows the previous bombs (unclear) what well
they were run in or --

A We can -- we have like, here we see 1009,
we can go to our files and pick out 1009. You see, that's
what we had to do to provide you with copies of the runs.
The blame things, Mr. Chairman, are a bit of a problem to
file. They come of on this perforated computer paper and
that's the way our girl files them. To take that out and
make xeroxed copies of them is really time consuming and so
what we did when they asked for our pressure surveys, we
just went back and pulled the disks out and run them through

the computer again and just run out an original print for

' them and then from that, from that print we cut off the

tails and all that and stick that into a Xerox and without
having to tear up our files.

And so what I'm saying is that if we need
another run or we find a run that's incomplete, why, we can
reproduce 1it, but my feeling is that you probably got com-
plete runs.

Q Well, I was just asking about your sys-
tem, Mr. Greer.

A Yeah, I'm afraid it's not a very good
csystem.

Q Let me go to Exhibit Three, Mr. Greer,
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and let me get you to turn to the Summary of Four Frac Pulse
Tests.
MR. LEMAY: Will you identify
that for us?

A Yes, 1it's the last two pages under Sec-
ticn A.

) All right. Excuse me, it was Tab A,
that's right, I'm sorry.

I'm sorry, Mr. Chairman, I didn't get the
right tab.

MR. LEMAY: 1It's all right, we
got it.

0 Mr. Greer, 1f I understand Item 10,
that's the average transmissibility between those two wells,
is that -- each of the two wells at the top of the hearing
there?

A No, sir, this 1is where we have a differ-
ence in interpretation.

The interference test was (unclear) we
say that transmissibility represents the characteristis of
the formation in the colored area, not between the two
wells.

Mr. Chairman, we put on an exhibit the
first time in 1969 that in which we showed that vyou could

completely excavate the material of the formation between
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the observation well and the treated well, or the test well,
and there will be very little difference in the pressure in
the observation well 1if you take as much oil out as an
interference test, typical interference test where you're
producing the well as it would be with the formation in
place and the reason for that is that the area of the

formation that influences this test, as the time of the test

' goes on gets larger, and it's a substantial area as we have

colored in here for these different tests.

O Maybe I <can get at it this way, Mr.
Greer.

Would that be a minimum average transmis-—
sibility between the two wells?

A No, sir. What that represents is an
average of the characteristics of the area. Between the two
wells you might have a high capacity, vyou might have a 1low
capacity, but the area in general -- and that's not
homogeneous, not necessarily homogeneous, not necessarily
uniform, it represents the average and, of course, you know,
you can have some niceties of what's the shape of the area
and how that affects it, but in general, as I discussed this
morning, 1if part of the area is not productive, there turns
out to be again another averaging in which if you use the
calculated o0il in place per acre and the area that vou've

estimated, then, your total volume would be the same, even
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if half the area is completely nonproductive.

It's Jjust one of the characteristics of
I formula that the interference test (unclear.)

O Well, Dbetween the C-34 and the B-32,
which is about two miles.

A Yes, sir.

G Between those two wells there is an aver-
age transmissibility of 48 darcy feet on the average for
whatever area those wells are draining.

A That's right. Kh/u 48 and you come up
with Koh of about 14 darcy feet.

o Does that necessarily tell you that those
two wells, though, were in communication with each other?

A Oh, yes, sir, they're in communication
but it does not tell us that there's 14 darcy feet in a
direct 1line between the two, 1in fact I don't think there
are.

As I indicated earlier, I think we have
directional permeability. There is directional permeability
north/south and my own feeling is that it's probably higher
north/south than it is east/west.

So it should be substantially less in an
east/west direction.

g And each, and the C-34 and the B=-32 have

both been hydraulically fraced.
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A Yes, sir. The C=-34 was hydraulically
fractured 1in the C zone years ago; just recently for this
test 1in the A and B zones and the B-32 was fractured in all
three zones, and so there's that little bit of a difference,
the treated well in the two zones and the observation well

in three zones.

0 Let me ask you under Tab F --

A Okay.

O ~- the green sheets.

)Y All right, sir.

G This is the LBi function here, 1is that
right?

A Yes, sir.

Q Up at the top there it says the value of
q, Darrels of fluid a day, 95,040, barrels -- RFPD, is that

nDarrels of per day?

A Yes, sir, and that's —-- that derives from
the 1injection rate of 66 barrels a, which is the first --
the first line and so in this frac pulse the injection rate
is 66 Dbarrels a minute and we show how we nodified one of
our other programs to come up with this frac pulse progran.

And the third line from the bottom of the
information up at the upper righthand side, it says the
days shut in, .071.

Okay, that's not the day the well was
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shut=-in, that's the day that -- or the time that the frac
ended. The frac lasted for 7/100ths of a day, It would be
an hour and a half, or something like that, and so rather
than deal in barrels per minute, why we're dealing in bhar-
rels a day. Our pulse then lasts for (not clearly under-
stood) into calculation.

Q Mr. Greer, the 95,040 isn't reflective of
what's being produced from any well in any of these areas,
is it?

A 0n, no, Mr. Chairman, I hope I didan't
mislead anybody when we first talked about frac pulse test.

When a well is fraced we know that the
formation opens up when it's fractured and we pump into it
at a much higher rate than we could with just pumping
without fracing the formation.

Now that last (unclear) as indicated here
7/100ths of a day, and once you're finished vpumping, then
almost instantaneously the fracture closes and the pulse
that moves through the reservoir is then back to a normal
type of ~- by normal I mean comparable to a normal pulse
test and in a way it moves in the same fashion as it would
had the injection been at a lower rate for a longer period
of time without fracturing.

C What you've just described is not the

flow of fluid through a forced medium is it, the fracture
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A Right, the fracture opens, the pulse
starts, the fracture clcses, and then the pulse continues
after that 7-or-8/100ths or a 1/10th of a day, whatever
otherwise had been induced by a normal test. And for that
reason, Mr. Chairman, I should point out that in each one of
these tests we show the frac response in the observation
well guicker that we would have calculated it, and we think
that that's one of the reasons that this pulse gets cut into
the reservoir a little guicker in the high capacity system
than it would be if it was Jjust an ordinary interference
test, and we found that in each one of the tests. That's
why we dont' try to match the curves in the early part of
the test, for that reason because we think that does not
validate the rest of that pressure flow through the reser-
voir. It's not in balance.

MR. DOUGLASS: 1 don't have any
further guestions. We do offer Mallon's Two.,.

MR. CARR: We have no objec-—
tion.

MR. LEMAY: Wwithout objection
Mallon's Exhibits One and Two will be admitted into evi-
dence.

Additional <questions of the

witness?
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Mr. Chavez.

QUESTIONS BY MR. CHAVEZ:
¢ Mr. Greer, in your Exhibit Number One
under Tab G, we have the multi-colored Iscopach.
You started quoting the pressures from
the east side of the unit to the west side of the unit. Did
vou also take a look at the pressures as they continued
through the Gavilan further west?
A Oh, no, sir, we just had cur man maasure
wells every day from our wells.
We do not try to make a -- to get over in
Gavilan. We might have lost a little of the validity of the
test to go back up dip. By confining our surveys to the
area in which the formation dips from east to west, then we
have a minimum pressure gradient.
We come back up dip then to the west,
why, you might have another slightly different situation. I
think not much different, and it probably would have been
gcod to (not understood) than to carry the thing on across.
Anyway, we did not.
0 Did you examine the pressures that were
taken during the Commission reguired testing procedure and
compare them as to how they would appear in the Gavilan Man-

cos Pool as part of the continuation of this map?




10
n
12
13
14
15
16
17
18
19
20
21
22
23
24

25

207

A Yes, sir, Jjust in general and they were
pretty close. 1 remember the surface pressure at the Mallion
(not clearly understood) was within 8 pounds; probably the
same 1s true of the Meridian well, but I have not tried *to
make an exact comparison for the reason that those pressures
were taken with different pressure gauges and so tnere would
be a difference there.

One of the main things perhaps I should
point out, Mr. Chairman, that we inferred from what we have
done  here, I know there has been a suggestion that the
drainage is not from east to west but from Gavilan to -- to
the expansion area, and I would point out that the B-2¢ and
B-32, the wells showing 1814 pounds in the brown colored
area 1is the center of highest withdrawals. We produce some

of the wells around 1000 barrels a day down to around 7-or-

800 Dbarrels a day, and -- and given the pressure gradient
was from east -- or from west to east from Gavilan to those
wells, it would have to be -- into the expansion area, it

would have to be across the yellow area into the brown area
and so highly significant, I think, to our analysis here is
that there is a pressure gradient, although small, from the
brown area into the yellow area, and from the yellow area
west nmy feeling, as I indicated earlier, is that they prob-
ably would be very nearly the same.

o) Mr. Greer, if the application is granted,
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and you're allowed to produce your wells in the expansion at
the highest rate under the rules of the pressure maintenance
project, would your prcducing bottom hole pressures be sig-
nificantly lower +*than perhaps the producing Dbottom hole
pressures of the wells in the Gavilan Pool?

A I think not. Mr. Chairman, our =-- our
rlan always has been to produce at the -- at the minimum
reasonable rate and the only reason we produce at higher
rates 1s in order to minimize as much as possible, from &
practical standpoint, migration.

If Gavilan is not produced at a high rate
and the pressure is not pulled down in Gavilan, then we're
not going to pull the pressure down in our area.

o Would you be opposed to the operators in
Gavilan ©Dbeing allowed to produce at a rate that would give
an equivalent bottom hole producing pressure to what vou
would be producing in your expansion area?

A If we had some way o©f measuring or
accurately determining that, I would have no objection to
it.

There's & bit of a problem, as vyou
probably know, where the transmissibility is as high as it
is, Section 1, for instance, would produce at a higher rate
and on shut-in would equalize the entire Section 6 even

though it isn't producing, and vice versa, and so it's a
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very difficult propblem to actually measure.

0 But if some allowance could be made other
than looking at actual volumes but looking at pressures, you
would not be opposed to that?

A I said if there were a way to do it in a
fair, 1in a fair fashion, but as I see 1it, the Gavilan
operators have =- have a lot of security. The pressure
gradient has been from the Unit toward Gavilan for some time
now and there's no way that -- that we can take gas cut of
the area, take gas from Gavilan and put in the gas cap if
we're not getting a reaction and a pressure maintenance
affect, and the reason for that, Mr. Chairman, is that the
system offers a balance or an adjustment.

If we take too much gas out of the
boundary area, drain Gavilan, and put that gas in our gas
cap and find communication with the expansion area, then the
pressure puilds up 1in the gas cap and we're already at
pressures as high as I want to go and we have no other
recourse otner than to sell gas.

When we sell gas, then we don't get the
pressure maintenance credit, so they're balancing, a safety
valve, so to speak as far as Gavilan is concerned, where
there's Jjust no way that we can take more than our fair
share out of the reservoir.

Q How significant are producing bottom hole
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pressures on either side of this dividing line between the
pools, even though the sgshut-in pressures seem to be
equivalent?

Would there be a difference in fluid
movement because of different bottom hole producing
pressures?

A Yes, sir, you could have fluid movement
from one area to the other during production, shut the wells
in , and the pressures, I feel, will equalize rapidly across
that boundary because of the high -- high transmissibility.

MR. CHAVEZ: That's all 1 have.

MR. LEMAY: Thank vyou, Mr.
Chavez.

Additional questions of the
witness?

MR. BRCSTUEN: I've got a few
questions here.

MR. LEMAY: Commissioner

Rrostuen.

QUESTIONS BY MR. BROSTUEN:

0 Mr. Greer, I'd like to refer to one of
your plats that you show in the -- the -- if I can put my
hands on one here, the ~-- that show the wells drilled and

completed in West Puerto Chiquito. Perhaps you can help me
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Here's one in under -- this would be Tab
-- Tab A in Exhibit One.

A Qkay.

o, One of the things that was mentioned here
today was to protect the correlative rights and what we're
proposing to do here, or you're proposing to do, 1is to ex-
pand West Puerto Chiquito Unit, pardon me, the Canada
Ojitos Unit into the expansion area that you're showing on
this -- this plat, is that correct?

A No, no, sir. The Unit already covers the
expansion area, not only the Unit but the participating
area. Expansion, that comes about by application from the
operator to the Department of Interior, the State Land Of-
fice, and the Conservation Commission, and all three of
those agencies have approved the expansion the expansion of
the participating area to cover the entire Unit area, and
so the only thing that's left that we need is just expansion
of the pressure maintenance project, and that, the control
for that expansion, 1lies solely with the Conservation Com-
mission; the State Land Office, and the Department of Inter-
ior do not have a voice in that.

) The, Mr. Greer, in the expansion area,
then, 1s that covered by any of the orders that were 1in-
cluded in I believe it's your Exhibit Number Four?

A Yes, sir. Yes, sir, all of the -- all of
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the orders, and they read as only three.

Q Could you direct me to the -- to the uni-
tization? I'm assuming there was a compulsory unitization,
then, of -- of the -- of a portion of this -- of the Canada

0jitos Unit?

A I believe it was two years ago -- was it
two years ago ~-- two years ago we had a few outstanding
tracts within the unit. Now the participating area had al-

~

ready been expanded to cover the whole unit, and we asikad
for statutory unitization to pick up a few tracts that we
just did not communicate with people and they were a problem
and we had to come to the Commission every time we wanted to
drill a well, and ask for a forced pooling order to get
started and then later on all the adjustments had to be
made. So we asked for statutory unitization of the entire
area.

It was our understanding at that time
that -- that that covered the pressure maintenance proiect
expansion. The way we read the statute is that there's no
way to have a statutory unitization without pressure main-
tenance, and so we felt that -- two years ago, that this
really had been legally covered.

That's sort of the history of that.

] So finally what you're saying is that two

years ago there were some tracts that were brought into the
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Canada Ojitos Unit by the compulsory =-- by utilizing the

compulsory unitization --

A Yes, sir, there were --

0 -- statute?

A -—- I forget, two or three tracts.

C Can you =-- could you indicate those

tracts to me on this map?

A No. Let's see, I'm sure that by tomorrow

morning we could dig out the exhibits for that.

0 Fine, fine. In the, and zs I say, I
haven't =-- I haven't reviewed the orders that -- order or

orders that may have been issued regarding compulsory uniti-
zation in this matter. Cne of the requirements for compul-
sory unit -- to utilize that statute, it's under, I think,
Section 70-7-5, and it's pargraph B, a statement that the
reservoir or portion thereof involved in the application has
been reasonably defined by development, and one of the ques-
ticns I have in reviewing the entire unit here, is the large
numper of tracts which apparently have had no wells on them
and how -- how this -- how the justification was for saving
that these tracts had been reasonably defined by develop-
ment.

I'm looking up in, say, in the corner, in
this particular map there's a lot of writing on 1it, or

printing on it, it's difficult to tell, but say up in the
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northeast <corner of the map there, you have a number of

tracts up there, no wells, how was -- how was that justi-

h

fied?

A That was by geological inference and the
-- in a sense all of the pattern of the participating area
exXpansions themselves, the unit agreement calls for
expansion of participating area, that lands be brought into
participation which are either, number one, proved toc be
prcductive in paying quantities; or nunmber two, are
necessary for unit operations.

The analysis that we've made, the beliefs
that we have, 1s that those lands are necessary for unit
operations; the reason is that if someone came along and
drilled a well in that northeast part of the unit, got on
the gas cap, a gas well, then they could go to market with
the Unit's gas, and then by geological inference we believe
that that land is needed in the Unit.

6] And vyou were able to convince the
Commission or the Division at that point in time that such
was the —-- such were the geologic conditions.

A Yes, sir. We brought that to the
Department of Interior, to the State Land Office, to the
Conservation Commission.

Q Thank you, that's all I have. O0Oh, excuse

me, I have one more question, Mr. Greer.




10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

215

This is on another matter. On Tab -- un-
der Tab E, on page three, Exhibit One, I just want a little
information. Page three, yes, and I'm sure you've presented
this information already, and it's probably somewhere in
here if I could dig it out, but I thought you could get to
it more rapidly.

On page three you list a number of wells,
Canada Ojitos Unit E-6 through -- well, there are some other
wells not in the unit.

Could you tell me which -- which inter-

vals they are producing from, A, B or C?

A I believe all of these wells on that
schedule -- I'm looking at the schedule, a green sheet says
Page III.

0 That's correct.

A Yes, sir. The E-6 is all three zones; N-

31 is all three zones; I'm reasonably certain that the Tapa-
citos 4, the Howard 1-8 and Howard 1-11 are =-- all +three
ZONesS are open.
Q Thank vyou.

MR. BROSTUEN: That's all I
have.

MR. LEMAY: Additional ques-
tions of the witness?

Any redirect, Mr. Carr?
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MR. CARR: No redirect.

MR. LEMAY: 1If not, the witness
may be excused.

Call your next witness.

MR. CARR: I have one witness
and Mr. Kellahin has & couple of them.

MR. KELLAHIN: Mr. Chairman,
what's the pleasure on time this evening?

MR, LEMAY: I think we've
agreed pretty much we can stay till six. wWe'd like to
continue this on till six today, picking up at nine in the
morning, because I think we are running a little behind and
we need to utilize the time.

MR, KELLAHIN: Perhaps if 1
could call Mr. Ellis at this time, there's a chance we might
be able to finish his presentation this evening.

MR. LEMAY: Yes.

MR. KELLAHIN: Mr. Chairman,
at this time I'd like to call Mr. Dick Ellis to the stand as
our geologic witness.

MR. LEMAY: PFine.

MR, KELLAHIN: Mr., Ellis has

already been sworn.
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RICHARD X. ELLIS,,
being called as a witness and being duly sworn upon his

ocath, testified as follows, to-wit:

DIRECT EXAMINATION
BY MR. KELLAHIN:

0 Mr. Ellis, for the record would you
please state your name and occupaticn?

A My name is Richard K. Ellis. I'm a geolo-
gic consultant.

0 Mr. Ellis, have you previously testified
before the 0il Conservation Commission of New Mexico as a
petroleum geologist?

A I have.

0 And have you been retained by Sun Explor-
ation and Production Company to continue with your geologic
evaluation and studies of the Gavilan Mancos Area, as well
as the West Puerto Chiquito Mancos Pool?

A I have.

Q And pursuant to that employment have vou
made a further geologic study with regards to the expansion
area that Mr. Greer proposes to include within the pressure
maintenance project that now exists for the Canada O0jitos

Unit?




10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

25

218

A I have.

MR. KELLAHIN: Mr. Chairman, at
this time we tender Mr. Ellis as an expert petroleum
geologist.

MR. LEMAY: His qualifications
are accepted.

0 Mr. ¥llis, the package of exhibits which
I have marked as Sun Exhibit Number Two, I believe, is this
a package of exhibits, the displays and the information and
conclusions depicted 1in this booklet, those =-- do those
represent your personal opinions and conclusions?

A They are.

0 Did you prepare these displays or were
they prepared under your direction and supervision?

A They were,

C Let me direct your attention to the first
page of the exhibit booklet that you prepared and ask vyou
first of all, sir, to identify the first displav.

A The first display is a structure map on
top of what we call the Niobrara "A" Unit within the
Niobrara member of the Mancos formation.

O Is the top of the MNiobrara "A" Member the
structural point at which you and other geclogists that have
~worked this area and participated in the various operators

and working interest owners study croups have used as the
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marker or the method by which to develop the structure?

A It is.
] All right. What does it show you, sir?
A Very simply and directly, it shows a

varying amount of dip from the outcrop to the western bound-
ary of the pool, which is alsoc ceoincident with the western
boundary of the proposed expansion area.

It also shows the strike 1is generally
north/south. There 1s a synclinal face at what we would
call a monocline which extends from the outcrop to the west
boundary of the pool. That syncline is approximately within
one mile of the western boundary of the pool.

0 How have you identified the area of the
thirteenth revision to the unit participation area?

A It's outlined in red.

C And for purposes of this hearing, we have
called that the expansion area, have we not?

A That's correct.

c And the existing pressure maintenance
project area is identified in what color?

A In the green outline.

o So let's go on to the next page. What
have you prepared here, sir?

A This is a true scale secticon view, struc-

tural section view of the reservoir from the outcrop of the
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west onoundary of the pool.

0 What do you mean by a true scale?

A Basically, a horizontal and vertical
scale are the same, one inch equals in this case, I think,
one inch equals 8000 feet. That's incorrectly marked at the
pottom.

C Describe for us how we know where each of
the cross sections are displayed within the project area and
the expansion area.

A From the previous exhibit we have marked
the locations of Sections A, B and C. They're oriented
approximately perpendicular to structural strike, which in
this case is slightly east of north, and that's all.

0 Let's start with the northernmost struc-
tural c¢ross section, which is the top display on the second
page of the exhibit book and have you describe what -- what
it shows you.

A It shows a varying progression of dips
from the outcrop to the west boundary of the pool beginning
at about 53 degrees dip at the outcrop.

In the up-dip gas injection portion of
the project area we're approximately 5 degrees. At tha Unit
No. 5 Well the measured dip, at least from the section
itself, was approximately 5 degrees.

Down 1in the withdrawal portion of the
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reservoir near the left Dboundary of the section 1I've
presented, we're talking about dips, essentially flat to
approximately 2 degrees.

That same relationship applies for both
Sections B and C. We're beginning to see approximately 55
to 60 degree dips after the outcrop, rapidly decreasing into
the gas injection and withdrawal portions of the reservoir.

0 What cdo your structural exhibits show you
concerning the proposed expansion area?

A Both of the structural exhibits show that
the project area and the expansion area, as proposed, are
integral parts of -- of the structural entity, that being
the modified syncline that we've identified on the structure
map, that defines the West Puerto Chiquito Mancos reservoir.

Q Do vou have a geoclogic opinion as to
whether the three zones of production in this interval, the
A, the B and C, each one individually is a continuous =zone
or formation within this interval as we go across the exist-
ing area through the expansion area?

A I do, and they are continuous across the
pool as represented in the next exhibit, which is just an
induction 1log cross section across West Puerto Chiquito.
There's no horizontal scale implied here. The vertical
scale is as indicated at the bottom of the section.

We're showing the stratigraphic consis-—
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tency, again at this scale, we're showing the stratigraphic
consistency in the Upper Niobrara member specifically,
across the reservoir from the gas injection into Gavilan.

There are no significant thickness chan-
ges 1involved and lithologic changes from core examination
and also log examination don't appear to occur in any signi-
ficant fashion.

It also shows that the reservoir interval
we'll discuss 1in just a second consists of pasically three
discrete units that we all the A, B and C units of the Nio-
brara. These units we know now from production tests,
fracs, and surveys, and core data, are responsible for all
the observed hydrocarbkon production to date in both reser-
voirs, Gavilan and West Puerto Chiquito.

Q Turn to the next display. I believe
that's a type log, and which well have you used as a type
log.

A I used one cof the gas injection wells,
which is the Unit HNo. B-18.

O What does it show you?

A This is an induction log again kind of an
expanded scale with the typical reservoir section in the
pool. As I mentioned, this is in the gas injection area but
this log is typical of all the logs we've observed 1n the

area.
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The colored and hachured area within the
A, B and C units are the discrete reservoir units that we've
identified in previous hearings, and as I mentioned just a
second ago, they're known through cores and production tests
anc¢ spinner surveys to have produced all the hydrocarbons,
significant hydrocarbons in both the project and expansion
programs.

These reservoir units, the ones that are
hachured, we've used observational data from the core to
learn a little bit about these sequences. Basically what
they are are highly laminated shales, siltstones, and car-
bonates that are dolomitized in places. This, the fact of
having dolomite in the reservoir is very significant, parti-
cularly for this reservoir. It creates a highly brittle and
fracture-prone lithology.

We think in the presence cf the pronoun-
ced structural change along the monocline that we have
developed a high fractured reservoir as a result of that.

0 Now would you turn to the next pace in
the exhibit book? Would you identify that for us, please?

A This is a compilation of data that's been
derived <from an interpretation of surface fracture trends,
using both Landsat and aerial photography. This study was
conducted by the Canada 0Ojitos Unit.

It shows a series of regional and tec-
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tonic fractures that are present in the area. As you can
see, the most -- other mcst significant part of this is that
there is a multi-directional orientation. No particular di-
rection appears to be dominant.

We feel that, you know, even though these
are surface indications, they do give us some clue as to the
distribution of fractures in the subsurface. They cannot be
be exactly coincident at the surface all the way down to the
reservolr at 7000 feet, but they do give us a pretty cood
idea of what the tectonic and regional fracture distribution
is.

O Is that an acceptable method of analysis
displayed Dby individuals of your profession to take surface
indications 1like this and project them as subsurface
orientations of fractures?

A It has been done, YOu Xnow. It's
certainly -- certainly is a method that can be used; a good
first order approximation of the distribution in the subsur-
face.

It also shows, if I can continue, it also
shows a couple of the more significant trends that we feel
have appeared to localize some high capacity, high volume
production in the reservoir, one of those being the fracture
orientation at approximately north 60 degrees west, 1in the

north half of Township 25 North, 1 West. Everybody (not
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clearly understood) difficult to identify. We could have
highlighted it but it's a pretty prominant trend along which
most of the high volume Canada 0Ojitos Unit wells occur.
There's also another trend pointed at
about 20 degrees West in the west half of Township 25 North,
1 West, along which the highest volume of wells in the unit

occur. Both of these fracture trends cross the expansion

| area and at least a portion, if not all, of the existing

project area.

We feel that the fracture stucdy at least
indicates &a good chance for connection across all of the
expansion and proiject area.

Along these same lines, one of the early
conclusions that was reached in conjunction with the court-
ordered interpretation study, where was also a electromag-
netic study done in a 4-section area in the northwest corner
cf 25 North, 1 West. Both sets of data appear to support
the thecry proposed by Mr. Greer concerning the presence of
fracture blocks. the orientation and presence cof fracture
blocks in the reservoir.

o] When you said that the existing project
area and the expansion area are connected, describe for me
what you're meaning by connected.

A Connected at least in a vertical and --

connected in a vertical sense by fractures which in the sub-
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surface are probably cutting the reservoir units.
I don't know if that answered your gques-
tion.

Q My question was whether or not there 1is
sufficient information from which you as a geologist can
conclude that there is natural flexion to the extent that
the A, the B, and the C zones at various points in the
expansion area and in the existing area are connected.

A That's a reasonable conclusion frcm the
frac distribution we've observed on the surface.

Q When vyou're looking at the surface,
describe for me whether or not the mechanism that displays
the fracturing as depicted on the surface is alsc the samne
mechanism that would have operated to fracture the Mancos
itself?

A Most geologists and people that study
this type of thing are convinced that the existence of
surface fracture trends are indicative of the tectonic
forces that were operative in the area. This particular
distribution that you see here is exactly what we would
predict would occur in a situation where you have
compressional forces operating at approximately a right
angle to the structural strike; in this case, north/south.

These resulting fracture trends that are

oriented north and southwest and northwest/southeast are
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an expected outgrowth of those compressional forces in the
northeast flank of the basin.

0 Do you see any geologic event or feature,
either structural or stratigraphic, that would preclude
geologically the expansion area from being connected to the
existing project area?

A I do not.

¢ Let's turn now to the last page of the ex-
aibit book, Mr. Ellis. Would you identify this for me?

A This is a -- this is a schematic of the
reservoir by which I think we may present a geologic char-
acterization of West Puerto Chiquito and -- and Gavilan.
It's not meant to imply any scale. There's no vertical or
horizontal scale to apply here. We are qualitatively show-
ing the steep dips on each side of the reservoir flattening
out to a syncline at approximately the west boundary of the
West Puerto Chiquito and the proposed expansion area, and
then also what's been referred to as the Gavilan over to the
west of that.

What I've done here is depict the reser-

voir as a series of three discrete, vertically separated,

reservoir units, the red being the diagrammatic indication
of the A unit; vyellow, the B unit; and C, within the blue
unit.

They're essentially constant in lithology
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throughout the pool and also the adjoining pool, Gavilan;
and in fact, pretty much all over the southeast flank of the
basin they're consistent in lithology.

These vertically stratified wunits are
connected vertically, we feel, along faults and large
fractures and in conjunction are next to the wellbores.

We've also observed from both production
data and observations, visuel observations in the core, lo-
cal areas where vyou can have tight intervals that aonpcar not
to have any apparent link to the high capacity fracture sys-
tem required for commercial productiocon.

0] Did you find any agreement or correlation
between the good wells and the fracture system versus pool
wells and their location to a fracture?

A There's a rough correlation. I think
that I mentioned those two prominent fracture trends, the
Gallegos trend and the trend to the southwest of that. Most
of the hign volume wells, apparently, dJdo fall within
proximity to those -- those established trends. There 1is a
rough correlation, ves.

Q When we look at this display, approximate
for me where you have located the western boundary of the
Wwest Puertc Chiquito Pool and the eastern boundary of the
Gavilan Mancos Pool/

A Okevy, although not depicted on the
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sketch, it would be approximately the low point just as we

rcll out of the low point in the syncline.

G Based upon your studies of the geology,

4r. Ellis, what are your geologic conclusions and observa-

ticons about the reservoir, particularly with regards to the

expansion area and the existing project area?

A I feel based con a study I've conducted in

conjunction with many of the other people who work this re-

servecir, that the geologic data, that's structural, strati-

graphic, and lithologic, is conclusive on the issue of con-

nection and 1 feel pervasive communication between the pro-

ject area and the expansion area.

In other words, you know,

the success of

the existing project area, I think, is inextricably linked

to the operations in the proposed expansion

logic standpoint.

area from a geo-

0 When you talk about in a geologic sense

the comunication of the expansion area with the existing

project area, how are you defining that word?

A Basically that conclusion is reached by

the information gathered from the fracture examination, the

surface fracture examination, you know, observed from pres-

sure data in the (unclear) interference data.

MR. KELLAHIN:

that concludes my direct examination of Mr.

Mr. Chairman,

Ellis.
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We would move the introduction
of Sun Exhibit Number Two.

MR. LEMAY: Without objection,
Sun Exhibit Number -- is that Two =--

MR. KELLAHIN: Yes, sir.

MR. LEMAY: -- will be entered
into evidence.

Mr. Douglass, any questions of
the witness?

MR. DOUGLASS: (Mr. Douglass
responded but could not be clearly heard by the reporter.)

MR. LYON: I'm ready.

MR. LEMAY: Go ahead.

MR. DOUGLASS: Does Mr. Carr
nave any questions?

MR. CARR: ©No, I do not.

CUESTIONS BY MR, DCCUGLASS:
0] Mr. Ellis, with reference to your struc-
ture map, the first item in the brochure here, do you show

any geological seraration from north to the south from this

structure?
A Mo, we do not.
Q You also don't show any geological separ-

ation to the west, is that correct?
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A No, we do not.

Q You also don't show any geological separ-
ation from the west, is that correct?

A That's correct.

Q This structure map, is it very similar to
the one Mr. Greer has that we visited with him about this
morning?

A Somewhat different. There's a few addi-
tional data on it.

0 But essentially you have, relative to the
structure itself, steeply dipping on the east and then you
get to the flat area, which is in this case almost exactly
coincidental with the proposed expansion area, 1s that cor-
rect?

A That's correct. The steeply dipping part
of that structure map you alluded to there is not, perhaps,
as (unclear) as it might be, but I'd just make a quick com-
ment that we used three different contour intervals in here.
It's very unusual to have dips varying from 60 degrees to
flat in a single structure map, so that's one of the reasons
why the structure (unclear) wouldn't work.

o] And Exhibit Two, are those the structural
sections?

A That's correct.

Q Moving across it? And starting from west
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to east, does the Niobrara section -- am I pronouncing that
correct, Niobrara?

A Niobrara.

0 Niobrara, 1is it -- is the -- does that
section on the lcgs appear to be roughly the same in each
one of the wells as you go from west to east, shown on these
structural cross sections?

A That's correct.

O And so looking at those particular log
sections, on each of the wells shown on your structural
cross section you don't see any separation or any geoclogi-
cal division, is that correct?

A If you mean by separation, fault separa-
tion, no, we don't.

Qo Or any other kind of geological separa-
tions.

A Well, as indicated, there's no lithologic
change, no apparent stratigraphic thickness change. So.

0 On each of these do I see that the east-
ernmost well that you have on your structural cross section
is a dry hole?

A Yes, they are. There -- you'll alsc nocte
the number right next to the dry hole symbol indicates
they've been projected into the last section. If you'll

loock at the structure map previous to that, there's an in-
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dentation which reflects some previous production developed
by Sotex {sic) back in the late fifties. That would hinder
a well (unclear) of its performance never has appeared to be
connected in any fashion in the Canada Ojitos Unit, so in a
projection of those wells versus control points for my cross
section back to the outcrop, although they appear within the
unit boundary, they're not.

0 If I understand what you just said 1is
vacically one well and maybe more that appear to have the
csame section, vyou actually couldn't divide it from the pro-
ducing wells but they appear to be separatead.

A Well, no, in a log sense, yeah, they ap-
parently have no -- no difference from the producing wells,
and that's typical all over the southeast part of the field.

C The fourth sheet, 1 believe, is a -- you
can skip the third one, I don't have anything on it to ask
him.

Well, the third one, vyou show the A, P

and C intervals. That's the first time you show them, I be-

lieve, on the -- in the exhibit here, is that correct?
A That's correct.
Q And do I anderstand your testimony to be

from a geological standpoint you believe those, A, B and C,
are 1in natural communication with each other because of

natural fracing, natural fractures.
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A And also wellbore communication &along
wellbores.

G But that's not considered natural commun-
ication, is it?

A No.

Q My question is do you consider the A, B
and C in this producing area that we're involved with here,

toc be in ceommunication with each other due to natural frac-

turing?

A Natural fracturing in the reservoir.

C In the reservoir, right.

A Limited, 1limiteé¢ communication vertical-
ly, ves.

0 Limited communication.

A Enough to be an equalization of pressures

Q And in geological time or over producing
time?

A Well, probably both.

¢ well, obviously, if it's over producing

time it's going to be over geological time.

A I was concerned about more than over a
man's history of producing the reservoir. That's what I in-
dicated.

0] You say there's effective comunication
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between A, B and C in natural fractures in the producing

area through {unclear) vears.

A Yes, I do.
0 Then the fourth sheet, there's areas that
have little pluses in themn. I didn't undertand what those

areas mean -—-

A Okay, the --
C --— in the A, B and C zones.
A -- combination of colorinc and hachuring,

not one without the other, would indicate the zones within
which we have production survey data, production testing da-
ta, and also visual observation of core data would incdicate
all fo the significant hydrocarbons produced to date in both
reservoirs have issued from those hachured zones. |

Q Are you saying that the other part that
doesn't have a hachured part is not prcductive?

A No, they are productive. There's minor
production observed in many spots.

0] The second question on this B-18 Well, I

believe this is an injection well, is that correct?

A That's correct.
Q All right, then I believe Mr. Greer's al-
ready indicated that he thought it was tight. Do you agree

with that, that it's in the tight area?

A Yeah, most of the injection portion of
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the reservoir is fairly tight.
0 You can't tell from the 1logs, thoucgh,

whether it's tight or not, can you?

A Not on an injection log, that's true.
O And then the fifth sheet, I believe, 1is
your -- it says fracture interpretation. That's surface

fracture interpretation, is that correct?

L That's correct.

Q It is not being proliected to the reser-
voir.

A No. It may not be an accurate means of
showing distribution in the =-- in the subsurface.

Q And I take it from what you indicated

that this is certainly better than voodoo but it's not yet
perfected. Would you agree with that?

A Ch, I think it's a whole lot better than
voodoo. It's a -- it's certainly, as I indicated, a good,
first order approximation of the fracture distribution in
the subsurface at reservoir depth.

0 Doesn't =-- doesn't tell you whether vyou
have one or more resarvoirs underneath the ground, does it?

A No.

Q And then the -- the last sheet, as I un-~
derstand it, 1is Just a schematic drawing with reference to

your interpretation of the Gavilan and West Puerto Chigquito,
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is that right?

A That's correct.

0 The =-- you do show some tight zones in
the A, B and C, is that right?

2\ They appear in various parts throughout
there.

Q And when you say tight zones vyou mean
that fluids can't even flow through those areas?

A Ch, I think there's probably a fluid flow
and certainly pressure transient movement through that por-
tion of the reservoir. They're not meant to imply that,
either, that they extend for any distance out of the plane
of the actual sheet in which they're presented.

Q When you say -- when vyou say tight,
you're just talking about relative?

A Relatively tight, right.

Q Have vyou made any studies to determine
the amount of fluid that can move through these tight zones?

A Ch, I'm not an engineer.

Q As a geologist, when you're trying to de-
termine whether there's effective communication in a reser-
voir, do you normally rely on the pressure data and¢ inter-
pretation of that Dby reservoir engineers to tell vou whether
there is effective communication in the a reservoir?

A Oh, no. First of all, 1I'd certainly use
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whatever geologic tools are available to =-- to establish
that fact.
That would be supportive data and just as
the (unclear) supports the engineering data.
Q I understand, but there's nothing in geo-
locgy that tells you how effective communication is between

two wells, 1is there?

A Not, not in any quantities, yes, that's
true.
MR, DOUGLASS: Pass the wit-
ness.
MR. LEMAY; Thank vyou, Mr.
Douglass.
Additional questions of the

witness?

Mr. Lyon.

QUESTICNS BY MR. LYON:
¢ Vic Lyon, Chief Engineer for the Comnmis=-
sion.
I'd 1like to ask you a couple questions
about your exhibit on the Landsat fractures.
The traces of the fractures that vou've
shown here are, I assume, the occurrence of a fracture at

the surface.
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¢ Lo you have any information or do vyou
have any opinion as to whether or not those fractures extend
truly vertically from the -- from the surface or are
oriented 1in any particular direction as they progress down
from the surface?

i well, we -- we think the orientation of
the fracture distribution in the subsurface will bhe very
similar to this because of the -- you Xnow, the exnactad
distribution based on tectonic forces that are out there.

In this case we know, for example, that
the north/south strike along the monocline would have indi-
cated prior tectonic forces {(unclear) that are operating
perpendicular in that area.

As a result of that vou get a distribu-
tion, the orientation northwest/southeast and a compliment-—
ary direct, northeast/southwest, and we would expect that
distribution, that particular orientation to be present in
the subsurface.

As to the vertical or near vertical
nature of these fractures, we don't make that determination
pased on our examination of photos. In this particular case
it was wisely decided by the unit to support the fracture
study using a (not understood) magnetic study that was able

to determine that the fractures vary anywhere from an 1in-
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clination of 20 degrees off vertical to essentially verti-
cal. So they are near vertical in every case.

Now, they wouldn't necessarily be
through-going to reservoir depth, is the point I think I was
making.

o) Well, for instance, there are places in
here where the fractures have enclosures, where there is a
discrete block shown here.

If these =-- if these fractures were
parallel, then you would expect a block of the same size at
reservoir depth, same shape.

o Yes, they will be apprcoximately the same
size. The block size will be approximately the same or sim-

ilar to that.

Now, there's also a scale of observation
problem in here. We're obviously not going to pick up par-
ticular -- we can get all the mechanics to do an interpreta-

tion but particularly in an area where you have no other
inaication and you do (not clearly understood) has been
established for us, and you also have a problem of having
(unclear) around the surface in the area, and those, the
combination of those two things and also the steep (not
clearly understood) makes it very difficult to see a lot of
fractures. I mean, some of the fractures that aren't, you

know, obvious on the photos, you just kind of miss a lot, is
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what I mean to say.

But we have picked up a distribution here
that I think is accurate in terms of, vyou know, what we'd
expect in the subsurface.

Q And are you talking about the frequency
of occurrence or are vyou talking about a rigcrous projection
of reservoir data of the same type, same orientation of
fractures as you see here on the surface?

A The frequency of occurrence is pro>zably
going to be very similar to what we obgerve on the surface.

What I Just tried to explain was that
there could, in fact, be many more fractures that we were
not able to pick up because of the conditions on the sur-
face, but the frequency that we observed hare we'd certainly
expect in the subsurface, and as far as any kind of rigorous
block size that we could apply using this interpretation, I
sure wouldn't want to nhang my hat on a rigorous block size.

It does indicate that you've got a bottom
hole set that creates fracture blocks.

MR. LYON: That's all I have.

QUESTIONS BY MR. LEMAY:
Q Mr. Ellis, I have two quick questions.
One, did you extend your correlations in-

the Gavilan area, and also maybe a little bit tc the west of
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that when you were analyzing the productive interval, the
reservoir interval?

A Yes, we've done quite extensive work on
that in Gavilan.

Q Is that interval correlative with the
Gallup interval as ycu get into the basin?

A Probably not. If what vou're referring
tc are the Gallup sands, why, that is definitely a differ-
ent stratigraphic interval and also a dJdifferent strati-
graphic age.

What's commonly referrecd to as Gallup
sand production (not understood.)

0 Did you take that reservoir interval and
project it into any known formation name into the interior
of the basin or just into the Mancos interval?

A It 1is actually under the Gallup in the
basin. This highly resistive character you observe in the
Niobrara over here on the east flanrnk is -- is still present
as you work your way, particularly northwest along the gross
paleo (not understood) that direction.

But the Gallup itself, vyou kncw, that ~-
that particular nomenclature is probably misleading in the
sense that, you know, it should refer specifically to that
sand interval that develops below what we call the Niobrara

on the east flank.
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This does exist out in the basin, though.
It's a very persistent unit. In fact the same thing, pro-
ducing interval procduces in the fractured Niobrara fields on
the northwest hogback.

0 One other question. Is there geoclogic
evidence you see to limit production either to the north or
to the south in the Canada Ojitos Unit?

A No, there isn't.

C Is there any evidence to suggest the
field does go further north or further south than the cur-
rent confines of the unit?

A You can certainly have reservoir capacity
all along this monocline bearing north and south. There 1is
going be some definite sweet spots which are going to re-
lated to the presance to tectonic fractures, I think.

Just about anywhere on the southeast
flank, as we've observed in West Lindrith and parts of the
Gavilan, vyou're goirg to run intc areas that are just not
commercial production; but as far as pressure development,
commercial reservoir development, 1 think your n»nroximity tc
the monccline 1s going to control the, vyou know, possible
existence of commercial production.

] With your analysis of the fracture pat-
tern, have you looked at horizontal fracturces at all?

A Well, I just don't really know how to go
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about addressing that problem. We, vyou know, of course
looked at the core with that in mind, but I don't think we
were convinced that, you know, any fractures moving in ap-
proximately all directions would be anything to look at.

MR. LEMAY: Additional gues-
tions of the witness?

If not, he may be excused.

Mr. Kellahin, do you want to
put someone else on or not?

MR, EKELLAHIN: I'm abcut ready
for a break, Mr. Chairman.

MR. LEMAY: Let's take ten min-

utes.
{(Thereupon a recess was taken.)
MR. LEMAY: We're just goinc to
go on the record here to -- to adjcurn the meeting till to-
MOrrow.

We'll reconvene tomorrow at
9:00 o'cleck and at that time, I think, I have one more wit-
ness, Dr. Lee, and then do you plan to have one witness, Mr.
Douglass?

MR. DOUGLASS: Yes, sir.

MR. LEMAY: Were there any
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other witnesses that were going to be called tomorrow?

Okay, so adjourned to 29:00 to-

MmoYrow.

(Hearing adjourned at 5:45 p.m. until 9:00 o'clock a.m.

the 18th day of March, 1988.)

on
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I, ©SALLY W. BOYD, C.S.R., DO HEREBY

CERTIFY that the foregoing pages nurbered 1
inclusive, ccnstitute a full, true and correct
the portion of the hearing in New Mexico 0il
Commission Case 9111 heard on 17 March 1988,
until 18 March 1988, reported by me to the

ability.

through 245,
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ENERGY, MINERALS, AND NATURAL RESOURCES DEPARTMENT

0I1, CONSERVATION DIVISION
STATE LAND OFFICE BLDG.
SANTA FE, NEW MEXICO
17 March 1988

COMMISSION HEARING

IN THE MATTER OF:

Application of Benson-Montin-Greer CASE

Drilling Corporation for the expan-
sion of the BMG West Puerto Chiquito-
Mancos Pressure Maintenance Project
Area, Rio Arriba County, New Mexico.

BEFORE: William J. Lemay, Chairman
Erling Brostuen, Commissioner
William R. Humphries, Commissioner

TRANSCRIPT OF HEARING

VOLUME II OF THE TRANSCRIPT IN NMOCC
HEARING IN CASE NUMBER 9111 AS CONTINUED
ON 18 MARCH 1988.

APPEARANCES

SAME AS VOLUME I.
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REPORTER'S NOTE: Thereafter on the 18th day
of March, 1988, the hearing in NMOCC Case
Number 9111 before the 0il Conservation Com-
mission was reconvened at 9:00 o'clock a.m.
and commenced at 9:30 o'clock a.m., at which
time the following proceedings were had, to-

wit:

MR. LEMAY: We shall resume,
excuse the delay, unavoidable. Resume with Mr. Kellahin.
MR. KELLAHIN: Thank you, Mr.

Chairman, at this time we will call Dr. John Lee.

W. JOHN LEE,
being called as a witness and being duly sworn upon his

oath, testified as follows, to-wit:

DIRECT EXAMINATION
BY MR. KELLAHIN:
0 Dr. Lee, for the record would you please
state your name, sir?
A My name is John Lee.

Q And what is your occupation, Dr. Lee?




o

NATIONWIDE B8O0-257

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

25

249

A I'm a consultant for S. A. Holdedge and
Associates, a petroleum engineering consulting company in
College Station, Texas.

I'm also a professor of petroleum engine-
ering in Texas A & M University.

Q Have you previously testified before the
New Mexico 0il Conservation Commission as a professional
petroleum engineer?

A Yes, I have.

o) You testified before the Commission back
in March and April of 1987 with regards to the Gavilan
Mancos hearings conducted during that period of time?

A That's correct.

0 And since that period of time vyou've
continued to study and be involved in the evolution of
information and the analysis of that information in the
Gavilan Mancos Pool?

A That's right.

Q And have you reviewed and studied
information from the Canada Ojitos Unit?

A Yes, I have.

o) And in addition, have you reviewed and
studied information from the West Puerto Chiquito Mancos
Poo1?

A Yes, I have.
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0 In addition, Dr. Lee, have you prepared a
study of the major requirements for the expansion of the
pressure maintenance project into what we've identified yes-
terday as the expansion area?

A Yes, I have prepared such a study.

MR. KELLAHIN: At this time,
Mr. Chairman, we would tender Dr. Lee as an expert petroleum
engineer.

MR. LEMAY: His qualifications
are accepted.

Q Dr. Lee, let me have you identify what is
marked as Sun Exhibit Number One. What is that, sir?

A That's an exhibit in which I've presented
my conclusions in this study and the evidence on which those
conclusions are based.

0 What, in your opinion, are the major re-
quirements that must be satisfied for the expansion of the
existing pressure maintenance project to include the expan-
sion area that we've identified?

A Well, in my opinion there are two major
requirements which must be satisfied and these are: First,
we need to establish that there's effective pressure commun-
ication between the existing pressure maintenance project
area and the expansion area; and secondly, we need to estab-

lish that the pressure maintenance - gas injection program
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in the on-going unit has increased recovery in the project
area, and can be expected to continue to do so in the expan-
ded project area in the future.

Q Apart from the two major requirements for
the expansion area approval, have you made a study to deter-
mine whether there were any additional benefits to expanding
the project area into the expansion area?

A Yes. In addition, I've found that there
is an additional benefit and that would come from installa-
tion of a gas plant and additional hydrocarbon recovery
which would result from gas cycling in that plant.

Q In pursuing your study, Dr. Lee, have you

utilized the available field data in making your study?

A Yes, I have.

Q And have you been able to reach any con-
clusions?

A Yes, I have,

0 What are those conclusions, sir?

A Well, to summarize the major conclusions,

first, on the issue of pressure communication, my conclusion
is that the existing pressure maintenance project area and
the expansion area are in effective pressure communication.
That's as evidenced by interference tests and other data,

In fact, in pursuing the study I found

that no interference test run between wells in the unit has
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ever failed to show communication in the sense of a prssure
response.

Then on the second issue, improved recov-
ery attributable to pressure maintenance - gas injection,
what I found is that gravity drainage, and by that I mean
migration of gas up-structure and oil down-structure, is oc-
curring in the Canada Ojitos Unit, and evidence of this is
provided by production of o0il at low gas/oil ratios in the C
zone completions despite the fact that the reservoir pres-
sure has dropped below even 1000 psi, which is substantially
below the original bubble point pressure in the reservoir,
and if gravity segregation were not occurring, if instead,
solution gas drive were the dominant drive mechanism, the
gas/oil ratios would be increasing at this lower pressure
level.

The second conclusion in this area is
that some computer reservoir simulation calculations, which
I have made, these calculations show greater recovery at a
given production rate with pressure maintenance than without
pressure maintenance, except at very high rates at which so
lution gas drive would become more dominant.

The third conclusion is that simulator
calculations show that recovery increases in the Unit de-
crease at a rate -- excuse me, recovery increases 1in the

Unit, as rate decreases these recoveries increase because
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and o1l <can segregate efficiently under the influence of
gravity flow rates but it can't segregate efficiently at
high rates.

And then the final conclusion has to do
with gas cycling, and what we found here was that additional
liquid recovery due to the gas plant could be increased by
about 700,000 barrels with this process.

Q In dealing with your opinions and fulfil-
ling the requirements you've set forth for the approval of
the expansion area, Dr. Lee, the first step that you've ana-
lyzed is pressure communication, is that not true?

A That's correct.

Q The reason to examine the extent and the
effectiveness of pressure communication between the expan-
sion area and the existing project area is for what purpose?

A Well, if the two areas are not in pres-
sure communication, then it serves little point to establish
that there 1is a very efficient gravity drainage process
going on with the existing unit. We must show that the two
areas are in communication in order for this efficient re-
covery to have some meaning as evidence to support expansion
of the pressure maintenance area.

Q So as a predicate for the balance of your
study, you needed to first determine and satisfy for your-

self that there was pressure communication between the two
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areas?
A That's correct.
0 And what did you conclude?
A My conclusion is that the existing pres-

sure maintenance project area and the expansion area are 1in
effective pressure communication.

Q What 1is the basis upon which you have
evaluated and determined that conclusion is fair and appro-
priate?

A Well, the basis -- there are really sev-
eral bases. To itemize these, first I would mention, as 1
did in my summary, that interference tests show pressure
communication over widespread areas within the expansion
area and between wells in the existing unit, and the pro-
posed expansion area.

The map from Mr. Greer's black exhibit
book, Section G, summarize those tests in which pressure
communication has been established., I've simply made a copy
of that map to re-focus on the results of these interference
tests, and that map is the figure that I have labeled Figure
PC-1, which is found on page eight of this exhibit booklet.

Q It's the figure immediately after the
written narrative, after page seven?

A Yes, that's correct, and this =-- this

figure simply shows lines between those well pairs in which
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a pressure response has been seen due to either a fracture
treatment or some sustained production or injection in an-
other well.

The second basis for my conclusion is
that not only did we see pressure response in wells offset-
ting wells being fractured hydraulically in the fracture
pulse testing work, but I want to emphasize that these re-
sponses were seen very rapidly and over large distances.

The reason 1 want to emphasize that is
because that indicates high formation permeability. We
might get different estimates of what that permeability is,
depending on how we approach the analysis, but the inescap-
able conclusion is that the permeability is very high, and
the reason that I emphasize that is that high permeability
is the key to effective gravity drainage.

Again, Jjust to bring focus on this key
point, 1I've reproduced a figure 1've entitled Figure PC-2,
which is on page nine of my exhibit booklet.

This is the response to a fracture treat-
ment of COU D-17 in Well A-20, and the point I want to em-
phasize 1is that in this example, which is typical of our
frac pulse tests, a response was seen in something like four
or ' five hours. It's a little hard to read the time scale
exactly because it's a logarithmic scale, but just reading

on the scale we see that somewhere near four days the
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fracture freatment occurred and four or five hours later a
response was seen.

These two wells happen to be about a mile
apart, thus emphasizing the point that we see rapid response
over large distances, indicating high permeability.

Q The D-17 well and the A-20 well are both
wells in the expansion area?

A They're -- these are -- these particular
wells, D-17, let's see, I think we'd probably need to loock
at a pay zone map.

The D-17 well is located about midway
north and south in the expansion area and A-20, about a mile
below, or south, of the D-17, on the edge of the expansion
area.

I think you can find this on any of the
several maps that we have. The one that I'm referring to now
specifically is in the brown exhibit book, Section C, a map
on the second page of that booklet.

Q In addition to the interference test and
the pressure response observed in these wells, what other
evidence can you cite that supports your conclusion about
the effective pressure communication between the expansion
area and the existing project area?

A Well, I would again emphasize that in no

case in which an interference test has been run, either in
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the existing unit, or between wells in the existing unit and
the expansion area, or between wells in the expansion area
itself, have we failed to see communication in the sense of
a pressure increase due to, say, injection of fracture
fluid.

Other evidence has been presented by Mr.
Greer and I don't want to spend a lot of time restating what
he has stated, so I simply summarized here the other evi-
dence that he has cited supporting pressure communication.

The first of these items, quickly, was
over-injection and the basic point here was that injection
into the reservoir between July '87 and November '87 and No-
vember '87 to February, 1988, there has been over-injection;
that 1s, there's been more injection than there has been
withdrawals in the existing project area and yet the Dbottom
hole pressures have not increased, even though this over-
injection has occurred.

The second point to summarize quickly
from Mr. Greer's work, which is work on pressure gradients,
and the essential point here was that pressures near indivi-
dual wells decrease in a regular fashion, starting at the
gas 1injection wells to the rest of the unit, going on down
through the existing pressure maintenance project area and
on into the proposed expansion area.

The third point that Mr. Greer made was a
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pressure 1increase in shut-in wells and the main issue here
was that pressures continued to build up 1in observation
wells, specifically wells B-29 and B-32, which are in the
proposed expansion area, following a 3-day shut-in period,
November 16th to 19th, 1987, and for ten further days, and
the source of this continued increase in pressure, in my
judgment, was the higher pressures in the existing project
area, which show communication between the existing area and
that expansion area.

The next point from Mr. Greer's evidence,
gas/oil ratios, here Mr. Greer simply shows that the pro-
ducing gas/oil ratios in the proposed pressure maintenance
project area were substantially lower than those in Gavilan,
and I've used the word "adjoining" Gavilan wells here and,
as we clarified yesterday, we're really talking about all of
Gavilan here, the gas/oil ratio is substantially lower in
the pressure maintenance area than in Gavilan.

This implies to me that the -- that the
wells 1in the Canada Ojitos are being fed o0il by gravity
drainage from unit wells to the east and up-structure,
which, of course, will require pressure communication.

Finally, Mr. Greer mentioned the pressure
history of observation well C-34 and also of observation
well B-17, and the main point here was that increases and

decreases in pressure in these wells could be correlated to
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changes in induction -- injection and production rates with-
in the unit, which again implies pressure communication.

And then the final point, the pressure
decline 1in the expansion area found in Section K of the
brown book, the essential point here was that the pressure
maintenance project is maintaining pressure in the proposed
expansion area. This is reflected particularly in the ob-
servation well D-17 in the expansion area at times of re-
duced withdrawals from Gavilan, and what the evidence showed
there, was that the rate the pressures decline is -- is not
steep at all despite withdrawals from the fields generally,
which 1implies there 1is pressure support to those wells,
again implying pressure communication.

Q Do you have an opinion, Dr. Lee, as to
whether or not there is sufficient field data that you have
studied establishing adequate and sufficient pressure com-
munication between the two areas, that you then could con-
tinue on with the balance of your study?

A That's correct. I have concluded that.

0 Your second major requirement for the ex-
pansion of the pressure maintenance project into the expan-
sion area was to determine, first of all, whether or not you
could project or see the improved recovery caused by pres-
sure maintenance?

A That's correct.
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Q And what did you conclude?
A Well, I summarize my conclusions here on
page ten of my exhibit booklet.

The first of these conclusions is that
gravity drainage, or gravity segregation, pseudonyms for the
same phenomenon, which means migration of gas up=-structure
under the influence of gravity and migration of oil down-
structure, I've concluded that this segregation is occurring
within the Canada Ojitos Unit.

The second conclusion is based on some
reservoir simulator calculations. These calculations show
greater recovery at a given production rate with pressure
maintenance than without pressure maintenance, and I want to
emphasize greater recovery at a given production rate if you
maintain the pressure than if you don't.

And the third conclusion, also based on
simulator calculations, here we show that recovery increases
in the unit as rate decreases because gas and oil can segre-
gate efficiently under the influence of gravity at low rates
but it can't segregate efficiently at high withdrawal rates.

Q Do you find, sir, that there is field
evidence that pressure maintenance is improving recovery?

A Yes, I have found field evidence that
pressure maintenance 1is improving recovery, and I have

summarized this evidence on the page that I've labeled IR-2
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and IR-3 and IR-4. These are on pages 17, 19, and 20 of the
exhibit book.

All right, turning first to Figure IR-2
on page 17, This is our field evidence, and basically it's
this:

We have noted that the A and B zones have
been invaded by injected gas. Production logs, which Mr.
Greer presented yesterday, from the Unit wells L-27 and B-32
indicate this invasion of injected gas.

Production 1logs in the Unit Wells F-30
and B=-32, though specifically indicated that in the C zone,
which has not yet been invaded by injected gas in the down-
structure wells, 1in these wells these production logs pro-
vide direct evidence that production is still at low gas/oil
ratio.

Now, there are two other wells that I
want to comment on, Wells F-18 and B-29.

These two wells have not had production
logs run but, by analogy, that is, by proximity to F-30 and
B-32, and by comparable producing gas/oil ratios, we infer
that also they are producing only modest amounts of free gas
from the C zone, producing gas at something close to the
current solution gas/oil ratio.

Now, to be more specific, I've tabulated

in this figure for each of these wells that I mentioned, two
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with production logs and two wells which are close analogs
of these wells, their approximate current productivity;
their current producing gas/oil ratio; and the C zone gas-
oil ratio, which either was measured in a production log or
which 1is inferred by analogy, and the essential point is
that the C zone gas/oil ratio is in the range of 600-to=-700
cubic feet per barrel for each of these four wells, two of
these based on direct measurements, and these are probably
the -- the (not clearly understood.)

Our point is that if we have low ratio
production from the C zone wells, then gravity drainage must
be effective because the -- the pressure in this area has
dropped to the range of 1000 pounds, or less, and if we did
not have effective gravitational segregation of these
fluids, then we would have solution gas drive dominating and
the gas/o0il ratio would be growing substantially by this
time.

All right, the second bit of field evi-
dence that we have is based on a look at other wells in the
Canada Ojitos Unit which produce at low gas/oil ratios for
long periods of time, at which periods of time they had sub-
stantial volumes of production.

These, the two wells that I'm going to
cite as examples are not in the expansion area as the title

of this figure might imply, so let me clarify the record on
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that point, but they are wells within the unit.

What we'll see when we look at these fig-
ures 1is that they produce low gas/oil ratios for long per-
iods of time and then there is a rather sudden increase 1in
gas/oil ratios spread out over a limited period of time, and
this particular behavior is characteristic of wells that are
operating under the gravity drainage mechanism. This in-
crease 1in gas/oil ratio would indicate the approach to the
well of a gas/oil contact as injected gas is displacing the
0il down toward these wells.

All right, the specific figures that we
show are, first, in Figure IR-3, which is on page 19 of our
exhibit, this 1is the porduction history from well L-27.
There are two pages to this figure; the first page takes the
history through 1982.

On this figure what we see plotted is
gas/oil ratio and through 1970, through 1982, the gas/oil
ratio. has been in the 300-to0-400 standard cubic feet per
barrel range.

The production has been -- was held
reasonably constant in that era and we'll see the cumulative
production, with the top line we went off scale in 1979.
The cumulative production went over a million barrels by
that time.

Then if we continue to look at the pro
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duction history, in 1983, '84, '85, and '86 and '7, what
we'll note first, continuing the gas/oil ratio, 1is produc-
tion at a ratio on the order of 400 cubic feet per barrel,
and then in 1986 the gas/oil ratio began to increase rapidly
and by the end of 1986 had gone to 2000-to-1 gas/oil ratio.

This 1is characteristic of a well produ-
cing under a gravity drainage mechanism. This particular
well is a little bit complicated in that the A zone probably
gassed out completely. There's continuing production of oil
from the B zone but, nevertheless, a contact, in my judg-
ment, moved into the vicinity of this well causing this in-
crease in gas/oil ratio, but there was no significant solu-
tion gas drive component to production through this -- from
this well for these many years through 1985.

The second well history on Figure IR-4 is
even more dramatic. This is also a well in the unit but
outside the expansion area, production history of the well
L-11, and here we see, starting in 1964, a gas/oil ratio in
the range of, generally, 4 -- say, 200-to-400 standard cubic
feet per stock tank barrel, and then suddenly, in 1974, at
which time the cumulative production had gone over a milion
barrels, the gas/oil ratio increased very sharply and within
a matter of a few months the gas/oil ratio was quite high.

Again, this indicates to me, approach in
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this well of a gas/oil contact with the gas efficiently
being segregated above the o0il for the time prior to the ap-
praoch of this contact, and no significant solution gas
drive component prior to this time.

In this well the perforations are in the
C zone only.

So that summarizes my field evidence.

Q Is that evidence consistent with calcula-
tions an engineer might make to check field data?

A Yes, it is. I think to understand the
calculations and to further understand what's going on in
the field, we might take a look at a hypothetical or schema-
tic illustration of mechanics of gravity drainage, and
that's 1illustrated in Figure IR-1, which is on page 16 of
the exhibit booklet.

This 1is simply again intended to be an
exhibit, schematic in nature, which illustrates why gravity
drainage can be effective when it's allowed to operate and
the conditions under which it may not be particularly effec-
tive.

In the schematic what we've shown is a
cross section of an oil column, say, with an injector up-
structure and a producer down-structure.

There are two figures shown here, one

showing what might happen at low o0il withdrawal rates and
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the other showing what might happen at high o0il withdrawal
rates.

And let's look first at low oil withdraw-
al rates.

In our schematic here, at low o0il with-
drawal rates, the gas continues to encroach into the oil
column. If the gas is invading relatively slowly, the oil
has an opportunity to drain down and rejoin or continue to
stay - up with the 01l column and drain down to quite a 1low
0il saturation at abandonment conditions. The longer we let
the o0il drain, the lower that abandonment condition of oil
saturation will be.

At the same time, near the producing well
on the lefthand side of our diagram, (unclear) are drawn in-
to the producing well, we are necessarily going to have some
gas coming out of solution of that oil.

Now, there are competing forces near the
producing wells. There are pressure forces; there's low
pressure in the well and higher pressure in the formation,
so one force wants to make the gas flow into the producing
well. So I've shown an arrow there with some gas moving in
toward our producing well.

But other forces active in the reservoir,
gravity forces, specifically, want to let the gas move up to

the top of the o0il column, and I show an arrow with forces
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in that direction.

Now, obviously, what we're looking at
here 1is the force balance. I1f the rates are quite low,
these pressure forces causing the gas releases from solution
to move into the well will be relatively small and, of
course, the gravitational force is fixed, but if the pres-
sure forces are small, small relative to the gravity forces,
then a lot of the gas that's released from solution can mi-
grate wupwards, perhaps forming a gas layer above the o0il
zone, but again the forces of gravity will tend to have that
gas migrate back up and rejoin the o©0il column and further
displace some of the 0il -- or rejoin the gas column and
further displace some of the o0il that remains in that gas
column.

So if we produce slowly, and slowly means
relative to the rate at which oil can drain under the in-
fluence of gravity, we'll have a little free gas saturation,
basically, in our oil zone, and that will be confined mostly
to an area around the producing well.

All right. The schematic on the bottom
illustrates the difference that we'll have if we produce at
high rates.

Here again we've shown our injector and
producer but now at high withdrawal rates, with a given

amount of injection we don't maintain the pressure in the
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reservoir as high, so the pressure drops more, more gas
comes out of solution, and in particular at high rates, we
have higher drawdowns near the individual producing well.

All right, now the dominant forces will
be the pressure forces which will cause gas that comes out
of solution to predominantly go into the producing wells.

In addition, another thing happens at
high withdrawal rates, and that is that the gas in the re-
maining gas column will tend to override that oil column.
The gas and oil are always competing for going toward that
pressure sink in the producing well, and the gas is a 1laot
more mobile than the oil.

The only thing tending to hold the gas
back is the influence of gravity, but if we produce at high
rates, gravity can't win so the gas will tend to override
the o0il column and break through down into the producing
well, resulting 1in production at relatively high gas/oil
ratios.

Also, because we're moving relatively
rapidly, the oil doesn't have time to drain to as low a sat-
uration by the time we're reached an economic limit gas/oil
ratio in our producing well,

So when we go slow, in summary, slow
meaning slow enough that gravity drainage can occur, then we

can continue to produce for long periods of time at low gas-
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oil ratios.

When we produce rapidly, meaning rapidly
relative to the rate at which oil can drain naturally under
the influence of gravity, then we'll produce at high gas/oil
ratios and really we'll have solution gas drive dominating
the recovery.

All right, that's -- that's a background
for the computer studies that we did and my intent is to
present here the results of the computer simulation, which
is really our way of quantifying how high a -- how high a
high rate is and how low a low rate is in order for gravity
drainage to be effective.

So given that background, we can look at
the results of this computer simulation. I'1l be following
the notes that I have on page 13 of my exhibit booklet, in
which I say that we are now going to be looking at a compar-
ison of simulated recovery with and without pressure main-
tenance.

0 While we're looking at that section, we
also find on pages 22 and I believe 23 a description of the
gravity drainage model?

A Yes, and I1'll -- I'll refer to that as I
-- as I go through this section of my discussion. Of course
it was a computer simulation and a computer simulation means

that there are certain characteristics of the reservoir
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which we have to input into our computer simulator, and
those are described in the Figures IR-5 and IR-6 on pages 22
and 24 of our exhibit booklet.

I'm not going to go into a lot of detail
in this description of our model. It's -- it's there for
a complete reference should we need to clarify any
questions, but I do want to point out some highlights of the
simulation.

What was simulated was a one-mile wide
slice through the reservoir, and this was a cross section
through the reservoir, a cross section similar to the
schematic cross section that we've been looking at in the
last few minutes.

This particular cross section was eight
miles long. It went from the top of the structure down to
the edge of the expansion area.

It was 40 feet thick. We tried to
simulate only the production from one zone, say, the C zone,
in the unit.

The other noteworthy points, or most
noteworthy points in our simulation, I think, include the
absolute permeability; we assumed a horizontal permeability
of 100 millidarcies with —-- to go along with our 40 feet of
thickness for this one zone.

And then on the second page of this dig-
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cussion of the model, on page 23 I describe our producing
well conditions and our pressure maintenance conditions.

We had one production well in this sec-
tion. We're simply trying to illustrate a principle and
we're not trying to capture in detail what would go on in
the actual reservoir. Of course, in the actual reservoir we
would have three or four producing wells along this milewide
slice starting at the gas cap and going down to the edge of
the unit, but we put all our production down-structure.

This production well we located one-half
mile east of the western edge of the unit. This production
well was produced at constant rate, and we're looking at
several different rates, but it was maintained at that rate
until the pressure in the reservoir -- until the flowing
bottom hole pressure reached 500 pounds, and at that point
the well was then produced at a constant bottom hole pres-—
sure of 500 pounds from that point forward.

Now we didn’'t take this depletion of the
reservoir all the way ﬁo an economic limit. We terminated
these runs at a gas/oil ratio of 2000 standard cubic feet
per stock tank barrel. By that point, in our judgment, it
was time to have seen the relative effects of solution gas
drive versus gravity drainage.

Also, we would terminate an individual

run if the flow rate in our one producing wel' dropped below
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10 stock tank barrels per day.

But the major point I want to emphasize,
and it will be important when we look at some of our recov-
ery numbers later, is this was not taken to depletion at a
much higher producing gas/oil ratio.

Next I want to summarize what we did in
our 1injection well to maintain pressure. We had a single
injection well near the top of the structure. It's a half
mile west of the eastern edge of the unit. And here, to
simulate partial pressure maintenance, we injected gas at a
constant bottom hole pressure of 1600 pounds, and the actual
injection rate varied as the depletion process continued.
If 1t increased, tended to increase as the gas saturation
around this well increased; but in the pressure maintenance
cases 1t was not sufficient for complete pressure mainten-
ance but at least for partial pressure maintenance, somewhat
such as is going on in the unit today.

All right. I think of major interest is
what did the simulator study show; what were the results.

Well, Figure IR-7, which is on page 25, I
think summarizes well the results of the study.

In this figure we have a couple of com-
parisons but the first one that I want to mention is the
comparison of recovery efficiency with pressure maintenance

with recovery efficiency without pressure maintenance.
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In the Figure IR-7 we've plotted recovery
efficiency as a percent of oil in place within this milewide
section as a function of the production rate from the single
producing well that we had.

The top curve, the dotted line, shows the
recovery efficiency when we had pressure maintenance with
our 1injection at a constant bottom hole pressure of 1600
pounds.

The lower curve shows the recovery with-
out pressure maintenance and the first thing that I hope is
pretty obvious in this figure, is that there's -- given pro-
duction rate, let's say 1000 barrels of oil per day, there's
really quite a substantial difference in the recovery, at
least up to this 2000-to-1 gas/oil ratio, between the pres=-
sure maintenance case and the no pressure maintenance case,
on the order of 3 or 4 percent of the oil in place if no
pressure was maintained, and on the order of 23-to-24 per-
cent if pressure was maintained.

So the simulator said that maintaining
pressure makes quite a difference at a particular withdrawal
rate.

Q What 1s the main reason for the improved
recovery with pressure maintenance?
A The reason for improved recovery with

pressure maintenance is that if we maintain pressure we have




NATIONWIDE 800-227 O

IN CALIFORNIA 800-227-2434

10
1"
12
13
14
15
16
17
18
19
20
21

22
23
24

25

274

less gas coming out of solution, less of a solution gas
drive component, and therefore, this gas not coming out of
solution means that that gas is not produced and we don't
lose this reservoir energy. It's basically a difference be-
tween a gravity drainage drive mechanism dominating and a
solution gas drive mechanism dominating.

Pressure maintenance gives gravity drain-
age more chance to operate.

Q Did you continue with your studies and
determine what is the effective rate on recovery? At what
rate should be produce the reservoir to have the most effi-
cient recovery?

A Yes, I did. 1I won't say that this study
quantified the rate at which the reservoir ought to be pro-
duced most efficiently, because it was not an attempt to
capture all the exact detail of the reservoir, as I men-
tioned earlier. It was a -- it was a study in which we used
properties typical of the reservoir but without trying to
include all the details of the reservoir; however, what it
did show, I think, can first be summarized on this same Fig-
ure IR-7, when we not only compare recovery with and without
pressure maintenance but look at a given case, let's say,
with pressure maintenance at what the recovery is at various
rates. We know that at rates above approximately 1000, per-

haps 1100, barrels per day there's a sharp increase in re-
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covery; that tends to improve as the rates get lower and the
lowest rate that we studied was on the order of 500 barrels
per day.

So somewhere in the range of 500 to 1000
barrels per day for the properties used in this cross sec-
tion, we have improved recoveries.

As rates get higher, 1let's say, dropping
to 1100 barrels per day and moving on upward to extremely
high rates, the recovery drops off sharp -- sharply, and the
essential point to be made here is that if you produce too
fast in a reservoir which has an opportunity to have gravity
drainage (unclear) dominating, you lose the benefits that
that gravity drainage can provide to you. The reservoir es-
sentially operates completely under a solution gas drive
mechanism.

The next figure, Figure IR-8, is intended
to give further insight into this phenomenon.

In Figure IR-8 what we show is producing
gas/oil ratio at our single producer as a function of cumu-
lative 0il recovery from the reservoir.

We show here the cumulative gas/oil ratio

at three different rates. The lowest that's shown here is
633 cubic feet -- excuse me, at 633 stock tank barrels per
day.

Here we see that up until the time ap-
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proximately 20 percent of the o0il in place has been re-
covered from the reservoir, that the gas, producing gas/oil
ratio remains quite low or comparable to solution gas oil
ratio.

At that point the contact is sufficiently
closed to the producing well, the reservoir pressure is also
dropping because we're not claiming any reservoir pressure
(unclear) in the simulation, at that point the gas/oil ratio
begins to increase sharply.

At the other extreme, at a production
rate twice that 633, the gas/o0il ratio begins to increase
after only a small percentage of the oil in place has been
produced.

There 1is one intermediate case and it's
-- it's a complicated-looking case, but it illustrates some
of the mechanics of gravity drainage. Here we show recovery
at a producing rate of 950 barrels per day. At this rate,
too, at first the gas/oil ratio was beginning to increase
from early times due to the drawdown near the well, and of
course, this was caused by gas coming out of solution and
being produced in that producing well, but some other gas
was also coming out of solution but migrating to the top of
the structure, as I illustrated in my schematic.

When the gas saturation had developed

throughout the o0il column at the top of the structure and
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that gas had sufficient permeability to flow, that that gas
could then begin to flow away from the vicinity of the well
and up to the top of the structure and rejoin the gas cap
which was growing and because that gas could now flow away
readily, rather than be produced, the gas/oil ratio actually
dropped back but couldn't stay low forever, eventually began
to rise as the contact approached nearer and nearer the
well.

The -- that -- that figure showed the
behavior with pressure maintenance.

Figure 1IR-9 shows the gas/oil ratio
versus cumulative recovery for the case where there is no
pressure maintenance. Herein we see that with a greater --
that with a given amount of recovery the gas/oil ratio
doesn't rise as rapidly if the rate is low but -- but here
we see 1in all cases the producing gas/oil ratio rising to
the point at which we terminated our runs much sooner than
was the case with pressure maintenance.

The Figure IR-10, page 28, summarizes the
recovery efficiencies. These are not meant to be indicative
of what's to be expected in the field except directional.
They are not forecasts of field recovery.

The essential, most essential qualifier
is that these recoveries are recoveries up to producing gas-

oil ratio 2000 cubic feet per barrel, and, of course, we
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would produce a well to an economic limit ratio much higher
than that.

However, directionally what these recov-
ery efficiencies show is that for the case of no pressure
maintenance, at an extremely high rate we reach this limit-
ing ratio when only 1l-plus percent of the 0il has been pro-
duced and at a much lower rate of 633 cubic feet barrel we
reached this limiting gas/oil ratio when only about 7 per-
cent of the o0il in place had been produced.

For the case of a partial pressure main-
tenance at a very high rate, the recovery is essentially the
same as with no pressure maintenance, but at the low rate
the recovery efficiency has approached 30 percent because
gravity drainage has been allowed to do its thing.

0 You've satisfied your first major re-
quirement with regards to the project and have satisfied
yourself that there substantial evidence of pressure commun-
ication between the expansion area and the project area?

A That's correct.

Q And under the second major point you have
satisfied yourself that there is substantial evidence that

improved recovery in the existing project area is caused by

pressure maintenance.
A That's correct.

Q Then you also conclude that improved re-
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covery can also be applied to the expansion area and that
recovery attkributable to pressure maintenance.

A Yes, 1 am.

0 In addition to those two major require-
ments and your opinions on those areas, you mentioned in the
beginning of your presentation that you had made a study to
determine 1if the expansion of the project area into the ex-

pansion area would have additional benefits.

A That's correct.
0 And what did you find?
A What I found was that expansion of the

Canada Ojitos Unit would provide the opportunity to build a
gas plant with attractive economics. This plant would allow
the unit operator to replace the reservoir gas - gas cap,
cycle it out, send it through a gas plant and reinject the
residue gas from the gas plant back into the reservoir to
maintain pressure and this cycling of gas we estimate could
increase the hydrocarbon liquid recovery by over 700,000
barrels during the life of the project.

Q To make sure I understand, you're includ-
ing the cycling of gas from the expansion area and the exis-
ting area?

A That's correct.

0 What happens if we don't have the expan-

sion area included in the project and you're simply cycling
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the gas in the existing area?

A If we're simply cycling the gas in the
existing area, we really don't have enough gas to send
through the plant long enough to have attractive plant eco-
nomics.

As Mr. Greer pointed out yesterday, his
estimate of current gas in place in the gas cap, 1is in the
area of about 10-billion cubic feet.

All right, with that 10-billion cubic
feet being the target 1if the cycling were confined to the
existing area, the plant needs to be able to process about
10-millien cubic feet of gas per day to have attractive
economics because (not clearly understood) and some quick
mental arithmetic indicates that if you process 10-million
cubic feet per day, and have about 10-billion cubic feet to
process, we'd only have about a 3-year life for that gas
plant, and the economics of that don't look very attractive.

0 wWhat evidence do you find to support your
conclusion that the expansion area hydrocarbons are neces-
sary in order to make a gas plant economical?

A Well, the evidence is based on, again,
some reservoir simulation.

In this case we used a so-called composi-
tional reservoir simulator.

The compositional reservoir simulator |is
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different from the usual simulator in that it allows us to
look at vaporization of liquids within the reservoir, vapor-
ization of those liquids into the gas phase, or vice versa,
if that's the way the fluids want to transfer, and this is
essential in looking at this gas plant because a lot of the
additional hydrocarbons 1liquid recovery is going to come
from taking the cap gas out, which is saturated with inter-
mediate molecular hydrocarbons, sending those liquids into
the gas plant and in the gas plant removin