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Mr, W. Perry Pearce
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State of New Mexico

P. 0. Box 2088

Santa Fe, New Mexico 87501

Dear Mr. Pearce:

This Jjurisdictional agency concurs in the recommendation of the State
of New Mexico, Case No. 7489, Order No. R-6939, dated April 14, 1982,
that the Chacra Formation underlying the described lands in subject
order in Rio Arriba County, New Mexico, be designated as a Section 107
tight formation.

It is requested that this concurrence be included with the recommendation
submitted to the Federal Energy Regulatory Commission.

Sincerely yours,

St
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/<L Gene F, Daniel
Deputy Minerals Manager
0il1 and Gas
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place of residence?

3
MR. STAMETS: We will call now Casc

7489,
MR. PEARCE: Application of Curtis J.
Little for designation of a tight formation, Rio Arriba

County, New Mexico.

MR. CARR: May it please the Examiner,
my name is William F. Carr, with the law firm Campbell, Byrd,
and Black, P. A., of 3anta Fe, appearing on behalf of the

applicant.

i have two witnesses who need to be

sSworn.
(Vitnesses sworn.)

MR. CARR: We'll first call Mr. Little.

CURTIS J. LITTLE
being called as a witness and being duly sworn upon his oath

testified as follows, to-wit:

DIRECT EXAMINATION

BY MR. CARR:

0 - Will you state your full name and
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A My name is Curtis Little and I reside

in Farmington, Now Mexico.

Q. By whom are you employed?

A I'm self employed.

2 And in what capacity?

A I'wm an independent oil and gas operatoer
Q Have you previously testified before

this commission or one of its examiners and had your cre-
dentials as an indegendent 0il and gas operator accepted and

nmade a matter of recoxd?

A Yes, sir.

Q Are you the applicant in thig cage?

A I am.

o ~wﬁ;“fhre you familiar with the application

filed on your behaif?

A. " Yes, sir.

0 And are you familiar with the subject
acreage?

A Yés, sir.

MR. CARR: Are the witness' qualifica-
tioné acceptable?
MR. STAMETS: They are.
“Q Mr. Little, will you stata what you-are

seeking in this case?
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2 A I'm applving for an area adjacent to
3 and southwest of the Otcro Chacra Gas Pool to be designated
4 as a tight formation under Section 107 of the Natural <as
S Policy Act of 1278,
6 o , And where is this area located?
7 A The proposed Gallegos Canyon Tight Gas
8 Area is located in the southeastern portion of the San Juan
9 Basin in Rio Arriba County, approximately thirty miles south-
10 east of the Town of Bloomfimld in northwestern New Mexico.
11 o And this area is‘calied the Gonzales
12 vCanyon Tight Gas Area? ‘ | i
13 A Yes, sir. ;
14 o Have you prepared certain exhibits for

|
15 introduction in this case? |
16 A Yes, 1 have. !
17 Q Were each of these exhibits submitted i
18 ¥z the United States Gewiovgical Survey and the 0il Conserva-
¥ tion Division fifteen days prior to hearing, as reguired by
20 011 Conservation DBivision rules?
21 A, Yes, they were.
n Q Will you please refer to what has been
3 marked as Little Exhibit Nurber One, idehtify tiiis and ex-
u plain what it shows?
» A Exhibit Number One displays the proposed
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praoduction rate of 91 Mcf GPD for an average depth of 3390

Gallegos Canyon Tight Gas Area, a map showing all the Chacra
Wells in the San Juan Basin.
The area includes approximately 6720

acres, described as 25 Nortnh, 6 wWest, Secfion 16, 21, 22,
south haif of 23, 25, 26, 27, 28, 34, 35, and 36.

Q Does the Chacra formation in the Gonzalds
Canyon area meet the criteria established in Section 1077

A. Yes, sir,

Q Generally would you summnarize what these
criteria are?

A The criteria being the estimated in

situ gas permeability throughout the pay section is expected

to be 9.1 millidarcy or less; the stabilized gas production
rates without stimulation at atmospheric pressure of these

gas wells are not expected to exceed a maximum allowable

feet to the top of the Chacra formation in this area; and
lastly, no well drilled into the Chacra formation in the
area is expected to produce more than 5 barxels of crude ocil
per day prior tc stimulation.

Q W31l you now refer to what has been

marked for identification as Exhibit Number Two and review

this for the Examiner?

A Exhibit Number Two is a Chacra formatio
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completion and production map of the Gonzales Canyon Tight
Gas Area. The production figures presented for eéch well,
ng well, arc number cne, the initial pctential, the
date of initial potential, the average daily natural gas
production rate for 1980, and the January 1, 1981, cumla~
tive production of gas for the well.

It also presents completion and pro-
duction cata fcr some of the wells suryounding the proposed
tight gas area for comparison purposes.

This morﬁing we found that in searching
the State records there was one well omitted, and that |
should be added, and it is located inside the requested area,
Gonzales Canyon Tight Gas Area. The well is located in the
southwest northeast of Section 16, in the upper portion of
the area, 25 Neorth, 6 West. It was drilled by Bowlin 0il
Company. The name of it was State_ﬂo. 1. It was drilled,
cased, perforated, fracd, and plugged and abandoned, in
September, 1966.

And we regret that this was left out of
the original exhibit.

Q Mr. Little, how many Cﬁacra wells are
there in the proposed area?
A Of these tests, tbere afe now, adding

the one I just referred to there, five wells in the -- in the
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area. Three have been abandoned, one producing, and one

drilled, completed, but not vet on the line.

0 And what is the average depth to the
top of the Chacra in the area?

k. The average depth in the tight area is
3390 feet.

0. Where does the pfoposed area lie in re-
gard to other Chacra production in this general vicinity?

A - It's on the southwestern fringe of the
main Otero Chacra gas producing field.

Q. How would vou characterize the Chacra
in this genervral area?

A The examination of the Chacra in the
area indicates the poor quality Chacra reservoir in the ap-
plied fop area.

A list of the operatcrs, well names,
and production figures for Chacra Wells is presented in Ex—
hibit Number Three.

0 Oka?, Ur . Little, will you now refer ‘to
Exhibit Nu@bers Pour and Five and identify these for Mr.
Stamets and explain what they show?

A, | Exhibits Numbers Four and Five are
January 1, 1981, cumulative qas proddction, and 1980 annualy

gas production, maps of the Chacra formation, both in and
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2 outside the area of this applicaticn.
H 3 The maps are colox coded to distinguisn
4 natural gas production thins in the area. The red color in
5 sxhibit Four is used to distinguish which -~ cumulative gas
5 production greater than a quarter BCF cumulative, while the
7 white is less than one quarter.
8 : Exhibit Number Five, on the next page,
9 the red is to distinguish areas which have more than 12-
10 million cubic feet of gas last year, in 1980. The white
) areas are less than 12-million gas production in 1980.
12 Examination of these two exhibits shows
13 that.thé great majority of the Gonzales Canyon Tight Gas
14 Area is white, indicating little or no gas product;on in
15 the Chacra.
16 0. Why do you suspect there has been so
17 little deveiopment in the area?
18 A The small cumulative production and.
! 19 sparse.well location is due to the tight nature-of the re-
20 servoir rock and severazﬁdry holes drilled within the area.
21 Q. Now where does the proposed area lie
22 in regard to the main porFion of ;he Oterc Chacra Field?
23 A B It's on the southwest flank. |
24 0. And I believe Exhibits Four and Five
25 show the drilliné in the Chacra in that area.
L»
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A, That is correct.

0. New T have a couple of questions 1 want
to ask you about the general geology, and I ask you first,
generally just to characterize the -~ the Chacra formation
in the subiject area from a geological point of view.

A, The Chacra interval is a marine silt-
stone and sandstone. The source was from the scouthwest. The
lithologic unit was deposited in relatively deep water with
the strike of sedimentation being northwest/scutheast.

e} How would wou characterize the form of
gas entrapment in the Gonzales Canyon aréa?

A, ‘The form of gas entrapment is strati-
graphic. The interval outcrops approximateiy 30 miles
south/southwest of the area and dips to the northeast at 90
feet per mile.

Exhibit Number Six is a structure map
of the Pictured Cliffs formation lying 1000 feet above the
Chacra interval'aﬂd show this regicnal dip. |

Sample examination of the Chacra in-
terval indicates that the 130-foot zone is to be a light
gray, very fine grained siltstone. The siltstone has
varying amounts of shale and carbonaceous with clay infilling
all contributing to the low ‘permeability of the interval.

Q. , Will you now refer to Exhibit Number
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A, Exhibit Number Seven is a type log of
the Chacra interval. f7The well is the Curtis Little>No. 3
Salazar, recently drilled and located in the northwest guart-

er of Section 26, Towﬁship 25 North, Range 6 West.

0 Is that Section 25 or 262

A 26;

0 So it would be --

A The type of the Chacra on the log is

3425 feet, with the base of .the Chacra being 3553 feet, and
this log lis representative of the Chacra formation character-
istics outside the main Chacra Gas Pcol, and is in the
center of the tight area.

0. Will you now review Exhibit Number
Eight for Mr. Stamets?

A. Exhibit Number Eight is a cross section
across the area. The trace of the cross section was por-
trayed earlier in Exhibit Number --

Q. Two.

A. --—= Two.

MR. STAMETS: While we're discussing
that, you show two wells in Section 34 on the cross section,

and yet you don't identify those as -- as Chacra wells.

What's the -- you said that there were

o

rtl 2
BN
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'here, then, but we are talking about Chacra wells, either

12
five wells in there, and I count seven wells, if I count
those wells in Section 34.

A, Well, Mr. Stamets, those are Dakota
walls and they penetrated and logged the Chﬁcra, but they're
Dakota producing wells.

MR. STAMETS: Are there other wells in
this area that have penetrated the bDakota, or -~

A Yes, sir.

HMR. STAMETS: ~-— there are other wells

as a completion or attempted completion.
A That is correct.
MR. STAMETS: Okay.
A, : You might note that on the cross section
the four wells on the righthand side of the cross section
are productive.
The three wells on the left part of the
cross section are not producing. The first two are Dakota
wélls; the third one is the Kimbell dry hole, in the Chacra.

ml.
ERE 91

0

cross seciion portrays the characteq
of the Chacra formation. It is hung on the datum, reference
datum of the Huerfanito marker bed, which is a bentonite.

It illustrates that the Chacra interval to be continuous

across the area, throughout the applied for area. it also
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indicates that the better sand development in the main por-
tion of the Otero Chacra Gas Field, to be better than the
outside the gas field,

The poor sand development on the left
and in the applied for area is responsible for the low
natural gas production characteristics exhibited by the area.

0. Would you just generally summarize the
conclusions you can reach about the Chacra in this area?

A Well, the Chacra interval in the area
is -- is readily identified. It -- as you move away from

the Otero Chacra Field it becomes tighter, less permeability.

0 Is it continuous throughout the proposed
area?

A It is continuous.

YQ Were Exhibits One through Eight pre-

pared by you or under your direction and supervision?
A Yes, they were.
MR. CARR: At this-time, Mr. Stamets,
we would offer Applicant's Exhibits One through Eight.
MR. STAMETS-. These exhibits will be
admitted.
" MR. CARR: I have nothing further on

direct of Mr. Little.

MR. STAMETS: Any questions of this




W

A

jO
11
12
13
14
15
16
17

13

2 & 8 B

14

witness?
MR. CHAVEZ: 1 will later.
MR. STOGNER: Yeah, I will later.
MR. STAMETS: None at this time but
perhaps later.
'MR. CARR: At this time we'd call Kevin

McCord.

KEVIN H. McCORD
being called as a witness and being duly sworn upon his oath,

tectified as follows, to~wit:

DIRECT EXAMINATION

BY MR. CARR:

Q Will you state your namerand place of
residence? |

A My name is Kevin McCord, and I reside
in Farmington, New Mexico.

0 By whom are you employed?

A . I am a self empioyed petroleum engineer,
and I'm working as a consultant for Mr. Little.

Q | ' Have you had your credeniials'as a
petroieum engineer accepted and made a matter of record for

this Commission?
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A Yes, 1 have,

2 Are you familiar with the application
filed in this case on behalf of Mr. Little?

A, I am.

0. Are you familiar with the proposed
Gonzales Canyon Tight Gas Area?

A, I am,

MR. CARR: Are the witness' gqualifica-
tions acceptable?
MR. STAMETS: They are.

Q Mr. McCord, have you abtained stabilized,
unstimulated gas production rates for the Chacra in this
area?

A, Yes, we havé. Obtaining stabilized,
unstimulated gas production rates for the Chacra formation
is not a standard procedure used in the San Juaﬁ Basin by
companies combleting Chacra welis,

Past experience hdas shown that these
low permeability Chacra wells must be stimulated to cbtain
commercial production.

However, in prepération for th;s tight
gas study Mr. Little prepared a 3-hour unstimulated gas
production test on the Salazar No. 3 Well, located in Sectior

26 of 25 North, 6 West.
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£xhibit Two shows that this well is loca’
ted in the center of the tight gas area.

The results of this unstimulated natural
gas production tesi was a rate of 3.89 Mcf of cas per day.
This rate is well below the 91 Mcf of gas per day allotted
for a tight formation with an average depth of 3390 feet.

Q Are these trulv unstimulated production
rates?

A They really aren’t. These natural, un-—
stimulated production rates w2re taken after the perferations
were acidized with 250 gallons of 7-1/2 percent hydrochloric
acid, and this was used as a production aid to induce a flow
channel from the wellbore to the formation.

This acidizing, of course, clieans up
the flow path so the gas can move more f:eely to the wellbore
True unstimulated natural production could be assumed to be
even lower than this rate.

o How would the actual rates compare?

A Well, they'd be expected to be lower
than this 3.89 Mcf of gas per day; -therefor, you could con-
sider that to be the maximum obtainable‘from this area.

o And what conclusions can you reach con-

cerning this natural gas production rate?

A I feel that the average unstimulated
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natural production, gas production rate from the Chacra form-
ation in this area cannot expect ~- cannot be expected to
exceed the 91 Mcf of gas peyr day allotted.

0. Have yoﬁ obtained stabilized, unstimu-
lated o0il production rates?

A Not in a true sense. Most of the gas
produced from the Chacra formation is virtually dry gas.
There has been no o0il and ccnrdensate production reported fér
any of the wells now producing from the Chacra formation
in the area. Therefor, it can be expected that no well would
produce without stimulation more than 5 barrels of crude oil
per day.

0. Now‘I'd like to ask you several perﬁe—
ability questions.

First, is stimulation generally required
to obtain commercial production from Chacra wells in the
subject area?

A Yes. I believe that, as has been proveﬁ
many times in the past, that without a fracture sitimulation
treatment these wells will not produce, due to the low perm-
eability of the reservoir rock.

Q Will you now refer to Exhibits Nine
through Thirteen and review these for Mr. Stamets?

A Exhibits Numbers Nine through Thirteen
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2 present core analysis data used to determine the average

3 laboratory permeability to air for Chacra formation pay zoneg

4 in this areca.

5 : The exhibits contain the actual core

6 analysis reports, plus summary tables, showing the analysis

7 of cores taken from only the productive portion of the

8 Chacra formation for ecach well,

9 The cored intervals chosen for perme-

10 ability averaging were determined by loy examination of the
11 interval cored through each well. Only cored intervgls of

2 sand that were perfbrated by the operator of the well were
3 considered pay intervals and were used in the permeability

4 averaging.

15 The average laboratory permeability to
‘lé air determined in this manner was 1.06 millidarcy.

1 The Chacra formation éore data presented
13 for this area was taken from wells in the main sané trend

1 of the Otero Chacra interval. Thege were no cored intervals
20 in our actual area. The location of these cored wells is l
2 shown on Exhibit Number Two, the area map, and it would be

2 logical to assume that the average Chacra formation labora-
3 tory éermeability‘in the Gonzales Canyon Tight Gas A;ea would
4 be lower than this 1.06 millidarcy average §ermeability found
2 " for the main Otero Chacra trend because éf reservoir rock on
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these outer areas is poorer.
The actual in situ permeability of the
Chacra formation in this area is even less than this labor-
atory determined value due to water saturations and net con-
fining pressures found under reservoir conditions.
0 Will you now review Exhibit Number
Pourteen for Mr. Stamets?
B. Exhibit Number Fourteen is a technical

paper presented, entitled The Effect of Overburden Pressure

and Vlater Saturation on Gas Permeability of 7Tight Sandstone

Cores. This was written by Rex Thomas and Don Ward of the
U. S. Bureau of Hines.

This paper presents relationships be-
tween laboratory determined permeability in coxes and actual
in situ permeability found in reservoirs.

Exhibit Number Fifteen goes along with
this Fourteen, and it explains how in situ perméability is
calculated from tﬁe core analysis using this technical papef

Q. Will you now refer to Exhibit Number
Sixteen and review this fo; Mr. Stametsé
A Exhibit Number Sixteen is a summary of

all the laboratory core analysis results for this tight

‘gas area. ,

An average in situ permeability value
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for this tight gas area. This permeability value compares

20
of 0.038 millidarcy was calculated from the average labora-
tory permecability value of 1.06 millidarcy for this tight
gas area.

This is 0.038 millidarcy in situ perme-
ability value is well below the 0.10 millidarcy cutoff for
tight gas determination.

0. What other methods did you employ to
determine permeability in the subject area?

A : Well, I made use of the natural unstimu-
lated production tests taken in the area, which was a gas
flow rate of 3.89 Mcf of gas per day, and I used it along
with other Chacra reservoif‘data and T used it in Darcy's
Law of fluid flow through a porous medium to calculate a
reservoir permeability. This’is prgsented és Exhibit Seven-
teen,

Darcy's Law calculations report the

average reservoir permeability value of 0.015 millidarcy

to the 0.03C millidarcy permeability value determined by
core analysis methods. Both of these values are well below
the 0.10 millidarcy tight gas cutoff.

Q Are either of these methods of calcu-
latiﬁg permeability préferaple to the other?

A . I believe that Darcy's Law calculation
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3 of 0.015 millidarcy is the best estinate of reservoir perme-
3 ability because it involved an actual -+ the actual formation
4 flow characteristics along with this natural production test
S taken for the areca.
6 Either method, though, establishes that
7 throughout the Chacra area the permeability is not expected
8 to be 0,1 millidarcy. It's expected to be less than the 0.1
9 millidarcy.
10 0. Mr. McCord, have you reviewed existing i
11 State and Federal regulations concerning fresh water protectilon.
12 . Yés, I have. The existing State and
13 Federal regulations will assure that development of the
14 Chacra forﬁation will not adversely affect or impéir any

{ 15 fresh water aquifers that are being used or are expected to

;’ 16 be used in.the foreseeable future for domestic or agricul—

; 17 tural water supplies.

i 18 These regulations require that casing

E_ 19 1 programs‘be designed to seal off potential water—bearing

§> 20 formations from oiliand gas producing formations. These

5‘ 21 fresh water zones exhibit -- exist from the surface to the

% 22 base of the Ojo Alamo formations. This Ojo’Alamo depth

; 4 :

é 23 averages approximately 2200 feet in the proposed tight gas

% 24 area. Mast Chacré wells drilled in the vicinity of tpe tight

g : : . -

é 25 gas area are drilled with natural mud that will not contamiﬁi
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fresh water zones. The normal casing design consiskts of
7-inch OD surface casing being set from the surface to a
depth of 120 feet.

kProduction casing used is usually 2-7/8
inch OD pipe and is set from surface to TD.

The surface casing is cemented in place
by circulating cement to the surface, which protects the
near surface formations from downhole contamination.

The production casing is cemented from

TD to the surface, or to a depth sufficient to cover the Ojo

Alamo formation.

PN

This whole process protects the Chacra,
Pictured Cliffs, and other shallow formations from contamin-
ating this 0jo Alamo aquifer: Therefor, all productive and
fresh water zones are protected by both caéingfand cement.

Q Do you anticipate that frécture treat~-
ments could pose a threat to fresh water in the area?

A I don't belicve they would. The Chacra
formation stimulation uses varied fracture treatments de-
pending on the operator.

They‘usually consist of one or two
percent potassium chloride“watér base fluid with said, or
a nitrogen water foam base fluid with sand. Either treat-

ment will not harm a fresh water aquifer; Fresh water pro-
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tection is assured during these fracture stimulation treat-
ments due to zone isolation caused by the cementation.

Also, the large distance of approximately
1200 feet between the Chacra formation and the 0jo Alamo
fresh Qater zone is further assurance that no existing fresh
water zone will be contaminated by stimulation of Chacra
wells in this area.

Therefor, New Mexico and Federal regu-
lations will protect any fresh water supply that may be af-
fected by drilling, completing, and'produéing the Chacra for-
mation in £he Gonzales Tight Gas Area.

0 Would you summarize for the Examiner
the general conclusions that you can reach based on vour
study concerning the subject area and how it gualifies under
Section 107§

A For the Gonzales Canyon Tight ~- Chacra
Formation Tight Gas Area the average Chacra well depth is
3390 féét>and the stabilized production rate at atmospheric
pressure of wells completed in the Chacra formation without
stimulation is not expected to exceed a aximum allowable
rate of 91 Mcf of gas per da&.

No well drilled in the Chacra formation

in the Gonzales Canyon area is expected to produce without

stimulation more than 5 barrels of crude oil per day, and
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2 the estimated average in situ gas permeability throughout
3 the Chacra pay section is expected to be 0,1 millidarcy, or
4 less.
5 0 Mr. McCord, is a copy of the geological
6 and engineecring report marked for identification as Exhibit
7 NHumber Eighteen?
8 A, Yes.
9 0. In your opinion will granting this ap-
10 plication be in the best interest of conservation, the pre-
11 vention of waste and the protection of correlative rights?
12 ' A Yes.
13 0. Were Exhibits Nine through Eighteén pre-
14 pared by you or under your direction and supervision?
15 A ‘ They were.
16 | _ ' MR. CARR: At this time, Mr. Stamets,
17 we would offer into evidence Little Exhibits Nine through

L'-‘ : 18 Eighteen.

- 19 MR. STAMETS: These exhibits will be
20 admitted.
21 MR. CARR: That concludes our direct

o
22 case.
23 ; MR. STAMETS: I'm not certain who is
24 the appropriate party to answer this,.b”u't' whoever feels like
25 he should, speak up. o
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Ts the nature of the Chacra formation
in here such, and the nature deriving from such things as
the depositional environment, such that we would expect the
Chacra to be the same both northwest and southéast of the
line of cross sectién which is shown on these exhibits?

MR. LITTLE: Yes, very definitely.

MR. STAMETS: Are there guestions of
any of the witnegses?

MR. CHAVEZ: Yes.

QUESTIONS BY MR. CHAVEZ:

0 Mr. MéCord, was a shut-in bottom hole
pressure test, or shut-in build-up ~-- pressure build-up tesé
done on the Salazar No. 3?2

A No, sir, they weren't. Where we got
the shut-in bottom hole pressure for Darcy's Law, we took
an averagé of the Ogero Chacra wells in the main tréend and
got‘ah average of what their build-ups would be, and applied
it to our area. That's the only data available that I could
find.

0. Has the Salazar No. 3 been fractured
at this time?

A Yes, it is fractured and awaiting on

pipeline hookup.
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Qo Was it fleow tested after fracture?
A Yes, it was. The AOF on this well was
274 Mcf of gas per day, for the Chacra. It was a dual well.
It was completed in the PC also.
Q The water saturations that you used fron
the -~ or that you got from the cores that were done out of
this area, are they the type of water saturations you expect
in this area?
A That's correct, yes. And those were
taken directly out'of core analysis repdrts.
MR. CHAVEZ: 1 have no further questiong.

MR. STOGNER: - I have one dquestion.

QUESTIONS BY MR.: STQGNER:

) You gave us an averége well depth of
the Chacra in this area as 339072

A Yes, Sir.

03 What kind of thickness do you expect
ovef'the area?

A Let me see what the thickness‘was. 1
believe it's -- the type log will show the top and the bottow,
I believe. 1 believe it's 130 feet grogs thickqéss. ‘ |

Is that right with you, Curtis?

Okay, top of the Chacra -- excuse me,
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top of the Chacra is 3425; base at 3553.

MR. STOGHER: I have no more questions.

MR. CHAVEZ: May I ask one more question?

QUESTIORS BY MR. CHAVEZ:

Q - The overburden pressure that you used
in correcting the laboratory vermeabilities to in situ,>how
was that derived?

A. Okay. The overburden is figured by
takiﬁg an average perosity for the overburden, and that was
assumed to be the same as the Chacra formation. By using
the porosity, the grain density of the sand, multiplied by
the depth, you éet a pressure due to the rock face, and that'
offset by the bouyancy of the fluid in the formation.

So a combination of those two results
in an overburden pressure of approximately 3600 psi, and the
net confining pressure used in the paper was an overburden
pressure minus the reservoir pressure and that resulted in
2733 psi.

MR. CHAVEZ: I-have no further questiong

MR. STAMETS: Any other questions of
this witness? He may be excused.

Anything further in this case?

MR. CARR: Nothing further, Mr. Stamets|

tn
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2 MR. STAMETS: Are there any statements

3 in tnis case?

4 The case will be taken under advisement.

6 (Hearing concluded.)
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16
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SALLY W. BOYD, C.S.R.

Rt. 1 Box 193-B

Santa Fe, New Mexico 87501

Phone (505) 455-7409
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CERTIPICATE

I, SALLY W. BOYD, C.S8.R., DO 11 REBY CETNTIYY t;hat
the foregoing Transcrint of Hearing Lefore the 04l Conserva-
tion Division was reported by mc; that the sqid transcript
ig a full, true, and correct record of the hearing, prepared

<

by me to the best of my ability.

{m&é%g&ggé-c;ég/

‘Fﬂhd the foregoing i

by it
{ do hereby <&f e
a complete record of the pro ”

ase No.
9.0 T~




STATE OF NEW MEXICO
ENERGY ano MINERALS DEPARTMENT

OIL CONSERVATION DIVISION

BRUCE KING POST OFAICE BOX 2089
GOVEH STATE LANS OFFICE BUILDING
- . BANTA £E, NEW MEXICO 87501
LARRY KEHQE (508) 8272434

SECRETATY April 15, 1932

) . Re: CASE NO. 7489
Mr. William F. Carrv ORDER NO. R-.£939
Campbell, Byrd & Black *
Attorneys at Law
Post Office Box 2208 Applicant:
Santa Fe, New Mexico pplic

Curtis J., Little
Dear Sir:

Enclosed herewith are two copies of the above-referenced
Division order recently entered in the subject case.

Director

JDR/fd
Copy of order also sent to:

Hobbs OCD
Artesia OCD x

Aztec OCD X
Other




STATE o REJ HEFICO
EHEROY AND MINFEALL LEPARTUENT
G CONSERVATION GIvIGIOH

IN THE MATIE& OF THE dEARING
CALLED BY THE OYL CONSEAVATINN
DIVISGIUN FOR YHE PURPDSE OF
COHSTOERING:

Cast NOL T4k
Grdar Mo, 6539

APPLICATION OF CURTIS J. LITTLE
FOR DESLONATION OF A TIGHT
FORMATION, RIOQ ARRIBS COUNTY,
NEW MEXICO.

ORCER OF THE DIVISIGN

BY_THE DIVISION:

This cause ceme on for hearing at 9 a.m. on Februaxy 17,
1982, at Santa fe, New Hexico, befere Exzminer Richerd L., LGtamets,

NOW, on this 14th day of fpril, 1982, ths Division
Director, having considered the teatimony, the record, and the
recommnendations of the Examiner, 2nd teing fully adviged in the
nremises,

F1NDS

‘ (1) That due public notice having been given as regquired
by law, the Uivision has jurisdiction of ithis zauge and tho
subjact matter thereof.

(2) That the applicant, Curtis J. Little, reguests that
the Division 4n accotdance with Section 107 of thes Natural Gas
Policy Act, and 18 C.F.R. §271.703 raccmmend to tho Federal.
Energy Requlatory Coumission that the Chacra formation under-
lying the following lands situated in Rio Arribe County, New
Mexico, herefnafter referred to as the Chacra formation, be
designated as a- tight formation in 3ald Federal Energy Regu»v
latory Commission's requlations:

TUWNSHIP 25 NORTH, RANGE & WEST, NMPM
Section 16: All

Section 21: All

Section 22: All

Section 23: S/2

Sectiocns 25 through 28: All

Sections 34 through 36: All

Containing a totsl of 6,720 acres, more or less.
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Drdor No. R 65159

{3 Yhaot the Charya fovontian undardXias ail of the above.
deseribed lande; that the formation copalsts of marine deposits
about 130 feot thick, composed of vory fine orained siltstone
having vavving asounts of chale with corbonaceous and clay
Infilling; and thot the tos of suyeh formation Le found at en
average depth of 3320 feat below tho surfacw of the srea awet

forth in Finding No. {2) above.

(4) That the type section for the Cheeys Fformntion for
the proposed tight formation designatlon Lo found at a depth
of appreximately 3425 fost to 3553 feet on the Dresser Atlas
Induction Electrolog dated Docember 19, 128%, from the Curtis
J. Little Selazar Well Ho. 3, larasted ia Unit C of Yaction 26,
Townehip 25 North, Range 6 Wost, Rio Arriba County, Hew Hexico.

(5) That one well produces natural gongs from the Chacra
formation within the proposed area being the Kimbell 04l Co.
Salazar Federal Well No. 1 located 1450 faest from the South
line and 1450 TFeet from thu Fast line of Section 22, Township
25 North, Rsnge 6 Vest, NMPM, Rio Arriba County, New Mexico.

{(6) That the Chacra formation underlying the ohovo-
described lands has been penetrated by usevorel othor wells,
none of which produced naturel gag in commercias) quantities
from the Chacra formaticn.

(7) That based on en analysis of available data from
existing wells within the proposed area and uiilizing gsrier-
‘ally and customarily accepted petroleun onginssring iechniques
and measurements:

{a) the estimated everags in zitu qas permeability
throughpout the pay sectinn of the Chaeys forma-
tion is expected to be O, millidarcy or laasy
and

(b) the stabilized production rate, sgaingt atmos~
pheric, of wells cumpieted for praoaduetion in
the Chacra formatinn,.»ithout stimulation; is
not expacted to sxceed production levels deter-
mined by refesrence to wall dapth, as found in
the table set out in 18 C.F.R. §271.703(e)(2)(8)
of the regulations; and

(c¢) no well drilled intn the Chacra formation is
expected to vroduco, without stimulation, nmorse
.than five barrels aof crude oil per day.
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Nageg Mn, 7689
Sedar Yo, o959

(3) That the Chacrs Formation undeviyisg the arse doscribed
in Pacagranh ? haraof i aot belng develaopad by {nfill dxllling.
(2Y  fuar tra suidencs prooasnted 4n thia casa dJemenstrated
that tha application of incenlive pricing i3 reasonably nncoee
savy {o stinulate further developmani of {he proposed tight
formation underlying the arsa deszcribad in Paragraph 2 hereof.

{18) That within -tha proposed agesz thare 13 a recognized
aqui f2r being the Ojo Alamc, found at an average depth of 2200
feat ovr approximately 1200 feat above the Chacrsa formaticon.

(11) That exiating State of New HMexico and Federal Regula-
tions relating to casing and camentirng of wells will asaure
that development of the Chacra formation will not adversely
affact ths sald aquifer.

(12} That the Chacra formatien should be racommended to
the Federal Ensrqy Regulatory Commigazion for designation as
a tight formation.

IT IS THEREFORE ORDERED:

(1) That it be and heraby is recommended to the Federal
Enasrgy Regulatory Commission pursuant to Ssction 107 of the
Natural Gas Policy Act of 1978, and 1& C.F.R, §271.703 of the
ragulations that the Checra formation underlying the following
deacribed landy in Rioc Arriba Caunty, HNaw Mexico, be designated
as a tight formation:

TOWNSHIP 25 NORTH, RANGE 6 WeST, MMPM
Section 316: All

Section 21: All

Section 223 All

Section 23: S/2

Sections 25 through 28: All

Sections 34 through 36: All

Contsining a total of 6,720 acres, mors or less.

~ (2) That jurisdiction of this cause is retained for the
entry of such further orders as the Bivision may dasem necessary.
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DONE at{ HSenbta Feo, Mow Noxico, on bho doy e yaae harein-
shove Jasignabad,

STATE OF NiW HEXICO
01 cnusgnvag;%? DIVISION

A
./’,’; /

SAaneE b,
l,"’/i)i.rsmtnr

f .
i
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CAMPBELL. BYRD 8 BLACK. r.A.

LAWYERS

AANTE N AN L AL FFU RSN PLACE

AL D BYRD ST LD NOFT TS GUADLALUEE
HRUCE . 31 ACHK - :
PeNRY GFUICE BOXY 8ERE
MICHATL 3, CANMODBE.LL
WL AN P CARRKR SANTA I, NEW MEXICO 87501
ORACFGRD C. BERGE TLLE G ORE: (EO5) QBA-44 2!
WiiiitaN G, WARODLE
TELECTPD IR IOy 8683-5043

KREMP vy GORYHEY

New Mexico Department of

Energy and Minerals .

Post Office Box 2088 Coose Y85
Santa Fe, New Mexico 87501

January 28, 1982 t s g i

i exfi PR

; yif l

air

! i) ;if .

Mr. Joe D. Ramey JAN 28 1G4/ 5 %
Director I L ‘
0i.l Conservation Division SAL Lo SLIOVATION ol |
SANTA FE i

Re: Application of Curtis J. Little for Designation
of Tight Formation, Rio Arriba County, New Mexico
(Gonzales Canyon Area)

Dear Mr. Ramey:

Enclosed is a complete set of all exhibits which applicant
proposes to offer into evidence at the hearing on the above-
referenced application. tcgether with a statement of the
meaning and purpose of each exhibit as is required by Section
D of the 0il Conservation Division's Special Rules and
Procedures for Tight Formation Designation. Also enclosed

is a Certificate of Filing, which certifies that all exhibits
have been filed with the United States Geological Survey.

Vetry truly yours,

nes

William F. Carr

WFC:1r
Enclosures

cc: Curtis J.oLittle
K %in McCord




Exhibit
Number

10

11

12

13

LIST OF EXHIBITS

Exhibit
Name

Chacra Reseivoir Map

Chacra Formation
Completion and Production
Map

Gonzales Canyon Tight
Gas Area Wells

January 1981 Cumulative

Gas Production Map of Wells
Completed in the Chacra
Formation

1980 Annual Gas Production
Map of Wells Completed in
The Chacra Formation

Structure Contour Map

Type Log

Cross Section A-A'

Core Analysis
Amoco Production Company
Jicarilla 146 No. 11

Core Analysis
Exxon
Jicarilla J No. 9

Core Analysis .
Amerada Petrolewm Corp.
Jicarilla ¥ No. 5

Core Analysis N
Amarada Petrolewm Corg.
Jicarilla F No. 4

Core Amalysis

El Paso Natural Gas fo.
Klein No. 12

Technical Paper

Determination of In Situ
Permeability

Purpose of
Exhibit

Show iocation of Gonzales
Canyon Tight Gas Area with
respect to Chacra production.

Show production figures of
conpleted and dry Chacra
wells in and around the tight
formation area.

List production figures of
cormpleted and dry Chacra
wells in the tighr formation
area.

Present, by coler codes,

the production trends in the
vicinity of the Gonzales
Canyon Tight Gas Area.

Preseat, by c¢oleor codes, the
production trends in (he
vicinity of the Conzales
Canyon Tight Gas Area.

Show regional dip in the
vicinity of the Gonzales
Canyon Tight Gas Area.

Show log characteristics and

depth of Chacra formation in

the Gonzales Canyon Tight Gas
Area.

Show Chacra formation development
in the Gonzzles Canyon Tight Gas
Area. :

Show average laboratory core

permeability.

Show average laboratory core
permeability.

Show average laboratory core
permeability.

Show average: laboratory core

o e b 2T L

T P e tA Al A - - g ¥

Show average laboratory core
permeability.

Present felationship between
laboratory and in situ
permeability.

Show method of determining
in situ persezbility from
laboratory core amalysis.




List of Exhibits

Page 2
"Exhibit Exhibit
Number Rame
16 Sunmary of Core
Permeability Data
17 Darcy's Law Calculation

R R U TR S o S P I e e e . e b el e

Purpose of
Exhibir

Show summary c¢f permeability
data, average laboratory
permeability and in situ
permeability.

shov determination of
permeability from unstim-
ulated gas production test.
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COMPANY

Kimbhell 0il Co.
Ximbell 041 Co.

Curtis J. Little

Rimbell 0il Co.

WELL NAME

Salazar Federal 1-22
Salazar 4-26
Salazar No.

Federal 1-27

GONZALES CANYON TIGHT GAS AREA

EXHIBIT NO,

LOCATION

25-6

o
w
!
Lol

25-6

25-5

LIST OF WELLS

CHACRA
DEFTR

3398
3508
3425

3484

IP

DATE

05/58
05/80
12/81

02/58

IP
MCFGPD

1803
D&A
New Well

570

- 1980 AVERAGE
DAILY PRODUCTION

5

0N
5o

[72]
2z
Quhu
‘e 2
frfe)
&
=3
< [
WM—t

2
ko]
OO
nwr.
[l e]

\WITLE EXHIBIT NO.

CUMULATIVE
PRODUCTION

- 01-01-81

BCFG

K

0.565

PSA, o»\wo - well never mwomcoma.

Hearing Date__2={ 1T/ 82

CASE NO._IM %%

Submitted by _\=\YTAE"
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CHACRA 24

GAS PRODUCTION ONLY

f’f‘

" AT = ANNUAL PRODUCTION (MMCF), 1980,
345 = CUMULATIVE PRODUCTION (MMCF) TO 1-1-81

% \

CUMULATIVE GAS PRODUCTION
= GREATER THAN 1/4 BCF

.
B

EXHIBIT NO. 4
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CHACRA 24

GAS PRODUCTION ONLY

\L = ANNUAL PRODUCTION (MMCF), 1980,

345 = CUMULATIVE PRODUCTION (MMCF) TO 1-1-81

e ALY

_ 1980 PRODUCTION !
GREATER THAN 12 MMCF

- EXHIBIT NO. 5
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_ 1980 PRODUCTION .
GREATER THAN 12 MMCF
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EXHIBIT NO.

Company:
Well:

9

Amoco Production Company
Jicarilla Contract 146 No. 11

Otero Chacra Field

NESW, Section 4, Towmship 25 North, Range 5 West

Ric Arriba County,

New Mexico

CHACRA FORMATION CORE DATA
(Only Perforated Intervals Shown)

Sample Footage (ft)

Permeability (md}

Depth (ft)

3772-3773
3773-3774
3774-3775
3775-3776
3776-3777
3777-3778
3778-3779
3779-3780
3780-3781
3781-3782
3782-3783
3783-3784
3784-3785
3785-3786
3786--3787"
3787-3788
3788-3789
3789-3790
3790-3791
3791-3792
3792-3793
3793-3794
' 3794-3795
3795-3796
3796-3797
3797-3798
3798-3799
3799-3800
3800-3801
'3801-3802
3802-3803
3803-3804
3804-3805
3805-3806
3806-3807
3807-3808
3808-3809
3809-2810

ui" ,
o=y [ SV S R ol ol o R el e o i e e e e R

TOTAL:

Cw o

3 *:

.

o s

CO00000000OONOVNOOOONNONNOO00OOHORNOOOD
O O L OO RO RO R NN WWRNDOOO - wWiewEUnwodwd w e
w.bgghau:m~qraa>o\ouoo<x<::-0ggc:oc:c::>8f3~4c>§5:§3E;K;Eggﬁﬁoos~w

v
O
.

fe)
F o)

39-64 _ | 57 md

Average Laboratory Permeability = —3g

BEFORE EXAMINE
OIL CONSERVATION DIVISION
LAY LE EXHIBIT NO.
CASE NO._ 34 8]

=TS

Submiﬁed by OSCaRd

Hearing Date _ 2= /13 / 82




Ciree Sy
VIVAVIA 2ad ",“'1...;\.‘

., - Dt ear e .
e FERORNYS S

“ Sitaalllh sovlaall 246 I o PIMIORD LoV, oo, )
| a0 16 Y OTA [ AYIRS ST B PR WATER BAUE MUD Voo HeCOMAS
. WIC AiwIBA o NEW MEX  0:. 6660 KB .., . SEC 4 T25N RSW
I atbiobarie 1 VWbpovitinn~
|'\

1 {37773 n.C7 7.0 10.0 7.1 ”I‘,/ |
2 7.-7, 0.34 8.3 2., 80,8 8
3 7.-7) n.N8 10,6 6.6 7.4 | v
4 75=7h n.3° 12.8 5.1 - 55.9 2
5 7617 2.5 17.5 X1 8.5 )y
6 77-7 6.3 15.8 0.0  46.9v )
7 7370 0.5? 15.2 3.3 52.0 A
8 70-81 T 1.1 13.9 9.0 30.2v
9 as-gl 9. 33 18.1 1.1 45.3v
10 81-32 .19 6.3 1.l 7¢.5
11 82-8> 9.28 14.6 0.0 7.2
12 87-¢4 n.1n 10,1 2.0 644
13 84-85 n.n7 7.5 1.9  70.6
1 - 85-86 N 17.0 25.0 64.0
15 86-87 > 17 18.5 0.0  31.9v
16 e7-88 . 5.8 15.0 0.0  31.2v
17 - 88-30 n.20 10.0 0.0  27.0
18 89-<0- 6.6 15.7 0.0 30.0v
190 on-c) - 7.2 '15.0 0.0 31.3¥
20 a1-92 0.2n 12.2 0.0 3i.4
2] g2-a3 0.73 12.3 A 48.0
22 ) oo n.2n 12.6 1.6  50.0
23 f 94-95 0.14 16.5 4.2 441
2/6 Q‘;"‘Gé i 5-ls 1‘5-8 5.7 103~5'/
25 96-07 0.08 17,1 4. 4i.0
26 o7-.08 ~2.6 14.7- 8.8 422V
27 cg-99 0.03 6.6 10.6. 75.8
238 99-2300 0.12 6.9 7.2 72.¢
29 2800-n1 n.10 10.5 6.7  68.5
30 [ oO02-0 - r.08 12.5- 4.8  €%.4
3 02-03 0.41 7.7 9.1  85.6
2 ] ovo 5.07 8.2 8.1 80.6
33 04-05 0.13 6.2 8.1 8.0
34 05=nh 0.12 7.7 9.1  83.2
35 ©06-07 0.0" 8.1 8.7 81.5
36 07-13 0.12 9.7 7.2 76.4

N~0? .04 9.5 7.4 .6

2.1¢ 8.1 11.1  7°.0

37 n
38 l 0C=19

M
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CORE ANALYSIS RESULTS

/

' Come, w2 PRI BAZRICAN FLFEOLY Lot CORE, bareyoon CHACRA £k Ri-3-1440
T JICLRITIA CONCRACT ]/,6 DT O DIAHOND GONY, Iy Hg g 5/25/61
Frotd Lins I LoEOfA Cosv .oy . BATER BASE ML Ane, . MeCOMAS

1110 AlULEA BiW MK . 6660'EB 1. .- SBC 4 T254 R5W

Ceatite's
Lithological Abhbreviaiions
39 3217-14 0.0/ 5.5 12,7  81.7
41 15.1¢4 n,.n2 5.4 2.2 32,0
42 117 0.93 £.0 11.7 £5.9
Service Vo, 8 No interpretation of results
?




EXHIBIT NO. 10

Company: Exxon
Jicarilla J No. 4

Well:

Otero Chacra Field

NESE, Section 6, Township 25 North, Raange 5 West

Depth (ft)

3714-3715
3715-3716
3716-3717
3717-3718
3718-3719
3719-3720
3720-3721
3721-3722
3722-3723
3723-3724
3724-3725
3725-3726
3726-3727
3727-3728
3728-3729
3729-373¢C
- 3730-3731
3731-3732
3732-3733

3810-3811
3811-3812
3812-3813
3813-3814
3814-3815
3815-3816
3816-3817
3817-~-3818
3818-3819
3819-3820
3820-3821
3821-3822
3822-3823
3823-38B24
3824-3825

Rio Arriba County, New Mexico

CHACRA FORMATION CORE DATA

(Only Perforated Intervals Shoun)

Sample Footage (ft)

i e Bl T N Sy e O W W U

w
L\'t—u-lt—u—te—w-v-w-»--r—wo—u—ww

TOTAL:

Average Laboratory Permeability =

. a

BEFORE EXAMINER STAMETS
OIL CONSERVATION DIVISION
WY LE EXHIBIT NO, \©

CASE NO._3IM8]

Submitted by _mt__c&___
}Hearing Date_2./13- / g2

Permeability (md)

0.18
0.10
0.03
0.45
0.26
0.67
0.10
2.00
0.24
0.41
0.08
0.23
0.26
0.06
0.19
0.12

- 0.05

0.09
'0.05

0.01
0.04
0.02
0.04
0.03
0.04
0.02
0.02
0.04
0.01
0.03
0.02
.02
0.02
0.02
5.95




CORE LABORATORIES e

Peivedenm Rescrvon Lupineeimg
DALLAS TEXAZ

Company. . The thmble 011 & Refining Co,.. Fosmwion . Chacra . o .. . Page_ Ao 2 . _ _.
Well__. . . Jicarilla wjn G . ____. __ Cors__.. .. Diarcnd Conv, ... . _ File_ _RP=3-816.._ _ _ _ _.
P
FicldSo._Blanco Pictured CALfs & Chacra_. Dreilling Fluid . . . _ . . _..._....Dste Report._1/9/57 ...
County..___.Hio Arriba _Sute___ New Kexico . Flevation ... 6662_DF . ... ... Aealysts. DIsJS .
Location_ . 56 0~ 250, ~. SW, o Remnarks. . Service . # L __(Preliminary Report).—. ...
CORE ANALYSIS RESULTS :
(Figures in foreutheses sefer to footvote s-marks) )
T } I nCRtOUAL i } - ]
sompit orrIn | renseamitay | rononds AATURATION — ':';:"‘(’,:;" ! AN MADKS
N R e R P e | . o
2 98"99 0003 507 12.2 ?702
3 99"37(X) ¥ 508 666 77.5
L 3700-01 0.02 6,5 7.7 80.0
5 01-~02 0,28 7.3 13.7 60.7
6 02-03 0.07 1.7 9.1 15.3
7 03-0L 0,10 1.7 he3 60.7
9 05-06 0.20 15.7 1.3 50,2
10 06-07 0.08 8,2 ‘0.0 12,2
11 07-08 0,19 18,5 3.2 33.5
12 08-09 ¥ 19,1 . 1.0 33,5
1’4 ) 303 1002 ¢.0 lh-?
15 0.55 13.6 1.5 30.9
16 0.11 9.5 0.0 26,3
17 0.12 12,6 k.0 31.7
18 0.18 13.7 5.1 3.6
19 G.10 1¢,0 0.0 19.0
20 0.03 6.2 0.0 87,0
21 0.45 10,5 4.8 56,1
22 18-19 0.26 15.4 3.2 u0.3
23 19-20 0.67 17.4 2.9 38.4
2, | 20-21 0,10 16,0 6.3 57.3
25 372122 2.0 16.1 0.0 31.1
% .
Unsuitable permeability measurements,
3697~3170i-
High total water saturations (76,0% average) showt his zane to be of no
commercial value, Other properties of the D ne ares permeability (0.09 md/ft
average) porosity (7,5% average) and residual oil saturation (9,3% average).
NOTE. | ) o
(21 OFF LOCATION ANALYSES—NO INI".?.’-"ATIOBI OF REBULTS.

1°) REFER 7O ATTACUHED LETTER. X )
(1) INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED.

These analyérs, ofinssts 4 intrrpretatrns 8ee based om o boesaeatr me< and mnsiraed- ampplicd by fie <bung o wh, vis. and ha whe s caclaene and venkJenvist ww,
this seport is matc. The BMcrpretatives o1 squmions capser~ed soprercnt: e bees lu-htnt"ll el Crpe 1 ale: uories. Inc. (u1) prions and smissions uumﬁ!_' R
Cose Jahneatories, Inc. and its ollicers and employres. asmeme no :—~|~-n-'l-l"1? 1l pake tas W raNly F cepre Bttt e, 31 e the Prosnelss v 1A @0 oo Teews
m vrohtaplrners of any wl, ras on cthot mnee] well s pand s s mmicton wal el b ek tegent 2 seed o sebed Wpern



ST COREC LANORATINRIES

Perescary Reseri s I-'"‘:l”l 1'!.:’1l.'

IRERE SPRE I N A

Copony The lunldz 01l & Refinbig Conpany Vormue Chacra S (PICIES SR 2
Wl Jiecarilla ¢ 59 Cores.. _ Diamene Conv, . Vie . RP-3-516

vidd_Sp. Blanco rieture Ciirys & Ghacra. Dallms Fluid. 01l laulsion Jhd  Date Reon . 7/9/57

County..  ndo Arriba . State. | liew liexdco Llevation | . 6062 OF o Anclests. 032 JS:DI:RY

o8 S Remask:s Service 5 (#rclininary Report)

tacation .. See,L- 204

CORE ANALYSES RESUETS

Cldunres in pPaventhoses solo fo factirte sesnalsd

R l ‘ ! PEIIDUVAL
rarrt oLrTH PEFWLARHATY | sGrOsive ! GATURATININ CossoEsray
* ! - B — . ' R M oA
YrINEA reel I AvCYS XX IAY ) i ol ‘ 1074} [T ER A YR
y i e —-attm
T wravwe rng . en S - - - e a——— - —
-~
*.
.(’ )2.0

26 1 3722-23 0.2l 12,5 ):
21 Br23~2lL Cold 13,6 2
il 28 21-25 0.C6 - By &
q 29 25-26 0,22 s, 9 3.
h
2

L]
o
ol
&
o

0 26-27 . G,20 1h.%
31 27-20 0,76 = 8.k 2
32 2L-29 0.1 ve3

»
(9
O
»
=

33 29-30 ¢.,12 11.0 .
3k 3C-31 0,C5 b 1. 81.1

35 31-32 0,69 16,1
% Lg;—}B 0,75 9.0
gl 37 33-34 C,06 10.7
38 3L-35 0.06 5.3
39 35-30 C.l7 13.2
Lo 35~-37- 0.07 12,1

*

=
. * L

OV O
HCOCRFWMREWRE QO
cs
()

L
[

3
N

B} 37-38 0,08 12,6 5.5 66.0

L2 X~39 ¢.13  13.0 7.7  56.2 '

L3 39-L0 0.C3 8.6 13,9 U3.7 r

Ly Lo~ .03 (55 15.h 20.7

s L1-12 0.0 7.5 13.h  E1.6

L6 L2-L3 6,02 7. 4.1 821

y L7 1s3-1k 0.02 6. 1L.9 82.0

48 Ll-k5 0.02 Te 12.7 82,2

L9 L5-L6 0.C3 8. 11,3 G2,k

50 U6-h7 3,01 7. 2.6 82,0

51 h7-L8 L02 1. 12.5 €.0

88.0
§.c 9q.C
8.2 07.C
5.7 91,0
2.6 9.7

*

N EWV O T O Gy VIO N
‘y
[ 3
N

52 SLE-49 0.03
53 1:2-5G c,05
sh 50-51 0.0
55 51-52 (.Ch
56 52-53 .02
57  3753-5L4 0.C2
UNTE : .

S N E LOCATION ANAMAVSIS- -RNO INIFRFRIETAIICN (M RESLH e

) HEFLR TN ATIACHID LITTLR . . =
ety INCOMPLETE CORE RECOVERY — INTERPREVATION RUSERVED

*

.

- MOl =y
.

PRI FPIP S RPRTERE PRGN T PO T NTYELITIE B FI b P Y PP orT B B I 1Y Y PR T L N I % -
agtoenecy I P | et dore TR TR § ST S T PR L P I v, .
. 1 ee e i ge, te

[N T L Ra 2V TR A TOR SR TR ST L Y BN PO
e g .

s qay b e il HL e et gcegaegr L raee 2. Az ot
[T N FE LN PR T Ins and w0 ofle o - T R 2 T TPPR PEEC R LR LR - I AT}
s - e, . . oan T ey e e A SN

T R e L ) Bl L R T A R T




CORE 1 ALVORATORIFS (-,
Petv-lonos Reserzan gl
AL LAT T

Coampany The Hunble Cil & Befining Company ionnaton Chacra Cbare 20w 2
Wl Jicarilla "J* 9 . . . Cores Dianend Conv. CFide, W-3-536

01l Eaulsion ad  Dae Repant 1/9/57

Vield. S, Blanco Fichure Qliffn & Chacra .. Drilling Fluid |
I© Anl!_s'“.s J‘,‘:':JS:DI:RX_

County... iiio Arriba . Sate. lNeir liciico Llevation, 6662 D
Loction  Seco.b~ 250a- BWa .. . . . . _ Remnarks. Seivice £ 5 _(Mrelisinars Repory)

CORE ANALYSIS RESULTS

¢ jauree fu paventheses vefor 1o footnele seminnd o)

R . . I nrei AL l ’
T AN CreTH ToerArIApLITY | rancans AATURATION Y oemomrs
s reer, LYY T2 S r et oI [REE LB TiON NEMAARS
i ) ! . wwatlx
: e yoirwe Y scrs Y eae 1

56 3h-55 12 7.0 7.3

2
59 55-56 0.0l N 5.8 9C.9

60 £6-57 .05 1.3 1.9 91.h

61 5t-56 - 0.62 2.h 2,1 21,5

62 5¢-59 CGLC2 7% 2.5 91,2

63 59-60 0.1 .0 6.3 33.5

64 €&,-061 0.2 el 2,3 95,0

6% 61-562 Gl Te7 2,6 9€,1

66 62-63 C.C1 G 3.0 9.5

61 63-0k 0.0 3.7 7.5 210

68 oL~65 c.Cl .3 6.6 92,8

69 65-66 c.C1 6,9 2,2 95.6 '
70 66-67 0.C1 1e3 2.7  95.9

7 67-68 C.03 1.6 6,6 C9.5

72 GE-69 0.02 7.5 2.7 X.5

73 60-70 G2 i.C C.0 92,8

7h 7C-71 (.02 6.9 2,9 92,9

75 71-72 Gl 3.5 2,0 96,7

76 3772-13 c.01 Tl 2.7 945

3122-3727- - :

The total water saturations (52.1s averapge) are higher than the zone
‘above tixs one and contain a very high total water saturation ., This zcre
should be excluded from any canpleticn attaapt. tier properties of ilds
zonc arc: percald lit: (°,2L nd/Ct averarc), porosity (12.83 averapge) and

residual oil saturations (l..7.. averare),

3721-3113- ‘
Hgh total wakter satwratinns (85.05 averase) shov this zone to be of no

comacrcial value, Giher preperties arc: pemmcability (C.75 md/ft average)

porocity (.33 averape) and r»esicdual oil saturations (0.0 to 21.13%).

ERCAP N Of IR M2 YILE

MATF )
a*y RUFIA TO ATTACHLE 1 0Y7CS ) eI I S0 ATION ANALYSIS - N INTERTKT T
s 1t INCOMPLETE CORE RICOVERY - INTLAPRL IATION BESERVLL

Pl wrl - e
D

[ R T N I T PP S A R T 1y v P R P R LT)
o ' . e RIS

Ihese by N R P 2 T
B e - PR - - PR T A o .- e . 1.
. FP cae . . * . LN e e ey e

SE oy LI




- ,",,,,‘.,5,,_‘1’ -
IR , L CORE LABORATORIES 1

) . . -
Peticlcari Rewreniy Lupincomg
PTAL LAY Yo s

The Thmble 011 & Hefining Co. . Forsan Chagra Pare 1 w3

Coampany
0IM S0 . Cmes.. . iaaond Conv, . Fite_ 8BP~3-316

Well . . Jicarilla
Vield So, Rlanco rictured olilis & .Chacra. Odliing Fluid,. 011 Jaleion lind . Pate Report. ?/15/57

County_. Jidpo Arriba . _Suste _ lpw licyico  Flevation 0062 . I S Analests . JdedS o 0 L

Yocation SCe.0-  298a = S¥e oo ... Rematks Scavice £ I (Freliminaxy Report)
CORE ANALYSIS RESULTS

(1 imeccan paveuthoses veler ta forinpte yeniard o3

s e b £ B et e A e e S = & = e e ¥4 S . i

|

! REGIDUAL | |

TV [ TE3 T l PENMEANILETY I-u»c:n,‘ FAVURATICON ___1 Prcrano sy
B s RY M AKEKS?S

’:""i [ AN T N ._:_.;_!:ﬁgf,, e
77 3173~k 0.2 6.3 5.0 85,6 1‘
76 =75 0.12 7.2 6.9 9C.h

79 75-76 0% G.7 5.7 C1.

80 7617 G.OL  7.) 6.5 G6.

81 77-15 CGT T8 6.7 G5,

g2 78-79 0.0k 7L 5 86

. 2
T-_'\C-)OI-‘ c\\n v
[ 3
.

*
NN W\ w VR

83 79-80 0.12
85 61-32 #*

.
NN = O
° o
L3

W)
O =& &N
[ ]

b BN S B )
-

2

7

6
86 62-83 0.G3 . 2,08 .
87 83-8ls C.CS 2.6 89,5
83 - 8h-35 0.Ch Te 6.h BL,5
89 6586 c.0h Te 6.0 90.6
90 607 Cc.G2 8.0 6.3 TELT
91 8760 - Ca02 .3 L. E7.8
92 3C~59 0.C2 6.7 10.: 85,0
93 $9-90 c.0hL Ca 2 2., b5.6
Sk 0G=91 ¢.03 0.6 2.0 S51.5
95 91-92 0.01 6.6 .1 86.0
96 22-93 C.0lL 7.6 0,2 03.
97 95-94 C.OkL 9. 1.8 €3,
98 9L4-95 0.02 7. 2.5 91,
99 95-96 0.C2 1o 2.0 9.
100 96-27 0.06 7. 9.1 Gk,
101 97=93 .02 Do 6.5 L9,
102 98-99 c.r2 6.5 83,

&
.—
L]

»
MVITVO~NO0OWUVWCWIooOo

O
[ 2
=W OoWO N~ HWW

103 °99-3K00  L.03

ja
.
2
uc:‘q\,jl'\!\'thoa—"

]
104 3000-C C.C1 . o 3
105 €102 0.03 . 11.6 85,
106 02-c3 ' 0.04 Ce S.h 87,
107 c3-Ch ©,02 7. 9.1 86,
108 330i-05 C.02 G. c.. 93,

NOTE .
1) REFER 10 ATTACMLD LETTER g 21 OFF LOCATION ANALYSES--NO INTERPRETATIOCN OF RISV ¥%
(1) INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED.

These analysce, Spinaony uf anteepretate te are hased o cdev vath ve amd et s cunthed hy tie slbent 1 whean, and 1 whece extlosave ol contiential 1
this tepest 1s male, The fulerpretine e o x aqunens expreseerd cepresent the bea pudemont oof Cere Lalgrataries, Inc. (all ereols and omi-snme exgaptedv; tows
Urire Lal-aageaier. Inc. and ate officer < and anttboyoss, aseunte ao sespean abadity Sl mnke v v 35020008 o8 tepres GEReae as 1o the [ duesivay, posger 1. Atmss -
e posfralihinesr of any il pas cn 2 ther necal well <4 san? gn cennecter watt whred onk repeet aeeei wn celed uben




CTORE L AINCIATORIGS
Petodiznin Reveriuo Kzinearione
CALLAS TLNAL

Bapany The Hinble 01l & deficing Capany bermannen Chacra Pacc. 2 o 3

foar Jdicardilla " p90 . Cores__ Dianmend Cenve | File .. RF-3-516
By So, Blanco lMetwred CLiffs & Chacra. Milling Mo . Gil Inulsion lud._ Date Repme. 7/10/57

: County,.  Itio Arriba . State_ Mew  Hesdieo Plevatinn_ 6652 oy Anabvsie JV8JS

Sec, G- 283~ . 8%e . ... Remarks . Senviece # b (Preliminary Report)
CORE ANALYSIS RECSULTS

(1 ures i parenthoees refer o foatanle senimlis)

{L.ocation_

1

I
! ‘ P IUAL } 1
=red ‘ oLrTH P ovtnpgapiuaTy | corecrry | LERREUES AT b ormmaanie
. | ! .
. ] ey MY UIDANCYS | rHRRTRY | o Poaarae 0 rennnoion KA x
N . ‘ warE™
i ' ’ VLY vorume T oenre 4w, L,

.
o C

3505-06 0.62
06-C7 .03
C7-0 %
04L-09 c.0

o
> &
(o]
.
1

.

o oo
2%

75.C

= .
~S N OO N~
[ ]

.
N
—

S = v v
[

09"10 ( .(“:—' .1 .f)' 2!)‘.3

10~11 C.C1 -9 9 0508

11-12 ¢l 110 .0 23,6
1

3.6
1.8
39.3
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High total water saturations (8L.X) average) show this zone to be of no
camercial value, Other properties are: perieability (0,04 nd/ft average),
roresity (7.0 average) and residual oil satweations (7.0x average),

3607-3010~
This foot has jas productive characteristies, but very low pemacability,

£10-3C11~ _
liighr total water saturations show this foot to be of no commercial value,
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EXHIBIT NO. 11

Company:

Well: Jicarilla Apache F-5

Otero Chacra Field

Amerada Petroleum Cerporation

NWSE, Section 16, Township 25 North, Range 5 West

Depth (ft)

3782-3783
3783-3784
3784-3785
3785-3786
3786-3787
3787-3788
3788-3789
3789-3790
3790-3791
3791-13792
. 3792-3793
" 3793-379
3794-3795
3795-3796
3796~3797
3797-3798
3798-3799
3799-3800

Rio Arriba County, New Mexice

. CHACRA FORMATION CORE DATA

(Only Perforated Intervals Shown)

Sample Footage (ft)

!H\a e L T e T T o T Y AU SO GPO UV

TOTAL:

Average Laboratory Permeability =

BEFORE EXAMINER STAMETS
OIL CONSERVATION DIVISION

WSS EXHIBITNO._ WM
© CASE NO. W89
Submitted by _M=CORD

2 (nonfractured)

Hearing Date _2—_[&1.&3—.__ '

Permeability (md)

.04
fractured
fractured

0.12

0.19

0.03
fractured

0.46

fractured

0.15 ‘

0.01

0.11

0.11

J.01

0.25

‘fractured
fractured

0.02

1.51

—=='=0.13 nd
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Company:

Well:

EXHIBIT NO. 12

Amerada Petroleum Corporation
Jicarilla Apache F-4

-_ Otero Chacra Field

NWSE, Section 18, Township 25 North, Range 5 West
Rio Arriba County, New Mexico

Depth (ft)

3477-3478
3478-3479
3479-3480
3480-3481
3481-3482
3482-3483
3483-3484
3484-3485
3485-3486
3486-3487
3487-3488
3488-3489
3489-3490
3490-3491
3491-3492
3492-3493
3493-3494
3494-3495
. 3495-3496

CHACRA FORMATION CORE DATA
(Only Perforated Intervals Shown)

TOTAL:

Average Laboratory Permeability = 18

OIL CONSERVATION DIVISION

L\WIAE EXHIBIT NO. __\2w
CASE NO._ M RS%

Permeability (md)

Sample Footage (ft)

..a.;.s_\m RPN e L 2 AJLEE e s

BEFORE EXAMINER STAMETS. E

1 5.60
1 6 .40
1 4.00
1 . 0.90
1 4.40
1 8.40
1 1.00
1 0.08
1 2.50
1 0:07
1 , : 0.47
1 1.00
1 3.80
1 3.10
1 3.50
1 4.20
1 fracture
1 0.22
1 0.58
8

1_-(nonfractured) 50.22

30.22 _ 5 79 md

H$

Submitted by E)ﬁsib_ .
Hearlng Date._’?_-.L&.LLl;__
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EXHIBIT NO. 13

Company: El Pasc Natural Gas Company
Well: Kledin No. 12

Otero Chacra Field

NESW, Section 34, Township 26 MNorth, Range 6 West
Rio Arriba County, New Mexico

_CHACRA FORMATION CORE DATA
(Only Perforated Intcervals Showm)

Depth (ft) Sample Footage (ft) Permeability (md)
3780-3781 1 0.83
3783~3784 1 0.41
3784-3785 1 0.01
3785-3786 1 0.10
3788~3789 1 0.19
3789-3790 1 0.05
3872~3783 1 0.05
3873-3874 1 0.02
3875-3876 i 0.02
3877~3878 1 0.23
TOTAL: 10 1.91
1.91

Averaga Laboratory Permeability = 0 = 0.19 md
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WITLE £XHIBIT HO. _ VD
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CORE LABORATORIES. In

A
Vool Bonscons fl incons Pare N B!
BALLALS, ThLxas
CORE ANALYSIS RESULTS
Company. E1 Paso Natural Gas. Company . . Vossomen_.. _Chacra . _ . . Flc RP=3-2383_ ___ . _
Wel) ,,,,gléin ¥X2 . Coke Type. _..Dia, Comv, 2 5/8° Date Repori. 9= 24-69_
Iidd Otero-Chacre . . . .. Diillisg Fluid Water Base Mud. . _ Amalyas_ __ Mohl
Coury  Hi0 Arribs  _ Sawe Mo Mex, 11 673) OL looation. _  NE SU Sec 3h - T 20N - R 6W_. . . _ ___
Litholegical Abbreviations |
pan, oy L v av i1t .28, Arm PRIV ANy BANLY I ¥ ’ it e CHArBYALASNG 2L ArORN.BVN PeACTUNEL -2 mAL ll.lf»ﬂ'l"‘-.b/‘
1 3761-55 0.10. 12,9 6L 65.1 Ss, gry, vin, shly, slty
2 3765-66 ¢.83 13.9 5.0 63,3 Ss, gry, vin, shly, slty
3 3766-67 0.08 13.0 9.2 L4.6  8s, gry, vfn, v/shly, slty
L 37€7-68 0.60 6.1 3,1 36.0 Ss, gry, vfn, v/shly, sliy
5 3766-69 1.k 20,3 2.0 12,3 Ss, gry, vfn, shly, slty
6 3769~70 0.h1 17.9 2.8 51.L Ss, gry, vfn, shly, sliy
7 3770-71 0.83 15.5 3.8 52,1 Ss, gry, vfn, 3/shly, slty
8 377272 0.0k 10.6 6.6 k7.1 Ss, gry, vfn, v/shly, slty
9 3772-73 1.0 13.5 0.0 ‘ 31.1 SS, gr’y, an, Sh}.y
10 3773-71 0.62 12,1 0.0 19.0 Ss, gry, vfin, shly, vf
1 3774-75 0.21 10., 0.0 38l ss, sry, vin, shly,
12 3776-77 0.02 3.8 0.0 63.1 Ss, gry, vfn, v/calc
13 3776-79 0.01 5.2 0.0 B80.8 Ss, gry, vfn, v/calc
1k 3779-80 1,2 1l.7 0.0 26,4 Ss, gry, vfn, v/cale
15 (378001 0.83 9.4 2.6 34.5 Ss, gry, vin
16 3783-8L 0.kl ik.1 0.0 36,2 Ss, gry, vfn
17 {378L-8B5 0.01 12,7 8.7 Lo.1 Ss, gry, vfn, shly
18 3785-86 0.10 16.7 3.6 32.2 Ss, gry, vfn, shly
19 3788-89 0.19 10.3 0.0 23,2 $s, gry, vfn, shly
20 3789-90 0.05 9.5 0.0 25,2 Ss, gry, vfn, shly
21 3792-93 0.0l - 6.8 10.3 36.8 Ss, gry, vfn, v/shly
22 3795-96 0.02 12.2 1 75.3 Ss, ery, vfn, shly
23 3811-13 < 0,01 6,7 0.0 8.5 Ss, gry, vfn, shly
21‘ 38113"15 . 0.05 o 8.2 Ooo 5805 S” gry, vfn, vf
RS  -3820-21 < _6.01 3.0 0.0 83.3 Ss, gry, vfm, v/cale
26 381~ 42 0.01 k5 0.0 69.0 Ss, gryp vfn ‘
. S | » BF SEP 25 1969.
g7 3849-50 , 0,00 54 0,0 75,9  Ss, gry, vin, vf CEOLDGIcA
; FARMINGTON
L?G 3866-67 .4 Ak 0,0 29,2 Ss, gry, vin, vf :

VF denotes vertical fracture -

These sntlyses, Opinons o iMlenaeiations sre based on cbservations and saserisls supplied by the client 16 whom. and for whose exclusive and :ouﬁdcahal ase,
Core Laborssories, Inc. (all ersors snd omiussions encepeed); but

‘this repoit 15 made.. The inigipretmtoms o o7 15ums eapressed represent the bedd judgmen o . 3
Jabarstories, Jnc. snd ne officers snd emrloycn. arsume nn uu-nm.b-lua and make no warranty or represeniations, 8s te the productivity, progser Operations,
or proktsblencss ol amy oil, gar w nther mrueral well or cand in connectum wi - .

which such report §s used or rehed uvpon. - ~
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Litholovieal Abbreviations
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0 29,2 Ss, grv, vfn, vf
.0 28.2 Ss, gry, vfn, vf{
0 37.5 Ss, gry, vfn

| 29 3867-68 1.L 5.1 0
30 3868-69 1.7 15.9 O
0 0

0

32 {3872-73 .05 9.k
33 13t73-71 0.02 75

3 3875-76 0.02 11.7 0.0 42.7 Ss, grv, vin

25.% Ss, gry, vfn, shly
Ly.2 Ss, gry; vfn

35 3877-78 0.23 12,3 0.0 35.8 S=, 2ry, vfn
36 3881~-82 0.01 7.0 0.0 61,5 Ss, gry, vfn, v/cslc

~
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EXHIBIT NO.

14 .

Effect of Overburden Pressure and Water
Saturation on Gas Permeability of Tight

Sandstone Cores

Rex D. Thomas, SPE-AIME, U. S. Burcau of Mines
Don C. Ward, SPE-AIME, U.S. Burcav of Mincs

Introduction

Rescarch on the potential of nucleas explosions to
stimulate gas production from low-permeability
(tight) sandstone reservoirs is being conducted by the
U. S. Burcau of Mines in cooperation with the Atomic
Encrgy Commission. This rcport describes the pan of
that rcsearch that was conducted to establish correla-
tion between permeability. measured on dry cores at
low exlernal pressure (routine analysis) and permea-
bility at rescrvoir conditions.

Cores used in this sesearch were obtained from two
Plowshare pas-stimulation projects. Project Gasbugey
cores from the Pictured Cliffs formation, Choza Mesa
ficld. Rio Arriba County, N. M_,.zan be described as
very fine grained, slightly calcareous, well induratéd
sandstone. Project Wagon Wheel cores from the Fon
Union formation, Pinedale field. Subletie County.,
Wyo., can be described as very fine grained. slightly
. -calcaseous, very well indurated sandstone.

Underpround reservoirs are  under considerable
comipressive stress as a result of the weight of overly-
ing rocks (ofiset somewhat by internal-fluid pressure).
The resultani nct confining pressure or effective over-
burden pressure is referred to in this repont simply as
overburden pressure. The resulting efiects on the phy-
sical properties of the reservoir rock have been
studied.’* Overburden pressuse causcs only a small
decrease in porosity. which can usually. be ignored.” .
This was confirmed for Project Gasbugey and Project
Wapon Wheel cores. A commercial laboratory found
that the porosity of these cores is reduced by about 5

percent of the original porosity. The cfiect of over-
burden pressure on permeability, however, is appre-
ciable and varies coasiderably for different reservoir
rocks.!* causing preater reductions in pcnmeability
for low-permcability rocks.*?* The eflect of overbur-
den pressure on relative pcrmcablht) has been found
to be small' or nonexistent.*

This Teport presenis material that confirms and ex-
tends previous research findings on the effect that
overburden pressure has upon the permeability of dry
cores. Also presented are the resulis of research on
the relative pas permcability of low-permeability
cores under overburden pressure.

Apparatus and Procedure )
Cvlindrical cores. 2.0 to 7.5 cm long and 2.5 cm in

diamcter were cut paralicl to the bedding plane. After

the cores were dried overnight-in a vacuum oven (4.5
pzia, 70°C). the pas (N.) permeability of each corc
was measured in 2 Hassler cell. An external pressure
of 100 psi over the inlet pressure was used to main-
12in a good scal between the rubber siceve and the
core.* Permeability was measured at inlet pressures of
45. 60, and 100 psia. with atmospheric pressure at
the outiet. A bubble tube and timer were used to
measure gas flow rate. Initial permeability (£,) then
was calculated by the Klinkenberg technique to cor-
rect for the eflect of gas slippage. All other permeabil-
ities reporied here were calculated by this method.

In the same manncr, permeability was measured at

with ovetburden pressure.

Research conducted to determine the potential of nuclear explosions to stimulate gas
producuon venﬁes that the gas permeability of tight sandstone cores is markedly decreased
with increasing overburden pressure. Water saturation also reduces the gas permeabtlm'
by a large amount. The relative permeabtmy. however, does rnot change significantly

I CACP ERFER s T et = T )

LAYYLE EXHIBIT N
CASE NO. M8

BEFORE EXAMINER STAMETS
OIL CONSERVATION DIVISICN

0. M

Submitted by_M*Co@dy

—

Hearing Date _ L /\} lgz




increasing external pressures of about 500, 1,000,
2,000, 3,000, 4.000, 5.000, and 6,000 psi. External
pressures actually were somewhat higher to compen-
sate for intemal pressure. The core and staniless steel
end pieces were placed in a rubber siceve (piece of bi-
cycle innertube) 0.1 ¢cm thick. Rubber cement was
used 1o seal the stainless steel end picces tG the rub-
ber sleeve. Shrinkzble plastic tubing proved unsatis-
faclory because high pressure was required to seal the
core. The jacketed core was mounted in a high-
pressure cell with distilled water as the external fluid.

Cores used in relative permeability studies were
first subjected to high external pressure and then
allowed to recover their initial permeability. Bulk
volume, dry weight, and porosity were measured by
conventional gas-expansion techniques. Cores then
were subjected to a vacuum (0.3 psia) for 2 hours,
immersed in water, and allowed to stand under a
vacuum ovemight. The cores were weighed and again
subjected to vacuum overnight and weighed 2gain to
assure complete saturation. Most of the cores were
completely saturated afier one night. Porosity values
calcuiated on the basis of water saturation are in good
agreement with those measured by conventional gas-
expansion techniques.

Water in the core was allowed to evaporate at at-
mospheric conditions to a saturation of about 70 per-
cent and the core was placed in the holder for 2 hours
under external pressure (100 psi above inlet) only so
the water saturation was uniform, Gas: permeability
then was. measured at three inlet pressures between
30 and 100 'psia with atmospheric pressure at the
outlet. This procedure was repeated for decreasing
waler saturations at the same exiemal pressure. Afler
the permeability was measured the core was weighed
to determine if any water was lost. In all cases the
amount lost was negligible. After the core was dried

in a vacuum oven, the gas permeability at this ex-

termal pressure was measured. The procedure was re-
peated for external pressures of 3,000 and 6.000 psi.

Resuits and Discussion
Efiect of Overburden Pressure on Permeability
Core number, length, porosity, and initial permea-

bility of the cores uscd in this resecarch are shown in-

Table 1. The core number refers to the depth in feet
at which the core was obtained. Typica! plots of the
effect of simulated overburden pressure on Gasbuggy
cores are shown in Fig. 1. The permeability is de-
creased by about 75 percent at an overburden pres-
sure of 3.000 psi and by 90 percent at 6.000 psi. The
hydrostatic loading used in these experiments does
not reproduce subsurface conditions exactly; in an
actual reservoir the horizontal component of stress is
usually less than the vertical component. Since the
actual Joading is not known, this method probably is
as realtistic as any other. Cores that contain micro-
fractures are affected to a greater axtent, as shown in
~ Fig. 2. In these cores the permeability is decreased by
- -about 95 percint at a simulated overburden pressure
dJOOOpsa,mlhmostoﬂhe reduction occurring be-
low 2,000 psi.

The data shown ip Tabie 1 and Figs. 1 and 2 were
obtained by subjecting the core o successive incrc-

PERCENT OF INITIAL PEAMEASILITY

PERCENT OF INITIAL PERMEABILITY

PERCENT OF INITIAL FERMEARILITY
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TABLE 1—EFFECT OF OVERBURDEN PRESSURE ON GAS PERMEADILITY

[fisclive Overburden Pressure (psi): 500 1,000 - 2,000 3,000 4,000 5,000 6.000
Core {ength Porosity
Number® (¢rn) (percent) k.t Permeability (md)
Gasdbuggy
3827 21 81 0.076 0.053 0.040 0.024 00175 00132 0.0105 0.00%%
3928 7.5 83 0.037 0.031 0.024 0.015 0.00%3 0.005% 0.0046 0.0035
3378 2. 8.2 0.151 0.118 0078 0.052 0.036 0024 075 0.0132
4113° 21 10.1 1.75 1.16 -~ 0.602 0.252 0.113 0.068 0.042 0.02%
4134°° 2.1 11.6 0.10 0.046 0.029 0.01583 0.0095 0.0065 0.0055 0.0047
4146°° 15 11.6 240 1.73 132 031 0.4 0.069 0.052 0.022
4147°° 15 11.3 0.60 0.247 0.131 0.01 0.03¢4 0.0186 60118 0.0082
4158 2.} 13.6 159 1.06 0.80 0.35 0.225 0.152 0116 0.100
Wagon Wherl
8084 38 1.7 0.028 0.022 0.020 0.010 0.0070 0.0047 0.0035 0.0030
8122 a8 114 0071 0.055 0.048 0.034 0.027 0.024 0.02} 0.019
8975 1B 8.7 0.039 0.029 0.024 0.0114 0.0073 0.0048 0.0032 0.0025
10156 38 85 0.088 0.067 0.05) 0032 0025 0.022 09012 0.016
10990°° 38 9.6 0.048 0.020 0.0175 0.0080 0.0050 0.0040 0.0025 0.0019

*Number denotes depth In feet,
**Siighily fractured.
tinttisl permesbity.

menta) increases in external pressure. The core was
assumed to be in equilibrium at each pressure when
permeability measurements remained constant for 15
minutes, whick required between } and 2 hours. A
period of 30 minutes to an hour was required to at-
tain cquilibrium when the inlet pressure was changed.
Canscqucmly, cach external pressure was mamtaln_d
for a minimum of 2-hours.

The effect of decreasing external pressure was de-
termined on a few cores, and typiczl results are shown
in Fig. 3. Other rescarchers™? have abserved and
shown that this hysteresis is mainly dependent on the
stress history of the core. Cores gencrally vecover their
-original permeability after 3 1o 6 weeks at atmospher-
ic conditions. This time could be shorntened by storing
the core in an oven at 70°C.

The cffect of averburden pressure on the p¢rmea-
bility of cores from Project Wagon Wheel is similar
" to that on cores from Project Gasbuggy, and typical
results are shown in Fig. 6. The permazability is de-
creased to about 30 percent of initial permeability al
an overburden pressure of 3,000 psi and 10 20 per-
cent at 6,000. '

A studv of the data in Table ] indicates that the
original porosity of the core and the reduction in per-
meability caused by overburden pressure are not re-
lated. Pore structure (fractures to umform pores) is

probably the poverning factor.

Water Ssturstion Effects
mduamTableZshowdn:unpemawuy de-

bc:cgyuem:uﬁgdwmdledmmfu
Core 3978. Data points were omitted for the other
cores 20 avoid confusion. This hgure shows that ai-

52

though gas permeability is reduced, the relative gas
permeability of Gasbuggy cores is not significantly af-
fecied by increased overburden pressure. This con-
clusion is i agreement with the results of others.*
Extremely low values of permzability that rcsullcd
from water saturation and overburden pressure re-
quired that either long Jow times or high inlet pres-
sures (high diflerential across the core) be used. Since
a high inlet pressure increases the end effects by
changing the distribution of waier in the core, long
flow times were required. Although end-eftect prob-
lems were encountered with the short cores (Cores
3978 and 4158). the permeability of these cores was

YABLE 2-—EFFECT OF OVERBURDEN PRESSURE ANOD
WATER SATURATION ON GAS PERMEABILITY

Water Satusation {percent): 0 _21 _io_ 60
Core Pressure o
Number {pu)  Permeability (md)
Gasbuggy ]
3927 100 0315 009 0041 Q0023
3927 3,900 0026 0023 0009 0.0005
927 6.000 0012 0010 0003 00002
3978 100 0312 0080 0GM ooO1l
3978 © 3.000 0036 0026 0011 000k
3973 6.000 0613 0009 0004 0.0013
4158 100 o&d7 0335 0I5 0.5
4158 3.000 007s 0056 0026 0.00%4
4158 €.000 0027 Q020 QG610 0002
Wagon Wheel ; )
2084 100 0038 OU30 004 GODAZ
2088 3.000 0012 0009 003 00013
2084 €.000 00070 OO0056 OCOWS O.0008
-+ 4 00 o) COS& Q017 e
nn 3.000 Q02?7 0020 OO0 Qo002
% 100 G100 00X OO0y oeon
10156 3,000 0028 0G0 0003 Qoo
€.000 0017 0013 0005 QO00S




high enough to yiceld reasonable results. Permeabil-
ity mecasurements for Core 4161 (7.5 cm long, 0.053
md) required more than 2 hours per reading. These
extremely long flow times can cause errors.

End cflects, long flow times, and changes in per-
meability due 1o water saturation tend to decrease the
accuracy of permeabilily measuremenits, especially at
the higher water saturations. ~

The initial permeability of many of the dry cores
used in thic research was not reproducihle following
saturation and drying. The changes probably were
caused by solution of material in the pores and by
particle movement. These caused both increases and
decreases in permeability. The variation, although
sometimes large, usually was less than 5 percent;
however, we feel that the relative permeability curves
are essentially correct. To eliminate the eflects of
solution and particle movement, the permeability of
the dry core following saturation, rather than the per-
meability initially measured, was used in calculating
rejative permeability.

A camposite of the relative permeability curves for
Gasbuggy cores is shown in Fig. S. These curves are
representative of permeabilitics encountered in this
formation. At a water saturation of 50 percent, the
relative permeability of the cores ranges from 15 to 20
percent and is not affected by overburden pressure,

Similar results were abtained on cores from Project
Wagon Wheel, as shown in Table 2 and Fig. 6 with
data points for Core 8122, These cores were cut to 2
length of 3.8 cm to alleviate some of the long flow
time and end-eflect difficulues encountered with Gas-
buggy cores. These curves are representative of the
permeabilities encountered in the formatien. At a
water saturation of 50 percent, the relative permea-
bility of these cores ranges from 12 to 21 percent. The
data in these figures show, as do the data from Gas-
bugpy cores, that relative gas permeability is not signi-
ficantly aflected by increased overburden pressure.

-Correlation with Nuclear Stimulation Projects

. Many of the basin areas of the Rocky Mountain re-
gion consist of thick, low-permeability sandstones
containing large quantities of natural gas. This type

of reservoir has been the object of the AEC’s Plow- .

share Program experiments, Projects Gasbuggy and
Rulison, and proposed Projects Wagon Wheel,
WASP, and Rio Blanco. Because most wells in these
resevrvairs have not been commercial, only limited
reservoir-analysis and production-test data are avaii-
able. Reservoir analysis is most difficult because low
- permeability requires long-term testing. Also, it is
difficult 10 determine permeability and net pay from
these tests. Knowledge of the gas permeability is ne-
cessary in predicting gas recovery, and because it is
not cconomical 1o define the charactenstics of differ-
ent strata by well west, it is desizable to be able to re-

gwmmmmy»mmw

“pmt.'lkdmvembudanmdﬁa

~

100

Core musnbeey b, me
s 10136 O ob8d
e 8084 0.028
o 8122 oon

- \“\A\‘?

PERCENT OF INITIAL PERMEABILITY

20—
1 1 1 i i !
o 1,000 2000 3000 4000 3000 6000
PRESSURE, pu
Fig. 4—Eftect of overburden pressute on
g3s permeability of Wagon Wheel cores.
100
E Core numbers R, mg
Y sob- —— 4181 ©.053
z 3978 0.151
o 2 ———— 4158 1.59
Lo
=2 Pressure
:’ 60 o 100ps:
w e 3000psi
X - s 6,000 pn
[- 4
(3]
a 40}~
Aad
z =
-
<
o 20— \
- Y
= S
L 1 A l J A~ !
o 20 40 %60 80 100

WATER SATURATION, percent
Fig. S—Relative gas permeability of Gasbuggy cores.

100
AN
T ™ \\
[ 80— \ Core numbers a;, ma
2 A\ — — 80084 0028
Ny \ —-——- 8122 0.071
- I~ ) — 101586 0.088
=
o SO~ \ Prersure
: [] IOQ P !
X - \ ® 3,000 psi
b & §.,000 p3:
a 40— \
‘b
4 |
5 \\\
- 20 5\
=" \k
O 1 | 4
0 20 <0 0 ) Y00

VATER SATURATION, percent

Fig. 6—Relative g2 permesbility of Wagon Wheet cores.
’ 33




reservoir is about 3,000 psi. From Fig. 1, the reduc-
ticn factor resulting from the overburden pressure is
0.25, and the reduction factor for a water saturation
of 48 percent (Fig. 5) is 0.20; thus the total reduction
is S percent of the initial pcrmeability, or 0.008 md.
This value compares favorably with permeabiiity de-
terminations of about 0.0] md from both preshot and
postshot flow testing at Gasbuggy. The gas reservoir
“at Project Rulison is similar to that at Gasbuggy, hav-
ing an avcrage inilial dry permeability of 0.11 md
and an average water saturation of 45 percent. Simu-
lated in-situ permeability has not yet been measured
in the laboratory on Rulison cores; however, using an
eflective overburden pressure of 5,000 psi and curves
of Gasbuggy core data (Figs. ! and 5), the reduclion
factor because of overburden pressure would be 0.12
and that for water saturation 0,24, This results in a
combined reduction 10 3 percent of the initial per-
meability, or 0.003 md. Postshot production testing
at Rulison is not complete, and the only preshot deter-
mination of permeability was made from tests of 2
32-f1 isolated zonc that gave an average value of
0.008 md. No cores are available from this zone. Ru-
lison reservoir rock is said to be less compressible
than that of Gasbupgy; therefore Gasbuggy pressure-
eflect data would be expecied to indicale a greater
reduction for Rulison than actually exists.

The average initial permeability of dry Wagon
Wheel cores is 0.068 md, with an average water
saturation of SO percent. An estimated effective over-
burden pressure of 3.000 psi gives a reduction factor
of 0.28 (Fig. 4). Water saturation further reduces
permeability by a factor of 0.18 (Fig. 6). Therefore,
the total reduction in permeability is 10 approximately
5 percent of the initial permeability, or 0.0034 md.

Origins! manuscnpt received in Society of Petreleum Enginrers
ottxce June 16, 197). Rewised manusenm received Dec. 20, 1973

, " Paper (SPE 3634) was presented at SPE 46th Annual Fall Merting,
hotd In New Orcleans, Oct. 3-6, 1971

This value can be used 1o predict postshot gas re-
covery from the proposed Wagon Wheel experiment,
Cores are not yet available from Projects Rio

Blanco and WASP,

Conclusions

The gas permeability of tight sandstone cores is
markedly decreased with increasing overburden pres-
sure. Most of the decrease takes place at pressuses to
3,000 psi. At 3,000 psi, the permeabdility of unfrac-
turcd samples ranges from 14 to 37 percent of the
initial permeability. In- fractured samples, permea-
bility may be reduced to as low as 6 percent of initial
permeability,

Water saturation also reduces the gas permeability
greatly; however, the relative permeability does not
chanpe significantly with overburden pressure.

Permeability calculated from laboratory results are
in good agreement with in-situ permeabilities deter-
mined from production test data. Although not con-
firmed, predictions for other projects appear to be
yeasonable.
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EXHIBIT NO. 15

DETERMINATIGN OF IN SITU FORMATION PERMEABILITY
FROM LABORATORY CORE ANALYSIS DATA IN THE
GONZALES CANYON TIGHT GAS AREA .

The relationship needed to determine in situ permeability from core
analysis data is published in a technical paper by Rex D, Thomas and
Pon €. Ward entitled "Effect of Overburden Pressure and Water Saturation
on Gas Permeability of Tight Sandstone Cores', which is presented as
Exhibit No. 14. The authors' studies involved taking routine labovratory
air permeability\measurements at the normal 100 péi or less external
pressures. To simulate the effect of in situ cqnditions, these
permeability measurements were then made at external pressures rangipg
from 500 to 6000 psi. The results of these tests were then plotted-on
a graph of Percent of Initial Permeability (ratio of permeability at
100 psi to a permeability at a higher pressure) vs. Pressure.

Figure 1, on page 51 of Exhibit No. 14, is one such graph which
Presents results of tests run on cores taken from the Pictured Cliffs
formation. These cores were taken from Project Gastbuggy, located in
Choza Mesa Pictured Cliffs field, T28-29¥, R3-4W, Rio Arriba County,

New Mexico. Cores from the Pictured Cliffs formation ia the Gasbuggy
area and from the Chacra formation in the Gonzales Canyon Tight Gas
Area can Le expected to have the same or very similar characteristics
in that both formations are composed of low permeability sandstone.

The average laboratory air permeability for the Gonzales Canyon
Tight Gas Area is 1.06 millidarcy. This value compares to laboratory
] permeabifity values of 1.59 millidarcy for core 4158 and O.ISi millidaréy
for core 3978, as presenéeq in Figure 1 of Exhibit No. 14. Because the
aéteage 1ab6fatory permeabglity vdlue for'the;Gonzalés Cényon Tight Ga#y
Area is ;etueen the laboratory permeabiiity values of cores 4158 and
3978, a point halfway between the curves for these two cores will be
cons;dered the best estimate of characteristics for the Gonzales Canyon

‘Tight Gas Area: =~ e

The net at a depth of 3390 feet
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tely 2733 psi. Entering




the graph in Figure 1 at 2733 psi results in a permeability reduction”

factor of 0.20 which is caused by the overburden pressure on the Chacra
format ion.

The water present in the reservoir also causes the in situ permeability
to be less than laboratory permeability as discussed in Exhibit No. 14,
The 0.20 permeability reduction‘factor resulting from overburden pressure
was determined from cores having 1007 gas saturation. Figure 5 on page 53
of Exhibit No. 14 indicates relative permeability changes that occurred
with changes in water saturation within the sample cotes. For the Gonzaies
Canyon Tight Gas Area, the average core water satuyration was 52%. Entering
Figure 5 at 527 water saturation results in a permeability reduction
factor of 0.18 for in situ water saturation.

The total permeability reduction factor used on laboratory core
data to approximate reservoir conditions is obtained by multiplying the
‘overburden reduction factor by the water saturation reduction factor.
This product is 0.036 for the Chacra formation in the Gonzales Canyon
Tight Gas Area. Therefore, the in situkparmeability for this area is
3.6% of the 1.06 millidarcy laboratory determined permeability or 0.038
millidaré&.

The resulting 0.038 millidarcy in situ permeability obtained for
the Gonzales Canyon Tight Gas Area by core éﬂalysis‘methods compares
favorably with the in situ permeability value of 0.015 millidarcy determined
for the Chacra formation in this area by Darcy's LaW’calculations. This
favorable comparison with actual formation data add to the validity of
this method of determining in situ permeability from laboratory core

analysis data.




' EXHIBIT NO. 16

SUMMARY OF CORE PERMEABILITY DATA
(Only Perforated Intervals Used)

Total Sample Total Laboratory Average rmvon,nnonv.
Location Footage (ft) Permeability (md) Permeability (md)

Well Name

1. Amoco Production Company i
Jicarilla 146 No. il NE/SW Section 4 .38 59.64 1.57
(well not completed in Chacra)  T25N, RSW
2. Exxon NE/SE Section 6 34 5.95 _ 0.18
Jicarilla J No. 9 T25N, R3W A
' "R o .
3. Amerada Petrolewum Corp. NW/SE Section 16 12 1.51 0.13 .
Jicarilla ¥ No. § T25N, R5W : I .
. - i e
4. "Amerada Petroleum Corp. NW/SE Section 18 18 50.22 2.79 m 7] llm ”Q.
Jicarilla F No. 4 T25N, RSW . ; . = W —~
: 55 iy
5. El Paso Natural Gas Co. NE/SW Section 34 10 | 1.91 0.19 x 3 = Y13
Klein No. 12 T26N, R6W - T e m 1
L R-F!
. , ) < M T
TOTAL: 112 119.23 s vum 2 Q
19.23 &5 £ w
Average Laboratory Permeability = 1 wwq = 1.06 nd NeoX¥) E £
- il e .m
B9 Jid ax

Average In Situ Permeability (3.6% of laboratory permeability) = 0.038 md




EXHIBIT NO. 17

CURTIS J. LITTLE
GONZALES CANYON TIGHT GAS AREA
CHACRA FORMATION
RIO ARRIBA COUNTY, NEW MEXICO

Calculation of Formation Permeability Using Darcy'’s Law

Darcy's Law:

or X

where:

Qg

ug

re
rw

Pe

Puf

i

wowonmon o onon

Qg = .703 Kh (Pe? - Puf?)
Ug T Z In (.61 re/rw)

Qg Ug T 7z 1In (.61 re/rw)

.703 h (PeZ - Pwf?)

permeability of formwation ~ millidarcies

gas flowrate, scf/day ~ 3890 scf/day for well tested
average gas vigcosity - calculated to be 0.012 centipoise
bottom hole temperature ~ calculated to be 100°F - 560°R
average gas compressibility factor - calculated to be 0.921
drainage radius for 160 acre spacing - 1320 feet

‘'wellbore radius - 0.17 feet

net pay height -~ average of 25 feet for the wells drilled
in the Otero Chacra field

bottom hole pressure at drainage radius re - average of
868 psi for wells in the Oterc Chacra field

flowing bottom hole pressure - assumed equal to atmospheric
pressure for maximunm flowrate - 12.2 psi surface, 13.2 psi
bottom hole

gas gravity - .7 - used for calculations of Ug and 2
pseudo critical pressure —~ 668 psi uged for calcuylation of
Ug and Z

pseudo critical temperature - 392°R used for calculation
of Ug and Z

K = (3890)(0.012)(560)(0.921) 1n (.61 1320/0.17)

<703 (25)(868% - 13.22)

K = 0.015 md.
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APPLICATION OF CURTIS J. LITTLE
FOR DRSIGNATION OF THE GONZALES CANYON AREA OF THE
OTERO CHACRA FIELD AS A TIGHT FORMATION,
RIO ARRIBA COUNTY, NEW MEXICO

Curtis J. Little 1is apblying for a portion of the Otero Chacra gas pool to
be designated as a tight formation under Section 107 of the Natural Gas Policy
Act of 1978. The proposed Gonzales Canyon Tight Gas Area is located in the
southeastern portion of the San Juan Basin. The area is located in Rio Arriba
County, approximately 40 miles southeast of the town of Bloomfield in north-
western New Mexico.

Exhibit No. 1 displays the proposed Gonzales Canyon Tight Gas Area on a
map showing the “Chacra formation wells in the San Juan Basin. The Gdnzales

Canyon Tight Gas Area includes approximately 6,720 acres, described as follows:

T25N, R6W Acreage
Section 16, All 640
\ 21, All 640
22, All 640
23, 8k 320
25, All 640
26, All 640
27, All 640
28, All 640
34, All 640
35, All 640
36, All 640

The Chacra formation in the Conzales Canyon Area meets the criteria
established in Section 107 of the Natural Gas Policy Act of 1978 to be.
designated as a tight gas formation in that (1) the estimated average in situ
gas permeability throughout the pay section is expec‘ted to be 0.1 millidarcy
or less, (2) the stabilized gas production rates, without stimulation, at
atmospheric pressure of these gas wells are not expected to exceed the
maximum allowable production rate of 91 MCFPD for an average depth of 3390
féet ‘to the topkof the Chacra formation in this- area, and (3) no well drilled
into the Chacra formation in this area is expected to préduce more than five

barrels of crude 0il per day prior to stimulation.

Exhibit No. 2 is a Chacra f.‘ormat:ior_l complétion and production map of the
proposed Gonzales Canyon Tight Gas Area. The production figures presented for
each‘ﬂproducing well are initial potential, date of initial potential, average

natural gas production rate for 1980, and’ January 1, 1981 cumulative production




of gas for the well. Exhibit No. 2 also presents completion and production data
from some wells surrounding the proposed tight gas area for comparison purposes.

The Gonzales Canyon Tight Gas Area contains four Chacra formation gas wells,
two of which are abandoned in the Chacra at this time. The average depth to the
top of the Chacra formation in this area is 3390 feet. Examination of Exhibit
Nc. 2 indicates that the Gonzales Canyon Tight Gas Area is on the southwestern
fringe of thg main body of Otero Chacra gas production. Examination of cumula-
tive and current gas production rates also indicate the poorer quality Chacra
reservolr rock in the Gonzales Canyon Tight Gas Acrea. A list of operator,
well name and prdauction figures for Chacra wells in the Gonzales Canyon Tight
Gas Area is presented as Exhibit No. 3.

ExhibiE ﬁd. 4 and 5 are January‘l, 1981 cumulative gas production and 1980
annual gas production ccontour maps of fhe Chacra formation for the area |
encompassing the-proposed Gonzales Canyon Tight Gas Area. These maps are color
coded to distinguish natural gas production trends in the area. The red color
in Exhibit No. 4 is used to distinguish areas with cumulative gas production
greater than 1/4 BCF while the white indicates production less tﬁan this. In
Exhibit No. 5, red is used to distinguish areas which Had more than 12 MMCF
of gas production in 1980. The white areas indicate areas with less than
12 MMCF of gas production in 1980.

Examination of Exhibit Nos. 4 énd 5 shows that the great majority of the
Gonzales Canyon Tight Gas Area is white, which indicates litfle or no gas
production from the Chacra formation in this area. This small cumulative
production and sparse well locations is due to the tight nature of the
reservoir rock in the area.

The Gonzales Canyon Tight Gas Area is bordered to the northeast by the main
trend of the Oterxs Chacra field. Exhibit Nos. 4 and 5 show this area. is densely
drilled with good Chééra wells, indicated by the red coloring in the area. The
Gonzales Canyon Tight Gas Area is com@rised/of somewhat poorer quality reservoir
rock than the main Otero Chacra trend. Exhibit Nos. 4;aﬁd 5 clearly indicate
the poorer production chataéteriétics of Gonzales Canyon Tigh; Gas Area wells

from the wells in the main Otero Chacra trend.




Geology

The Chacra interval 1is a marine siltstone and sandstone whose source was

to the southwest. The 1ithologic unit was deposited In relative deep water
with the strike of sedimentation being northwest-southeast,

The form of gas entrapment in the Gonzales Canyon Tight Gas Area ic
stratigraphic., The iInterval outcrops approximately 30 miles south--southwest
and dips to the\northeast at approximately 90 feet-per-mile. Exhibit No. 6

is-a structure con50ur map of the Pictured Cliffs formation which shows
this regional dip.

Sample examination of the Chacra interval indicates the 130-foot zone
to be a light gray, very fine grained siltstone. This siltstone has varying
amounts of shale with carbonaceous and clay infilling, all contributing tao
the low permeability of the interval. ‘

Zxhibit No. 7 is a type log of the ‘Chacra interval in the Gonzales Canyon
Tight Gas Area. This well is the Curtis Little Salazar No. 3 well, located in
the NW% of Section 25, Tcwnship 25 North, Range 6 West. The top of rhe Chacra
interval on this type log is 3425 feet, with the base at 3553 feet. This log
is representative of the Chacra formation characteristics outside of the main
Otero Chacra trendg.

Exhibit No. 8 presents cross section A--A' which portrays the Chacra
formation characteristics in a northeastéfly direction through the Gonzales
Canyor Tight Gas Area. The log reference datum shown on this cross section
is a bentonite which is referred to as the "Huerfanito Marker". The cross
section illustrates the Chacra interval to be aacoﬁﬁinuous lithologic unit
throughout the Gonzazles Canyon Tight Gas Area. The crosé section indicates
better sand development in the main trend of the Otero Chacra field than
'in the Gonzales Canyon Tight Gas Area. The poor sand develbpment and low
permeabilit§ of the Chacra interval in the Gonzales Canyon Tight Gas Area

is fesponsible for the low natural gas production characteristics exhibited-

by this area.

Stabilized Unstimmlated Gas Production Rate

Obtaining stabilized unstimulated gas production rates for Chacra formation

wells is not a standard procedure used by companies when completing their wells




in the San Juan Basin. Past experience has shown that these low permeability
Chacra wells must be stimulated to ohtain commercial produétion. However, in
preparation for this Gonzales Canyon Tight Gas study, a three-hour unstimulated
gas production test was performed on Curtis Little's Salazar No. 3 well, located
in the NE/NW Section 26, Township 25 North, Range 6 West. Exhibit No. 2 shows
that this well is located in the centar of the Tight Gas Area. The unstimulated
natural gas production rate from this well was 3.89 MCFGPD. This rate 1is well
heiow the 91 MCFGPD allotted for tight formation gas wells having an average
depth of 3390 feet.

The natural unstimulated production rate provided is not truly an unstimulated
production rate from the Chacra formation. This well was acidized with 250 gallons
of 7%% hydrochloric acid as a production aid to induce a flow channel from the
wellbore to the formation through the perforations. This acidizing cleans up
the flow path so gas can move more freely to the wellbore. True unstimulated
natural production would not have the aid of this formation cleanup procedure
to assist in gas production.

It can be expected that the actual natural unstimulated gas production rate
would be less than the rate reported from the flow test taken after an acid
treatment. Therefore, the average production rate of 3.89 MCFGPD can be con-
sidered to be the maximm obtainable unstimulated ﬁatural production rate from
the Chacra formation in this area. This also iqdicates that the average
unstimulated natural gas production rate from the Chacra formation in the

Gonzales Canyon Tight Gas Area is not expected to exceed 91 MCF of gas per day.

Stabilized Unstimulated 0il Production Rate
Ay

The natural gas produ@gﬁ;Erom the Chacra formation in the Gonzales Canyon
Tight Gas Area is virtually dry gas. There has been no oil and coudensate
production reported for any of the wells now producing froﬁkthe Chacra formation
in the area.

These dry gas productiﬁn figures indicate that no well drilled in the
Chacra foruatiﬁﬁ in the Gonzales Canyon Tight Gas Area ig expected to produce,

without stimulation, more than five barrels of crude oil;per day.




Permeability

The Chacra formation in the San Juan Basin is dependent on stimulation
gechnlques to be commerciélly productive due to the low permeability of tue
reservoir rock.

Fxhibit Nos. 9 through 13 present core analysis data used to determine
the average laboratory permeability te air for Chacra formation pay zones in
this area. The exhibits contain the actual core analysié reports plus summary
tables showing the analysis of cores taken from only the productive portion
of the Chacra formatjon for each well. The cored intervals choses for per-
meability averaging were determined by log exanination of the interval cored
for each well. Only cored intervals of sand that were perforated by the
operator of the well were considered pay intervals and were then used for
permeability averaging. The avercge laboratory permeability to air determined
in this manner was 1.06 millidarcy.

The Chacra formation coré data presented was taken from wells in the main
sand trend of the QOterc Chacra interval. Tha location of these cored wells
is shown in Exhibit No. 2. It would be logical to assume that the average
Chacra formation laboratory permeability in the Gonzales Canyon Tight Gas
Area would be lower than the 1.06 millidarcy average permeability found for
the main Otero Chacra trend. However, core analysis data is not available
for the Gonzales Canyon Tight Gas Area and, therefore, the average permeability
of 1.06 millidarcy was’used as the average laboratory determined permeability
for the Tight Gas Area. The actual in situ permeability of the Chacra formation
in this area is less than the laboratory determined value due to water
saturations and net confining pressures found under reservoir conditions.

Exhibit No. 14 presents a technical paper entitled "Effect of Overburden
Pressure and Hater Saturation on Gas Permeability of Tight Sandstone Cores"
written by Rex D. Thomes and Don C.iward of the U.S. Bureau of Mines. This
paper presents relationships between laboratory determined perwmeability in ,i
.cores and actual in situ permeability found in teéervoits. Exhibit No. 15
explains héw in situ permeability is calculated from the core analysis using
the teclmical paper presented. » | ‘

Exhibit No. 16 is a summary of all laSOtatorf core analysis‘tesults for

the Gonzales Canyon Tight Gas Area. An average in situ permeability value of

-5




0.038 millidarcy was calculated from the average laboratory permeability walue
of 1.06 millidarcy for the Gonzales Canyon Area. This 0.038 miliidarcf in situ
permeability value calculated from core data is well below the 0.10 millidarcy
cutoff for tight gas determination.

Another method of determining formation permeability was performed in the
Gonzales Canyon Area., making use of the natural unstimulated production test
tsken in the area. The average unstimulated gas flow rate §I 3.89 MCFGPD,
along with other Chacra reservoir data for the tight gas area can be used in
Darcy s Law of fiuid flow through a porous medium to calculate a reservoir
permeability. This Darcy's Law calculation is presented as Exhibit No. 17.

Darcy's Law calculations report an average reservoir permeability valve
of 0.015 millidarcy for the Gonzales Canyon Tight Gas Area. ‘This permeability
value compares to the 0.038 qillidarcy permeability valuve determined by core
analysis methods. Both of these values are below the §.10 millidarcy>tight
gas cutoff.

The reservoir permeability wvalve of 0.015 millidarcy determined by Darcy's
Law calculation is thought to be the best estimate of reservoir permeability
for the Gonzales Canyon Tight Gas Area bacause it involves actual formation
flow characteristics and reservoir parameters to determine formation permeability.
Therefore, the estimated average in situ gas permeability thtoughgut the Chacra

formation pay section is expected to be 0.1 millidarcy or less in the Gonzales

Tight Gas' Area.

Fresh Water Protection

Existing State and Federal regulations will assure that development of the

Chaéra formation will not advérsely affect or impair any fresh ?ater acquifers
that are beirg used or are expected’to be used in the forgseeable future for
domestic or égticultutal water supplies. BRegulations require that casing Programs
be designed to seal off potential water bearing formations from oil and gas
producing formations. These fresh water zounes exist from the surface to the base
of the 650 Alamo formation. The Ojo Alamo depth averages approximately 2200 feet
in the proposed Gouzales Camyon Tight Gas Area.

Most Chacra wells drilled in the vicinity of the Gonzales Canyon Tight Gas

- Area are drilled with natural wmod that will not coataminate fresh ua@er zoNes.




G.038 millidarcy was calculated frox the average laboratory permecability vaiue
of 1.06 niilidarcy for ¢he Gonzales Canyon Arca. This 0.038 nillidarey in sfityu
permeability value calculated froz core data is well below the .10 =filidarcy
cutokff for tight gas deteyxminaticn.

Another method of delermining formation permeability was performed in the
Gonzales Canyon Area, making use of the- natural unstiomulated prodecticn test
taken in the area. The average unstimulated gas flow rare of 3.389 NCFGPD,
along with other Chacra reservoir data for t‘nevtight g2as ar¢a can be used in
Parcy*®s Law of fluid flow through a porous medium to calculate a reservoir
permeability. This Darcy's Law calculation is presented as Exhibit No. 17.

Darcy's Law calculations report an average reservoir permeability value
of 0.015 nillidarcy for the Gonzales Canyon Tight Gas Area. This permeahﬁity
value compares to the 0.038 millidarcy permeability value determined by core '
analysis m:thods. Both of these values are below the 0.310 millidarcy tight
gas cutoff.

The reservoir perzeability value of 0.015 millidarcy determined by Darcy's
Law calculation is thought to be the best estimate of reservoir permeability
for the Gonzales Canyon Tight Gas Area because it involwves actual formation
flow characteristics znd reservoir parameters to deternine formation permeability.
Therefore, the estimated average in situ gas permeability throughour the Chacra

formation pay section is expected to be 0.1 millidarcy or less in the Gonzales

Tight Gas Area.

Fresh ¥Water Protection

Existing State and Federal regulations will assure that development of the

Chacra formation will not adversely affect or iwpair any fresh water acquifers
that afe being used or are expected tp be used in the foreseeable future for
domestic or agricultural water supplies. Regulations require that casing programs
be designed to seal off potential water bearing formations from oil and gas
producing formations. These fresh water zones exist from the surface to the base
of the O0jo Alamo formation. The Cjo Alamo depth averages approximately 2200 feet
in the proposed Gomzales Canyon Tight Gas Area.

Most Chacr3 wells drilled in the vicinity of the Gonzales Canyon Tight Gas

Area avre drilled with natural sad that will not contzminate fresh water zones.




Noremal casing deglgns consist of 7" O.D. surface casfng beling set froo the
surface to a depth of 120 feer. Production caﬁiﬁg uged iz 2-7/8" 0.0, and
1is set fron surface to total depth.

The surface casing is cexented in place by circelating cenent to the
surface, protecting the near surface {ormatfons from downhole contanfnation,
The production caning is cemented from total depth to the surface or to z
deptt sufficient te cover the Ofo Alano formation. This process proteces
thie Chacra, Pictured Cliffs, and other shnailow formations from contaminating
the 0jo Alaro zequifer. Therefore, 21} productive and fresh water zO7eH ATE
protected by both czsing aﬁd cecent.

Stimulation of the Chacra formation involveé?varjeg fracture treatrents,
dependingvén the operator. Fracture treateenta uguallv congiat of 4 one or
two percent potassime chloride water bzze fluid with sand, or a nitrogen~water
foam base fluid and sand. Either treatment will not hars 2 fresh water acquifer.
Fresh water protection is assured during these fracture stimulation treatwments
due to zone isolation czused by cementation. The large distance of approximately
1200 fesrt between the Chacra formation and the Ojo Alamo fresh water zone is
furtber insurance that no existing fresh water zone will be contaminzted by
"stimulation of Chacrz wells in this area.

Therefore, New Mexico and Federal regulations will protect any fresh water

supply that may be affected by drilling, completing and producing the Chacra

forxation in the Gonzales Canyon Tight Gas Area.

Conclusion

Evidence presented in this report substantiates the following for Curtis 1.
Little's proposed Gonzales Canyon Chacra Formation Tight Gzs Areé:
(1) For an average Chacra well depth of 3350 feet, the stabilizéd
“}pto§uction rate at atmospheric pressure of vells completed in the
Chacra fo;.a;ion, without stimulation, is not expected to exceed

the maximum allowable rate of 91 MCF of gas per day;
(2) No well drilled iﬁto the Chacra formation in the Conzales Canyon

Area 1is expected to produce, without stimulation, more than five

barrels of crude oil per day;




(3) The estimated average in sftu gas permeabilfity, throughout the

Chacra pay section, 13 expected to be 0,1 millidarcy or less.

The proposed Gonzales Canyon Tight Gas Arca meets all the specifications
requirced as stated above and should be designated 4 tight formation 1in the

Chacra formation under Section 107 of the Matural GCas Policy Act of 1978,
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Doskets Hos. 7-82 and 8-82 are tentatively set for March 3 and March 17, 1982, 'Appli‘cations for hearing nmust be
filed at least 22 days in advance of hearing date.

DOCKET: EYAMINER HEARING - WEDNESDAY ~ ¥ERRUVARY 17, 1982

9 A.M. ~ OIL CONSERVATION DIVISION CONFERENCE ROOM
STATE LAND OFFICE BUILDING, SANTA FE, NEW MEXICO

ALLCAABLE :

CASE 7443

CASE 7479:

CASE 7480:

CASE_7481:

CASE 7459:

CASE 7410:

The follo',d;‘.; cases will be heard before Richard L. Stamets, Examiner, or Daniel S. Hutter, Alternate Examiner:

(1} Consideraticn of %he allowable production of gas for March, 1982, from fifteen procated pools
in Lea, Eddy, and Chaves Counties, New Mexico.

{(2) Considaration OF the allowable production of gas for March, 1982, from four prorated pcols in
3an Juan, Rio Axriba, and Sandoval Counties, MNew Mexico.

{3) Consideration of purchaser's nominations for tae ong year period beginning April 1, 1982, for
both of the abova areas,

{Continued from Decemder 16, 1981, Exuminer Hearing)
{(THIS CASE WILL BY CONTINUED TO THE EXAMINER HEARING ONH MAMCH 17, 1982)

Application of Harvey 2. Yates Company for an NGPA determination, Eddy County, New Mexico.
Applicant, in the above-styled cause, seeks a new onshore reservoir determination in the San Andres
formation for ita Fulton Collier Well No. 1 in Unit G of 3lection 1, Township 18 South, Range 28 East.

Application of Yorthwest Pipeline Corporation for amendment of Order No. R-2046, Rio Arriba County,
New Mexico. #Applicant, in the above-styled cause, seeks the Amendment of Division Order No. R-2046,
which authorized approval of six non-standard proratior units, Basin-Dakota Gas Pool.

The amendment sought is for the creation of the following non-standard proratfion units to be drilled
at standard locations thereon: Township 31 Horth, Range 6 West, Section 25: MNf2 (272.16 acres) and
8/2 {273.3 acres); Section 36: N/2 {272.56 zcres) and §/2 (272,88 acres); Township 30 North, Range
6 Westy Section l: W/2 (272.8] acres) and S/2 (273.49 acres).

Application of Arco Oil & Gas Company for pool creation, Lea County, New Mexico.

Applicant, in the above-styled cause, ceeks the creation of & new Upper Devonian gas pool for its
Custer Well No. 1 located 1810 feet from the North line and 2164 feet from the West line of Section
6, Township 25 South, Range 37 East, Custer Pield.

Application of Arco Oil & Gas Company for amendment of Order No. K~6792, Lea County, New Mexico.
Applicant, in the above-styled cause, seeks the amendment of Division Order No. R-6792, which authorized
the directional drilling of applicant's Custer Wells Well No. 1 to an unorthodox location in the Devonian
and Ellenburger formations and imposed a penalty in the Devonian. B8y stipulation applicant and the
offset operator have agreed that the subject well is not affecting the offsettirn? property and applicant
herein sesks removal of the penalty imposed for so long as the well produces only from the present
perforated interval in the Upper Devonian.

{Continued from January 20, 1982,Examiner Hearinc)

:Application of Red Mountain Associates for the Amendment of Order No. R-6538, McKinley County, New Mexico.

Applicant, in the above-styled cause, seeks the amendment of Order No. R-6538, which authorized applicant
to conduct waterflood operations in the Chaco Wash-Mesa Verde 0il Pool. Applicant seeks approval for

the injection of water through various other wells than those originally approved, seeks deletion of

the requirement for packars in injecticn wells, and seeks an increase in the previously authorized 68-
pound limitution on injestion pressure.

(Continued from January 20, 1982, Examiner Hearing)

Application of B.O.A. 0Oil & Gas Company for two unorthodox oil well locations, San Juan County, New Mexico.
Applicant, in thke above-styled cause, seeks approval for the unorthodox location of a well to be drilled
2035 feetf. from the South line and 2455 feet fror.the East line and one to be drilled 2455 feet from the
Borth line and 1944 feet from the East line, both in Section 31, Township 31 Korth, Range 15 West, Verde~
Gallup 0il Pool, the NW/4 SE/4 and SW/4 NE/4, respectively, of said Section 31 to be dedicated to said
wells.
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CASE 7457:

CASE_7482:

CASE 7483:

CASE 7462:

CASE 7474:

CASE 7484:

'CASE_7485:

CASE 7486:

CASE 7487:

(Continued from Januavy 20, 1982, Examiner $earihg)

Application of E, T, Ross {or nine non-scandard gas proration units, Harding Cuunty, New Meiico.
Applicant, in the above-styled cause, seeks appreval for nine 40-acre non-standard gas proration
units in the Bravo fiurme Carbon Dioxi.dde Area.  In Townstip 19 Noreth, Range 30 Easc:  Segtion 12,
the NR/4 Hd/4 and NE/S NAE/S; Section 34, the HW/4 HE/Y, SW/4 NE/ZS, and SEZS NE/ZS.  Is Township 20
Horth, Range 30 Fasc: section 11, the RE/4 3W/4, sW/4 SE/3, SE/4 SW/4, and Nw/3 SE/4.

Application of Wiser 0il Company for an unorthodox oil well location, Lea County, New Mexico.
Applicant, in the alove-styled cause, seeks approval of an unorthodox location 1295 fecee from the
South line and 1345 feet from the West line of Section 32, Township /1 Scuth, Range 37 East, Penrose-"

Skelly pcol. .

Application of Adams Exploration Company for salt water disposal, Chaves County, New Mexico.
Applicant, in the above-styled cause, seeks authority to dispose of prcduced salt water into the
San Andres farmation in the perfoiated interxrval from 4176 feet te 4293 feet in its Griffin Hell No.
4 located in Unit A, of Section 10, Township 8 South, Range 32 East, Chaverco-San Andres Pool.

(Continued from February 3, 1982, Examinerx Hearingf

Application of Marathon Oil Company for downhole cormingling, Lea County, New Mexico.

Applicant, in the above-styled cause, seeks approval for the downhole commingling of the Drinkard
and Blinebry production in the wellbore of its C. J. Saunders ¥ell NHo. 3, located in Unit C of
Section 1, Township 22 South, Range 36 East.

(Centinued from February 3, 1982, Examinexr Hearing)

Application of Union Oil Company of California for compulsory pooling, Lea County, New Mexico.
Applicant, in the above-styled cause, seeks an order pooling all mineral interests in the Strawn,
Atoka and Morrow formations underlying the E/2 of Seciion 25, Towns ship 192 Scuth, Range 33 East,
to be dedicated to a well to be drilled at a standard location thereon. Also to be considered
w111 be the cost of drilling and completing said well and the allocation cf the cost therecf as
well as actual operating costs and charges for supervision, designation of applicant as cperator
of the well, and a charge for risk involved in drilling said well.

Application of Anadarko Production Company for compulsory pooling, Eddy County, New Mexico.
Applicant, in the ahove-st¥led cause, seeks an order pooling all mineral interests in the Atoka
and Morrow formations underlying the E/2 of Section 1, Township 19 South, Range 25 East, to be
dedjcated to a well to be drilled at a standard location thereon. Also to be considered will be
the cost of drilling and completing said well and the allocation of the cost thereof as well as
actual operating costs and charges for supervision, designation of applicant as operator of the
the well, and a charqge for risk involved in drilling said well.

Application of Berge Exploration for compulsory podlinq, Chaves County, New Mexico.

Applicant, in the above-styled cause, seexs an order pooling all mineral interests in the Ako
formation underlying two l60-acre proration units, the fiist being the NW/4 and the second being
the SW/4 of Section 27, Township 7 South, Range 26 East, each to be dedicated to a well to be
drilled at a standard '~ _..cion thereon. Also to be considered will be the cost of drilling and
completing said wells and the allocation of the cost thereof as well as actual operating costs
and charges for supervision, designation of applicant as operator of the wells and a charge for

risk involved in drilling said wells.

Application of MGF 0il Corporation for compulsory pooling, Lea County, New Mexico.

Applicant, in the above-styled cause, seeks an order peoling all minerxal interests down through
and including the Abo formation underlying the NE/4 NE/4 of Section 6, Township 20 South, Range
39 East, to be dedicated to a well to be drilled at a standard location thereon. Also to be
considered will be the cost of drilling and completing said weil and the allocatior of the cost
thereof as well as actual operating costs and charges for supervision, designation of applicant
as operator of the well and a charge for risk invclved in drilling said well.

" Application of MGF 0Oil Corporation for compulsory pooling, Lea County, New Mexico.

Applicant, in tne above-styled cause, seeks an order pooling all mineral interests down through

-and including the Abo formation underlying the SE/4 SE/4 of Section 31, Township 19 South, Range

39 East, to be dedicated to a well to be drilled at a standard location thereon. Also to be
considered will be the cost of drxllxng and completing said well and the allocation of the cost
thereof as well as actual operating costs and charges. for qupervxslon. designation of applxcant
as operator of the wall and a charge for risk involved in drilling said well.
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CASE 7488:

CASE_7073:

CASE 7074:

CASE 6373:

-~

_.CASE 7489:

iy

CASE 7490:

CASE  7491:

CASE 7492:

CASE 7493:

Application of Burkhart btetroleunm Company for corpulsory pooling, Roosevelt County, New Mexico.
Applicarnt, in the above-styled cadse, seeks an order pooling all mineral interests in the San
Andares formation underlying the SW/4 N6/ of Section 13, Township 8 South, Range 37 East, to be
dadicated ta o well to bLe Arilied at a standard location thereon. Also to be considered will be
the coat of Jdrilling and corpleting said well and the allocation of the cost thereof as well as
aqrual operating costs and c¢harges for supervision, desijnation of applicant as operator of the
wall and a charge for risX involved in driiling said well,

(Reopened and Readvertise.d}

‘In the matter of Case 7073 being reupened pursuant to the provisicns of Order No. R<5558,

which order prorulgated svecial rules for the South Elkins-Fusselman Pool in Chaves County
in<luding provisions for 30-iacre spacirg units and a limiting gas-oil ratio of 3000 to one.

All interested parties may appear and show cause why said pool should ‘not be developed on 40-acre
spacing units with a limiting gas-oil ratio of 2000 to one.

{Reopened and Readvertised)

In the matter of Case 7074 being reopened pursuant to the provisions of Orders Nos. R-6565 and
R~6565--8, which created the South Elkins-Fusselman Gas Pool in Chaves County. All interested parties
may appear and present evidence as to the exact nature «f the resexvoir, and more particularly, as
to the proper rate of withdrawai from the reservoir if it ls ddtermined that said pool is producing
from a retrogvade yas condensate reservoir, .

(Reopened and Readvertised)

In the matter of Case 6373 being xecpencd pursuant to the provisions of Orders Nos. R-5875 and R~5875-A,
which created the East High Hope - Abo Gas pool in Eddy County, and promulgated special rules therefor,
including a provision for 320-acre spacing units. All interasted parties may appear and show cause

why said pool should not be developed on 160-acre spacing units.

Application of Curtis J. Little for designation of a tight formation, Rio Arrika County, New Mexico.
Applicant: in the above-styled cause, seeks the designation of the Chacra formation underlying
portions of Township 25 North, Range 6 West, containing 6,720 acres, more or less, as a tight formation
pursuant o Secticn 107 of ihe Hatural Gas Policy Act and 18 CFR Section 271.7061-733.

Application of Harvey E. Yates Company for compulsory pooling, Chaves County, New Mexico.

Aoplicant, in the above-styled cause, seeks an oxder pooling all mineral interests down through and
including the Atoka-Morrow formation, underlying the N/2 of Section 19, Township B South, Range 30
East, to be dedicated to a well to be drillad at a standard location thereon. Aalso to be considered
will be the cost of drilling and completing said well and the allocation of the cost thereef as well
as actual operating costs and charges for supervision, designation of applicant as operator of the
well and a charge for risk involived in drilling said well.

Application of Harvey E. Yates Company for designation of a tight formation, Lea County, New Mexico.
Applicant, in the alove-styled cause, seeks the designation of the Atoka formation uaderlying portions
of Townships 12, 13, and 14 South, Ranges 35 and 36 East, containing 46,720 acres, moZe or less,

as a tight formation pursuant to Secticn 107 of ‘the Natural Gas Policy Act and 18 CFé Séction 271,
701-705, said area being an eastward and westward extension of previously approved tight formation
area.

Application of Harvey E. Yates Company fér designaticn of a tight formation, Chaves County, New Mexico.

- Applicant, in the above-styled cause, seeks the designation of ‘the Atoka-Morrow forwation underlying

all or pirtions of Tiw;ships 7, 8, and 9 South, Ranges 29,30, and 31 East, containing 115,200 acres,
more or less, as a tight formation pursuant to Section 107 of the Natural Ga F
Section 271.701-705. ® Pollcy Aot and 18 CER

In t}u‘a matter of th? hearing called by the 0il Conservation Division on its own motion for an order
creating and extending certain pools in Chaves, Eddy, Lea, and Roosevelt Counties, New Mexico.

{a) CRE}A'I‘E a new pool in Lea County, New Mexico, classified as a gas pool for Morrow production
(a;nd dei.anated as the East Boo%leg Ridge-Morrow Gas Pool. The discovery well is Getty Oil Company
etty 15 Federal Well No. i located in Unit J of Section 15, Township 22 South, Ra
F . nge 33 E
NMPM. Said Pool would ccmprise: ’ P ’ ’ ases

TOWNSHIP 22 SOUTH, RANGE 33 EAST, NMPM
Section 15: §/2
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{b) CREATE a new pool in Lea County, Hew Mexico, classified as an oil pool for Devonian production
and designated as tho North King-Devonian Pool. The discovery wall is Samedan Otl Corporation Speiqght
Well No. ) located in Unit P of Section 3, Township 13 Scuth, Range 37 East, NMPM. Said pool would
comprise:

TOWNSHIP 13 SOUTH, RANGE _}7 EAST, HMPM
Section 3: HE/4

{c} CREATE a new pool in Eddy County, New Mexico, classified as a gas pcol for Atcka producrtion
and desigrated as tho North Loving-Atoka Gas Pool. The discovery well is Gulf Oil Corporation
Eddy GR State Well No. 1 located in Unit E of Section 16, Township 23 South, Range 28 East, NMPM.

Said pool would comprise:

TOWNSHIP 23 SOUTH, RANGE 27 FAST, NMPM
Section 12: N/2

TOWNSHIP 23 SOUTH, RANGE 28 EAST, NHPM
Section 4: §/2
Section 7: All
Section 8: All
Section 9: All
Section 16; All
Section 17: &All
Section 18: E/2

{d) CREATE a new pool in Lea County, New Mexico, classified as an oil pool for Drinkard production
and designated as the Teagque - Drinkard Pool. The discovery well is Alpha Twenty-One Production
Company Lea Weéll No. 1 located in Unit B of Section 17, Township 23 South, Range 37 East, NNPM.

Said pool would comprise:

TOANSHIP 23 SOUTH, RANGE 37 EAST, NMPM -
Section 17: UE/4

(e) EXTEND the West Atoka-Morrow Gas Pool in Eddy County, New Mexico, to include
therein:

TOWNSHIP 18 SOUTH, RANGE 25 EAST, NMPM
Section 23: all
Section 24: W/2

(£) EXTEND the Atoka-Pennsylwvanian Gas Pool in Eddy County, New Mexico, to include
therein:

TOWNSHIP 18 SOUTH, RANGéA;.ZG EAST, NMPM
Section 16: %/2

{g) EXTEND the Avalaon-Morrow Gas Pool in Edd‘ County, New Mexico, to include
therein:

TOWNSHIP 21 SOUTH, RANGE 26 EAST, NMPM
Secticn 2: Lots 1 through 8

(h)  EXTEND tlie Brurson-Fusselman Pool in Lea County, New Mexico, to include
therein:

TOWNSHIP 22 SOUTH, RANGE 37 E . NMPM
Section 5: SE/4

(i) EXTEND the BrushyDraw-Delaware Pool in Eddy County, New Mexico, to include
therein: .

TOWNSHIP 26 SOUTH, RANGE 29 EAST, NMPM
Section 26: E/2

{j) - EXTEND the Buffalo Valley-Pennsylvanian Gas Pool in Chaves County, New Mexico,
to include therein:

TOWNSHIP 15 SOUTH, RANGE 27 EAST, NMPM
Section- 23: All
Section 26: All
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(X} EXTEND the Cary-Montoya PFool in Lea Coumy, How Mexico, to irclude
therein:

TOWNSHIP 22 SOUTH, RANGE 37 EAST, NMPM
~ Section 4: W/2 SW/4
Section 5: ‘SE/4
' Section 9: W/2 W/2

(1) EXTEND the Crow Flats:-Morrow Gas Pool in Eddy County, New Mexico to include
therein: .

TOWNSHIP 1€§ SOUTH, RANGE 27 EJ\STJ NMPM
Section 35: E/2
Section 36: W/2

(») EXTEND the South Culebra Bluff-Bone Spring Pool in Eddy County, New Mexico,
to include thexein:

TOWNSHIP 23 SOUTH, RANGE 28 EAST, NMEM
Section 25: S/2 SA/4
Section 27: SwW/4

{n}) EXTEND the Elkins-San andres Pocol in chaves County, New Mexico, to
include therxein:

TOWNSHIP 7 SOUTH, RANGE 28 EAST, NMPM
Section 21: NE/4

(o) EXTEND the Ermpire~Abo Pool in Eddy County, New Mexico, to include
therein:

TOWNSHIP 17 SOUTH, RANGE 29 EAST, NMPM
Section 19: S/2 sSW/4

(p) EXTEND the Henshaw-Queen Grayburg-san Andres Pool in Eddy Ccunty, New Mexico,
to include therein:

TOWNSHIP 16 SOUTH, RANGE 31 EAST, NMPM
Section 19: NE/4 NW/4

{q) EXTEND the Indian Flats~-Morrow Gas Pool in Eddy County, New Mexicd, to include
therein:

TOWNSHIP 21 SOUTH, RANGE 28 EAST, NMPM
Seéction 26 W/2

(r) EXTEND the West Nadxne-Blinebry Pool in Lea County, New Mexico, to include
therein:

TOWNSHIP 20 SOUTH, RANGE 38 EAST, NMPM
Section 8: NW/4 :

(s) EXTEND the Peterson-nissxssxppxan Pool in Roosevelt County, New Mexico, to include
therein: . .

TOWNSHIP 4 SOUTH, RANGE 33 EAST, NMPM
Saction 28: NW/4

(t) EXTEND the Race Track-San Andres Pool in Chaves County, New Mexico, to include
thereln.

TOWNSHIP 10 SOUTH, RANGE 28 EAST, NMPM
Section 7: S/2 sW/4
Section 18: NW/4 and N/2 SW/4 and SHIG SW/4
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.(u) EXTEND the Railroad Mountain~San Andres Pool in Chaves County, New Mexico, to
include tharecin: : :

TOWHSHIP B SOUTH, RANIE 08 EAST, NMPM
Section 2: NE/4 and 1/D NW/4

{¥) EXTEND the Red Lake-Queen-Grayburg-San Andres Pool in Eddy County, Hew Mexico,
to include therein:

TOWNSHIP 17 SOUTH, RANGE 28 EAST, NMPM
Section 7: S$/2

Section 8: SW/4

Section 18: E/2 Nw/4

| {w) EXTEND THE ¥est Sawyar-San Andres Pocl in Lea County, New Mexico, to include
tharein:

TOWNSHIP 10 SOUTH, RANGE 37 EAST, NMPM
Secktion 5: SW/4

(x) EXTEND the Turkey Track-htoka Gas Pool in Eddy County, New Mexico, to include
tharein: .

TOWNSHIP 19 SOUTH, RANGE 28 EAST, NMPM
Section 15: All

{y) EXTEND ‘the Twin Lakes~San Andres Associated Pool in Chaves County, New Mexico, to
include therein: .

TOWNSHIP 8 SOUTH, RANGE 28 EAST, NNPM
Section 13: SE/4
Section 24: WNE/4

TOWNSRIP 3 SOUTH, RANGE 28 EAST, NMPM
Section 12: S/2 NE/4

TOWRSHIP 9 SOUTH, RANGE 29 EAST, NMPM
Section 7: S$/2
Section 8: NW/4




SR et BEFORE THE
Vo gk OIL CONSERVATION DIVISION
NEW MEXICO DEPARTMENT OF ENERGY AND MINERALS

IN THE MATTER OF THE APPLICATION

OF CURTIS J. LITTLE FOR

DESIGNATION OF TIGHT FORMATION, CASE  2ivg
RIO ARRIBA COUNTY, NEW MEXICO. i

CERTIFICATE OF FILING

Comes now CURTIS J. LITTLE, by and through his under-
signed attornesy, and hereby certifies that a copy of the
complete set of all exhibits which applicant prxoposes to offer
or introduce at the hearing on the above-referenced application;
together with a statement of the meaning and purpose of each,
has been mailed to the United States Geological Survey in

5 Albuquerque, New Mexico, on this 28th day of January, 1982, as is‘

required by Section D of the.0il Conservation Division's Special
Rules and Procedures for Tight Sand Formation Designation under

Section 107 of the Natural Gas Policy Act of 1978.

CAMPRELL, BYRD & BLACK, P.A.

By T
. William F. Carr

Attorneys for Applicant

Post Office Box 2208

Santa Fe,  New Mexico 87501

Telephone: (505) 988-4421




CAMPRELL, BYRD 8 BLACK. r.A.

LAWYERS
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BRLUCE 0. BLACK
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BRALSOHRD O BERSGE e LEEMONE: (RO GB8 442!

WiLLiAN G WARDLE
WEWT i GORTE Y TELECOPIER; 1805 IAXLCLE
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ro y (/’ x,(
January 25, 1982 {opa DY I

Mr. Joe ©. Ramey
Division Director

0il Conservation Division 2 185¢

New Mexico Department of R
Energy and Minerals DIl Cstedea vt

Post 0ffice Box 2088 SaNTA FE

Santa Fe, New Mexico 87501

Re: Application of Curtis J. Littie for Designation
of Tight Formation, Rio Arriba County, New Mexico

Dear Mr. Ramey:

Enclosed in triplicate is the application of Curtis J.
Little in the above-referenced matter.

The applicant requests that this matter be included on the
docket for the examiner hearing scheduled to be held on
February 17, 1982.

Ve trUly yours,

<

William F. Carr

WFC:1r ’ .
Enclosure

cc: Mr. Curtis J. Little
Mr. Kevin McCord

Y
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BEVORE THE  »nivh
OIL COMSERVATION DIVISION
NEW MEXICO DEPARTMERT OF ENERGY AND MINERALS

IN THE MATTER OF THE APPLICATION OF

CURTIS J. LITTLE FOR DESIGNATION 4
OF TIGHT FORMATIQN, RIO ARRIBA CASE VAN,
COUNTY, NEW MEXICO.

APPLICATION

Comes now CURTIS J. LITTLE, by and through his undersigned.
attorneys, and as provided in the 0il Conservation Division's ’
Special Rules and Procedures for Tight Formation Designations
under Section 107 of the Matural Cas Policy Act of 1978 promul-
ugated by 0il Conservation Division Order MNo. R-6388 on June 30,
1980, hereby makes application for an order designating certain
pertions of the Chacra formation as a tight formation under
Section 107 of the Natural Gas Policy Act of 1978 and in support

of its application would show the Division:

1. Applicant is the owner and operator of certain
interests in the Chacra formation underlying the following*i
described lands situated in Rio Arriba County, New Mexico:

Township 25 North, Range 6 West, N.M.P.M.
Section 16: All
Section 21: All
Section 22: All
Section 23: S/2 .
Sections 25 through 28: All
Sections 34 through 36: All

Containing a total of 6,720 acres, more or less.

2, The Chacra formation is expected to have an estimated
average in situ gas permeability throughout the pay

section of less than 0.1 millidarcy per foot.

e




3. The average depth of the top of the Chacra formation
is 3390 feet and the stabilized production rate, against
atmospheric pressure, of wells completed for production
in said formation, without stimulation, is not expected

to exceed 91 mcf of gas per day.

4. No well drilled into the Chacra formation in the
above-described area is expected to produce, without

stimulation, more than five barrels of crude oil per day.

5. A complete set of Exhibits which applicant proposes
to offer or introduce at the hearing on this application,

together with a statement of the meaning and purpose of

each exhibit, will be filed with the Division and the

United States Geological Survey at least 15 days prior to
the hearing date as required by the 0il Conservation é
Division's Special Rules and Procedures for Tight Sand
Fbrmaglon Designation under Section 107 cf the Natural

Gas Policy Act of 1978.

WHEREFORE, Applicant prays that this application be set
for hearing before a duly appointed examiner of the 0il Conserva-

tion Division on February 17, 1982 and that after notice and

hearing as required by law, the Division enter its order recom-

mending to the Federal Energy Regulatory Commission that pursuant
o 18 CFR, Section 271.701-705, that the Chacra formation under- E
lying the above-described land be designated a tight formatibn. é
and making such other and furthéf»provisiéns as may be proper

in the premises.

Y -
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Respectfully submftted,

CAMPBELL, BYRD & BLACK, P.A.

By T

e e g S o e Pt it

Wiliiam F. Carr ‘
Attorneys for Applicarnt
Pogt Office Box 2203

Santa Fe, New Mexicc 87501
Telephone: (505) 988-4421
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STATE OF NEW MEXICO
ENERGY AND MINERALS DEPARTMENT
0T, CONSERVATION DIVISION

IN THE MATTER OF THE HEARING
CALLED BY THE OIL CONSERVATION
DIVISION FOR THE PURPOSE OF
CONSTIDERING:

U ﬁé . CASE NO. YZa e

Id déut,«w:;(.w;, % Order No. AR
tornef A

g

JZ’W*Z’M/ B Wi /( | ‘ )

“””?;/ A, / | w . §§ “/({/

ORDER OF THE DIVISION

BY ‘PHE DIVISION:

This cause came on for hearing at 9 a.m. on /'Z/ruag/ /7

19 ¢2 , at Santa Fe, New Mexico, before Examiner /L §

NOW, on this day of , 19 ; the

Division Director, having considered the testimony, the record,
and the recommendations of the Examiner, and being fully advised
in the premises,

(1) That due public notice having been given as required
by law, the Division has jurisdiction of this cause and the

subject matter thereof.

(2). That the applicant, Curtis J. Little, Ttequests that
the Division in accordance with Section 107 of the Natural Gas
Policy Act, and 18 C.F.R. §271.703 recommend to the Federal cs,.u
Energy Regulatory Commission that the W“ formatlon
underlying the following lands situated in Rio Arriba County,

New Mexico, hereinafter referred to as the Fiwbured—E¥affa Chocra
formation, be designated as t:.ght formations in said Federal

. Energy Regulatory Commianon 8 requlations:

Township 25 North Range 6 West, N M.P.M.
§ct:|.' on 16: AILL

Section 21: All
Section 22: All
Section 23: §/2 o
Sections 25 through 28: All
Sections 34 through 36: All

’Containing a total of 6,720 acres, ‘more or less.
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(6) That the Adeeica formation undetlylng the above descrxbed
lands has been penetrated by several other wells, none of which
produced natural gas in commercial quantities from the Adnise
formation. . - Chacra

( 7/ (#) That based on an analysis of available data from
existing wells within the proposed area and utzlzzzng gener-
- ally and customarily accepted petrdleum engineering techniques
and ueasurements.‘ ,

(i), the astilatad average in situ gas permeabxlzty
throughout the pay section of the Chacra forma-
tion is expescted to be 0.¢ millidarcy or less;
and ,
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the stabilized production rate, against atmos-
pheric, of wells completed for production in
the Chacra formation, without stimulation, is
not expected to exceed production levels deter-
mined by reference to well depth, as found in .
the table set out in 18 C.F.R, §271.703(c)(2)(B)
of the requlations; and ' o

(c) no well drilled into the Chacra formation is
‘expected to produce, without stimulation, more
than five barrels of crude oil per day. , |

7%} (7) That the Chacra formation underlying the area described

"in Paragreph 2 hereof is not being developed by infill drilling.

(72 L&) That the evidence presented in this cage demonstrated
that the application of incentive pricing 1s reasonably neces-
sary to stimulate further development of the propoeed tight
formation underlying the area described in Paragraph 2 hereof,

[ /C) (Y That within the proposed areay there is a recognized :
aquifer being the 0jo Alamo, found at an average depth of &g 2200
feet or approximately ¥8 feet above the Rioturad.LdEEfs forma-
tion. , 1200 Chicrtr

- {{4)4%5%' That existing State of New Mexico dénd Federal Regu- -
lations relating to cesing and cementing of wells will. assure
that development of the Chacra formation will not adversely

affect the .said aquifers. ' .

(12)¢#) That the Chacra formation should be recommended to
the Federal Energy Requlatory Commission for designation as

a tight formation.

"IT 1S THEREFORE ORDERED:

(1) That it be and hereby is recommended to the Federal
Energy Requlatory Commission pursuant to Section 107 of the .
Natural Gas Policy Act of 1978, and 18 C.F.R., §271.703 of the ~
* requlations that the Chacra formation underlying the following

described lands in 803’;#@1 County, New Mexico, be designated
ags a tight formation: " fpr1be )

-

Township 25 North, Range 6 West, N.M.P.M.
Section 16: All '
Section 21: All
Section 22: All
Section 23: S/2
Sections 25 through 28: All
Sections 34 through 36: All

Containing a total of 6,720 acres, more or less.

_ (2) That jurisdiction of this cause is hereby retained
for the entry of such further orders as the Division may deem

necessary.

DONE at Santa Fe, New Mexico, on the day and year herein- * '
above designated. . . - ' o , .

ATE OF NEW MEXICO

IL CONSERVATION-QIVISION
JOE D. R Mgv,/)sza

Director.

"SEAL.

fa/
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