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2 MR. STANETS: we'll cell next Casc 7395,
3‘ application of curtis J. Little for desiénation of a tight

4 formation, Rio Arribha county. New MexicoO. i
5 MR. CARR: May it please the Examiner

6 my name 1S william F. Carr with tﬁe jaw firm Campbcll,;Byrd,
7 and plack, P. A., of gsanta Fe, New Hexico, roprCﬁcntﬂqg

8 curtis J- Little. .

9 1 have twO witnesses who need to bhe

10 swofn.

11 | | ‘MR. STAMETS: Are there any other wit- \
12 nesses in this case? 1*d like to have poth of them stand.

13

14 (Witnesses sworn.)

CURTIS J. LITTLE
peind called as a Witness and'being'duly gworn apon his oath}

testified as fellows; ro-wit:
DIRECTKEXAMINATION

o o will you state your hame and place of
residence?

A py name is Curtis Little and 1 live in

Faxmington.

New 1

exico.
A “‘// - .——-.—..—4;,.——-—-
3
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0 And you are the applicant in this case?
A Yes, sir.
0. Have you previously testified before this

Commission or one of its examiners and had your credentials
as a geologist accepted and made a matter of record?

A Yes, I have.

0. Arc you familiar with the application

filed on your bechalf in this case?

A Yos, sir.
Q. Are you familiar with ihe csubiect lands?
A, Yes, sir.
MR. CARR: Are the witness' qualificatio:
acceptable?
MR. STAUETS: They are.
Q. Mr. Litflé,'Will you briefly state what

you are seeking with tnis épplication?
| | A We are applying for é porfion of and
adjacent to a Ballard Pictured Cliffs and South Bianco Pic-
tured ClifférGas“POOIS; to bé desiggéted as a tight formation
6ndér Sectiohji07”df‘£hé Natural Gas Poliéy'Act'ofki978.,
‘g - Where is this p;oposed area located?
A | ‘The pfoposed‘Largo Canyon‘Tight Gas Area

is located in the southeastern portion.of San‘Juan Basin.

} S

The area is located in Rio Ayriba County about 35 miles

¢

y
.
I
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southeast of n}oomfield; Hew Mekico, in the northwestern part
of the state,

0 Were the exhibits which you propose ﬁo
offer submitted to the USGS and the 0il Conservation Division
fiftecen days prior to hearing, as required by Commission
}ules?

M. Yes, they were.

4 Would you please refer to what has been
marked for identification as your Exhibit Number One and ex-
plain what tﬁis is and what it shows?

h. "Exhibit Number One displays the proposed
Largo Canyon Tight Gas Area on a map shOWing all Pictured
Cliff formation wells in the San Juan Basin.

The Largo Tight Gas Area‘ingiudes,appro“
ximately 14,400'acres in Townships 25 ahd‘26 Nérth, Range 6
and 7 West.

Q. ¥ Doés‘ﬁhe Pictured Cliffs formation in
the Largo Canyon area meet the criteria established in Sectios
107 of the Natural GaskPolicy“Act? |

A Yes, it does for thé following reasons:

N&mber one;‘the éstimated average in
situ gas permeability throughout the gas sectiog,is ewodCtéH

to be 0.l~millidarcy~or‘iess.

e ot i e e i A 3 54 A o AR At yana.

<

Humber two, the stabilized gas productio
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rates without stimulation at atmospheric pressure of these
gas wells are not expected tb exceed the maximum allowable
production rate of 68 ilcf for an average depth of 2387 to
the top of the Pictured Cliffs formation in the area, and
thirdly, no wells drilled in the Pictured Cliffs formation
in this area is expected to produce more than’S barrels of
crude oil per day prior to stimulation.

0. Mr. Little, the 80 -- the 68 Mcf per day
production rate, is that the rate established by Commission
rules for wells at an average depth of 23872

A Yes.

Q Wopld you please;now refer to your Lx-
hibit Number Two and review this for Mf. Stamets?

A. Exhibit Number Two is a-Pictgred Ciiffs'
formation completiOn”and production map of the proposed Largc
Canyon Tight Gas Area. "

The producticen figures in thé top half
of the scale for each well is initialrpotentiél'iﬁwihei£09
1ef£ and initial'potentiai in Mcf in the top fight{v

And the bottom, the bottom left is the
1980 production in millions of cubic feet. And the bottom
right is the cumulative production to 1-1-81.

Exhibit{?gé?&iSO presents completion

and production data from wolls surrounding the tight gas area
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for comparison purposes.
The trace for the two cross sections,
A~A' and B~-B', are also illustrated on the cross section.
0 ~ How many wells are there in the proposed
area?
A In this proposed area there are 33 Pic-
tured Cliffs forimation gas wells and 12 that were abandoned

in the Pictured Cliifs.

0. And 12 of the 33 were abandoned?
A. Yes, sir,
0 What is the average depth to the top of

the Pictured Cliffs?

A The averége depth of the wells are 2387
feet.

0. ' How extensively deVelopedVis this area?

A, The exhibit indicates that thé tight gas

area in this applibation is scantily devel§p¢d ¢ompéred‘to
thé area around iﬁ. ,EXamination of cuﬁu]étiﬁé‘aﬁdléurfent
gas production rates also indicate the poor quélity Pictured
Cliffs reservoir rocks in ﬁhe applicatioh area.
A_list'of;thé oper&%ors) well ‘names, and_
production figures for &hélfidtuféd‘Cliffé‘ih,the Largo Canyoh

Tight Gas Area is presented in Table -- in Exiibit Three,

which'is on the righthana side ofVYOUr"bOORQ

N
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_ both of the maps.

9

The first one is called lLargo Canyon
Tight Gas Area. There's a typoyraphical mistake on this ex-
hikit Humber Three, and'that is the sixth column from the
left, IP is "MM" and it chould be "Mc(". |

o | Mr. Little, would you now refer to your
kExinibits Numbers Four and Five and cxplain to Mr. Stamets
what these are and whatkthey show?

A Exiiibits Nﬁmbers t'our and Five are ag
of Januafy 1, 1981, cumulative gas production and the 1980
annual gas production mavs of the Pictured Cliffs formation
for the area around and including the proposed tight gas
area.

These maps are coior;coded te distinguisi
natural gas production trends in the areg. The red color,
for instance, ¢ Exhibit Number Four is used to distinéuish
areas with cumulative gas prodﬁction greater than a guarter -
Bcf, while the white indicates areas less than a quarﬁer Bef.

On Exhibit Number FPive again the red
area, this time it was to distinguish wells thch’produced
12-million cubic feet of gas during the calendar year i980,
or more. Now, again, the thte area indicates the aveas
with less than 12-million cubic feet of production in 1980.

The sand trends are quite evident on
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the immediate area?

‘Gas Area.

10
Q. And an examination of those two exhibits
would show that a great majority of the subject area is shaded

white, is that corrcct?

A That is correct.

0 » Why is there so little development in thi
areca?

A, The small cumulative production in the

whitc arca and the sparse well locations is due to the tight
nature of the reservoir rocks in the area.

0 What other Pictured Cliffs fields are 'in

A In tlie immediate area we're bordered, or
adjacent to,vto the northeast by the South hHlanco Pictured
Cliffs Gas Pocl. Exnibits Four and Fi&e show this area to
be densely drilled with good Picturced Cliffs wells indicated
by the red coloring, and you might nbte that several of those
are way up into several billions of cubic feet;

In the area to the southwest of our
application area is the Ballard Picturéd Cliffs Field. The
field is not fully developed, as is the Soﬁth“Blancd, but
again the’red coloring indicates much more gas product?on and

better reserves in this area than in the Canydn Largé Tight

0 . ‘ Now . I have several geological questions
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"to be a seaward deposits of the Ballard Pictured Cliffs Gas

Pictured Cliffs Gas Pool.

11
for you.
First of all, how gencraliy would you
characterize the Pictured Cliffs formation?

A. The Pictured Cliffs formation is a maring
clay-filled sandstone, whose source came from the scuthwest.
The formation was deposited as near shore sandbars, aligned
northwest and southeast, with each budy becoming progressively
younger as you go from the southwest to the northeast.

Q What is the form of gas entrapment-in
the area?

A It's all stratigraphic gyas entrapment.

~The area of the application is believed

Pool rather than the landward or lagoonward side of the Blanco

Q _Is this a sandstone area or a siléstone
area? |

s The sample examination indicates in the
area of the application the formation is predominan£ly silt-
stone rather than sandstone and together with the clay fillin
is the contributiﬁg factor for the low permeability.

Q Will you now refe; to your LExhibit Num-~

ber Six and review this for the Examiner?

A. Number Six is a type log of thé Pictured

A
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‘-and“fhe South Blanco Pictured Cliffs Gas Pool.

portion of the Largo Canyon Tight Gas Area.

'B—B‘, located in the southern part of the area.

12

Cliffs formation out in the ~- more or less the center oif the

white area. The location of the loyg is in the northeast

quar ter, Section 19, 206 Horth, 7 West, the upper central por";

tion.
The top of the Pictured Cliffs formation
on this log is 2156 feet. It is overlain by a 24-foot coal

bed. The base of the Pictured Cliffs is projected to be 2231

and is vunderlain by the Lewis Shale.

The log is representative of ‘the Pictured

Cliffs Eormation between the Ballard Pictdred Cliffs Gas Pool

Q Will you now refer to your cross section
A-A', which is marked for identification as Exhibit Seven,

and review this?

A A-A', again the trace of this cross sec-

tion- is shown on Exhibit Number Two. A-A' is in the northern

And Exhibit Number Eight is cross sectio

1

"t

Q What is the log reference datum shown

on these cross sections?

¥

A The‘iOg’reférence datum is what we con-

‘sider a time line tHroughout the San Juan Basin, and it's

referred to as a bentonite bed and called a Huer fano marker.




S Areg, Both eectlons
Sand develooment in the Ballqrd rj 1
Soutp Blance Fielq,

Were‘Exhlbits One tnrough Eight prepared[
by yoq Or under your direction'and supervision? /
A Yes,»they Were, ;
UR. CARR: , this time Ar. Stamets, ;’
Ye woulg Offer Litt)e EXhlblfS One through Eight into evideth{
MR. SPamppg

. }
Thesge CXhibjtg Will bhe {
MR, CARR: ¢ have Nothing further-of

Littje on direct.
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‘area shown on Exhibit Number Two, oh, especially back in the

‘ment in 1972, '73. I suppose if you looked at enough wells

‘yo_ku'_'d findy'them scattered over x great deal of time. 1s that;‘" g

14
CROSS BEXAMINATION

BY MR. STAMETS:

0 Mr.vLittle, you have asked fof a tight :
formation arca. In fact, is wiat you have here two separated *
areas?

A . Mr. Stamets, it started off to be one
but, as you noticed, we deleted off the entire Largo Canyon
Federal Unit at th¢ request of the operator of the unit, and

that was taken out of the center of the entire thing.

0. OKay. So basicailly, what you've got is

a1 northern unit and a southevn unit, or an eastern and
western, or some such thing as that, A, B, whatever. You do
have at this time two isolated areas that you seek tight sand
determination for.
A Yes, sir, that's correct.
0 Okay. Exhibit Number Two seems to show

that there has been considerable development of this area, the

1950's, and then there appeoar: to be another spate of de‘“velop*

a correct analysis of what's shown on here by the initial i
potential dates?

A Yes, sir, it sure appears that way. Y
—— e
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0. And in-the eastern area it appears as
though there arc some wells already completed in the Section
23 here are a coﬁple of wells; Section 22 there's a well;
Section 27 thére is a well, and so on.

A Yes, sir.

Q. “ Is it your intention that the tight sand
designation apply to wells;a]ready -~ well, it's not your in-
tention that it apply to wells alrecady completed.

A N, sir.

Q. But only to wells drilled pQOSpcctively.

Okay, now you do have natural unstimu-
lated tests. Is someone else goiqq to speak --

A Yes, sir.

Q. - to those tests and analyze the data,
and sd on? Okay..

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

MR. CARR: T would call Kevin MnColid.

XEVIN ?cCORD
being called as a witness and being duly sworn upon his oath,

testified as follows, to-wit:
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15,1' RECT EXAMINATION
BY MR. CARR:

4] Will you state your name and place of
residence?

A ’ My name is Kevin McCord and 1 live in
Farmington, New HMexico.

0. By whom arc you em?loycd and in what
capaciy?

A, T'm a self~employed petroleum enginecr
and I'm acting as a consultant for Mr. Little.

0. Have you previously testified before this
Commission or one of its examiners and had your credentials
accepted and méde;a matter of record?f>

A ‘  Yes{7I have.

0. ; Are yoh familiar with the application

filed on behalf of Mr. Little?

A 1 am. ; .
Q. And are you familiar with thg shbjecﬁ}
S area?
VA . Yes,
i » Have you'prepared'~»

MR. CARR: "Are tnhe witness' qualifica~”

tions acceptable?

o : MR. STAMETS: They are.
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of gas per day allottedvfcr!tight gas formations with a deptn

‘ulated gas production rates?

17

0. Have you prepared cortain exnibits for
introduction in this case?

A Yes, 1 have.

0. Firet 1 L{hink I'11l ask you, have you ob-
tained stabilized, unstimulated ygyas production rates in the
area?

A Yes, I have. Obtaining stabilized; un-
stimulated'gas production rates for the Pic;ured Cliffs wells
in the San Juan Basin is not a standard proccdure‘used by
most companies. Our past experience has shown that these
wells have low permeability Pictured Cliffs and they must be
gtimulated_to nbtain commercial production.

However, in preparation fof this tight
gaé study, thrge hour unstimulated gas production tests were
perférmedibn gseven wells scattered throughout the tight gas
area. -These wells are indicated by the orange sguares on
Exhibit Number Two, and also Exhibit Number Nine gives the
location of these test wells and;indica@es that the avérége
unstimulated natural gas prod&étioh:rhfé from ghese wells is

13.7 Mcf of yas per day‘;Qxhis raté'i$ well below the 68 Mcf

range of 2387 feet.

Q. How, Mr., McCord, are these truly unstim-
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A No, they are not true unstimulated pro-
duction rates, in that‘cach onc of these welis was acidized
with 500 qalions of 7-1/2 percent hydrochloric acid as a pro-
duction aid to induce a flow channel from the wellbore to the
formation through the perforations.

This acidizing clears up the flow patlh
so gas can move more frecly to £he wvellbore. True unstimu-
lated natural gas production would not have the aid of this
formation clean-up procedure to assist in gas production.

0. How would the actual unstimulated pro-
duction rates compare to those which you have presented?

N | A. | It would be expectedﬁthat an actual
natural unstimuiated gas production would be even lower than
this; therefor, both this average productioh rate of 13;7 Mcf
of gas per day, can be considered to be a maxihum éverage ob~
tainable unstimulated natural gas production rate from the
Pictured Cliffs formation in the area.

This doeé indicate that the average un-—
stimuléted ndturalkqas production rate from the Pictured
Cliffs_fofmation is not’expected to exceed 68 Mcf of gas per
day, which is our limit.

Q0 Have you obtained stabilizediunstimulate<

0il producticn rates?

i

A ’ 1 do have some reported oil production
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rates in the érea, but no uns;imulated o0il production rates.

The natural gas produced frowm the Pic~
tured Cliffs formation in this area is wvirtually dry gas.
There has been very little oil and conlensate reported:-for
any of the wells now producing in the area;

Only threec wells that I have found have
ever reported any oil or condensate pioduction in the Largo
Canyon Area. These wells are the Foster Trust Riddle No. 1,
2703 barrels; the Kimbell 0il Company Salazar No. 2, 309
barrels: and the Kimbell 0il Company Leiberman No. 2, 336
barrels of oil and condensate, and as you know, oil and con-
densate is reported under one heading with our natutal gas
production. " ’ |

Q Have you made -an analysis 6?&é%is pro-
ductioné

A » Yes, I have. I'veklooked up the past
production from these.three wells ané found out that the
Foster Trusﬁ Riddle No. 1 in 1957 averaged a post-stimulation
rate of 1.9 barrel's of oil or condensate per‘day. The
highest o0il and condensate production reported for the other
twe wells is 0.3 barrels per day.

The unstimulated oil and condensate

production from these three wells would be considered to be

o A i i b ARt A 2 . e e

3
1

—a

much lower than the low after frac production figures pre-
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‘laboratory permeability to air for Pictured Cliffs formation-

20
R

sented, which themselves are well below tho five barrels of
0il per day unstimulated oil production limitation given fof
tight gas arcas. |
Tﬁer;for, these dry gas production i

figures indicate‘that no well drilled in the Pictured Cliffs
formation in this tight gas arca is expected to produce with-
cut stimulation more than five barrels of crude oil per day- |

Q. My, McCord, is stimulation‘required for
commercial production from the Pictured Cliffs wells in the
subject area?

A Yes, it is.

Q Would you now refer to your Exhibits
Numbers Ten through Seventeen, which are core analyses,‘apd
review these for‘ﬁr. Stamets?

A, Exhibits Numbers Ten through Seventeen

present core analysis data used to deterwmine the averaqge

pay zones in this area.

Thé exhibits contain the actual core
analyses.réports, plus summary tables showing analysis of
cores taken from only the productive portion of the Pictured
Cliffs formation for eaci well.

The core intervals chosen for permeabi-

lity averaging were determined by log examination of the in-

mnnrd




resistivity log of the well, or ten percent porosity appearing

- the last one, it weuld be on page two.

21
terval cored for each well. Only cored intervals of sand

with more than six ohwms resistivity appearing on the induction

ON a porosity log for the Qel!i were usced for permeapility
averaging.

Q- What problems did you encounter in cal-
culatina thebaverago laboratory vermeability?

A, The main problem I found in calculating
an average permeability for the wells in this area is that
we had two wells that weré in the good part of the Soutit
Blanco Pictured Cliffs trend to the northeast.

Examination of Exhibits Ten Ehrouqh
Seventeen indicate thaé one of these wells, the Depco, Inc.
MKL ¥o. 17, has an abnormally high'permeability-average for
the Pictured Cliffs formation c§mpared to the other five
Wélls cored, and. this is, let's see, just to be able to»check
ovef those pumbe%s T will address Exhibit Number iwentx ater

on, but it gives an analysis of all the wells, and that is

Analysis of Exhibit Number Two shows
that this MKL No. 17 Well was not,completed in the Pictured
Cliffs zone but was conpleted in the deeper Point Lookout

zone of the Mesaverde formation; however, a close offset welljp -
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“well is confirmed by this offset well's large cumulative

22
Cliffs formation and has produced more than 3 Bef of gas
since 1952,

The large permeability in the MKL No. 17

production of natural gas, but tiis well is definitely not
the same sort of well that could be expected in the Laréo
Canyon 'Tight Gas Area. This is mainly due to the large pro-
duct ion in this other Pictured Cliffs trend and virtually jusd
the small production in the trend right below it.

The MK -- this ~-- this MKL No. 9 Well
ie in the heart of the South Blanco Fictured Cliffs tréhd,
while the wells in the Largo Canyon fight Gas Area are betweel

this trend and the Ballard Pictured Cliffs trend. They're

different trends.

The Depco, TInc., ﬂKL No. 1 Well is also
located in the good Pictured Cliffs formatfon reservoir rock
asspciated with the South Blanco Pictured Cliffs Pool. This
well was also compleééd in the 2300 foot deeper Point Lookout
zone{of the Mesaverde:‘ A nearby offset well to this ﬁKL No.
1 is the Depco, 1n§., MKL do. 2, and it was completed‘ig the
Pictured”Cliﬁfs fornmation and has a cumulative gas production

of 956 MMCF of gas since 1952.

The larae curulative gas production of

a near offset well indicates that the core data of the Depco,

3
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Inc., MKL No. 2 Well is probably not representative of the
Largo Canycen Tight Gas Area.

Q. Wnat wells did you use --

A The six -- I‘ﬁ SOrYry. » |

0 What wells did you use in compiling thié
data?

A, Okay, on Exhibit Number Two the cored

wells are the circled wells and they're colored in. There
are six more remaining cored wells that have somewhat poorer
core permeability and/or cumulative gas production associated
with them, and therefor indicate that they are located in
poorer resefvoir rock than that exhibited by the two wells
menticn=d previously; therefor, I used these six wells for
permeability averaging in the Largo Canyon Tight Gas Area,
and the Depco, Inc., MKL No. 17 and MKL No. 1 Wells will not
be inclﬁded in the average beéause‘of the f~-as I stated be-
fore, they;re in the somewhat better South Blanco Pictured
Ciiffs Pool.

G . What permeability did you obtain?

A, The avérage laboratory’pérmeabilify'tq
air determined fof the Largo Canyon Tight Gas Area in this
manner was 0.37 miilidarcy.

o\

The actual in situ permeability of the

formation is less than this laboratory determined value due
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to water saturation and confining pressures found in the Pic-
turcd-Cliffs‘rcservoir.
Exhibit Number Eighteen presents a tech-

nical paper entitled The Effect of Overburden Pregsure and

Water Saturation on Gas Permeability of Tight Sandstone Cores/

winich wés*written by Rex D. Thomacs and Don T. Ward of the
U. S. Bureau of Mines,

This paper presents relationships betweer
laboratory determined permeability in cores and actual in
situ perneability found in reservoirs.

Exhibit Number Nineteen explains how in-
situ permeability is calculated from t@g core analysis,
usiﬁg the technicai papeyr presented. o

o] Will you now refer to your Exhibit Numbér
Twenty?

A ~ Okay. Exhibit Number Twenty is a summary
of ali the‘iaboratory core analysés results for this tight
gas area. An average in sitq permeability value of 0.007
millidarcy was éalculated from the average laboratory perme-
ability value of 0.37 millidarcy for thg Largo Canyon Area.
This 0.007 miliidarcy pe;meability value calculated from the
core data is well below. the 0.10 millidarcy cutoff for tight

gas determination.

0 What other metHOds did you employ to




2 deternine perme

3 A qo make use of the seven natural un \
N 4
e N _ | \
ulated producrion rests that Were raken 0 the ared: which |

. T

{

C resulted in an unstimulated gas flow rate of 13.7 Mcf Of gas :
data alond with otney Pictured crifts \

parcy'®

apilaty in the subhject area?
gt im-

1 uscd chis
used 1t in

6 per day.
1 reservoir data for the right gas area, qﬁd
8 1.a% s fiuid f£lrow through a porous medium, to calculate a re-
9 seYvoir pcrmeability.
10 This parcy'®s L.aw calculation is presente
1 as yxhiblt NumbeY Twenty~one.
12 parcy's La¥ calculations redﬂre an
13 averade reservoir permeability value of 0.02 millidarcy for
14 the Large canyon pight Gas Area. this permeability value
15 compares to a 0.007 miilidarcy permeability value determined? o
Both of thest values are well oe;

by core analysis methods -
O.millidarcy cight gaS'cutoff.
d of calcy | rmeabiriﬁi“
, Bk

1ov the 0.1
which metho

ea?

18 G
19 do you pelieve moSt accurately depicts the subject axr
20 A 1 pelieve jt's ne 0.02 miliidarcy
1 determined by pazcy'sS LAavd caicuiations pecause it involveg”
22’ | actuei EOrmation flov characteristics and reservoir paraQJ:;
23 meters £O determin® the §ormation permeability; tpererorfi
24 vbelieve the estimated average in sity gas pexmeabiiity ;ﬁ 311
o be 0.1 millidarcy:
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|
2 in the lLargo Canyon Tight Cas Arca. !
3 0 Mr. HcCord, have you reviewed existing
4 State and Federal regulationse concorning protection of fresﬁ
S water? i
. i
6 A Yes, 1 have., The existing State and
7 Federal regulations will assure that devoelopment of thz Pic-
8 tured Cliffs formation will not adversely affect or impair i
9 any fresh water aquifers that are being uscd or are expected
10 to be used in the foreseeable future for domestic or agri-
11 S
cultrral water supply.
112 Regqulations require that casing programs
13 be designed to seal off potential water—-bearing formations
14 from oil and gas producing formations. 7hese fresh water
15 - zones exist from the surface to thne base of the 0Ojo &Alamo
16 formation. ‘This Ojo Alamo depth averages 1640 feet in the
17 i _
- proposed tight gas area.
18 Must Pictured Cliffs wells drilled in
19 the Largo Canyon Area are drilled with natural mud that will
,20 not contaminate f{resn water zones. Normal casing designs
2 consist of 7-inch 0D surizce casing being set from the sur-
n face to a depth of 120 fect. Production casing used is 2-7/qths
inch OD and is sct from tihe surface to total depth.
24 . e )
iq@g' A ~ The surface casing is cemented in place
L 25 . . . LT
by circulating cement to the surface, protecting tne near
F -
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surface formations froim downhole contamination.

The production casEnq¢is cemented from
total deptn to the surface, 0r to a depth sufficient to cover
the Ojo Alamo formation. This vrecess protects the Picturcd
Cliffs and other shallow formations from contaminating the
0jo Alawo aquifer.

Therefocr, allnproductive and fresh wateyr
zones are protected by both casing angd ceirent.

Stimulation of the Pictured Cliffs form-
ation involves vérious fracture treatnents, depending on the
operator. Fracture ktreatments usually consist of one or two
percent potassium chloride water~base fluid with sand or a
@itroqen water fcam-base fluid with sand. Eithexr treatment
will not harm a fresh water aguifer.

Fresn water protection is assured using
these frécture stimﬁlation treatments due to zone isolation
caused by cementation. A distance of over 700 feet between
the Pictured Cliffs formaticn and the 0jo Alamo fresh water
aquifer is additional insurance that no existing fresh water
zone will be contaminated by stimulation of Pictured Cliffs
wells in thigs area.

Therefor, all ¥New Mexico and Federal
regulations will protect{épy ffesh water supply that may be

affected by the drilling, completing, and producing of the -
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formation without stimulation 1is not expected to exceed the

“produce without stimulation more than 5 barrels of crude oil

28
Pictured Cliffs formation in the Larvgyo Canyon Tight Caé Area.
0. Mr. McCord, will you summarize your con-

clusions concerning tne qualifications of the subject area

for tight sand designation?

A Evidence presented here teday substantiage

the following for Curtis Little's propesed Canyon -- Largo
Canyon Pictured Cliffs Formatio:: Tight Gas Area:

One, for an average Pictured Cliffs well
depth of 2387 feet the stabilized production rate at atimmos-

pheric pressure of wells completed in the Pictured Cliffs

maximum allowable rate of 68 Mcf of gas per day.

Two, no well drilled into the Pictured

Cliffs formation in tite Largo Canyon area is expected to

pcor day.
And three, the estimated average in sity
gas permeapility throughout the Pictured Cliffs pay section
is expected to be 0.1 millidarcy, or Less‘,
The promosed Largo Canyon Tight Gas
Area meet; all the specifications required, as stated above,

and should be designated tight formation in the Pictured

Cliffs formation under Section 107 of the Natural Gasg Policy

i
S
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Q Will you please identify what has been.
marked for identification as Exhibit Number Twenty-twao?

A - Thas is a written text explaining the
purpose of cach one of the reports presented -- or each onc
of the exhibits presented here today.

Q. ' In your apinion will granting this ap-
plication be in the best interest of conservation, the pre-
vention of waste, and the protection of corrclative rights?

A Yes,

Q. Were Exhibits Nine through Twenty-two
prepared by you or under ycur direction and supervision?‘

A ‘ “TThey ware.

MR. CARK: At this time, Mr. Stamnets, wel
wguld'offer Applicant Exhibits Nine through Twenty-two.
MR. STAMETS: These exhibits will be

admitted.

MR. CARR: And that concludes our direct

presentation.

CROSS EXAMINATION

BY MR. STAMETS:

N

Q Mr. McCord, are the results of the unsti

mulated tests summarized any place?

A Yes, sir, they are. Exhibit Number Ning.

M
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Two, that same well, there's an initial potential shown of

-probably a figure after frac, after additional treatment.

' Number Nine.

30

§) Exhibit Nine.
A It's in the folder on the righthand side.
0. Okay. TLet's take the second well listed

on Exhibit Number Nine, the Kimbell Warren No. 5. It shows

an unstimulated rate of 6.8.
A, Yes, sir.

0. Now when you look back at Exhibift Number

2,959,000, Now wcoculd those two figures have anything a’l all
to do with one another?

A, One is an unstimulated rate taken right
éftér perforation. The IP, of course, is perforéted. The
well has been~fracture'stiﬁulated, and it is a 7-day build-up

and a 3-hour flow test.

0. So the figures on Exhibit Number ‘I'wc are

A. That is correct. The only before frac

figures that we have for production are presented in Exhibit

Q. Okay.

MR. STAMETS: Are there other questions

of this witness? Mr. Chavez.
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whole composition of the formations, your overburden above

is pretty hard to obtain, and you use that versus the depth

31
QUESTIONS BY MR, CHAVIIZ:

0. Mr. McCord, on the subject of these un-
stimulated fldw tests, were they done through che pitot tube
method of testing?

A, - Oh, let’s see, how were those -- they
were crifice well tests.

0 Okay. low did you actermine the over-
burden pressure with a gradient of .73 psi per féot to make
the éorrections to the laboratory permeability?

A, In determining that, Mr. Chavez, there

is an overburden pressure which you have to determine the
you, which involves using an average porosity, which of coursgd

of ‘your formation. You subtract from thac the buoyancy effect
caused by the assumption that water is filling the pore
spaces in that overburden rock, hélping to supporé the over-
burden. You then subtract the average reservoir pressure you
found in the formation. That gives you a net confining7pres;
sure, which is what you use into our exhibit to determine

what factor is used for ~-- what overburden factor is used on

your core analysis,

Q. . Well, is the ovérbarden gradient in this

area generally guite a bit higher than that of, say, salt

-
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32
saturatéd water?
A, Do vou know th2 value of your salt satu-
rdted water? 1 don't.
Q. It's about .44 psi per foot.
A Yes, in that we're talking a somewhat

that into the -- assume that as k for your Exhibithumber
fTQenty~one,
A Uh=huh.
a0 And then solve for the radius of drain-

here and all that' -- all Darcy's Law is doing is‘icomparing

more dense rocks than water., It would definitely, if you figuj

- the pressure exerted by a head ci rock of -- of that many feefg

versus water. T think your rock is going to exert a lot more

pressure than your water would be, so I think that's a valid

assumption.

Q. In looking at your permeability correcti¢

factors derived by the use of this Bureau of Mines paper,
in BExhibit Eighteen, if we used the permeability derived in™

that correction of .G07 and use your ~- I'm sorxry, and put

age, you get a very, very small amount of drainage, actually
less than ten feet. 'Wouldn't that seem to indicate that this
.007 is actually way too loﬁ a figure to use?.

A. " Not at all. I don't‘beliéve so. I .

think we'te‘talking abouﬁ a real small permeability involved

ot e o e e bl et . 8 A s

L

o

»
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all these factors togcther.

I'f you usc sﬁch a small value for perme-
ability, you're not going to be draining much arca at all.
The reason béinq\is thévformation is just too tight to -~ to :
pass this gas through it. 8o bLecause of that, no, I don't
think that's ~-- T agree it's a small number bput [ don't think
it's at all unrcasonable.

¢ The wells in this area, according to

vour Exhibit Twenty-one, you assume to be draining a quarter

section. Is that assumed because that's the acreage spacing

rvnr v imn oo i e et s b e meenn s

for this area?

A Yes, sir, under Ry there I've‘indicéted
that.

0. Well, at this low a permeability wbul@n’
the drainage of an aréa that -- that large probably not take
placeg‘ |

A . . That's correct. It will not take place

without the fracturing process.

0 Your figure for water saturation you
assume to be 35 percent.

A Yes, sir.

9. " 1s”this continuous throughout the Pic-
tured Cliffs interval in this area?

a “Yes, to my knowledge it is. I got that
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34
number from the core analysis reports taken, so those were
actual laboratory determined values of water saturation.

Q. . Did you cross check that with calcula-
tions and water saturations, say, estimadted off of well logs?
A No, I didn't. I'im sure vou're well award
that often the porosity, et cetera, on well iogs is not. the
same as the porosity that vou would see in a core analysis;
therefor, you could do thase calculations. I did not, but
I‘doubt that they would concur very closely to each other.
MR. CHAVEZ: That's all the questions I

have.

$R. STAMETS: Any other guestions of

this witness? Ilie may be excused.

Do you have any further witnesses, r.

Carr.

MR. CARR: No further witnesses, HMr.

Stamets.

MR. STAMETS: Are there any statements?

If not, the case will be taken under advisement.

(Hearing concluded.)
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STATE OF NEW MEXICO

ENERGY AND MINERALS DEPARTMENT

0L CONSERVATION DIVISION

BAUCE KING April 19, 1982 k FOST OFFICE BOX 2068
COVERGOR ; STATE LAND OFFICE BULOING
| LARRY KEHOE . ‘ _ SANTA FE, NEW MEXICO 87501

CECRETARY ) 1505) 827-2434

My, Howard Kilchrist

Federal Energy Regulatory Comm.
Department of Energy

825 North Capitol street, N.E.
wWwashington, D. C. 20426

Re: Tight Formation Applications
Dear Mr. Kilchrist:

At the request of one of your staff members, I am
enclosing a copy of the transcript of the 0il Conservation
pivision hearing in our Case No. 7395 on the application of
Curtis J. Little for designation of a tight formation in Rio
Arriba County, New Mexico. The recommendation made in this
case was forwarded te you as pDivision Order No. R-6875
dealing with the pictured Cliffs formation.

1 am also enclosing a copy of our Order No. R—6883—A
which is a Nunc Pro Tunc order amending Order No. R-6883 -

which was previously forwarded to you for your consideration,

Mx. Leonard Gruskiewicz of your staff pointed out an error in

our Order No, R-6883 and this "A" oxder corrects that error.
Thank you for your assistance with these matters.

Sincerely,

W. PERRY PEARCE
General Counsel

WpPP/dr

enc.




//1E§§\ : ‘STATECW Nﬁm[Meméo s
i ENERGY AnD MINERALS DEPARTMENT

| OIL CONSERVATION DIVISION
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PRUCE XING e i POSY OFNCE BOX 2008

GOVEI¢OR ' STATE LANOD OFFICE ot GNG
' : BANTA FE. LEVIIZEAZO BN

LAI?(E(\;;S&::OE ; January 12, 1982 10N U728

; Re: CASE NO._ 7395 oo
Mp., William F. Carr ORDER NO. Rug875 -
Campbell, Byrd & Black

Attorneys at law . §
Post Office Box 2708 Applicant:
Santa Fe, New Mexico
_ﬁ_ﬂﬂuxtlﬁwiL,LiLng,.ﬂ__
Dear Sir:

Enclosed herewith are two copies of the above~referenced
Division order recently enterad in the subject casc.

OUrs ver trulyﬁ//j>

\

/.
LT
/

JOE D. RAMEY
Directoxr

JDR/fd

copy of order also sent to:

Hobks OCD x
Artesia OCD__ x

Aztec OCD__ X

Other




SYATE OF NEW MEXICO
ENCRGY AND HINERALS DEPARTMENT
0XL CONSERVATION DIVISION

IN THE HATTER OF THE HEARING
CALLED B8Y YHU OIL CONSERVATION
DIVISTUN FOR THE PURPOSE GF
CONSIDERING

"CASE NO. 7395
Order No. R-6875

APPLICATION OF CURTIS J. LITTLE
FOR OESIGNATION OF A TIGHT
FORMATION, RIC ARRIBA COUNTY,
NEW MEXICQ.

ORDER OF THE DIVISION

BY YHE DIVISION:

This cause came on for hea;ing at Y a.m. on October 21,
1981, at Santa Fe, New Mexico, before Examiner Richard L. Stamets.

NGW, on thia 11th day of January, 1982, tho Division
Director, having concidered the testimony, the record, and the
recommendations of the Examiner, and being fully advised in the
‘premisos,

— —

(1) That due public noticé>having basn given aa required
by law, the Division hase juriaedictien of this cause and the
subjact matter thereof»

: (2) That the applicant, Curtis J. Littls, requests that
‘the Division irm accordance with Section 107 of the Natural Gas
Policy Act, and 18 C.F.R, §271,703 recammand to the Federal
Eneryy Requlatory Commission that the Picturaed Cliffs formation
_undarlyinq the following lands situated in Rio Arribs County,
Jew Maxico, horeinafter referred to as the Pictured Cliffa
formation, be designated as tight formations in said Faderal
Energy Requlatory Commission's regulationsi -

AREA A

TOWNSHIP 25 NORTH, RANGE 6 WEST, NMPM
Sections 21 through 231 All ‘
Sgetions 26 and 27: All
Section 2B: NE/4
Sections 34 and 35¢ All

~Section 387 W/2




»
Case No. 7395
Ordor No. R-6875

AREA 8
TOWNSHIP 25 NORTH, RANGE 7 WESTLANMEﬂ
Ssetion 41 All
Section 31 £/2
Section 81 NE/4
Section 91 N/2
Saction 10: W/2

TOWNSHIP 26 NORTH, RANGE 6 WEST, NMPM
Section 31: AJl

TOWNSHIP 26 NORTH, RANGE 7 WEST, NMPH
Section 173 &/72 ‘
Section 18: All

Section 19: N/2 and SE/4
Section Z03; All

Section 211 S/2

Section 22: S/2

Section 251 SHW/4

Sectian 261 S/2

Sectisng 27 and 28s All
Sections 33 through 36: Ail

Containing a8 total of 14,400 acres, more or lessa,

' (3) That the proposed Largo Canyon Tight Gas Area is
divided into two non-contiguous tracts being hereinbefore
'described a® Area A and Area B,

‘ (4) That certain acreago betwean Areas A and B has
been excluded from this appicatien at the requaat of the
operator of that acreage,

(5) That the Pictured Cl1iffs formation underlies all of
"the above described landsy that the formation i3 a marine,

s clay-filled, siltatone, about 70 feet thick; such formation
is found at an average dspth of 2387 foet balow the aurface
of the areas set out in Finding No. (2) above.

o (6) That the typa section forxr the Pictured Cliffs forma-
“t£ion for the proposed tight formation designations ies found

at a dopth of from epproximately 2156 feet to 2231 feet on the
;1nduction electrical log from the Curtis J. Littles Grevey No.
‘1 Well, located in Unit G of Saction 19, Township 26 North,
"Range 7 West, Ric Arriba County, New Mexico.
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Case No. 7395
Ordor No. R-6875

(7) Thut the Pictured Cliffs formation underlying the
above-described lands has been penetrated by a number of
wells, but the aresas proposed for tight formation designation
are larqgely undsvelopod exploratnry aresas.

(8) That the technical evidence presented in this case
demonatra’cad that the predominant percantage of wells which
may be completod in the Pictured Cliffs formation within the
proposad tight formation areas moy reasonably be presumed to
exhibit permeability, gas productivity, or crude 2il produc~
tivity not in excess of the following parameters:

(a) averaqge in situ gas permeability throughout the pay
soction of 0.1 millidarcy; and

(b} atabilized production rates, without stimulation,
againat stmospheric pressure, as found in ths table
set out in 18 C.F.R, §271.703(c)(2)(B) of the
requlations; and

(¢) production of more than five barrels of cruds oil
per day,

(9) That within the proposed areas thera is a recognized
aquifer baing thes 0jo Alamo, found at an average depth of 1640
feot or approximately 750 feet above :the Pictured Cliffs Forma-
tian,

(13) That existing State of New Mexico and Federal Regu-
dations relating to casing and cemsnting of wells will assure
tha) development of the Pictured Cliffa formation will not
adversely affect sald aquifers.

, (11) That the Pictured Cliffs formation within thq}
"proposed areas shuuld be recommended to the Federal Energy
"Regulatory Commission for designation as a tight formation.

1T IS THEREFDRE ORDERED Y

(1) That it be and hereby is recommended to the Federal
Energy Regulatory Commission pursuant to Section 107 of the
‘Natural Gas Policy ‘Act of 1978, and 18 C.F.R. §271.703 of the
‘regulations that the Pictured Cliffs formation underlying the
‘following described lands in Rio Arriba County, Haﬂ Haxico,
‘be designated as 8 tight formation: o
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{ase No. 7395
Urder No. R-6875

AREA A

YOWNSHIP 25 NORTH, RANGE 6 WEST, NMPM
Sections 21 through 23: All
Sactions 26 and 27: All

Section 28¢ NE/&

Sactions 34 and 35: All

Section 36t W/2

AREA B

TOWNSHIP 25 NORTH, RANGE 7 WEST, NMPM
Saction 4: All

Section 5t E/2

Saction 81 NE/4

Section 91 N/2

Section 10t N/2

TOWNSHIP 26 NORYH, RANGE 6 WEST, NMPM
Section 313 All

TOWNSHIP 26 NORTH, RANGE 7 WEST, NMPM
Section 17: §5/% '
Section 183 All

Section 195 N/2 and SE/4
Section 20: All

Section 21: S/2

Section 22: S/2

Section 253 S¥W/4-

Section 261 S/2

Sectiona 27 and 28: All
Sectiona 33 through 36t All

Cantaining & total of 14,400 acrsa, more or lesa.

_ (2) That Jjurisdiction of this cause is retained for the
~entry of such further orders as the Division may deem necessary.

DONE at Santa Fé, New Mexico, on the day and year hafain-
“above deasignated.

STATE OF NEW MEXICO




Umted States Depar tment of the Intenm'-'\“” SRS
OFFICE OF THE SECRETARY i)

- ’ 'l—Jl\‘ ‘;( 4;(!( N l
Minerale Management Service el ' "{J,'
South Central Region VI s, D

P. 0. Box 20124 SA.“-}/‘ 1”1 VEASION

Albuguerque, New Mexico 87126

Mr. W. Perry Pearce

0i1 Conservation Division ,
State of New Mexico N
-P. 0. Box 2088

Santa Fe, New Mexico 87501

Dear Mr. Pearce:

This jurisdictional agency concurs in the recommendation of the State
of New Mexico, Case No. 7395, Order No. R-6875, dated January 11, 1982,
that the Picturéd C1i7fs 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 inciuded with the recommenda-
tion submitted to the Federal Energy Regulatory Commission.

Sincerely yours,

N 2o TN
D s

Zﬁizaa Gene F. Daniel
: Deputy Minerals Manager
0il & Gas




CAMPBELL, BYRD 8 BLACK., r.a

LAWYERS

SATK M CAMPSBELL AEFFERSON DLACE
HARL D HYRO BT - O NORTH GUADSALUPE
BFRGCE D, BLACK
MICrIACL B CAMBPRELL
WILLAM L CARR SANTA FE. NEW MEXICO 87501
DRADFORD C. BERGE
MULLTAM G, WARDLE
fER AW GORTIEY

POET OFFICE BOX 2208

TLLEA I ONE 1506 GRB-442),

TEHLLCOPER 1504 9893-G6042

November 24, 1981

o Fugiied e :
TSGR
Mr. R. L. Stamets .JGﬂlEﬂhX]ﬁf.
Technical Support Chief :
0il Conservation Division NOV 24 1981

Post Office Box 2088 e e A,
Santa Fe, New Mexico 87501 O"'LONSEEXSJQQINWNO“

Re: Case 7395: Application of Curtis J. Little
for Designation of a Tight Formation, Rio
Arriba County, New Mexico

Dear Mr. Stamets:

Enclosed is a proposed order of the DiVisibn'iﬁ the above-
referenced matter.

If we may be of any further assistance to you in this case,
please advise.

Vety truly yourg,

William F. Carr'

WFC:1r

Enclosure

cc: Mr. Kevin McCord




Exhibit
Number

"Farmmng No, “1=E 3

LIST OF EXHIBITS

Exhibit
Name

Pictured Cliffs
Reservoir Map

Pictured Cliffs Formation
Completion and Production
Map

Largo Cahyon Tight
Gas Area Wells

January 1981 Cumulative
Gas Production Map of
Wells Completed in the
Pictured Cliffs Formation

1980 Annual Cas Produc-—
tion Map of Wells
Completed in the
Pictured Cliffs Formation

Type Loy

Cross Section A-A'

Cross Section B-B'

Natural Production
Tests

Core Analysis

“Skelly Oi1 -Company:

Core Analysis
, Superior 0il Company
Sloan Gov't. 1-11

‘Core Analysis
Victor Salazar
Campbel; No. 1

Core Analysis
‘Superior 0il Company
Albuquerque Assoc.
No. 1-36 State

the Largo Canyon Tight

~and average results.

'1;por¢joermeab'1“ty j

"§how average laboratory,
core permeability.

Purpose of
Exhibit

Show location of Largo
Canyon Tight Gas Area
with respect to Pictured
Cliffs Production.

Show production figures
of complete¢ and dry
Pictured Cliffs wells in

and around the tight
formation area.

List production figures
of completed and dry
Pictured Cliffs wells in
the tight formation area.

Present, by color codes,
the production trends in
the area surrounding the
Largo Canyon Tight Gas
Area.

Present, by color codes,
the preoduction trends in
the area surrounding the
Largo Canyon Tight Gas
Area.

Show log characteristics
and depth of Pictured
Cliffs formation in the
Largo Canyon Tighi Gas Area.

Show Pictured Cliff
formation development in
the northwest portion of

Gas Area.

Show Pictured Cliff
formation development in
the southeast portion of
the Largo Canyon Tight
Gas Area.

Lists natural unstimulated
production tests taken

Show average laboratory

Show average laboratory
core permeability.

Show average laboratory
core permeability.



LIST OF EXHIBITS ‘ | ‘ ' @

Page 2
Exhibit ~ Exhibit : - Purpose of
Numbex Name Exhibit
14, Ccre Analysis Show éVeraée laboratory
' Pubco Development, Inc. core permeability.
§ Hughes 28-4 '
15, Core Analysis Show average laboratory
Pubco Development, Inc, core permeability.
Hughes 34-3 ’
16. Core Analysis Show average laboratory
- Kingsley-locke 0il Co. core permeability.
MKL No. 1 :
17. Core Analysis Show average laboratory-
Kingsley-Locke 0il Co. core permeability.
MKL No. 4-17 8
18. 1 Technical Paper Present relationship
between laboratory and
in situ permeability.
19. Determination of In Snow method of deter-
Situ Permeability mining in situ permeability
: ‘ from laboratory core
analysis.
20. : Summary of Core Show summary of
Permeability Data permeability data,
average laboratory
permeability and in situ
permeability.
21. Darcy's Law Calculation Show determination of

permeability from
unstimulated gas
production tests.




LARGO CANYON TIGHT GAS AREA

EXKIBIT NO. 3

el

ﬂ.,r

mnﬂomm mx>§2mm STAMETS -
Gil omzm

/AT 52 DIVISION

x” :w:. M,.,.o.r &
“curers oSN T3S o
COMPANY LL NAME LOCATION DEPTH IP DATE Kﬁom.mmcu X Ema c< E QrG
ridg Date__10 T..

1. Minel, Inc. Delta No. 2 SE/SwW 21 25-6 2300 10/60 , 60

2. Xay Kimbell Salazar Fed. 1-22 NW/SE 22 25-6 2566 6/58 1433 8 282
& =l Paso Natural Gas Canyon Largo Unit No. 40 SE/SE 23 25-6 2597 mvmq 968 5 225

~. El Paso Natural Gas Kimbell Com. No. 1 NE/NW 23 25-6 2520 9/77 152 5 21

5. Ximbell Oil Salazar 4/26 NV/NW 26 25-6 2670 5/80 DsA - -

€. Ximbell Oil Warren Fed. 1-26 SE/NE 26 25-6 2596 12/57 1873 5 243

7. Ximbell 0il Coral Com. No. 3 SW/SW 27 25~6 2224 6/81 189 New Well

8. Ximpell Oil Salazar 2-34 NW/SW 34 25-6 , 2182 6/55 376 8 203/309 B
3. J. Gregory Merrion Federai Com. No. 4 NE/SE 34 25-6 2150 10/80 2302 10 10

10. J. Gregoxy Merrion Fedexal Com. A No. 4 SW/SW 25 25=¢ wwwo m\.mo 2131 8 . 8

il. Kimbell Oil Warren No. 5 SW/SE 35 25-6 2512 5/81 2959 New Well -

m 21 Paso Natural Gas Harvey State No. 9 NE/SW 36 25-~¢ 2608 1e/s6 D&A - ‘1‘ -

13. Kimbell 0il Co. Liberman No. 2 Sw/SW 4 25-7 ©21¢3 7/55 248 4 1967336 BC
14. Foster Trust Riddle No. 1 SW/NE - 4 25«7 2200 5/53 396 8 ~ 350/2703 .F
15. Cuxtis H.w,nﬂw,m Grevey No. 2 SW/SE 4 25-7 2175 - | - New Well -

16. C.J. Warren Federal No. 1 SW/SE '8 25-7 2206 11/56 DeA - -

17. Curtis Little Warren No. 2 SW/SE 5 25-7 Nwm,w ... - New Well -

18. Curtis Little Salazar No. 2 SW/NE 5 25-7 2765 " - - ,

New, sm.m.._. ‘




- Page :

PICTURED | , CUMULATIVE'
. CLIFFS _ _ IpP ‘1980 PROD 01-01-81
COMPANY : g WELL NAME UOO?R.HOZ: ‘DEPTH IP DATE MMCFG MMCFG -~ MMCFG
19. El Paso Natural Gas Largo No. 1 NW/NW 9 25-7 2150 8/59 139 11 v uuw ,
20. 21 Paso zwncnmw Gas Klein No. 1-a" : NW/NE 31 26-6 2302 ©/57 2635 2 242
21. El Paso Natural Gas Klein No. 2-2 SE/NW 31 26-6 2280 9/57 D&a ,.. - : -
Q El Paso Natural Gas | Turner=Fields 1-31 A NW/SE 31 26-6 2825 . 3/56 266 PEA 4/67 _wo
23. El Paso Natural Gas ‘.H.cm‘umnlmﬁmwmm 2~31 NW/Sw 31 wmlm. 2307 10/56 236 g mmv.la\mq _ 17
24. Curtis Little Grevey No. 1 SW/NE 19 26-7 mwmm : 5/81 646 New Well. : -
25, ‘,ncunwm Lirtle Salazar No. 1 SW/NW 19 26-7 2520 '5/81 1006 | New Sm;ww -
26. Curtis Little Warre: No. 1 : SW/SE 19 26-7 | 2167 : 5/81 . 706 ; .. New zmﬁw.“_. -
27. J. Glen Turner Quantius 1-22 - NW/SW 22 26-7 Not Given : ‘8/54 n&a “, - -
w.m. Mgsa Petroleunm (Pubco) | Hughes 27-1 .zs\zm 27 26-7 22098 ‘ 2/53 D&A - -
29. Mesa Petroleum {(Pubco) Hughes 256-4 | 5E/SE 28 26-7 12267 B 3/53 D&A , - - , -
‘ Mesa Petroleunm (Pubco; Hughes 34-3 SW/SW w» 26=7 2207 2/53 355 24 , 561
31. El Paso Natural Gas Johnston-State No. 7 zm\zm 36 mqu 2614 7/58 D&A : | = - -
32. El Paso Natural Gas Harvey State No. 5 SE/SW 36 26-7 2361 12/53 ‘Dsa > - - .
33. Merrion ané Bavless Haxrvey No. 1 ; | NE/NW 36 ._Nm..q - 2892 _ 6/67 ~ D&A i ; - - :




Ommwweﬁm ’

1. Kimbell Oi

2. Kimbel: oL

)
(9
| 4
H
o
[
Ui
G

c»mnuﬂcwnnma N

1 Company

< Company

atural Gag Product

‘ Uns
(3 hour filow te

WELL,

Coral Com. No. 3

Warren No. 5

Omm<m< No. 2
Warren No, 2
Grevey No. 1
Salazar No. 1

Warren No. 1

7 WELL AVERAGE

ion Rate Limit fop Tight Gazg @

LOCATION

SWsw 27 25~¢
SWSE 35 mmlw
SWSE g4 mmﬁu
SWSE 5 25-7
SWRE 19 26-7
SWNW 19 26-7

SWSE 19 26-7

2387 feet 1S 68 MCFGPp .,

TOP op
PICTURED CLIFFS (ft)
lllllllllllllllllllll

2224

2512
2175
2193
2159
2520

mwmu

ey

,chaHZCHwGMU NATURaL,

PRODUCTION RATE (MCFGPD)

1.30
6.80
6.23
10.90
34.00
33.00

3.70

13.70
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EYHIEIT NC. 10

COMPANY: Skelly 01l Company
WELL: Farming No, 1~E

Ballard Pictured Cliffs Field )
NE/NE Zection 2, Township 24 MNorth, Range 6 West
Rio Arriba County, New Mezico

Pactured Cliffs Formation Core Data
_ Horizontal
Pepth (ft) ‘ Sample Footage (ft) Permcability (nd)
2510 - 2511 1 0.16
2511 - 2512 1 0.12
2512 - 2513 1 0.45
2513 - 2514 1 0.53
2514 - 2515 1 3.00
251% - 2516 1 1.60
2516 - 2517 1 0.12
2517 - 2518 1 1.20
2518 - 2519 1 1.60
2519 - 2520 1 0.45
2520 - 2521 1 1.20
2521 - 2522 1 0.12
2522 - 2523 1 < 0,01
2523 - 2524 1 <0.01
2524 - 2525 1 G.29
2525 - 2526 1 0.10
2526 - 2527 1 0.20
2527 - 2528 1 0.13
2528 ~ 2529 1 0.04
2529 - 2530 1 0.05
12530 ~ 2531 1 0.02
2531 ~ 2532 1 0.03
2532 ~ 2533 1 0.08
2533 ~ 2534 ¥ 0.06
2534 - 2535 1 0.02
2525 - 2536 1 0.13
2536 - 2537 1 0.04
2537 - 2538 1 0.10
2538 ~ 2539 1 0.08
2539 - 2540 1 0.1
2540 - 2541 1 0.05
2541 ~ 2542 1. . 0.05
. 2542 - 2543 1 0.04
2543 - 2544 1 0.02
2544 - 2545 1 0.08
2545 - 2546 1 0.04 ’
2546 -~ 2547 1 0.01
37 12.39

TOTAL

Average Permeability = 12.39/37 ='0.33 md.

(Well not completed in Pictured Cliffs formation)
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@ EXHIBIT NO. 11 .

COMFANY: Superior Oil Company
WELL: Sloan ~ Gov't. 1-11
Ballard Pictured Cliffs Field
NE/NW Section 11, Township 24 North, Range 6 West
' ) : Rio Arriba County, New Mexico
Pictured Cliffs Forndtlon Core Data
. Horizontal

Depth (ft) Sample Footage (ft) Permeability (md)
2107.5 - 2108.5 1 0.00
2108.5 - 2109.5 1 0.00
2109.5 - 2110.5 1 0.00
2111.5 - 2112.5 1 0.00
2112.5% - 2113.5 1 0.00
2113.5 ~ 2114.5 1 0.00
2114.5 - 2115.5 1 0.00
2115.5 - 2116.5 1 0.00
2116.5 - 2117.5 1 0.00
2117.5 - 2118.5 1 0.00
2118.5% - 2119.5 1 0.00
2119.5 - 2120.5 1 0.00
2120.5 - 2121.5 1 0.00
2121.5 - 2122.5 1 0.00
2122.5 - 2123.5 1 0.00
2123.5 - 2124.5 1 0.00
2124.5 ~ 2125.5 1 0.00
2125.5 - 2126.5 1 0.00
R 2127.5 - 2128.5 1 6.00
ST 2128.5 - 2129.5 1 0.00
2129.5 - 2130.5° 1 0.00
2130.5 - 2131.5 1. 0.00
2131.5 - 2132.5 1 0.00
2132.5 - 2133.5 1 0.00
2133.5 - 2134.5 1 0.00
2134.5 - 2135.5 1 0.00
21355 - 2136.5 1 0.00
2136.5 ~ 2137.5 1 0.00
2137.5 - 2138.5 1 0:00
2138.5 - 2139.5 1 , 0.00
»2139.5 - 2140.5 1 " 0.00
2140.5 - 2141.5 i 0.00
2141.5 - 2142.5 1 0.00
2142.5 - 2143.5 1 0.00
©2143.5 - 2144.5 1 0.00
2144.5 - 2145.5 1 0.00
2145.5 - 2146.5 1 0.00
2146.5 - 2147.5 1 ) "0.00
2147.5 - 2148.5 1 ' 0.00
2148.5 - 2149.5 1 0.00
1 0.00

2149.5 - 2150.5

: ~ e B SN o2 SuEaey ORI oy DI T o

r PEFORE L IAMINER STAMETS
LG GO TRATION pwision  #
| mmr:':.”:n O, ,u___.“ 3
| crst oAy :
Submiited by _g_hm________
i

&

Hearing Da’ce _ug_l:u_ls.;_____ '




S T L L Y YO S D S ot
'COMPANY: Superior ('Company ‘
WELL: Sloan - Gov't. 1-11
Cor.tinued
= ‘ Horizontal

Depth (ft) Sample Footage (ff) Permeability (md)
2150.5 - 215)1.5 1 0.00
2151.5 - 2152.5 1 .00
2152.5 - 2153.5 1 0.00
2153.5 - 2154.5 ] 0.00
2154.5 - 2155.5 1 0.00
2156.5 - 2157.5 1 0.04
2157.5% - 2158.5 1 0.72
2158.5 - 2159.5 1 0.81

. 2159.5 - 2160.5 1 0.38
2160.5 - 2161.5 1 0.13
2161.5 - 2162.5 1 0.21
2162.5 -~ 2163.5 1 0.04
2163.5 -~ 2164.5 1 0.00
2164.5 - 2165.5 1 0.72
2165.5 - 2166.5 1 1.29
2166.5 - 2167.5 1 1.63
2167.5 - 2168.5 1 0.38
2168.5 ~ 2169.5 1 0.38
2169.5 -~ 2170.5 1 0.21
2170.5 ~ 2171.5 1 -0.81
2171.5 - 2172.5 1 1.11
2172.5 - 2173.5 1 1.63
2173.5 -~ 2174.5: 1 1.20
2174.5 - 2175.5 1 1.11
2175.5 -~ 2176.5 1 1.29

TOTAL 65 14.09
I Average Permeability = 14.09/66 = 0.21 md.
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Q EXHIBIT NO. 12 0

COMPANY: Victor Salazar
WELL: Campbell No- 1
(Well Now Nawed Kimbell 0il Co. Salazar 2-34)
Ballard Pictured Cliffs Field
NW/SW Section 34, Township 25 North, Range 6 West
Rio Arriba County, New Mexico :

Pictured Cliffs Formation Core Data

Horizontal

Depth (ft) sample Footage (ft) Permeability (md)
2200.5 - 2201.5 1 0.00
2201.5 - 2202.5 1 0.00
2202.5 - 2203.5 1 0.00
2203.5 - 2204.5 1 0.00
2204.5 - 2205.5 1 0.00
2205.5 - 2206.5 1 0.00
2206.5 - 2207.% 1 0.00
2207.5 - 2208.5 1 0.00
2208.5 - 2209.5 1 0.00
2209.5 - 2210.5 1 0.00
2210.5 - 2211.5 1 0.00
2211.5 ~ 2212.5 1 0.00
2212.5 - 2213.5 1 0.00
2213.5 - 2214.5 1 0.00
2214.5 - 2215.5 1 0.00
2215.5 - 2216.5 1 0.00
2216.5 - 2217.5 1 0.00
2217.5 - 2218.5 1 0.00
2218.5 - 2219.5 1 0.00
2212.5 - 2220.5 1 0.00
2220.5 - 2221.5 BBt . 0.00
2221.5 - 2222.5 1 0.00
2222.5 - 2223.5 1 0.00
2223.5 - 2224.5 1 0.00
2224.5 - 2225.5 1 0.00
2225.5 - 2226.5 1 0.00
2226.5 - 2227.5 1 0.00
2227.5 - 2228.5 1 0.00
2228.5 - 2229.5 1 1.29
2229.5 - 2230.5 1 1.11
2230.5 - 2231.5 1 2.23
2231.5 - 2232.5 1 0.55
2232.5 - 2233.5 1 0.38
2233.5 - 2234.5 1 1.11
2234.5 - 22355 1 1.11
2235.5 - 223C 9 1 1.20
2236.5 - 2237.5 1 1.20
2237.5 - 2238.5 1 '2.49
2238.5 -~ 2239.5 1 3.18
2239.5 - 2240.5 1 .0.00
TOTAL 40 15.85

Average Permeability = 15.85/40 = 0.40 md.
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COMPANY: Superior 0il Company
WELL: Albuquerque Assoce. #1-36 State

EXHIBIT NO, 13

Ballard Pictured Cliffs Field

{Well Now Named El Paso Natural Gas Canyon largo Unit No. 57)

SE/SE Section 36, Township 25 North, Range 7 West

Depth (ft)

2300.5
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2337.5
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2339.5-
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2341.5
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Rio Arriba County, New Mexico
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e EXHIRTT NO. 14

COMPANY ; Pubeg Déve]opment,‘inc.
WELL, Hughes 28~4

Blanco Pictured Cliffg (South) Fiela
SE/SE Section 28, Tanship 26 North, Range 7 West
Rio Arriba Cnunty, New Mexico

Norizontal

Depth (ft) .S_:".'”QLGNI‘EQQ‘EQEMQQ. .E‘irjﬁ?.sl’z.i_l.i..&&.‘ﬂ'_il
2288 ~ )54 1 0.24
2289 - 2290 1 0.19
2290 - 297 1 0.32
2291 - 2295 1 0.34
2292 ~ 3293 1 0.46
2293 - 2294 1 0.75
2294 - 2595 1 0.43
2295 - 3294 1 1.22
2296 - 2797 1 0.76
2297 - 279g 1 0.37
2298 - 2299 1 0.53
2299 ~ 730p 1 0.34
2300 -~ 330, 1 0.35
2301 - 23p7 1 0.4y
2302 - 2303 1 0.37
2303 - 2304 1 0.28
2304 - 2305 1 1.00
2305 - 230 1 0.78
2306 - 2307 i 0.9g
2307 - 2308 1 0.17
2308 ~ 2399 1 0.5¢
2309 - 2319 1 .0.28
2310 ~ 231, 1 0.44
2311 - 233, 1 0.47
2312 - 233 1 0.19
2313 - 2334 1 0.10
2314 ~ 2335 1 0.41
2315 - 2314 1 0.28
2316 - 2337 1 0.26
2317 - 233g 1 0.45
2318 - 2319 1 0.14
2319 ~ 2350 1 0.4]1 -
2320 ~ 232 1 0.46
2321 - 232 1 0.76
2322 - 2323 1 0.47
2323 - 3334 1 0.59
2324 - 2335 1 0.2¢
2325 - 2356 1 i 0,60
2326 - 2327 1 0.23
2327 ~ 2328 1 0.38
2328 - 2339 1 0.15
2329 - 2339 1 0.77
2330 - 233 1 0.17
2331 - 2335 1 0.87%
2332 - 2333 1 0. 26
: 20.33
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‘_ EXHIRIT NO. 1% e

COMPANY: Pubco Development, Inc.
WELL: Hughies 34-3
{Well Now Named Mesa Petroleum Hughes 34- 3)
Ballard Pictured Cliffs Field )
SW/SW Section 34, Township 26 North, Range 7 Wcst

Pictured Cliffs Formation Core Data

. Horizontal
Depth (ft) Sample Footage (ft) . Permeability (md)
2202.5 ~ 2203.5% 1 0.10
2203.5 - 2204.5 ) 0.00
2204.5 ~ 2205.5 1 0.00
2205,5 - 2206.5 1 0.40
2206.5 - 2207.5 1 1.00
2207.5 - 2208.5 1 1.30
2208.5 ~ 2209.5 1 2.60
2209.5 - 2210.5 1 1.60
2210.5 ~ 2211.5 1 1.90
2211.5 - 2212.5 1 2.20
2212.5 - 2213.5 1 1.40
2213.5 - 2214.5 1 2.50
2214.5 - 2215.5 1 1.00
2215.5 - 2216.5 1 1.40
2216.5 ~ 2217.5 1 1.30
2217.5 - 2218.5 1 0.80
2218.5 - 2219.5 1 0.60
2219.5 - 2220.5 1 0.40
2220.5 - 2221.5 1 0.00
2221.5 - 2222.5 1 0.00
2226.5 ~ 2227.5 1 0.00 .
2227.5 - 2228.5 1 0.10
2228.5 -~ 2229.% 1 0.10
2229.5 - 2230.% 1 0.30
2230.5 - 2231.5 1 0.40
2231.5 - 2232.5 1 0.10
2232.5 - 2233.5 1 . 0.60
2233.5 ~ 2234.5 1 0.30
2234.5 ~ 2235.5 1 0.00
2235.5 -~ 2236.5 i 0.60
2236.5 - 2237.5 1 0.40
0 2237.5 - 2238.5 1 0.10
2238.5 - 2239.5 1 .00
2239.5 - 2240.5 1 © 0.80
2240.5 - 2241.5 1 0.10
2241.5 - 2242.5 1 0.00
2242.5 - 2243.5 1 0.10
2243.5 - 2244.5 1 0.00
2244.5 ~ 2245.5 1 0.40
2245.5 ~ 2246.5 1 0.40.
2246.5 - 2247.5 1 0.60
2247.5 - 2248.5 1 0.40
2248.5 -~ 2249.5 1 0.60
2249.5 - 2250.5 ° 1 0.00
2250.5 - 2251.5 1 0.70
2251.5 - 2252.5 1 0.70
TOTAL 46 28.50

o
N
i
Fof

50746 .

o

Average Permeaoillty‘~ 28;
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EXHIBIT. NO. 16

COMPANY: Kingsley-Locke 0il Company
WELL: MKL No. 1
{Well Now Named Depco, Inc. MKL No. 1)
Blanco Pictured Cliffs (South) Field
SW/SW Section 5, Township 26 North, Range 7 West
Rio Arriba County, New Mexico -

Pictured Cliffs Formation Core Data

Horizontal |

Average Perneability = 1.90/6 = 0.32 md.

(Well not completed in Pictured Cliffs formation)

Depth (ft) Sample Footage Permeability {(md)
2133 - 2134 1 6.40

2136 - 2137 1 0.10
2142 - 2143 1 1.00 j
2152 - 2153 1 0.00 l
2156 - 2157 1 , 0.00 ‘
2165 - 2166 1 0.40 ‘
TOTAL 6 1.90
{
|

LN e e e

i > . .’”""'":’.‘ N RenRERE oo 2

i BEFORE EXAMINER STAMETS
] YR oy -\"“ - y .

i Ol COMSERVATION BIVISION

L T s T
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COMPANY :
WELL:

Well Now Ramed Depeo,

EXHIBIT No. 17 ‘

Kingsley L.ocke 0il Pompany

MKIL, No.

4-17
Inc. Hughes 4~-17)

Blanco Pictured Cliffs

{South) Field

/5% Scction 6, Townchip 26 Noyth, Ranae 7 West

aYEY
vy o OETCION G, Townohby

Rio Arriba County, New rex1c0

Pictured Cliffs Formation Core Data

Depth (ft) Sample Footage (ft)
2123.5 2124.5 1
2124.5 2125.5 1
2125.5 2126.5 1
2137.5 2138.5 Y
2138.5 2139.5 1
2139.5 2140.5 1
2140.5 2141.5 1
2141.5 2142.5 1
z2142.5 21435.5 1
2143.5 2144.5 1
2144.5 2145.5 1
2145.5 2146.5 1
2145.5 2147.8 1
2147.5 2148.5 1
2148.5 2149.5 1
214%5.5 2150.5 1
2150.5 2151.5 1
2151.5 2152.5 1
2152.5 - 2153.5 1
2153.5 2154.5 1
2154.5 2155.5 _l
TOTAL 21

Average Permeability = 394.10/21 - 18.77 md.

{(vicll not completed in Pictured Cliffs formation)

! puroRe EXAMINER STAMETS
Cil. CONSERVATION DIVISION

o]

ik@_wgg_-,u..: HOJJ____
i £ &
ﬁ £ WO, [Ii}

Submittcd by MOlagD>
Hearing I)atn__m_l:.,‘_l_aj____

T

O

5,’3

x‘.

Horizontal
Permeability (md)

C.40
1.90
2.40

.00
0.00
0.70
1.00
2.20
24.00
73.00
2.50
43.00
60.C9H
48.00
40.00

21.00
21.00
29.00
7.70
1.30
_15.00
394.10
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CORE LABORATORIES, I"NC.
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EXHIBIT 18

2ffect of Overburden Pressure and Water
Saturation on Gas Permeability of Tight

Sandstone Cores

Rer I Thomzs, SPLAIME U S Bricze of Ming
Dop C. Wesd, sf*:-,:.:,-- T U.S R 5

urezv ef Mine:

Introducoion

Reszzrch on the poicibal of nuclear explosions o
stirmulate gas progduciion fiom Jow-pernczbality
(i13ght) sandsione seservoirs is being conducted by the
U. S. Buiesu of Minesin cooperziion with the Aromic
Energy Commission. This 1¢pori desenbes the pan of
that resezrech hal weas condocied 1o esizbhsh correlz-
1on between permezbility meesvied or GV cores 2
low exiema) piessure {jovilne znalysis) zod prrmeca-
bility 31 rzservol condiious. .

Coscs vsed in this iciczich were obizined f1om rwo
Plowshzaie ves-stimulzton proiects. Project CGzsbuegy
cores {fioin the Piciuied Chits formzvon, Choze Mesa
Nheld, Rio Arvipz County, N. M., czn b described s i
very five crzined, dichily co?:::‘cous,«‘:c!l VG #ied
szndsione. Proicct Wegon Wihiee] coies fiom i Fori
Union Joimeziier, Pincdele Hiedd, Subicniz County,
Wyo., can be described 2y very fine grzined, siichdy
C?.lCo!COUS, very well indurzied sendsione,

Undcrciound 1fservoirs zie 0nczy onsidrrzble

ompicssive stress 28 z 3zsuli of the weight of overly-
n\.g rochs (ofiser somewhat by inicinzl- Huid presuie).
The sesehizn pet contining przssusc or cficcinve oves-
burder’ prcsysuse 1 1efened 10 1o tns repon simply 2s
oveiburden: pse ssure. The sesuliing cficcts on the phy-
sical’ propeasics of the resenoir o) heve tezn
“sudied.? * Onve;bwrden pressure causes only 2 szl
decrczass 30 poresity, which czn verzlly be ignoied.?
This was confiiined for Project Gashugey end Praicar
Wegon Wheo) cores. A commeicial dzborziory found
that the poresiny of these cores is 1educsd by about 5

[ e

with overbur dcn pressure,

120

Research wnduc.ed lo defe:mme the polcnhal of nud(ar mplosrons 1o stimvlate gas
ploduchon )-enfes that the gos permeability of 1ight sandstone cores is markedly decreased
with increosing overburden pressure, Woler soturotion olso 1educes the gos permeobility
by a lo1ge amount. The relative pelm(-abrhty however, does nof change s:gmﬁranﬂy

percent of the oniginal poresity. The ¢ficet of over-
burden pressure on permezbility, howover, s zppic-
cizble znd varies considerably Jor Gificrent reservoir
roc)s,>® cavsing grealer yedvctions in prrmeczbility
Jor Jow-prrmeability rocke ™ The eiiect of overbur-

Y. drnpressute on 1elalive peymezbiliny hzs bren found

10 be sinzl* or nonexisient?

This 17 pOT piesents mzlesial that confirms 2nd e3-
1ends pieviovs sescarch findings on 1he cficct that
ovzrbuiden piessure has upon the penncebiine of dry
tores. Also presenied zre the 1:sults of jesezarch on

the scizlive gas jenmeability of Jow.penmezbility
cores under overbuwiden pressure.

Apparzies and Proceduie

Cylinérica) cores 20 10 7.5 cm long zné 2.5 ¢m in
Clzingier were cni parzlicd 1o the b "ng pianc. Afer
t};- cores were Giied overnighi in & vaivum oven (4.5
) of c¢ach coie
el preseuir

ie, 70°C), ihe pes (M) pooncztib
2% fie ¢nncd in 2 MHeesier cell. Amoex

100 psi over the inlet piessure wzs .~,c(’ 10 zin-
12in 2 good sczl between the rubber sleeve =nd the
core.* Pcnn:cbilhy was mezsuied 2t inlel pressuies of.
45, 60, 2nd )00 psiz, with zimesphciic pressuie al
i outict, A buhble tube snd Uiner wéie vsed 1o
siezruie ges flow rzte. Initial permeczbility (k) théi
was czlculzied by the Klinlenberg technique 1o cor-
rectfor the efect of ges shippepe. Al othzr permezbil-

P
\\ -

T ities reposied heae were czlevlaicd by this method

In the same inaiiner, perineability was mrzsvied at

e it e a4 et Yt bt et ittt | Yt
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incicesing external piestres of zbout 500, 1,000,
2,000, 2,000, 4,000, 5,000, 2nd 6,000 pd. Exieynal
P,fumcs actuzlly wore sonewhat }»mucr 1o ((r’n;.:x.-
waie for e inel pressure, The cose and Uznitesy ddee
end pieces were placed in s rubber dleeve (pirce of bi-
cyvcle innertube) 001 cm thick. Rubbor cement was
peed 10 se2) b dizintece cieel €nd pirces 10 the sub-
t . Shoindebie plestic tubing proved vpsetis-
facrtony hirczuse bigh pirssuie wis 1equired 1o sezd the
core. The )adcncd core wzs snounied in 2 Yigh-
piessure ce)) with distifled waicr as the exiernzl fuid

Cores vsed 1n zelzbive p-nnwbnh.v sTuGies were
first svbjected 1o high exiernal pressure znd then
2lipweed to recover thelr Inival pormeztibity. Buolk
volume, dry weighy znd pososity vwere nczaned by
conveniional ges-expznaon iechnigues. Cores then

“were subjeciel 1o @ vacoum (0.3 psiz) for 2 hovrs,

immeised In_ weter, #nd zliowed 1o «iznd wnder 2
vecuum overmeht. The cores were weighed znd egvein
subjecied 10 vecuvm overmirhi &nd weighed zgzin 1o
zssure complete satur ztion. Most of ihe corcs were
completely-<xiusaled zfier one night. Poscsity velues
czicvlzied on the bzsis of waier szturalion zre'in pood
zgicement with those mezsured by conventional gas-
cxy:rsmn icchniques.

Waier in. the core was zllowed lo evzpurale &t ai-
mosphesic conditions 10 2 saturaiicn of zbout 70 per-
cent znd the core vzs placed in the holder for 2 hours
under external pressure (100 psi above m?cl) only <o
the water saturation was uniform. Gas pecrmeebifity

‘then was mczsured at three inlel pressures betwezn
30 2nd 100 psiz with almosphenc pressure at the
ovtlet. This procedure was 1cpeated for decreasing
wzle: saturations at the szme external pressuse. Afier
the primezdility was inczsured the core wazs weighed
to determine i any waler was Jost In zll czses the
_amount Jost was neelicible. Afier the core wes dijied
in 2 vacoum oven, the gas permeability 21 this ex-
1cmal pressure was messvied. The protedvre was se-
pezted for exiernal pressures of 3,000 znd 6,000 psi.

.
g1 sleeve

Resvlis and Di<cus<ion
Efiect of O¥ erburden I‘ressure on Fesmes blh(\

| Core number, lcnqh poxos;r), znd indial preiinea-

“bility of the coses vsed 5n this resezich sie heven in
" Table ). The cosc number refers to ihe Gepik in feet
CEUvhich thefcore was obizined. Typical plots of the
cfect of simulated overburden pressure on Gasbuegy
coies zre shown in Fig 1. The perimezbility is de-
crezsed by about! 75 pereent al an overburden pres-
“suie of 3,000 psi 2nd by 90 percent at 6,000 psi. The
fh\drox'zhc )chmg used in these cxpcnmcnls docs
‘1ol 1cp1c\‘ucc subsurface conditions cxacly; in 2o

usually Jess than the vertical compencenl Since the
luaj‘! zding is not known, this mdhod pxobably 1s

fr.-cmncx arc zficcted 10 2 greafer exient, 25 shown in
B Fig. 2::In these cores the permeability is decrcased by
about 95 percent a3t 2 simulated- overburden pressure
of 3,000 psi, with mos! of the u—duchon occurring bc-
Jow 2 000 ps.

" The data shown 5o Table 3 and Figx. 1 and 2 were
Biained by subjecting the core 1o svecessive incre-
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“ac1ual seservoir the honzontal component of stiess is

“yeallilic as z2ny other. Con:s that”¢chiain micro-
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TABLE )---LFFECT OF OVIZEURDEN PRISSURE ON GAS FIHMIABILITY

[f.—‘i:vt ("-u' ultzh hz's.u' (,y) 00 1,000
(xn lrn[‘d« Foo (193
Rumler™ HED) (, nun., )4
Cosherpy
2527 2.1 £) 0.07¢ (CX] GO0
2578 75 £3 0037 4 63) 0074
3878 21 £2 0.5} 01 CGIE
4113°* 2. 10} ).75 1.16 G607
4)34°" 21 116 30 0 GAE ¢ 028
£)4¢° 7.5 116 2.40 1.72 132
L3147 7.5 113 00 %23, C¢IE)
4158 21 336 1.59 106 U.80
Y/apon Y."n:e_!
£084 3¢ 7.7 00628 otz 0020
8122 3% 114 0071 05 oot
39 AL - § E7 ceze € 02% 0.024
1056 3t £5 € oss 0057 0051
105300 3¢ Q.0 D88 0.020 06175

*Nuember cenoles cepth in fecll
"rShighiiy fractuned
1Initial grereve 2bility.

mental ipcreeses in extemal piessure. The core was
zssumed 10 be in equilibnum at cach pressure when
perineability mezsureinents jemzined constant for 15
ininules, which seovjsed between 1 and 2 hours. A
p..noo of 30 ninvies 10 2p hour was reguhed to al-
t2in equilibrium \ wheo the inlet pressure was changed.
Consecuently, cach externe] pressure was mziniained
for 2 minirmum of 2 hours.
The cficct of Gecreesing exiernzl pressure was de-
{crmineG oo a few cores, 2nd iypical sesults z1¢ shown
" ip Fig. -3.- Other sescarchers™® have obicned and
" “ shown hat this hysieresis is mainly dependent op the
stress hisiorny of 1hie core. Cores gencrally recover their
onginal permezbility 2fier 3 10 6 weeks at zunesphes-
ic conditions. This line couid be shoriened by sioning
the core in 3p cvep at 70°C. i
The cficct of overburden pressure on the perinza-
biliry of coses fsom Proiect Wagon Wheel is similar
1o thal on corcs from Projzct Gesbuggy, end typical
results 212 shown in Fag. 6. The permeability is de-
crczxed 10.3bout 30 percent of inital permezbility at
ap ovesbusGen pmessure of 3,000 psi a2nd 10 20 per-
ccot a1 6,000.
A sn.d) ol the datz in Table 1 indicates that the
_onginal pososity of te core 2nd the reduction in per-
meability caused by overburden pressure zre not re-
Jaled. Pose structuse (fracivres 1o uniform pores) is
protably the governing factor.

Water Saluﬂmn Lﬁrd.s

The data jp Table 2 show that the pfnncablhr) de-
crezsed with incicasing waler satluration. The valucs
.31 20, 40-, and 60-percent waler saturztion were
, amcd from individual relative: pcrmcablhl) curves
for Gasbupgy 2nd’ Wagon Wheel coies. Relative-
‘pcrm:ab)hr) curves for three coies fiom Pro;ccl Gas-
buggy are shown in F)g & with the data pomL', for
Corc 3978. Data points weze omilled for the other
cotcs 10 avoid confusnon This figure shows thal al-

7,000 3400 4,090 LU0 6.000
“Fecoseetibly {md)

0024 075 00132 0005 ¢ 0295
Co1% 0 (23 0.0%8 G ORE 0.0025
oLy 003 0624 00175 032
6252 €113 0.058 0042 6029

©1e3 G095 0 0085 0005 0.0M7
6.3 034 i3] 0057 v 022
¢ 07) 0034 G IR 003E 6.058?
0.3 6225 0152 . 01% 0300
0010 OO0 G UMY L0035 € 0230
¢3¢ e oy G024 €071 008
001 0073 £ o 00032 00023
0.632 6.025 0027 a5t ©.016
¢.0080 0.0050 0040 0 (25 ¢ 008

though gas permesbility is 1educed, the selative gas
permeability of Ga<bugey cores is pot significanly af-
fecled by incicaved overbuiden pressure. This COD-
clusion is in agresment with the sesvhs of others
Exuemcly Jow vzlues of permeabihty that re suhcd
from waier saturation and overbuiden pressure ic-
quired that cither Jong flow 1imes or high inlet pres-
sures (high Gificrential zcross the coe) be vsed. Sinee
3 high inlet picssure Inciczses the. end cefiects by
c}‘;zngingthc distribvton ‘of water in the core, long

How .umes werz-1zguiied. _Alhough end-eficct prob-_

lems wers encounteied with the short cores (Coies
3978 znd 4)58), the permezdbility of ifese cores was

TABLE 2-—LFFECT OF OVERBURDEN FRLSSURL AND
WeATER SATURATION ON GAS PELRMEIABIUTY

Water Sadurztion {percend): 0 20 20 8D
(.o!: FPrezsurz
Kumber (rx) Fermedbaliy (md)

3527 © 300 6.115 0.00% 0041  0.0023

2527 3,000 0026 0023 0003  0.0GXS
2527 €.000 0.0i2 000  0.003 - 0.6002
2673 . 100 0112 00RO 003 001}
2528 300 - 003 0026 0011 OOX
2578 6.000 0013 0003 0DOM 0.0013
4158 S You] 0447 0335 0356 0.045
1158 3.00 0075 - 0.056 0026  0.007%
4158 £.500 0027 90020 DOID DD
YWagon Wheel ; ’ ’
5084 100 0038 0030 004  OK42
EORL. 3,020 0012 DOR9S O0.0XM3  0.0013
08 €000 . 00070 - 00355 00025 0.0008
3¥7 Y00 0074 005 0017 - 0.006
nn 3,000 0027 002 - 003 00R
nn " 8,000 0070 0OI5 0006 -0.0R
1015% 300 00 DO 002y Dem
10156 3.000 0022 oc2d 0008 00008

10156 6,000 0017 - 0013 0.005 00005 -
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high enough 1o vield sczsonegble 1esolts. Permezbil- 100 -
ity measurerments for Core 4161 (7.5 e dong, 0.053
ind) 1cQuired moise than 2 hours pers reading. These Lo pombes - Viym8
i . sol. & 1013 0 GEE
cxllcrncly Yong flow times can cavse crrors, T eoae 0 OPE
¢ 8172 0671

End cficcts, Jong fiow times, znd changes it per-
mezbility due 10 waler szturzlion 1e00 10 Sercrcase the
accuracy of punmecability mezsurements, cs;;zc.a!)\ al
the higher water saturations,

The initial pennezbilily of mzoy of the dry coies
used in this seveaich was not reproducibic Tolowing
saturation z2nd drying. The changes probably were
caused by sclution of inztena) in the pores #nd by
particie moverment. These cavsed both intrezses znd
deciezses in permezbility. The variztion, although -
somelimes Jzrge, usuelly was Jess than 5 percent; i i 1 | [ | J
bowever, we feed ihat the relative permezdility curves ©7 oo0 | 2000 3000 <0CO | 5000 €000
are essenuially conecl. To eliminate the efiects of FREZSURL, psi
solution 2nd pariicle movernent, the pzrmezbility of Fig. £&—LHect of overburden pressure on
the dry core following saturation, rather than the per- £2s permeability of Wzgon Wieel cores.
mccbﬂn) inttially meesured, was Lscd in calculeting
relalive permece bxh‘)

A compotiic of the selalive permeability curves for 100 a, -
Geasbuggy cores 1s shkown in Fig. 5. These curves zre \
yepresentative of permezbilitics encountered in: this
formation. Al s wsler saturation of 50 percent, the
refative permeability of the cores renges fiom 15 10 20
percent and is not zfiecied by overburden pressure.

 Similar results wese obt2ined on cores from Project
Wzgon Wheel, es shown in Table 2 and Feg 6 with
catz points for Coie 8122, These coies wese cut'lo 2
Jength of 3.8 cmn 10 zlleviate some of the long flow
time engd enc-cfiect diffculties encountered with Gas-
buggy cores. These curves zre jeprescniztive of the
p:r‘nc‘:mlnus cocouricied in the formztion. Al a -

~waler saturzlion of 50 percent, the relaiive penmnez- .

: bility of these cores 7 zngesfrom 32 10 21 jercent The
daiz in these Drures show, as do the datz from Gas-
bugey cores, thai relative ges permeazbility is not signi-

hcanly aficcied by incrcased overburden pressure. S N N O SO R B )
; ° 20 20 60 80 J00

WETER SATURUTION, percent

o
)

N
Q

N
o]

PERCENT OF INITIAL PLOUEADBILITY

e e

: ‘Curt numliers x;, me
- — 4161} 0.053
—— 3978 0.151%
-~~~ 4158 1.58

2]
(&)

Prezsore
o 100 psi
¢ 3,000psi
o 6,000 psi

3
I

VE PERMEADILITY, peicen!
N
Q
]

[l
i

RELAT
o
|

Correlzfion with Nuclear Stirmulation Projects
{zny of the basin aiezs of the Rocky Mouniain re- Fig. 5-—Relative £2s permezbility of Gasbugry cores.
gion consist of thick, Jow-penncebility szndsiones :
conizining large quaniities of narural gas. This type 100
of 1cszrvoir has been the object of the AEC's Plow-’
share Program experiments, Projects Gashuggy end
Rulison, znd proposed Projects Wagon Wheel,
WASP; 2nd Rio Blzoco. Beczuse moest wells in these
Jeserveirs have pol been commercial, only limited
Creservoir-analysis znd*pxoduction test data are avail-
" 2ble. Reservoir znslysis s most dificult because Jow
pcrmesbilily 1equiret Jong-term lesting. Also, il is
difncuht 10 determine perineability 2nd net pay from
“these tests. Knowledge of the gas perncability is ne-
cessary in predicling gas recovery, 2nd brcause it is
not cconomical 10 define’ the characieristics'of difer-
cnt siratz by W@ell 1est, it is desirable 10 be 2ble 10 re-
“late)aborziory-measvied permiesbility to the Uus ip-
situ permeability, ’ o o
Conveptional-analysis by 2 commuoa] laboralory _ ' . % :
(confirmed in our laboralory) of about 200 Gasbuggy L 0 !
coics gave sy aveiage initial gas permeability of 0.16 T % 40 60 100
md on dry coics and an avcrage Waler ssturation of ) WALTER SATURATION, puunl
48 pecrcent The cfective overburden pressure of this Sig. 6—Relative £3s peimeability of Wagon Whéel cores.

o . ) . 123
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tescrvoir is about 3,000 psit From Fig. 1, the reduc-
“tion facior sesuhing from the overburdern preswoie s
0.25, znd 1he seduction facior for a waler saturztion
ef 48 pereent (Fig. 5) is 0.20; thus the 1012) 1¢Cuction
is 5 percent of the initial permezbility, or 0.008 ind.
This velue compizies favorzdbly with perimcahility ge-
terimnations of zbout 0.0 md from both preshot znd
postshot flow testing at Gasbugay. The gas 1eservoir
3t Project Rulison is similar 10 that at Gzsbuggy, hev-
ing zn zverage initial dry permeability of 0.11 md
2nd zn averzee waier saluration of 45 percent. Sime-
laied in-site pennezbility his not yet been mezsured
in the Jatoiatony on Rulison cores; however, using an
cffective overburden pressure of 5,000 psi and curves
of Gasbugey core data (Figs. 1 2nd S), the seduction
facior because of overtorden piessure wovld be 0.12
2nd that for water szturztion 0.24. This resulis in 3
combined ;t¢duction to 3 percent of the initia) per-
mezbilhy, or 0.003 md. Postshol produciion lesting
a3t Rulison is not complele, ¢nd the only pseshot deles-
min2tdn of permeability was made f1om 1ests of 2
32-ft 1s0l31ed zone ihal gave an averzge value of
0.008 md. No cores z1¢ 2vailable from this zone. Ru-
lison seservoir yock is said 10 be Jess compressible
than that of Gasbuggy; therefore Gasbugey pressure-
efiect data would be expected to indiczie z grezter
reduction for Rulison than actually exists.

The average initiay’ perreability of dry Wagon
Wheel. cores is 0.068 nd, with -an average water
szivrzgon of 50 percent. An estimaied ciiective over-,
burden pICssurc of 3,000 psi gives 2 reduction {actor
of 0.28 (Fig. 4). Waiér saturation furiher sedures
permezbility by 2 faciop of 0.18 (Fig.'6). Therefore,
the 1cta) reduction in permezbility is 1o approxmmaltely
5 percent of the injtial permeazbility, or 0.0034 md.

Origpinal rr.:r-usﬂcrip?—-:;:;vrd in Sod:’t)' of FetrGleumn Engireers
cHice June )6, 1971 Revised manuscript teceived Dec. 20, 2971,

Faper {SPL 3€34) Y23 piesented at SPE 26tk Annual Falt Meening,
held ih New Oticans, Oct 3.6, 1971, .
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This vzlue cen be uvsed 10 predict postishot gas re-
covery from the proposed Wagon Wheel experiment.

Cores z1e not yet aveilable from Pirojects Rio
Blaiico und WASP, ‘

Concludions

The ges pumezbility of tight wnddone cores is
mizrkedly deciezsed with inc:c:zsing overbwmden pres-
suic. hMost of the decrcuse 12key place at pressures 1o
3,000 psi. At 3,000 psi, the primeebility of unfrac-
Wred szmples 1znpes f1om 14 10 37 pricent of e
initial permezbility. In fizctured szinples, prrincz-
bility may be 1educed 10 25 Jow zs 6 peicent of initial
permezbility.

Waler szturation also reduces the fas poineability
greatly; however, the 1elztive permezbilily does not
<hange significantly with overburden Diessure,

Permezbility calculated fiom leboraiory results aye
in good z2greement with in-sity permezbiiities deter-
mined {rom production iest daia. Although not con-
firmed, piedictions for oiher proiects zppear 1o be
seesonzhle.” -
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EXHIBIT NC. 19 _
DETERMINATION OF IN SITU FORMATION PERMEABILITY
FROM LARORATORY CORE ANALYSIS DATA IN THE
LARGO CANYON TIGHT GAS AREA
The relationship nseded to determine in situ permeability
from core analysis data is published in a technical papef by
Rex D. Thomas and Don C. Ward entitled "Effect of Overburden
‘Pressure and Water Saturation on Ca. Permeability of Tight
Seandstone Cores", which is presented as Exhibit No. 18. The
authors' studies involved taking routine laboratory air per-
meability measurements at the normal 100 psi or less external
pressures. To simulate the effect of in situ conditions,
‘these permeability measurements»were then made at external
pressures ranging from 500 to 6000 psi. The resulte'of these
tests were then plotted on a graph of Percent of Initial
Pefmeability (ratio of permeability at }00 psi to a permea-
bility at a higher preesure) vs. Pressure. |
Figure 1, on page 121, of Exhibit No. 18, is one such

graph which presents results of tests run on cores taken from

the Pictured Cliffs formation. These cores were taken from

Project Gasbuggy; located in Choza Mesa Pictured Cliffs field,

T28—29N, R3-4w; Rio Arriba County, New'Mezico. Cores from the

Pictured Cliffs formation in the Gasbuggy area and from the

Pictured Cliffs formation in the Largo Canyon Tight Gas Area

can be expected to have the same or very similar chacteristics.

The characteristics of core 3978, presented in Figure 1,

can be used to represent the core data from the Largo Canyon

Tight Gas Area. The average laboratory air permeabiiity

from the Largo Canyon Area was 0. 37 mlllldarcy compared to an

'miilldarcy.' The conflnlng pressﬁre due to overburden‘et a

depth of 2378 feet in.the. Largo CanyOﬂ Tlght Gas, Area 1s

=7

approx1mately 1730 psi. Enterlng fhe graph in quure 1 at

1730 psi results in ‘a permeablllty reduction factor of 0.29

'xesultlng from the overburden pr

ﬁ-&he~ﬁi
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-~ ‘The water prent in the reservoir a}.soQauses the in
situ permcability to be less than laboratory permeability as
discussed in Exhibit No. 18. The 0.39 perneability reduction
factor resulting from overburden pressure was détermincd from-
cores having 100% gas saturation. Figure 5 on page 123 of
Exhibit 18 indicates relative permcability changes that occurred
with changes in water saturation within the sample cores. For
the Largo Canyon Tight Gas Area, the average core water satu-
ration was 73%. Entering Figure 5 At 73% water saturation
results in a permeability reduction factor of 0.05 for in situ
water saturation.

The total permeability reduction factor used on laboratory
ccre data to approximate reservoir conditions is cbtained by
multiplying the overburden reduction factor by the water
saturation reduction factor. This product is 0.02 for the
Pictured 'Cliffs formation in the.Largc Canyon Tight Gas Area.

Therefore, the in situ permeakility for this area is 2% of

the 0;37 millidarcy laboratory determinad permeability or

0.007 millidarcy.

The resulting 0.007 millidarcy in situ permeability ob-
tainedvfér the Laréo’Canyon Tigh£ Gas Area by this method
compares faQorably with in situ permeability values of 0.01
millidarcy’determingd fo¥ the Pictured CliffsvformatiOn at

Project Gasbuggy.




Well Name

Skelly 0il Company
Farming No. 1-E

(Well not completed in
Pictured Cliffs formation)

Superior 0il Company
Sloan Gov't. 1-11

Victor Salazar

Campbell Nc. 1

(Well now named Kimbell
0il Co. Salazar 2-34)

Suverior 0il Company

Albujuerque Assoc. No. 1-36 State
(Well now named El Paso Natural
Gas Canyon ZLargo Unit No. 57)

Pubco Development, Inc.
Hughes 28-4

Pubco Development, Inc.

Hughes 34-3

(Well row named Mesa Petroleum
Company Hughes 34-3)

Kingsley-Locke 0il Company
"MKL No. 1
Azmww_soz,nwamm Depco, Inc.

MKL No. 1 - Well not
completed in Pictured Cliffs
Formatiorn - Well not used

in permeability averaging)

EXHIBIT NO. 20 ;

SUMMARY OF CORE PERMEABILITY DATA

e .

Total Sample Total meOHmﬁoﬂ%ﬂ

Average Laboratory

Location Footage (ft) Permeability (md) Permeability (md).
NE/NE Section 2 37 | 12.39 - 50.33
T24N, 'R6W e
NE/NW Section 11 66 : 14.09 . 0.21 .
T24N, R6W _ SRR
NW/SW Section 34 40 . 15.85 . . 0.40
T25N, R6W . :
SE/SE Section 36 o4 10.02 . . 0.24
T25N, R7W . y _
e SR
= w
SE/SE Section 28 45 20.33. m B.mw _ 0,45
"T26N, R7W . . =8 : 5
iz ;
'SW/SW Section 34 _ 46 28.50 =l P 0.62
T26N, R7W Az © “
iR = -
A nAv : :
P e R o I : :
_ Y M:W * m >0
SW/SW Section 5 6 1.90 &l X rt 2 G, 0.32
T26N, R7W 15 BHe 5w
g2 de i
o ,er,m L S

o

- BEST AVAILABLE copy




EXHIBIT NO. 20

SUMMARY OF CORE PERMEABILITY DATA

: Total Sample Total Laboratory Average Laboratory
Well Name Location Footage (ft) .. Permeability (md) . Permeability (md)
Skelly Cil Company NE/NE Section 2 37 12.39 i 0.33
Parming No. 1-E T24N, REW i
(Well not completed in
Pictured Cliffs formation)
Superior 0il Company NE/NW Section 11 ; 66 14.09 ,wm  , .0.21
. Sloan Gov't. 1-11 T24N, R6W SOy : ,
Victor Salazar NW/SW Section 334 40 - 15.85 » ‘ 0.40
Campbell No. 1 T25N, R6W ,
(Well now named Kimbell
O1l Co. salazar 2-34)
Superior Qil Company SE/SE Section 36 , 41 '10.02 .. 0.24
Albuquerque Assoc. No. 1-36 State T25N, R7W B
(Well now named El Paso Natural TR
Gas Canyon Largo Unit No. 57) R ! _ {
Pubco Development, Inc. . SE/SE Section 28 45 20.33 {0z | | | 0.a5
Hughes 28-4 T26N, R7W mrmz& ! | =
Mmﬁ@ .ﬂ
Pubco Development, Inc. SW/SW Section 34 46 28.50 e b 0.62
Hughes 34-3 T26N, R7W : , ez @ .“ e
‘ (Well now named Mesa Petroleum deder = B s
Company Hughes 34-3) | W,an © R
: . . _ W@ o oo >
Kingsley-Locke 0il Company SW/SW Section 5 6 1.90 & M% 5 & oo 0.32 :
MKL No. 1 T26N, R7W e s B =
(Well now named Depco, Inc. ) < o=
MKL No. 1 - Well not | $ 5 C HoE T
completed in Pictured Cliffs N D S 32
Formation - Well not used g S
in permeability averaging) L .Eqiéﬂmﬁnm,

BEST AVAILABLE opy




SUMMARY OF CORE PERMEABILITY DATA

‘Page 2

w<mﬁm@m.ﬁmconmﬂon<
> Permeapility (md)

18.77

Totali Sample
Location Footage (ft)

* Well Nam

NW/SW Section 6 . 21

Kingsley- Locke 0il Cempany
T26N, R7W

MKL No. 4-17

(Well now Named Depco, Inc.
MKL No. 4 -.2Well not completed

in Pictured Cliffs formation -
Well not used in permeability .
averaging)

TOTAL (excluding wells 7 & 8, see repoxt) 275 101.18

= 101.18/275 = 0.37 md.

Average laboratory permeability

Average In situ permeability (2% of laboratory vmwamwuwHWﬁ%v = 0.007 md.

BEST AVAILABLE copy




‘ EXHIBIT NO. 21 Q

_CURTIS J. LITTLE
LARGO CANYON TIGHT GAS AREA
PICTURED CLIFF FORMATION
RIO ARRIBA COUNTY, NEW MEXICO

Calculation of Formation Permeability Using Darcy's Law

N ' ~ 'm. “_(.I?g'z - Pwf?2)
Darcy's Law: Qg = .703 kh Ug T2 In (.61 re/rw)

_ Q3 Ug T 2 In (.61 re/frw)

°or kK = 503 1 (ve? - Pwtd)
where:
k = permeability of formation - millidarcies
Qg = gas flowrate, sct/day - average of 13,700 scf/day
for 7 wells tested
Ug = averaye gas viscosity - calculated to be 0.012
centipoise : ,
T = bottom hole temperature - calculated to be 90°F - 550°R
Z = average gas compressibility factor - calculated to
be 0.926
re = drainage radius for 160 acre spacing - 1320 feet
rw = wellbore radius - 0.10 feet _
h = net pay height - average of 85 feet for the wells
in the tight gas area
Pe = bottom hole pressure at dralnaqe radius re - average
cf 757 psi for all wells in the tight gas area
Pwf = flowing bottom hole pressure . aésumed equal to
atmospherlc pressure for maximum f]owrate - 12.2
psi surface, 12.9 psi bottomhole
Gg = gas gravity - .7 - used for calculanlons of Ug and 2
Pc = pseudo.critical. pressure - 668 p31 used for
calculation of Ug and 2
Tc = pseudo critical temperature - 392°R used for

calculation of Ug and 2

g = A13,700) {0.012) (550) (0.926) 1n (.61 1320/0.10)
.763 (85) (7572 = 12.97)

k = 0.02 millidarcy
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APPLICATION OF CURTIS J. LITTLE
FOR DESIGNATION OF THE LARGO CANYON AREA OF TIE
PICTURED CLIFFS FORMATION AS A TIGHT FORMATIORN,

RIO ARRIBA COUNTY, NEW MEXICO

Curtis J. Little is appiQing fof pqrtions‘of ﬁhe Ballard Pictured
Cliffs and South BRlanco Pictured Cliffs gas>pools to be designated as a
tight formation undef Section 107 of the Natural Gas Policy Act of 1978.
The proposed Lérgo Canyon Tight Gas Arca is located in the southeastern
portion of the San Juan Basin. The area is located in Rio Arriba County,
approximately 35 miles southeast of the town of Bloomfield in northwestern

New Mexico.

Exhibit No. lﬁdisplays the proposed Largo Canyon Tight Gas Area on

a,map showing thie Pictured Cliffs formation wells in the San Juan Basin.

The Largo Canyon Tight Gas Arca inclﬁaes approximately 14,400 acres,

» W|N5M.E,F' , described as follows:

T25N R6W ~  Acreage
Section 21 all - _640
22 all . : 640
23 all : 640
26 all ‘ 640
27 all o 640
28 NE} 160
34 all 640
35 all ,640
36 wi ' ) : 320
T25N R7W -
Section 4 all . 640
5 E} 320
8 NE} ' : 160
9 N 320
10 N} , 320
T26N R6W
Section 31 all : 640
T26N R7W
LT T Tsection 17-8Y Rl s v U e s o Ty T T g0 TR T T T
. I 18 all. - -fn” - T T T840 T T e e
19 N}, SE} ‘ 480 :
20 all - 640
AR 21 si . . , , 320
- 22 s} y P , 320
gy 25 swi : ; S 160
. ‘ 26 si ' 320
: % 27 all , ' : . 640
© 28 all’ ‘ S B 640
33 all S Tyl ' T 640
34 all ' ‘ ‘ 640 o
35 all : : 8 ' 640 | o

36 all o ' : T 7640
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The Pictured Cliffs formation in the Large Canyon Areca meets the
criteria established in Scétion 107 of the Natural Gas Policy Act of
1978 to be designated as a tight gas formation in ghat (1) the estimated
aQerage in situ gas permeability throughout the pay section is expected
to be 0.1 millidarcy or less, (2) the stabilized gas production rates,
without stimulation, at'btmospheric pressure of these gas wells are not
exnected to exceed the maximum allowable productiéh rate of 68 MCFPD
for an averagé depth of 2387 fecet to the top of the Pictured Cliffs

formation in this “area, and (3) no well drilled into the Pictured Cliffs

formation in this area is expected to produce more than five barrels

of crude oil per day prior to stimulation.
Exhibit No. 2 is a Pictured Cliffs formaticn completion and pro-

duction map of the proposed lLargo Canyon Tight Gas Area. The production

figures presented for each producing well are initial potential, date of
initial potention, natural gas production for 1930, and January 1, 1981

cumulative producticn of gas for the well. Exhibit No. 2 also presents

completion and production data from wellsisurrodhdiﬁg the proposed tight
gas area for comparison purposes. '

‘The Largo Canyon Tight” Gas Area contains 33 Picturedﬁtliffs
formation gas wells, 12 of thch ére abandoned in the Pictured < 1liffs’
at this time. The average.depth to the»top of.the Pictured Cliffs
formation in these wells is 2387 feet. Examination of Exhibit No. 2

indicates that the Largo Canyon Tight Gas Area is scantly developed

compared to the area around it. Examination of cumulative and current

gas production rates also indicate the poorer quality Pictured Cliffs
reservoir rock in the Largo Canyon Tight Gas Area. A list of operator,
well name and production figures for Pictured Cliffs wells in the Largo

Canyon Tight Gas Area is presented as Exhibit No. 3.

v e i

Exhibit No. 4 ard 5 are January 1, 1981 cumulative gas production

and

.15865%nﬁué!xgaé éf&duéfidhiképsfSE;thé{Pigfﬁféd-ClifféAfofmafiénjfbrﬁ:‘
thg'area encompassing the proposed Largo Canyon Tight Gas Area. These

maps are color coded to distinguish nétural gas production trends in the

} area. The red color in Exhibit No. 4 is used to distinguiéh areas with
cumulative gas production greater than 1} BCF while the white indicates

brodﬁctidﬁ}ﬁess than this. 1In Exhibit No. 5L>}e&“is'used’to distinguish .
areas which had more than 12 MMCF of gas proau¢§§oqlih 1980. The white

areas indicate areas with less than 12 MACF of gas production in 1980.
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Examination of Fxhibit Nos. 4 and 5 shows that.the great malority of
the Largo Canyon Tight Gas Arca is white, which indicates little or no gas
production from the Pictured Cliffs formation in this area. This small
cumulative pfoduction and sparse well locations ié due to the tight

nature of the reservoir rock in the area.

The Largo Canyon Tight Gas Area is bordered to the northeast by

the South Blanco Pictured Cliffs field. Exhibit Nos. 4 and 5 show this
arca is densely drilled with good Pictured Cliffs wells, indicated by
the red coloring in the area. The area to the southwest of the Largo
Canyon Tight Gas Area is the Ballard Pictured Cliffs field. This fielqd
is not as fully developed as the South Blanco Pictured Cliffs field, but
again, the regd coloring of this area inﬁicate much more "gas production

in this area than the.Largo Canyon Ticot Gas Area.

Geology

The Pictured Cliffs formation is a marine, clay—filléd sandstone
wﬂose source was to the southwest. The formation was deposited és near-
shore bars aligned northwest-southeast with each sand body becoming
progressively youngerrfrom the southvest to the northeast by the regressive
late Cretaceous sea.

The form of gas entrapment in the Largo Canyor Tight Gas Area is
stratigraphic. Sediments within this area are geaward deposits of the

Ballard Pictured Cliffs field rather than landward deposits of the South

Blanco Pictured Cliffs field.

s
Sample cxamination indicates the Pictured Cliffs in this area is
predominately siltstone rather than sandstone which. with clay-filling,
is the contributing factor to the low permeability found in the Largo
Canyon Tight Cas Afea.

Exhibit No. 6 is a type leq of the Piétured Cliffs formation in

..the Largo Canyon Tlght Gas Area. fhls well is located 1n the Npi of . o o

~iSebtlon 19, T26N, R7W. The top of-the-Plc;ured Cliffs formation on.:

this type.log is 2156 feet and is overlain by a 24 foot coal bed. The-
base of the Pictured Cliffs is projected to be 2231 feet éﬁd is under-’
lain by the Lcwis Shalé. 1%15 log is representatlve of the Plctured ] .

Cl;ffs formatlon between the Ballard’ chtured Cllffs pool and the South

Blanco Pictured C11ff pooi.
Exhlbxt No. 7 presents cross sectxon A-A' which is located in the

northern portxon of the Largo Canyon Tight Gas Area. Exhibit No. 8 is

(3)
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n' located in the southern ;\ormn‘ cf the area,

The log refercnce datun shown on these c¢ross sections is a hen-

is loa cross section

tonite which 'is referred to as Ehe "Iierfanito Marker"., The cross
secﬁions illustrate the Pictured Cliffs formation to be a continuous
lithologic unit throughout the Largo Canyon Tight Gas Area. Both cross
sections indicate better sand development in the Ballard Pictured
Cliffs field and the South Blanco Pictured é}iffsffield than in the
Largo Canyon Tight Gas Arca. This illustrates that poorer reservoir
rock is>bresent in the Largo Canyon Tight Gas Area than the two sur-

rounding Pictured Cliffs fields.

Stabilized Unstimulated Gas Production Rate

Obtaining stabilized unstimulated gas production rates for Pictured

Cliffs wells is not a sLandard’procedure used by companies when completing
their wells in the San Juan Basin. Past e#perience has shown that these
Jow permecability Pictured Cliffs wells must be stimulated to abtain
cormmnarcial production. However, in:p;eparation {or this Largo Canyon

tight gas study, three hour unstimulated gas Production tests were berformed
on seven wells scattered throughout the tight gas area. Exhibit No. 9
gives the location of these test wells and indicates that the average
unstimulated natural gas production rate from these wells is 13.7 MCFGPD.

This rate is well below the 68 MCFGPD allotted for tight formation gas

wells having an average depth of 2387 feet.

The natural unstimulated production rates provided are not truly

unstimulated production rates from the Pictured Cliffs formation. Each

of these wells were acidized with 500 gallons of 7i% hydrochloric acid.
as a production aid to induce a flow channel from the wellbore'to the
flow

formation through the perforations. This acidizing cleans up the

path so gas can move more freely to the wellbore. True unstimulated

O

‘3’3‘; ‘proéédﬁreﬁtéAégéiééfiﬁ;gas érbéﬁéf{Bhﬁé:fz~=-- :
It can be expected that actual natural unstimuiéted é&s production
rates wouid be less than rateéireborted from floﬁ tests taken aftexr an
acid t:eatment. Therefore, the average production rate,qf‘13:7 MbFGPD
can be considered to be the maximum average obtainable unstimulated
,ﬁatural production ;ate from the Pictured Cliffs formation in this area.
‘This data indicates that.the average unstimulated natural gas ptoductibﬂ
fvrate from the Pictured Ciiffs formation in the Largo Canyon Tigﬁt Gas

Area is noéjéxpected to exceed 68 MCF of gas per day.

@,
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) The natural gas produced f{rom the Pictured Cliffs formation in the

Largo Canyoanight Gas Area 1is virtually dry gas.' Thexre has been very
little oil and condensate reported for any of the wells now producing
in the area. Only three wells have ever reported any cil and condengate
production in the Largo Canyon Tight Gas Area. These wells are:

(1) Fcster Trust Riddle No. 1 - 2703 barrels; (2) Kimbell 0il Company

salazar No. 2 - 309 barrels and {3) Kimbell 0il Compény Iiberman No. 2

336 barrels of oil and condensate.

Analysis of early oil and condcnaate production from theése three

wells indicate the highest oil and condensate production was reported

This well averaged

from the Foster Trust Riddle No. 1 well in 1957.

a post stimulation rate of 1.9 barrels of oil or condensate per day in

1857. The highest oil and condensate production rate reported for the

other two wells was 0.3 barrels pex day. The associated unstimulated

oil and condensate production from these wells could be considered to be

much lower than these low production figures which are well below the

5 barrels of oil per day unstimulated oil production limitation given

for a tight gas area.

These dry gas production figures indicate that no well drilled in

the Pictured Cliffs formation in the DLargo Canyon Tight Gas Area is

more than 5 barxrels of crude

expected to produce, without stimulation,

0il per day.

Permeability

whe Pictured Cliffs formation in the San Juan Basin is dependent

on stimulation techniques to be commercially productive due to the low

permeability of the reservoir rock.
Exhibit Nos. 10 through 17 present coxe analysis data used to

. aetexmlne the avprage laboratory pelmeablllty to alr i P\crured Clefs e

IRENUFE N formatlon pay zonee in thxs area.” The evhlblts contain the actual core- - T

analysis reports plus sumnary tables showing the analysis of cores taken

- from only the productive portion of the Pictured Cliffs formation for each

‘well. The cored intervals chosen for permeabxlxty averaging were deterr-
nired by log exam;natxon of the interval cored for each well. Only

cored intervals of sand with,ﬁqre than 6 ohms vesistivity appearing on
the Induction Resistivity logfdf the well or 10\7poro§i;y appearing on

a,éofosity log for the well were ‘used for permeability averaging.

(s)




. Lookout zone of the Mesa Verde formation. An offset well, the Depco,

of the Largo Canyon Tight Gas Aréa.

indicate they are located in poorer reservoir rock than that exhibited

‘® 9
Calculating an average laboratory permeability for the Largo Canyon
Tight Gas Arca proved to be a problem. Examination of Exhibits 10 Lﬁ}ough
17 indicate fhat one well, the Depco; Inc. MKL No. 17, has an abnormally
high permeability average for the Pictured Cliffs formation compared to
the other § wells cored. Analysis of gxhibit No. 2 shows that the MKL
No. }7 well was not completed in the Pictured Cliffs zone, but was ccmpleted

in the deeper Point Lookout zone of the Mesa Verde formation. However,

a close offset well, the Depco, Inc. MKL No. 9 well was completed in the

Pictured Cliffs formation and has produced more than 3 BCF of gas since
1952. The lafge permeability in the MKL No. 17 well is confirmed by the
offset well's large production of natural gas, but this well is definately
not the same type of we]i that would be expacted in the Largo Canyon

Tight Gas Area. The MKL No. 9 well is in the heart of the South Blanco

Fictured Cliff trend, while the wells in the Largo Canyon Tight Gas Area
are between this trend ané the Bal}ard Pictured Cliffs trend.

The Depco, Inc. MKL No. 1 well is also lpcated in the good Pictured
Cliffs formation reservoir rock associated with the South Blanco Pictured

Cliffs pool. This well was alsc completed in the 2300 fool deepex Point

inc. MKL No. 2 was completed in the Pictured Cliffs formation and has

LY

a cumulative gas production of 956 MMCF of gas since 1952. This large
cumulative gas production of a near offset well indicates that the core

data of the Depco, Inc. MKL No. 2 well is prdﬁébly not representative

The six remaining cored wells have somewhat poorexr core permeability

and/or cumulative gas production associated with them and therefore

by the Depco, Inc. MKL Ne. 17 and MKL No. 1 wells. Therefore, these six .

wells will be used for permeability averaying in the Largo Canyon Tight

- RN train almenp

Gas Area and thé'be§50;1IﬁCE:MKL-No,;li_and}hkn_ﬁb;}l wells Qiilﬁpqtibeﬁf'

;néluded‘iﬁ fhéla;epage..
The,averaéé laboratory pe;meability to air determined for the Largo

Canyon Tighg Gas 'Area in this manner was 0.37 millidércy. The actual ) .

iﬁrsitu per;eabiiity of the formation is les; than this laboratQ:y

determined value due to water saturation and confining pressures found in

the Pictured Cliffs reservoir.

(6)



Exhibit No. 18 presents & technical pd;)ér entitled "Effcct of

Overburden Pressure and Water Saturation on Gas Permeability of Tight

Sandstone Cores" written by Rex D. Thomas and Don C. Ward of the U.S.

Bureau of Mines. This paper presents relationskips between laboratory

determined permeability in cores and actual in situ permeability found in

reservoirs. Exhibit No. 19 explains how in situ permeability is calculated

from the core analysis using the technical paper presented.
Exhibit 20 is a summary of all laboratory core analysis results

for the Largo Canyon Tight Gas Area. . An aver age in situ permeability

value of 0.007 millidarcy was calculated from the average laboratory

permeability value of 0.37 millidarcy for the Largo Canyon Area. This

0.007 millidarcy permeability value calculated {rom core data is well

below the 0.10 millidarcy cutoff for tight gas determinaticn.
* Another method of determining reservoir permeability was performed

in the Largo Canyon Area, making use of the 7 natural unstimulated production

tests taken in the area. The average unstimulated gas flow rate of 13.7

e v e b | b o it o e

MCFGPD aleng with other Pictured Cliffs reservoir data for the ‘tight -

Ty

gas area can be used in Darcy's Law of fluid flow through a porous medium

to calculate a reservoir permeability. This Darcy's Law calculation is

presented as Exhibkit No. 21.

Darcy's l.aw calculations report an average reservoir permeability
value of 0.0z millidarcy for the Largo Canyou Tight Gas Area. This

permeability value compares to a 0.007 millidarcy permeability valus

determined by core analysis methods. Both of these values are below -

“the 0.10 miliidarcy tight gas cutoff.

The reservoir permeability value of 0.02 millidarcy determined
by Darcy's Law calculation is thought to be the best estimate of reser-
" -voir pei‘meab"ility for the Largo Canyon Tight Gas Area-because it involves

act_ual formatlon flow characterlstlcs and reservoxr par‘.meters to deter— } ]

e, - e

'Iherefox‘e, the estlmated average_ln sxtu

oo ‘m:me foxmat*on permeablllty

Te——— e gyt
. »

gas permeability throughout - the ‘pay section is expected to be 0.1 )

millidarcy or less in the Largo Canyon Tight Gas Area.

. Fresh Water Protection .

feon

Bx1st1ng State and Federal regulatmns w111 assure that development
of the chtured Cliffs formation will not adversely affect or impair
any ‘fresh water acquifers that are being used or are expected to be

‘used in the foreseeable future for domestic or agricultural water supplies.

e




Regulations regaire that casing programs be designed to seal off potential.
water bearing fermations from o0il and gas producing formations. “These

fresh water zones exist from the surface to the base of the Ojo Alamo

Formation. The Ojo Alamo depth averages 1640 feet in the proposed Largo

Canyon Tiaht Gas Area.

Fost Pictured Cliffs wells drilled in the Largo Canyon Area are
drilled with natural mud that will not contaminzte fresh water zones.

Normal casing designs consist of 7" O.D. surface casing beino set from
the surface to a depth of 120 feet. Production casing used is 2 7/8"

0.D. and is set from surface to total depth.
The surface casing is cemented in place by circulating cement to

the surface, protecting the near surface formations from downhole

contamination. - The production casing is cemented from total depth to

the surface or to a depth sufficient to cover the 0jo Alamo formation,
This process protects the Pictured Cliffs and other shallow formations

from contaminating the Gjo Alamo acquifer. Therefore, all productive

and fresh water zones are protected by. both casing.and cement .- . -
Stimulation of the Pictured Cliffs formation involves varied

fracture treatments. depending on the operator. Fracture treatments -

usually consist of a one or two percent potassium chloride water base

fluid with sand, or a nitrogen-~water foam base fluid and sand. Either

treatment will not harm a fresh water acquifer. Fresh water protection

is assured during these fracture stimulation treatments due to zone
isolation caused by cementation. A distance of over 700 feet between

t¥o Pictured Cliffs formation and thg Ojo Alamo fresh water acquifer is
additional insurance that no existing fresh water zone will bé contaminated

by stimuviation of Pictured Cliffs wells in this area.

PR

Therefore, New Mexico and Federal regulations will protect any

fresh water supply that may be affected by drilling, completing, and

- et -. D i . -

‘_produciﬁg thé;Pittu;ed;éliffs;fékmiti§hiiﬁ;the Largd;CanyoﬁyTiéhtﬁg?:i*‘

B T

>

Gas Area.

Conclusion
Evidence presented in this report substantiates the foliowing for
Curtis J. Little's proposed Largo Canyon. Pictured Cliff Formation Tight

Gas Area: ' s
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(1) For an average Pictured Cliff weld depth of 2387 feet,
the stabilized preduction rate at atmospheric pressure of
welle completcd in the Pictured Cliff formation, without
stimulation, is not expected to exceed the maximum allowable

rate of 68 MCF of gas per day.

z (2) No well drilled into the Pictured Cliff formation in
the Largo Canyon Area is expected to produce, without stimu-

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

(3) The estimated average in situ gas permeability,
throughout the Pictured Cliffs pay section, is expected

to be 0.1 millidarcy or less.

The Broposed Largo Canyon Tight Gas Area meets all the specifi-
cations reguired as stated above and should be designated a tight

{formation in the Pictured Cliffs formation under Section 107 of the

Natural Gas ?olicy Act of 1978.

Q.
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CASE 7392

CASE 7393:

CASE 7394:

@3395:

~

CASE 7300:

CASE 7352s

Examiner Hearing - Hednesday - October 14, 1981

Docket No. 3481

Application of Sam H, Snoddy, for an unorthodox gas well locaticn in the Ojl-Potash Area,

Lea County, New Mexico. Applicant, in the above-styled cause, sceks approval for the location
of a Penusylvanian well te be drilled 660 feet from the North and East lines of Segtion 26,
Township 20 South, Range 32 East, Oil-Potdash Area, the N/2 of said Section 26 to be dedicated

to the well,

Application of Uriah Exploration Incorporated for compulsory pooling, Eddy County, New Mexico.
Applicant, in the above-styled cause, seeks an order pooling all mineral interests in the
Cisco, Canyon and Morrow formations underlying the -W/2 of Secticn 13, Township 22 Socuth, Range
24 Bast, to e dedicated to a well to be drilled at a standard location therean. Alsc to be
considered will be the cest of Jdrilling and completing said well and the allocation of the cost
thereof as well as actuai cperating costs and charges for supervision, designation of applicant
as operator of the well, and a charge for risk involved in drilling said well., ~

Aptlication of Supron Energy Cerporation for an unorthodox gas well location, Eddy County, New Mexico.
Applicant, §n the above-styled cause, seeks approval for the unorthodox location of a Pennsylwvanjan -
well to be drilled 467 feet from the North line and 1650 feet fycm the West line of Section 13,
Township 22 South, Range 24 East, the N/2 of said Section i3 te ke dedicated to the well,

aApplication of Curtis J. Little for Designation of a Tight formation, Rio Arriba County, New Mexico.
Applicant, in the above-styled cause, seeks the designation of the Pictured Cliffs forration undex-

lying po:tions of Townships 25 and 26 North, Ranges 6 and 7 West containing a total of 14,4n0
acres, more or lass, as a tight formation pursuant to Section 107 of the Natural Gas Policy Act

and 18 CFR Section 271, 701-705.

{Reopened and Readvertised)

Application of Dome Petroleum Corporation for designation of_a tight formation, Sandoval County,
New Mexico. Applicant, in the above-styled cause, sc ks the designation of the Chacra formaticn

underlying portions of Tcwnships 21 and 22 North, Ranges 5,6, and 7 West, containing 73,018 acres,
more or less, as a tight fornatxon pursuant to Section 107 of the Natuval Gas Policy Act and 18

CFR Sectlion 271, 701-705

(Continued from September 23, 1981, Examiner Heaiihg)

Application of Yates Pet'oleum Corporation for desigrnation of a tight forration, Eddy Ceunty,
New Mexico. Applicant, in the above-styled cause, pursuant to Section 107 of the Natural Gas
Policy Act 18-CFR Section 271. 701-70%, seeks the designation as a tight formation of the Permo-
Fenn formation underlying all of the following towrnships:

Township 17 South, Ranges 24 thru
26 East; .

18 South, 24 and 25 East,
19 South, ‘23 thru 25 East:
20 South, 21 thru 24 East;
20 1/2 South, 21 and 22 East;
21 South, 21 and 22 East;

Also Sections 1 thru 12 -in
22 South, 21 and 22 East,

All of the above containing a total of 315,000 acres more or less.

T ey




I

fage Yof 4 .
Examiner Hearing - ¥Wednesday - October 14, 1981 Docket No. 34-81

CASE 7384: Application of Morris R. Antweil for corpulsory pooling, Lea County, New Mexico.
Applicant, in the above-styled cause, seekz an order pooling all mineral interests from-the
surface to the basze of toe Abo farmation urnderlying the NE/4 SW/4 of Section 5, Township 20
South, Range 38 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 well and the allocation
of the cost thercof as wall as actual operating costy and chiarges for supervision, designation
of applicant as operator of the well, and a charge for risk involved in drilling said well.

CASE 7185: aApplication of El Paso Natural Gas Company for downhole corningling, Rio Arriba County, New Mexico.
Applicant, in the above-styled cause, seeks approval for the doewnhole cownningling of Blanco-Mesaverde
and Basin-Dakota production in the welibore of its San Juan 27-% Unit ticll No. 59, located in Unit
A of Section 6, Township 27 North, Range S West. s

CASE 7386: Application of El Paso Natural Gas Company for downhole comaingling, Rio Arriba County, Hew Mexico.
Applicant, in the above-styled cause, seeks approval for the downhole commingling of South Blanco-~
Pictured Cliffs and Blanco-Mesaverce production in the wellbore of its San Juan 27-5 Unit Well Ro.
$4, located in Unit L of Section 31, Town:hip 27 Noxth, Range 5 West.

CASE 7387: application of Sun Oil Company for an unorthodox oil well locztion, Lea County, New Mexico.
Applicant, in the above-styled cause, seeks approval for the uaorthodox location of a well to
be drilled 660 feet from the North and East lines of Section 32, Township 9 South, Range 37 East,
West Sawyer-San Andres Pool, the N/2 NE/4 of said Section 32 to be dedicated to the well.

CASE 7388: Application of Sun 0Oil Company for an unortdodox oil well location, Lea County, New Mexico.
Applicant, in the above-styled cause, seeke approval for the unorthodox location of a well to
be drilled in the Northeast Lusk Yates Pool, 2500 feet from the Noxrth line and 1880 feet from
the East line of Section 15, Township 19 South, Range 32 East the SW/4 NE/4 of said Section 15

to be dedicated to the well. -

CASE 7389: Application of Yates Petroleum Corporation for an Amendment to Division Order No. R-436S,
Eddy County, New Mexico. Applicant, in the above~styled cause seeks the amendment of Division Order
No. R-4365, which promulgated special rules and regulations fox the Penasco Draw San Andres-Yeso
Pool, by amending Rule 5 to permit the simultaneous dedication of gas wells and ¢'1 wells and
amending Rule 9 to provide for annual gas-liquid ratio tests in lieu of semi-annual tests.

CASE 7365:. (Continued from October 7, 1981. Examiner Hearing)

Application of Yates Petroleum Corporation for the amendment of Order No. R-6406, Eddy County, New Mexico.
Applicant, in the above-styled cause, seeks the amendment of Crdex No. R-6406, to permit recompletion

of its State "JIM"™ No. 2 Well, drilled at an unorthodox Morrow location 660 feet from the South line

and 660 feet from the East line of said Section 25, Township 18 South, Range 24 East, in any and all
Wolfcamp and Pennsylvanian pays in said well.

CASE_7390: Application of Harvey E. Yates Company for compulsory pooling, Chaves County; New Mexico.
Applicant, in the above-styled cause, seeks an order pooling all mineral interests in the
Mississippian formation underlying the W/2 of Section 18, Township 9 South, Range 27 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 well and the allocation of the cost thereof as well
as actual operating costs and charges for supervision, designation of applicant as operator of

tha wall. and a charqgae €ar rick inuvalvad in Srillina said well.

CASE 2391: Application of Harvey E. Yates Company for statutory unitization, Eddy County, New Mexico.
: aApplicant, in the above-styled cause, seeks an order unitizing, for the purposes of a secondary
recovery project, all minerxal interests in the Travis Penn Unit éncompassing 480 acres, more or
less, underlying all or pertions of Sections 12 and 13, Township 18 South, 2ange 28 East, Eddy

County, New Mexico.

T.» unitized interval would be the Cisco-Canyon formaticn between the depths of 9815 feet
and 9935 feet in Harxrvey E. Yates Coméa;iy‘s Travis Deap Unit No. 2 Well., Among the matters to
be considered-at the hearing will be the necessity of unit operations; the designaticn of a
unit operator) the determination of the horizontal and vertical limits of the unit area) the
determination of the fair, reusonable, and egquitable allocation of production and costs of
production, 1nc1udinq capital investment, to each of the various tracts in the unit area; the
determination of credits and charqges to be made among the various owners in the unit area for
their investment in well and equipment; and such other matters as may be necessary and appropriate
for carrying on efficient unit operations, including, but not necessarily limited to, unit voting
procedures, selection, removal, or substitution of unit operator, and time of comencement and
termination of unit operations. B
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CASE 7375: Application of Dugan Production Corporation for downhole cormingling, Scn Juan County, New Mexico.
Applicant, in the above-styled cause, seeks approval for the downhole cotmmingling of Angel Peak
Galiup-Basin Dakota production in the wellbore of its Mcadams Woll No. 2 located in Unit P of
Section 34, Township 27 North, Range 10 West,

CASE_7376: Application of Dugan Praduction Corporation for downhcle commingling, San Juan County, New Mexico.
Applicant, in the above-styled cause, seeks approval for the downhole conmingliing of Basin-Dakota
and Bisti-Lower Gallup production in the wellbore of its Big 8 Well No. 1-E, located in Unit O
of Section 8, Township 24 Rorth, Range 9 West.

CASE 7377: Application of Dugan Production Corporation for downhole commingling, San Juan County, New Mexico.
Applicant, in the above-styled ciause, seeks approval for the downhole commingling of undesignated
Gallup and Basir~Dakota production in the wellbore of its July Jubilee Well No. 1 located in
Unit G of Section 30, Township 24 North, Range 9 West.

CASE 7378: Application of Jexome P. McHugh for downhole cormingling, Rio Rrriba County, New Mexico.
Applicant, in the above-styled cause, seeks approval for the downhole commingling of Wildhorse-
Gallup and Basin-Dakota production in the wellbore of his Apache E Well No. 1, located in Unit A
of Section 18, Township 26 Rorth, Range 3 West. .

CASE 7356: (Continued from September 23, 1981, Exanminer iearing)

Application of S & I 0il Company for compulsory pooling, San Juan County, New Mexico.

Applicant, in the above-styled cause, seeks an order pooling all miiieral interests in the W/2 SW/4
of Section 12, Township 22 North, Range iS West, Cha Cha-Gallup -jil Pool, to be dedicated to a well
to be drilled at a standard lecation thereon. Alsc to be conridered 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 well, and a charge for

risk involved in drilling said uell

CASE 7379: application of JEM Rescurces, Inc., for vertical pool extension and special GOR limit, Eddy County,
New Mexico. Applicant, in the above-styled cause, seeks the vertical extension of the Cave-Grayburg
Pool to include the San Andres formation, and the establishment of a special gas-o0il ratio limit
for said pool to 6000 to one or, in the alternative, the abolishment of the gas-oil ratio limit
in said pool, all to be effective October 1, 1981.

CASE 7380: Application of Biyd Oil Corporation for an unorthcdox location, San Juan County, New Mexico.
‘Applicant; in the above-styled cause, seeks approval for the unorthodox Entrada location of a
well to be drilled 2310 feet from the North line and 1325 feet from the East line of Section 10,
Township 22 Rorth, Range 9 West, the SW/4 NE/4 of said Section 10 to be dedicated to the well.

CASE 7381: application of H. L. Brown, .Jr., for an vnorthodox gas well location, Rocsevelt County, New Mexico.
Applicant, in the above-styled cause, seeks approval for the unorthodox location of a well to
be drilled 330 feet from the South line and 2310 feet from the East line of Section 24, Township
7 South, Range 37 East, Bluitt-Wolfcamp Gas Pcol, the Ef2 of said Section 34 to be dedicated to
. the well.

CASE 73B2: Application of TXO Production Corporation for an unorthodox gas well location, Eddy County, New
: Mexico. Applicant, in the above-styled cause, seeks approval for the unorthodox location of
3 Morrow well to be drilled 660 feet from the South and West lines of Section 20, Townshxp 17
South, Range 28 East, the W/2 of said Sention 20 2 ko dzdizstad o the well.

CASE 7383: Application of Amoco Production Company for compulsory pooling, Eddy County, New ﬁe*ico.
Applicant, in the above-styled cause, seeks an order pooling all mineral interests in the Upper
Pennsylvanian formation underlying the NW/4 of Section 19, Township 19 Scuth, Range 25 East, to
be dedicated to a well to be drilled at a standard location Lhereon. Also to be considered will
be the cost of drilling and completing said well and the allocation of the cost therecf as well
as actual operating costs and charges for supervision, designation of applicant as operator of
the well., and a charge for risk involved in drilling said well.




Docket 33-81

fockee Nos. 34-81 and 35-81 are tentatively set for October 21 and Noverber 4, 1981. Applications for
hearing must be filed at least 22 days in advance of hearing date.

POCKET: COMMISSION HEARING -~ WEDNESDAY - OCTCBER 14, 1981

9 A.M. - OIL CONSERVATION COMMISSION - ROCM 205
STATE LAND OFFICE BUILDING, SANTA FE, NEW MEXICO

1

(The following cases are continued from the October 14, 1981, Commission hearing to October 16, 1981.}
CASE 7345: (Continued and Readvertised)

Application of Basy Enterprises Production Company for compulsory pooling, lea County,New Mexico.
Applicant, in the above-styled cause, seeks an order pooling all mineral interests in the San
Andres, Bone Springs and Pennsylvanian formatioas, Lovington Field, underlying the N/2 NE/4 of
Section 13, Township 16 South, Range 36 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 ceozpleting said well and
the allocation of the cost therecf as well as actual operating costs and ctharges for supe:vision,
designation of applicant as operator of the well, and a charge for risk involved in drilling said
well,

CASE 7323: (DE NOVO}

Application of Clements Enerqy, Inc., for compulscry pooling, Chaves County, New Mexico.
Applicant, in the above-styled cause, sceks an order pooling all mineral interests underlying

tha E/2 of Section 32, Township 15 South, Range 27 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 well and the allocation of the cost thereof as well as actual operating costs and charges for
supervision. Also to be considered will be the designation of applicant as operator of the well
and a charge for risk involved in drilling said well.

Upon appucatlon of Southland Royalty Company, this case will be heard DE NOY0O pursuant to the

provisions of Rule 1220.
QDQQQ'#Q.”&..’Q’QQ..'.Qtﬁliit!.ii"lﬁ!f....}’l..!.iﬂSt."l.ti.i!...t'....i.i'it.'...I.tt.’iﬁ....‘|tii’ﬁtﬂ&ﬂi..*!lit

3
i

Docket No. 34-81

DOCKET: EXAMINER HEARING - WEDNESDAY - OCTOBSE® [ ., 1981

9 A.M. - OIL CONSERVATION DIVISION CONFERENCE ROOH
STATE LAND OFFICE BUILDING, SANTA FE, NEW ViXICO

The following cases will be heard before Richard L. Stamets, Examiner, or Daniel S. Nutter, Alternate Examiner:

ALLOWABLE: ‘' <Consideration of the allowable production of gas for November, 1981, from fiftesn
prorated pools in Lea, Eddy, and Chaves Counties, New Mexico.

“(2) Consideration of the allowable production of gas for November, 1981, from four prorated
pools in San Juan, Rio Arriba, and Sandoval Counties, New Mexico.

CASE 7373: Application of J. C. Willjamson for Amendment of Division Order No. R~6738, Lea County, New Mexico.
’ Applicant, in the above-styled cause, seeks the Amendment of Division Order No. R-6738, which
approved an unorthodox location for a weli 156G feet from the North line and 1830 feet from the
West line of Section 10, Township 23 South, Range 34 East. . Applicant secks the Axmendment of said
order to reflect the corrected location of said well at a pomt 1580 feet from the North line and
2614 feet from the West line of said Sectz.on 10, .

CASE 7374: Applica.ion of Dugan Production Corporatxon fot an unorthodox qas well location, Sar Juan County,
L New Mexico. Appl:.cant, in the.above-styled cause, seeks approval for the unorthodox location of”
a Farmington formation well located 330 feet from the South line and 990 feeX from the East line
of Section 9, Township 28 North, Range 1l West, the E/2 of said Section 9 to be dedicated to the well:




BEFORE THE
OI1. CONSERVATION DIVISION
NEW MEXICO DEPARTMENT OF ENERGY AND MINERALS
IM THE MATTER OF THE APPLICATION
OF CURTIS J. LITTLE FOR

DESIGNATION OF TiGHT FORMATION, CASE /395
RIO ARRIBA COUNTY, NEW MEXICO. '

CERTIFICATE OF FILING

Comes now CURTIS J. LITTLE, by and through his undex-
signed attorneys, and hereby certifies that a copy of the

complete set of all exhibits which applicant proposes 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 delivered to the United States Geological Survey in 5
Albuquerque, New Mexico, on this 6th day of October, 1981, as is
required by Secfion D of the 0il Conservation Division's Special
Rules and Procedures for Tight Sand Formation Designation under

Secticn 107 of the Natural Gas Policy Act of 1§78.

CAMPBELL, BYRD & BLACK, P.A.
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Yo~ J ' -
e i‘g‘?f\ By Tt liaws : ,
o BB ) William F. Carr f
L v 99 | { ' Attorneys for Applicant
O o o Post Office Box 2208

Lo R Santa Fe, New Mexico 87501

SANTA 7 V< *SION ~ Telephone: (505) 988-4421

!

—r

2




CAMPBELL. BYRD & BLACK. p.A.

LAWYERS

IACHE A S pe Y SEF DRGNS I A
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BILUCE T LA
ALCHAE L b LA MERE L FOBTrics Bos ko
LA A F € bt SANTA FL. NEW MEXICO 87501
BEALV D L LG E
s < BE ARG TELERIMONE: IS08) D0B-4421
EARS Y O SIS 2 Fo N R
TELECGRIETR, (SCL) 9R3-6043

September 30, 198l

\: it PR TA Lt
B ERISABIN
Mr. Joe D. Ramey SEP 40 1981
Division Director I
0il Conservation Division Ol GOt ent 80t DWISION
New Mexico Department of i SANTA FE
Energy and Minerals
Post Office Box 2088
Santa Fe, New Mexico 87501

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

Dear Mr. Ramey:

Enclosed in triplicate is the application of Curtis J.
L.ittle 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 October 21, 1981.

Very truly yours
v A3

A4, .
William F. Carr
WFC:1r

Enclosures

ﬂ:: ’ cec: -Mr. Curtis J. Little
Mr. Kevin McCord » )
Mr. Victor Salazar o
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NEW ﬁEXICO DEPARTMENT OF ENERGY

- IN THE MATTER OF THE APPLICATION OF

CURTLIS J. LITTLE FOR DESIGNATION g o
OF TIGHT FORMATION, RIO ARRIBA CASE 2379
COUNTY, NEW MEXICO,

APPLICATION

Comes now CURTIS J. LITTLE, by and through his under-~
signed attorneys and as provided in the 0il Conservation
Division's Special Rules and Procedures for Tight Formation
Designations undexr Section 107 of the Natural Gas Poliby Act of
1978 promulgated by 0il Conservation Division Order No. R-6388 on
June 30, 1980, héreby makes applicat{on for an order designating j
certain portions of the Pictured Cliffs formation as a tight
formatica 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 Pictured Cliffs formation underlying
the following described lands situated in Rio Arriba

County, New Mexico:

Township 25 North, Range 6 West, N.M. P M.
Sections 21 tbrough 73:  ALL
Sections 26 and 27: All
Section 28: NE/4
Sections 34 and 35: All
Section 36: W/2

Township 25 North, Range 7 Wesit, N.M.P.M.
Section 4: ATl

Section 5: E/2 7 ‘
Section 8: NE/4 | 1 f
Section 9: N/2 ' JE— — :

Section 10: N/2

Township 26 North, Range 6 West, N.M.P.M.
Section 31: All ]

sy o st
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Township 26 North, Range 7 West, N.M.P.M,
Section 17: S/2
Section 18: All
Section 19: N/2, SE/4
Section 20: All
Section 21: S/2
Section 22: 8/2
Section 25: SW/4
Section 26: S/2
Sections 27 and 28: All
Sections 33 through 36: All

Containing a total of 14,400 acres, more or less.

2. The Pictured Cliffs formation is expected to have an
estimated average in situ gas permeability throughout the

pay section of less than 0.1 millidarcy per foot.

3. The average depth of the top of the Pictured Cliffs
formation is 2387 feet and the stabilized production rate,
against atmospheric pressure, of wells completed‘for
production in said formation, without stimulation, is not

expected to exceed 68 mcf of gas per day.

4. ‘No well drilled into the Pictured Cliffs 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 t %
Division's Special Rules and Procedures for Tight Sand é

Formation Designation under Section 107 of the Natural

Gas Policy Act of 1978. ‘ g ' é}




,,,,,,,

WHEREFORE, Applicant prays that this application be set
for hearing before a duly appointed exaﬁiner of the 0il
Conservation Division and that after notice and hearing as re-
quired by law, the Division enter its order recommending to the
Federal Energy Regulatory Commission that pursuant to 18 CFR,
Section 271.701 - 705, that the Pictured Cliffs formation under-
lying the above-described land be designated a tight formation,
and making such other and further provisions as may be proper in

the premises.

Respectfully submitted,

CAMPBELL, BYRD & BLACK, P.A.

iam F. Carr
Post Office Box 2208 T~
Santa Fe, New Mexico - 87501
Attorneys for Applicant
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BEFORE THE

OIL CONSERVATION DIVISION
NEW MEXICO DEPARTMENT OF ENERGY AND ﬁINERALS

~IN THE MATTER OF THE HFARING - ‘ :4/

CALLED BY THE OIl, CONSERVATION . ; '
"DIVISION FOR THE PURPOSE OF I
CONSIDERING:

CASE NO. 739%

Order No. R-485 D4

~APPLICATION OF CURTIS J. LITTLE
FOR DESIGNATION OF A TIGHT
. FORMATION, RIO ARRIBA COUNTY,

NEW MEXICO. /
: e
ORDER OF THE DIVISION /7/17{ 7.

' BY THE DIVISION:

é , This cause came on for hearing at 9:00 a.m. on Octobér
1981, at Santa Fe, New Mexico, before Examiner Richard L.
Stamets.

~ NOW, on this day of NovVeémver, 1981, the Division
Dlrector, hav1ng considered> the testimony, the record, and the
. recommendations of the Examiner, and being fully advised in th
“premises, ,

FINDS:

(1) That due public notice having bheen given as requir
by law, the Division has Jurlsd1ction ‘of this cause and the
subject matter thereof.

1 (2) That the applicant Curtis J. Little, requests 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
Energy Regulatory Commission that the Pictured Cliffs formatio

'.undariying the following lands situated i R:o Arriba County,

“Mexico, hereinafter referred to as the Pictured Cliffs formati
‘be designated as tight formations in said Federal Energy
“Reguiatory Commission's regulations:

AREA A

Township ‘25 North, Range 6 West, NMPM.

“Sections 21 through 23: All
Sections 26 and 27: All
Section 28: NE/4

Sections 34 and 35: All
Section 36: /2
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AREA B

Township 25 North, Range 7 West, NMPM

Section 4: All
Section 5: E/2
Section 8: NE/4
Section 9: N/2
Section 10: N/2

Township 26 North, Range 6 West, NMPM

Section 31: All “
Townshin 26 North, Range 7 West, NMPM

Section 17: §/2
Section 18: ALl . : . ; i
Section 19: N/2, SBE/4 ;
‘ Section 20: All , f
3 Section 21: S/2 j
i Section 22: §/2 _ ' 5
£ Section 25: SW/4 ;
i Section 26: S/2 ‘ :
. Sections 27 and 28: All

ectlons 3% through 36: All

Contalnlng a total of ¢4 400 acres, more or less.

3 (3) That the proposed Largo Canyon Tight Gas Area is
. divided into two non-contigious tracts being hereinbefore
' described as Area A and Area B.

h (4) That certain acreage between Areas A and B has been
excluded from this application at the request of the operator of
that acreage.

: ~(5) That the Pictured Cllf s formation underlies all the
i, above deseribed lands; that the formation is a marine, clay-

U filled, siltstone, about 70 feet thick; such formation is found
© at an average depth of 2387 feet below the surface of the areas
ﬁ set out in Finding No. (2) above.

N TR

§ . (6) That the type section for the Pictured Cliffs

- formation for the proposed tight formation de31gnat10ns is found
- at a depth of from approximately 2156 feet to 2231 feet on the

¢ induction electrical log from the Curtis J. Little Grevey No. 1

't Well, located in Unit G of Section 19, Township 26 North, Range 7
| West, Rlo A*Kiba County, New Mexico. ; ‘

i L i 1k ¢ ket 5 s S

i - (7) That the Pictured Cliffs formation underlying the

! above-described lands has been penetrated by a number of wells,
but the areas proposed for tight formation de51gnation are largely
undeveloped exploratory areas.

>
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(8) That the technical evidence preésented in this case
demonstrated that the predominant percentage of wells which may
‘be completed in the Pictured Cliffs formation within the proposed
‘tight formation areas may reasonably be presumed tc exhibit :
‘permeabiiity, gas productivity, or crude oil productivity not in
excess of the following parameters:

(a) average in situ gas permeability throughout the pay
section of 0.1 millidarey; and

(b) stabilized ‘production rates, without stimulation,
against atmospheric pressure, as found in the table
set out in 18 C.P.R. §271.703(c)(2)(B) of the
regulations; and

(¢c) production of more than five bharrels of crude oil per
day.

; (9) That within the nroposed areas there is a recognized
raquifer being the 0jo Alamo, found at an average depth of 1640
feet or approximately 750 feet ab ve the Pictured Cliffs
formatlon.

q (10) ‘That existing State of New Mexico and Federal

gRegulatlonS relating to casing and cementing of wells will assure
Hohat development of the Pictured Cliffs formation will not
adversely affect said 'aquifers.

{(11) That the Pictured Cliffs formation within the

%nroposed areas should be recommended to the Federal Energy
jRegulatory Commission for designation as a tight formation.

?IT IS THEREFORE ORDERED:

¥ (1) That it be and hereby is recommended to the Federal

zEnergy Regulatory Commission pursuant to Section 107 of the

‘vNatural Gas Policy Act of 1978, and 18 C.F.R. §271.70% of the
iregulations that the Pictured Cliffs formation underlying the
ifollowing described lands in Rio Arribda County, New Mexico, De
i designated as a tight formation:

> P
2 AREA A~

I

Township 25 North, Range 6 West, NMPM

Sections 21 through 23: All
Sections 26 and 27:

Section 28:
Sections 34

Section 36:

Township 25

NE/4
and 35: All

w/2

AREA B

All ‘ ' s

Section 10:

North, Rénge 7T West, NMPM

Section 4: All

Section 5: E/2
, Section 8: NE/4
; Section 9: N/2

N/2-
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Township 26 North, Range 6 West, NMPM
Section 31: ALl |

Townghip 26 North, Range 7 West, NMPM

Section 17: S/2
Section 18: ALl
Section 19: N/2, SE/4
Section 20: ALl
Section 21: 8/2
Section 22: §/2
Section 25: SW/4

‘Section 26: §/2 , _ !
Sections 27 and 28: All :
Sections 33 through 36: All |

Containing a total of 14,400 acres, more or less.

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

necessary.

DONE at Santa Fe, Néw Mexico, on the day and year
‘hereinabove designated.

| ’ ~ STATE OF NEW MEXICO :
: | OIL CONSERVATION DIVISION |
i JOE D. RAMEY . |
4 Director . i
SEAL f
I @
|
; |




