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APPLICATION OF FOUR CORNERS GAS PRODUCERS ASSOC1ATION
FOR DESIGNATION OF THE ROSA AREA OF THE
BASIN DAKOTA FIELD AS A TIGHT FORMATION,
RIO ARRIBA AND SAN JUAN COUNTIES,
NEW MEXICO

The Four Corners Gas Producers Association is applying for a

portion of the Basin Dakota gas field to be designated as a tight

formation under Section 107 of the Natural Gas Policy Act of 1978.

The proposed Rosa Tight Gas Area is located in the northeastern portion

of Rio

San Juan Basin. The area is a%proiimately 25'miles'northeast

ioomfield in northwestern New Mexico and covers portions

Arriba and San Juan counties.

Exhibit No. 1 displays the Rosa Tight Gas Area on a map of the

Dakota reservoir in the San Juan Basin.

The Rosa Area includes approx-

imately 270,260 acres, described as follows:
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Area meets the criteria established

in Section 107 of the Natural Gas Policy Act of 1978 to be designated

a tight gas formation in that (1) the estimated average in situ gas

permeability throughout the pay section is expected to be 0.1 miliidarcy -

or less, (2) the stabilized production rates, without stimulation,

at atmospheric prescure of these gas wells are not expected to exceed

& VAR U RS 27 P 8 LT LIS @, kA W 3id

E??ESG{SIL IEHESRTE

DORF £ P Aary vy 2o 5

BEFORE EXAMINER STAMETS
Cl. CONSERVATION DIVISION

Hearing Date 728~ 8 |

LTI ETERNY SR ST AR 4

-

L
numitted

vy
Y

ARUAASTSE Y HIBIT MO IR
OATON MO Ry i\ v, N B

)
'
P
i
t
i
§

ety aeimag.s vk o

YR L v e




the maximum allowable production-rate of 336 MCFPD for an average depth

of 7950 feet to the top of the Daﬁota formation in this area, and (3) no
well drilled into the Dakota formation in this area is expected to produce
more than five barrels of crude oil per day priof to stimulation.

Exhibit No. 2 is a Dakota formation cémpletion and production map
of the proposed Rosa Tight Gas Area. The production figures presented
for each producing well are initial potential, date of initial potential,

average daily production for 1980, and January 1, 1981 cumulative production

of gas and oil. Exhibit No. 2 alsé presents completion and production data v
% ' " from weils>sur;dunding the proposed éight gas area. The Rosa Tight Gas Area
‘ contains 53 producing Dakota formation gas wells, while 14 wells in this area
% are abandonea in the Dakota at this time. A list of-these wells and their

production figures is presented as Exhibit No. 3. Examination of these

figures indicate that these Dakota wells have not produced great quantities
of natural gas, suggesting that low permcability reservoir rock could be
present in the area.

‘ Bxhibit No. 4 is a type log of a Dakota well féund in the Rosa Tigﬁt

| ‘Gas A;ea. This loé is from the Northwest Pipeline Corporation Rosa Unit No.
68 well, found in section 17, T31N, R5W. Tkris well is in the north central
section of the Rosa Tight Gas Area. The type log shows the entire Greenhorn

and Dakota formations and part of the Mancos and Morrison formations. The

type log shown is ir a part of the Rosa Tight Gas Area which has exhibited
; better producing characteristice than the remainder of Lhe area. wells in

remaining sections of the Rosa Area would be expected to have the same or

poorer log characteristics than this type Jog.
The State of New Mexico has defined the Dakota producing interval in
the Basin Dakota Field to begin at the base of the Greepnhorn limestone ard

extend to a point 400 feet below the base of the Greenhorn. The formaticns

Y T TR

. k { covered in this 400 feet are the Graneros Shale, Dakota Sandstone, and

bt
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Morrison formations. The Dakota formation is productive in this area, while

T

the Morrison formation is generally water bearing. Sands in the Graneros -

; ‘ Shale are not adequately developed in this area to be productive.

§ The Dakota formation has an average depth of 7950 feet in the Rosa Area,

and has approximately 250 feet of gross thickn/:ss. The Dakota sandstone

formation is Late Cretaceous in age with deposition occurring under both
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marine and nonmarine conditions.” The Dakota sandstone is the basal sequence
of the southwesterly transgressin; Cretaceous Sea.

The Upper Dakota sané consists of barrier beach deposits about 40 to
60 feet thick, composed of fine grained, guartz-rich sandstones character-

ized by an increase in grain size upward and low angle crossbedding. The

next highest unit is transitional between fluvial and marine sedimentation

“containing dark carbonaceous shales, thin mudstones, siltstones, and

sandstones. This unit represented a 1agoonél type environment. The basal
Dakota was éeposited by a system of meaqdering streams creating deposits of
cafb§naceous shales, thin coal seams, siltstones, and thin channel sandstones.
The basal unit of Cretaceous strata in the Four Corners Axea is the Burro

Canyon formation. This formation was deposited in a braided stream system

‘and is sometimes considered part of the Dakota formation. An unconformity

exists between the Burro Canyon formation and the Moirison formatjion represented
by a sharp erosional contact between the two férmations.

Overall, the Dakota sand has a porosity range from l)2 to 11-1/2% in
the Rosa Area, with the average pay porosity being 4%. Silt and clay sized
matrix material is present throughout the Dakota sand sequence and represents"
a significant portion of the bulk rock composition. This matrix material
reduces the effective perméability of the formation, making it difficult to
produce.

" Exhibit No. 5 and 6 are log cross sections through the Rosa Area
showina the continuity of thz Dakota forwation using the base of the Greenhorn

formation for a datum line.

Permeability

The Dakota formation in the San Juan Basin is dependent on stimulation
techniques to be commercially productive due to the‘low permeability of the
reservoir rock. The Dakota in situ permeability in the Rosa Tight Gac Area
is found to be less than the 0.1 millidarcy permeability cutoff used for
tight gas determination. The in situ permeability for this area was calculated
using data from six Dakota core analysis and was averaged to be 0.012 millidarcy.

Exhibit Nos. 7 through 12 present core analysis data used to determine
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the averade laboratory permeabhility ¢ ot Dakota formation pay zones in

this area. The exhibits contain the actual core analysis reports plus summary

~3-

RO PR SR S A S




T i 4

7

tables showing the analysis of.cores taken from only the productive portion of
the Dakota formation for each welf. The cored intervals chosen for
permeability averaging were determined by log examination of the interval
cored for each well. Only cored intervals of sand with more than 10 ohms
resistivity appearing on the Induction Resiétivity log of the well were used
for permeebility averaging. This 10 ohms resistivity cutoff represents the
average resistivity shown by the shale sections on the logs, Values less

than this cutoff were not convidered to be pay zones. The average 1ab6ratory

permeability to air determined for the Rosa Area in this manner was 0.124

~~millidarcy. The actual in situ permeability of the formaticn is less than

this laboratory determined value mainly due to the confining pressures found
inp the Rasin Dakota reservoir.

Exhibit No. 13 presents a technical paver intitled "Effect of Over-
burden Pressure and Water Saturation on Gas Permeability of Tight Sandstone
Cores" written by Rex D. Thomas and Don C. Ward of the U. .S8. Bureau of Mines.
This paper presents relationships between laboratory determined permeability
in cores and actual in situ permeability found in reserveirs. Exhibit No,
14 explains how in situ permeability is palculated from the core analysis
using the technical paper presented.

Exhibit 15 is a summat& of all léboratory core analysis results, for
the Rosa Tight Gas Area. An average in situ permeability vaiue of 0.012
millidarcy was calculated from the average laboratory permeability value of
0.124 md for the Rosa Area. This in situ permeability value is well below
the 0.1 millidarcy tight gas cutoff. These permeability measurements
substantjate that the Dakota formation is very tight in this area and must

be stimulated to obtain commercial gas production.

Stabilized Unstimulated Gas Production Rate

Obtaining stabilized unstimulated gas production rates for Dakota
wells is not a standérd procedure used by companies when completing their
wells in the San Juan Basin. Past experience has shown that these low
ﬁermeability Dakota wells must be stimulated to obtain commercial producticn.
Fowever, some wells drilled in the Rosa Tight Gas Area were drilled with gas
" as a circulation medium through the Dakota formation. This drilling procedure

enables unstimulated natural gas from the Dakota formation to rise to the

i
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surface while drilling the wel)..

Unstimulated natural producéion teéts can be taken while diil}ing with
natural gas when the gas used for circulation is shut off and the pipe rams
closed on the blowout preventer stack. This enables the injected gas to
blow down through a bleedoff line to the reserve pit. After injection gas
has had sufficient time to return to the surface, any further gas production
through this line should be unstimulated gas production from the well. A
gas measuring device, such as a pitot tube, placed in the center of the natural
gas production stream is used to measure the natural gas flow rate from the
Qell; A pitot'thbe-méésures the impact pressure of the gas flow rate which
is used to determine the velocity of the gas. ThisAgas velocity, combined
with the known area of the blowoff line is used to calculate the flowrate of
gas through the line. Natural ungtimulated gas produgtion tests performed in
this manner were found for 14 wells in the Rosa Area.

The results of these unstimulated gas production tests are presented in
Exhibit 16. These gas flowrates range from rates too smali to measure to 2174
MCF of natural gas per day. The average unstimulated gas production rate is
423 MCFGPD. This value is larger than the 336 MCFGPD limit for tight gas
aﬁ an average depth of 7950 feet. On an individual well basis, 6 wells meet
the unstimulated natural production reguirement, with 3 wells just at the
limit, and 5 wells being over the 336 MCFGPD limit.

| Testing natural gas wells in thié manner is not very accurate, but it
can give the tester some idea if a well will be gzs prcductive or not. The
exact nature of these tests have many factors whicg leave their results
questionable:

{1) The Mesa Verde formation is also productive in the Rosa Tight gas
area. Walile the Dakota formation is cpen to flow to the surface
during the natural flow test, the Mesa Verde can also be producing
at the same time. There is no way to seperate the production from
each zone using a natural production test conducted in this manner.

(2) The length of these unstimulated production tests are not long
enough to establish a stabilized production rate. This length of
test can by no means be considered to be a stabilized production
test of the well's productivity.

(3) The natural gas injected into the well for circulating purposes
can also cause erroneous results if this gas is still returning

to the surface while the test is being taken.

It is reasonable to assume that the three test uncertainties presented

above could all contribute to make unstimulated production tests performed’in

this manner report erroneously high production rates. This assumption is




supported by well production daEa.presented in Exhibit t6,

The well listed as number 8, the Northwest Pipeline Corporation
San Juan 30-5 Unit No. 47 well shows an unstimulated natural gas production
rate2 of 2174 MCFGPD. After fracturing, the initial production for this
well was 1610 MCFGPD. The initial potential for a well is calculatea from
a 3 hour flow test following & 7 day pressure buildup, which is a more
controlled and accurate_test than the pitot tube tesi. This, combined with

the fact that an after frac production test should definitely not be lowe:

] _ than the unstimulated production test; indicates the unstimulated producition -
test is probably in error.

Exhibit 16 alsc presents a 12 well average:.unstimulated production

rate which excludcs the erronecus rate found for- the San Juan 30-5 Unit No.
47 well. This 13 well average rate is 288 MCFGPD, which is below the 336
MC?GPD rate limit for tight gas determination in the Rosa Area. Due.to the
b uncertain nature of the unstimulated production rate testing process, this
288 MCFGPP production rate, while below tight gas guidelines, is still thought
to be higher than the actual average unstimulated gas production fate for the
area.

In ordér to test the validity of this natural production figure, Darcy's
Law was used to calculate an unstimulated gas flow rate using the average in

sitw permeability vaiue of 0.012 millidarcy calculated for the Dakota formation

in this area from core analysis study. ’Exhibit Né. 17 presents this calculation
and shows that an initial unstimulated gas flow rate of 39.5 MCFGPD is associated
with the average in situ permeability of 0.012 millidarcy for the Rosa Area.

The calculated unstimulated gas production rate and the average actual
unstimulated gas production rate {excluding the erroneoué production rate mentioned
previously) are both less than the 336 MCFGPD limit for a tight gas reservoir in
the Rosa Area. As a result of these calculations, the unstimulated natural gas

fioi the pakota tormation in the Rosa Area is not expected to
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exceed 336 MCF of gas per day.

Stabilized Unstimulated 0il Production Rate

The Natural gat prcduced from the Rosa Tight Gas area is virtually dry
gas, having very little, if any, o0il or condensate production associated with

it. Exhkibits No. 2 and 3 ‘show that only one well, the Northwest Pipeline




LT
ai

Corporation Rosa Unit No. 56, has“reported any oil production associated with j
its' gas preoduction. This well has only produced 26 barrels of oil since 1976. 1

|
These dry gas production figures indicate that no well drilled in the Rosa |

Tight Gas Area is expected to produce. without stimulation, more than five

barrels of crude oil per day. .

Frésh Water. Protection

Existing State and Federal regulations will assure that development of
the Dakota formation will not adversely affect or impair any fresh-water
acqguifers that are being used or are expected to be used in the foreseeable
foture for domestic or agricultura; water supplies. Regulétions reguire that
casing programs be designed to seal off potential water bearing formations
from oil and gas producin§ formations. These fresh water zones exist from
the surface to the ﬁase of the Ojo Alamo formation. The 0jc Alamo depth
averages 2385 feet in the prbposed Rosa Tight Gas Area.

Most wells drilled in the Rosa Area are drilled with natural mud to an
average Gepth of 3700 feet.kAAftér intermediate casing is set, the remaiﬁder
of tﬁe well is drilled with natura)l gas. Neither the natural mud or gas will

contaminate any fresh water ione. . . ' ‘L |

Normal casing designs in the Rosa Area -consist of ¢ 5/78™ or 14 3/4"

O. D. surface casing being set from the surface to an average depth of 3700

feet. The cementing of the intermediate casing includes enough cement to

cover formations to a depth above the Ojo Alamo formation. The cement covers

w

the Pictured Cliffs, Fruitland, and Kirtland formations which are possible
0il and gas bearing formations throughout the area. The production casing
! l ‘ is cemented from total depth to a depth above the Mesa Verde formation, or
to a point approximately 3000 feet above total depth. This cement covers the

o Dakota, Gallup, and Mesa Verde which are possible o0il and gas bearing formations.

RO o

A temperature survey is: run after cementina the production casing to assure

that all necessary zones are covered with cement. Therefore, all oil, gas
and water bearing formations in this area are isolated from each other by
cement and casing. The major water aquifer in the area, the Ojo Alamo

formation, as well as the Pictured Cliffs, Fruitland, and Kirtland formations




is covered by cement and two strings of éasing‘té protect them from
contamination with other formaéiéqs.

Stimulation of the Dakota formation involves large fracture treatments,
usually consisting of a one or two percent potassium chloride water base that
will not harm a fresh water aquifer. Fresh water protection is adequate even
with these large stimulation treatments due to zone isolaﬁion caused by
cementation. The large distance of over 5500 feet between the Dakota forma-
tion ‘and the Cjo-Alamo fresh water acqﬁifer is additional insurance that no
existing fresh water zone will be contaminated by stimulation of Dakota wells
in this area.

Therefore, New-Mexico and Federal requlations will protect any fresh
water supply that may be affected by drilling, completing and producing the

Dakota formation iii' the Rosa Tight Gas Area.

CONCLUSION

Evidence presented in this report substantiate the following for the
Four Corners Gas Producers' proposed ﬁdsa Tighﬁ Gas Area:

(1) The estimated average in: situ gas permeability, throughout the
Dakota‘pay secfion, is‘expected to be 0.1 millidarcy or iess;

(2) For an average Dakota well depth of 7950 feet, the stabilized
production rate at atmospheric pressure of wells completed for production in
the Dakota. formation is not expected to exceed the maximum allowable réte of
336 MCF of natural gas per day without-stimulaﬁion;

{3) No well drilled into the bakota fermation in the Rosa Area is
expected to produce, without stimulation, more than five barrels of crude
0il per day.

The proposed Rosa Tight Gas Area meets all the specifications required
as stated above, and should be designated a tight formation in the Basin

Dakota pool under Section 107 of the Natural Gas Policecy Act of 1978.




STATE OF NEW. MEXICO

ENERGY ano MINERALS DEPARTMENT

OIL CONSERVATION DIVISION

BRUCE KING POST OFFICE BOX 2088
QOVERNOR STATE LAND OFFICE BUILDING
LARRY KEHOE SANTA FE, NEW MEXICO 87504
SECAETARY

January 12, 1982 (505) 627-2434

Re: CASE NO, 7317
ORDER NO.p_zga%2

Me. William F. Carr
Campbell, Byrd & Black
Attorneys at Law

Post Cffice Box 2208
Santa Fe, New Mexico

Applicant:

IS P N X7,
/fJOE D. RAMEY
Director
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Copy of order also sent to:

s L Hobbs OCD X
S . T 3 Artesia OCD__
I' . Aztec OCD X

F. ST
: Associataon
Dear Sir:
Enclosed herewith are two copies of the above-referenced
Division order recently entered in the subject case.




STATE OF NEW MEXICO
ENERGY AND MINERALS DEPARTMENT
OIL CONSERVATION DIVISION

CASE NO, 7317
Order No. R-6883-A

L N I
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' APPLICATION OF FOUR_CORNERS GAS
EPRODUCERS ASSOCIATION FOR DESIG-
;,NATION OF A TIGHT FORMATION, SAN
*JUAN AND RIO "ARRIBA CUUNTIES, NEW
rMEXICO.

l
l

i NUNC PRO TUNC ORDER

o1
3
it

' BY THE DIVISION:

3 It appearing to the Division that Order No. R-6833 dstod
i’ January 11, 1982, does nat correctly atste the intenved order
!;of the Division,

§ IT 15 THEREFORE ORDERED:

zg (1) That Finding No. (6) on pages 2 and 3 of Order No.
! R-6883 is hereby corrected to read in its entirety as follows:

T

designation is sought is one of very limited develcp-
ment being comprised of approximatsly 846 proration
units of which 66 are developed by one well and two

|

F "(6) That the area for which a tight formation
|

. % by one well plus an infixl well."

: (2) That the corrections set forth in this order be
.. entered nunc pro tunc a&s of January 11, 1982, j

; DONE at Santa Fa, New Mexico, on this l4th day of
! Ap.11 1982,

STATE OF NEW MEXICO :
ﬁWL CONSERYATION DIVISION
i o

//OED.%

Director




STATE OF NEW MEXICO

ENERGY ano MINERALS DEPARTMENT

OIL CONSERVATION DIVISION

B aon'C April 19, 1982 POST OFFICE BOX 2088
f SYATE LAND OFFICE HUILDING
LARRY KEHOE SANTA FE, NEW MEXICO 87501
_SECAETARY 1805) 827.2434

Mr. Howard Kilchrist

Federal Energy Requlatory Comm.
Department of Energy

825 North Capitol Street, N.E.
Washington, 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
Division 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 to you as Division Order No. R-6875
dealing with the Pictured Cliffs formation.

I 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,
Mr. Leonard Gruskiewicz of your staff pointed out an errxor in
our Order No. R-6883 and this "A" order corrects that error.

Thark you for your assistance with these matters.

Sincerely,

W. PERRY PEARCE
General Counsel

WPP/dr

enc.
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STATE OF NEW MEXICO

ENERGY ano MINERALS DEPARTMENT

OIL CONSERVATION DIVISION

BRUGE KiNG April 15, 1982 POST OFFICE BOX 2068
GOVERNOR P ! ET.ATE LAND OFFICE BUILDING

LARRY KEHOE SANTA FE, NEW MEXICO 87503
SECAETARY (505) 827-2434

Mr., Howard Kilchrist

NGPA Compliance

Federal Energy Requlatory Commission
Department of Energy ‘

825 North Capitol Street, N.E.
Washington, D. C. 20426

Re: Tight Formation
- Designations °

Dear Mr. Kilchrist:

At the request of members of your staff, I am
enclosing copies of the transcript of hearing in Cases
7209, 7317 and 7361 before the New Mexico 0il Conserva-
tion Division, I will forward the transcript of Case 7395
shortly.

Please note that the transcript of Case 7361
incorporates the record from the Case 7116 examiner
hearing. As you recall, the exhibits forwarded with
the Division's recommendation in“Case 7361 were the
exhibits admitted in the examiner hearing of Case 7116.
Therefore the transcript of Case 7361 is composed of two
transcripts dated December 30, 198C and September 29,
1981. ,

If 'we can be of further assistance, please advise.

Sincerely,

W. PERRY PEARCE
General Counsel
WPP /dr
enc.,
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‘ Mr. W. Perry Pearce

P 0i1 Conservation Division

: State of New Mexico

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. 7317, Order No. R-6883, dated
January 11, 1982, thet the Dakota formation underlying the des-
cribed lands in subject order in San Juan and Rio Arriba Counties,
New Mexico, be designated as a Section 107 tight formation.

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

Sincerely yours,

7;55, Gene F. iel
py Deputy Minerals Manager
' 0i1 and Gas
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MR. STAMETS: We'll call next Case 7317.

MR. PEARCE: Application of Four Corners

Gas Producers Association for designation »f a tight formation

San Juan and Rio Arriba Counties, New Mexico.

MR. CARR: May it please the Examiner,
my name is William F. Carr, with the law firm Campbell, Byrd,.
& Black, Santa Fe, appearing on behalf of the applicant.

This is a continuation of Case 7317 and
I wouid request that the record show that Kevin McCord, who
testified in the previous case, is qualified andé thgtbhe is
under oath in this matter.

MR. STAMETS: The record will so show.

KEVIN H. McCORD
being called as a witness and being previously sworn upon his

oath, testified as follows, to~wit:

" DIRECT EXAMINATION

BY MR. CARR:
0 My  McCorgd, h
exhibits for introduction in this case at the request of the

Conmmission?

A Yes, I have.
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0 Will you please refer to what has been

marked for identification as Four Corners Exhibit A, identify:

this, and explain what it shows?

A. ““In our previous hearing there was some
question as to the qualitv of the Dakota formation in the
eastern four tawnships, that being 30 North, 2 West; 31, 2;
30, 3; and 31, 3.

I have prepared some information to try

and show that the Dakota formation exists and has the same

or poorer gualities as the rest of the RGsa Unit.

Exhibit A is an electric log, the E. L.
Poteet Monero Dome No. 1. This well is located Township 31
North, Range 1 West, Section 24, so it's off your map. It's
approximately six miles to the east of the area, énd what
I'd like to point out on Exhibit A is on page four, tops of
formations, the Greenhorn, Graneros, and Dakota, are shown,

the Dakota being at 2300 feet.

My purpose of this exhibit is to indicate

the bakota is present. This is to the east of the area and

there is Dakota to the west of the area. I'm assuming there
is Pakota formation in between.

The Dakota being at 2300 feet, which is
considerably different from the average of 7950 for the Rosa

tight gas area. This is due to a steep upward trend of the
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formation theré; we're coming out of the Sén Juan Basin in
that area.

Q Mr. McCord, will you now refer to what
has been marked for identification as your Exhibit B and re-
view this for Mr. Stamets?

A Exhibit B presents core data from Rodney
Devilliers well, the No. 31 - 1 West Jicarilla. This well .
is located épproximately four miles south of our four town-
ships in qﬁestion; location 29 North, 3 West, Section 21.

This presents the acctuai core analysis
results on pagé two, and on page one is a éummary of core
analysis for this well.

This indicates that our laboratory perm-
eability is 0.018 millidarcies and applying a 10 percent
factor to this, which we considered for the rest of the Rosa
Unit, results in a 0.002 millidarcy in situ permeability
for this'well.

I've also noted that a DST was run on
this well when they were completing -- excuse me, when £hey
were drilling it, and they estimated 15 to 20 Mcf of gas per
day at the surface. 1 used this 0.002 millidarcy in my
Darcy's Law calculation, as presented previously, and that
resulted in a 9 Mcf per day flow rate.

This indicates the closeness of these
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two ways of estimating natural flow. -

Q Mr. McCord, have you also reviewed DS --
or cased hole DST's on wells located elsewhere but in this
general area?

A Yes, I have. 1I've looked at a cased
hole DST run by PanAm Corporation. This is the Jicarilla No.
1 Pagosa, which is located three miles north of our four sub-
ject townships, Township 32 Ngrth, Range 3 West, Section 23.

I reviewed thié cased hole .DST data,
attemptedAa Horner plot on it, and I was not able to come up
with any reliable permeability information from this well.
The flow imentioned during this DST, I believe they recovered
90 feet of drilling mud, which calculates to virtually no
flow of reservoir fluids at all; therefor, it was a dry hole,
and it indicated this area was not productive.

Q Does Southland Royalty Company also have
plans in the area? |

A Yes, sir. At this time Southland 0il
Company —-- or excuse me, Southland Royalty is drilling the-

Sims Federal No. 1 Well, and this is in 30 North, 4 West,

Section 13, and this is the northwest of the southeast. It
igs -- it was one of the wells I referred to last time as some

of the new developments in the area.

Their current status, they are currently
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running a cased hole DST as of two days ago. Therefor, we
don't have this information at this time. We will try to .

evaluate this information and supply it to the Conservation

- Division when we get this data available.

MR. CARR: Mr. Stamets, we would réquest
that the record be heldvopen to permit us to submit the
written results of the Southland Royalty Company test as soon-
as it can be obtained. We had hoped to have it today, but
they're doing it‘this week, and we'll get it to you as scon
as it's possible.

MR, STAMETS: Okay, that would be fine.

. Okay. Mr. Stamets, I'd like to point
out that there were, other than the one dry hole mentioned
previously in 30 North, 3 West, Section 34, a Sunray DX 0il
Company Jicarilla Tribal No. 1, there were no other Dakota
fbrmation tests in these four townships; therefor, I have
surrounded the area with the data I've just presented to you.
This is virtually all we can come up with to try and tie this
area into the rest of the Rosa Unit.

T - P PN - v - N2 YT D 2 .. - ~ —
vecihh NO weirld arxriai€ed in ‘Lhc arcd.
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certainly help us to develop this area.
MR. STAMETS: So what you've given us

today is basically three wells that form a triangle from 31,1
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to 32, 3, to 29, 3, that seem to indicaﬁeAthat the Dakota
formation is extant in those four townships, and that it is
not any better than the formation evidence that you presented
at the laStAhearing.

A That is correct.

MR. STAMETS: Okay.

0 Mr. McCord, will you now refer to Exhibidy
C and review this for Mr. 3tamets?

A Exhibit C is an update of the new loca-
tions in the area, updating my map of figure -- of Exhibit
Numbeir Two, presented previously.

| I've noted there that we have 19 wells
with some sort oi current activity as of August 6th of 1981.
This is -- these 19 wells are listed on pages two and three.
of Exhibit C, and the appropriate information following them
about what has been going on during this time pgriod.

Page one, I've summarized %ells not
plotted on this: map. As you'il notice there, we have 16 well#
that have been drilléd, 3 that have just been staked. Of
these 16 as of Auguét 6th, only 4 have been compieted as --
as to IP data. We have three producers in the area and one
dry hole. And this is just a written list of these new wells

MR. STAMETS: All the IP's on here are

after frac?

.
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‘Mcf of gas per day, also I'l1l show later these indicate to be

A Yes, sir, they are.

MR. STAMETS: Did any of these wells
make any attempts to datermine pre~frac flow?

A To my knowledge, no, they did not. 1It's
possihle, digging through some of Northwest Pipeline's recordg
we might be able to come up with some sort of pre-frac flow
rate. My feeling is-that that information would be no differ-
ent from the information we've already got doing the same -~
same . procedures.

0. Mr. McCord,’of the three producers shown
on Exhibit C, do all three of these appear to ke ~- look like
they will be economic successes?

A Well, we have the‘one dry hole, which
obviously is not. We have one well, the well listed,as No. 4
Northwest Pipeline 30-5 No. 50, with an IP’of‘735 Mcf of gas
per day. My economics, which I'll show later, will indicate
that that will not be an economic well undexr 103.

Wells -- Well No. 2, Schalk 54 No. 1-E,

2170 Mcf per day, and Well 18, Rosa No. 77 for an IP of 2544 .

indicative of an average well for the area, which is what I -

used in my economics.
0. Mr. McCord, will you now refer to Exhibit

D and explain to Mr. Stamets what this shows?

P U IR X T A T TR
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A All right, Exhibit D was some information
supplied to me by Mitchell Energy Corp. This information is
supplemental to Exhibit Number Sixteen, presented previously.

Okay, Exhibit Number Sixteen indicates
a number of pre-frac natural flow tests taken in the Rosa
Tight Gas Area, mainly by Northwest Pipeline Corp. These
wells are generally in 30-5 and 31-6. This information sup-
plied by Mitchell Enérgy Corp., as you can see from the start,
pre-frac, pre-stimulation rate tests are in 31-4, 31-5, in
that area, so we're talking about the northern part of the
area.

So we have additional information here.
This 8-well pre-stimulation average that they referred to of
119 Mcf per day, refers to their eight tests that theytlve
taken in the northérn part of the Rosa Area.

Also here, X. McCord 14 well pre-stimu-
lation average of 423, are my results as presented in Exhibit
Number Sixteen. They've averaged the entire 22 wells for
312 Mcf per day average for a Rosa Well, and T alsq indicated
in Exhibit Sixteen, and they have here, I excluded Well No. 8
in the average, in that its production, its natural production
rate of 2174 Mcf of gzc por doy was highcer than its aftex
frac flow rate of 1610 Mcf of gas per day. I felt that this

test was in error; therefor, I deleted it from my average.
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Z They also did the same and came up with
3 a 224 Mcf of gas per day average for the Rosa area. d
4 Y What is the production limitation pre-
S scribed by the 0il Conservation Division rules for a depth of
6 | 79507
7 ’A This is 336 Mcf of gas per day, so we're
8 | below it.
9 MR. STAblﬁTS: "In either event.
10 A, In either event.
1 Just additionai information to tfy and
2 tie in more of the acreage, to indicate that my initial ~- my
13 additional information was holding throughout the area.
14 0 Will you now refer to Four Corners Ex-
18 hibit E and review this for Mr. Stamets?
16 A Exhibit E is the economic criteria re-
17 quested by the Commission. I worked with Frank Chavez on
13 these numbers and we came up with a production rate, listed
9 there under No. 1, for an average Rosa Well throughout the
20 entire area, Year 1 to be 330 Mcf of gas per day; Year 2,
2 205; Year 3, 145; Year 4, 115; and Year 5~on with an 8-1/2
2 dacline in our yearly produciion.
B Thigs forecast was constructed by uneing
24
; an IP of 2100 Mcf of gas per day for Rosa -- for all the
S
5 25 average Rosa wells, or for the entire Rosa wells in the area.

”




ctiaaiiZalan 4

7 & w »

O w a3

10
11

& 8

14
15
16
17
18
19

21
22

tive of the area and it also results in an average ultimate

They averaged 2100 Mcf of gas per day.

The first month average on-line production, being in the range
of 15 to 20 percent, as I pointed out previously, being 420
Mcf of gas per day. Applying a decline rate of 40 percent
for Year 1, 35 percent for Year 2, 25 percent for Year 3,
15 percent for Year 4, and 8-1/2 percent for year 5 on, re-~
sults in a production rate shown under 1.

Also, this is avdry_gas area, SO no con-
densaﬁe production figures were used.

This type of production rate is indica-

natural gas production of 0.691 Bcf for 33 wells tested in
the area. This was the best average production we could come
up with for the area.

Once again, using this average, you assuﬁe
we have no dry holes at all in the area, so this will be a
high side case on economics.

The average well life for a Rosa «~- for
a Rosa well would be 30 years. Natural gas prices used in
our economics, we started with an NGPA 103 based priceﬁbf

Jnly, 1981, and this was 2.476 dollars per Mcf of

¢«

ag, and we

{
used a 10 percent per year escalation rate.

We used a BTU factor of 1.15 and for the

107 price we used double the NGPA 103 price.
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investment and 20 percent of yearly operating costs, and a

. omics, determined payoﬁt, determined return on investment

13

In figuring taxes we used the State and
Local tax rate of 9 percent and Federal Income tax rate of
50 percent.

We considered to be -~ we considered to
have a Federal 0il and Gas Lease, using a 12-1/2 royalty to
our govexnment. Operating costs of $3000 per year, which will]
escalate at 10,000 per year.

MR. CARR: 10 percent.

MR. STAMETS: How about 10 percent?

A Excuse me, 10 percent per year =--— you

can read better than I can . Overhead expenses of 2Q percent

sales delay of six months.
Page two of my economics reviews that
we have reserves of .691 Bcf over a 30-year well life.

[

At Mr. Chavez'® request we ran the econ-

and present worth for':the projects at 103 and 107 prices,
in first Case 1 and Case 2, using no discount rate there for
our money.

one of $470,000 and one of $820,000. The reason I did this,
Northwest Pipeline claims that a well can be drilled and pro-

duced in the -- drilled and fraced and ready for completion
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"been in excess of $800,C00, and the four wells that Mitchell

for $470,000.

Case 2, I believe, is a little more

realistic. Amoco, the last three wells they have drilled, have

is currently drilling, the Rosa 81 through 84, they indicate
those costs are going to be well over $800;000 a well.

So there's a difference in operating
practices there.

Anyway, for Case 1, $470,000 well cost,
using 103 prices, payout of 3.17 years, return on investment
of 7.01, with a present worth of 1.869 million dollars.

When we look at 107 prices, our payout
decreases té 1.68 vyears, return on invesfment of 16,32, and
a present worth of 4,438 million.

Case 2, using an $820,000 well cost,

103 prices, our payout is 5.97 years, return on invéstment of
3.51, with a present worth of 1.662 millioni /

Using 107, our payout decreases ﬁo 2.77

years, return on investment of 8.74, present worth of 4.141

million.

type of discount factor to have somewhat more reascnable

numbers. TIt's certainly going to cost us something to invest

our money in this project. 15 percent discount, we might be




*

$ % 2 A U A W

10
1

13
14
15

17
18
19

21
22

23

25

15

looking at d,high side due to today's economics; A numbér
of 20, and Mitchell suggested 22 percent in what they use,
might be a better indication of -- of the -- of what this

project will actually result in.

Aanyway, using a 15 percent discounted
money, our present worth, discounted 15 percent for our $470,0
case, cqnéiderably drops to a $253,000 present worth, versus
our initial 1.869 million.

When we look at 107's instead of 4.3
million dollar present worth, that.drops to 808,000 dollars.

Therefor, when you use this discounted
money, dﬁe to the 30-year life of the project, your economics
change considerably.

This DROI number 15 is discounted return
on investment and this is nothing more than our summation of
our cash flows discounted 15 percent and divided by the well
cost to give an indication of -- of what type of return on
investment we'd be looking at discounted;

For $470,000 this number is less than

1, 0.54; for 107 it's 1.72.

this number is zero, that means you've -~ you've go:iten 15

percent back on your money.

00

also presented for an $820,000 well case,
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“scattered throughout the Gallegos Canyon area.

16
which is what I believe is more indicative of the cost of the
wells in the area, present worth 15 for 103 price is only
$39,000. Our DROI 15 is 0.05. It -- we've just broken even
there.

And with a 107 price, our present worth
would jump to $593,000 with DROI 15, 0.72.

I would say that a DROI of 15 in the
neighborhood of 1, would be something of an economical pro-
ject. Anything less than that, YOu might be better off puttirs
your money elsewhere.

Also, with Mr. Chavez"request, I con-~
tacted Amoco and they supplied us with some economics for
their Gallegos Canyon infill wells, and I used theée as a
comparison to these Rosa wells to indicate what infill wells
would look like using a 103 price for an established 103
econonic area.

There were somewhat different parameters
used. Our average well cost for these wells is approximately
$420,000, and this was taken from ten infill well locations
was 1.1. This is wet
gas that they produce. We did not use a condensation ~-- or

condensate production in our economics. Reserves for these

g

wells, approximately 1.176 Bcf with a well life of 40 years.
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103 prices, a payout of 2.73 years,
return on investment of 16.04, and undiscounted present worth

of $3,820,000.

When you use our 15 percent discounted

numbers, present worth 15, $440,000, and discounted return on

investment 15 of 1.05.

Comparing that with our $820,000 there
is certainly quite a difference in the economics there.

Q. Mr. McCord; it would appear, then, that
the Gallegos Canyon infill wells are more economical to drill
and produce than the Rosa area?

A That is correct.

Q And all of these calculations are based
on the assumption that you -~ all the wells you @rill are in
fact producers?

A Once again, yes, that's =-- this is
probably a high side because there are numerous dry holes in
this area, and this assumes every well you drill will be a
producer, producing .691 Bcf.

0. In your opinion, without the incentive

No, sir, I don't believe it will. T

fad

believe that only wells that will be drilled under current

103 prices are the wells needed to -- to hold acreage in the

et el g o g
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area. I don't think it will be adequately developed without
107 prices.

0. Generally, what conclusions now can you
reach about the entire area which is governed by this appliéa-
tion?

A I'1l just state again the conclusions
I've drawn in my initial presentation.

The estimated average in situ gas perme-
ability throughout our Dakota pay section in the Rosa Tight
Gas Area is expected to be .1 millidarcy or less.

For an average Dakota well depth of 7900
feet, a stabilized production rate at atmospheric pressure
of wells cdmpletéd for productioh in the Dakota formation,
is not expected to exceed the maximum allowable rate of 336
Mcf of natural éas per day without stimulation.

No well drilled in the Dakota formation
in the Rosa Area is expected to produce without;stimulation
more than 5 barrels of crude oil per day; therefor,'I believ;
that £he Rosa Tight Gas Area meets all the specifications
required as stated and should be designated a tith formation

.
nAAAw 0
ndey Secticn 107 underx tb

-he Ragin Dakota Peool

in
Gas Policy Act of 1978.

0. Mr. McCord, were Exhibits A through E

compiled under your direction?

L g e B
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A Yes, all but Exhibit D, which was, as I

stated, presented to me by Mitchell Enexrgy.Corp.

Q And your =-- does your review of these
éxhibits indicate that they are correct and accurately portray
the data you are attempting to show?

A Yes, they do.

MR. CARR: At this time, Mr. Stamets, we.
would offer Exhibits A through E.

MR. STAMETS: These exhibits will be
acmitted.

MR, CARR: I have nothing further of Mr.

McCord on direct.

CROSS EXAMINATION
nY MR. STAMETS:
0 . Mr. McCord, Exhibit E, the last page of
your economic exhibit. |
A Yes, sir.
0 ' In Case No. 1 you':-e looking at what

you consider to be the lowest possible well cost in the area?

A That is correct,
0 And dces your 107 situation mean that
you could do -- that this is comparable to putting your money

in a money market certificate with 16.32 percent interest?
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A No. Your return on investment number is
not a percentage. That's -—- that number is generated by

taking your total cash flow generated divided by your well

cost.

So your return on your investment, you're

‘getting 16 times the money you spent, is what that number

means.

That is not a percentage.

MR. CARR: Over thirty years.

A Yes, and that's over

The percentages involved are your dis-
counted return on investment that I have presented, and what
this number indicates, since I have discounted it at 15 per-
cent, that means any number over zero will give you a -- any
number’greater than zero will give you moxe than a 15 percent
return on your money, and assuming you can get 15 percent in
the bank or anything to that, it's certéinly a lot -~ a lot

better proposition to put your money in the bank and get it

back that way.

L=

Can you convert, for

2 ~ A [ - a - PR 1 I
situation, the 08.54, can you convéeri tnat

s
cr

rate of return?

A Not from the fiqures

were the numbers supplied to me by Amoco.,

thirty years, also.

example, in a 103

into a percentage

I have here. These

I don't have their
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printout. This was information that they considered confi-
dential and did not want to present unless we ~-- we absolutely]
had to.

We can confer from that DROI 15 number
that your return would be less -- excuse me, somewhat more
than 15 percent, but the actual number, we don't have.

MR. STAMETS: Other questions of this
witness?

MR. CHAVEZ: Yes, sir.

QUESTIONS BY MR. CHAVEZ:

Q Mr. McCord, in a discounted rate of re-
turn what does the absolute number zero indicate? Does that
indicate a break even point?

A Yes, it does.

0. At 15 percent.
A, That's right. That would mean that

. —

your money is worth -- all that is doing is taking your futurﬁ
monies and bringing it to the present.

0 } Okay. The average depth for>£he Dakota
in these townships; how did you arrive at that again?

A I -- every well involved in the area, 1
took the top of the Dakota formation and we averaged that

number.
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A. Okay. But in the far eastern townships
the slope of the Dakota is quite a bit steeper and the Dakota
formation is at about 2300 feet.

A Now, that, once again, that well is out-
side of the formation -~ outside of the area. Now, the actual]
you're right, it is going up at a steep angle there. Where
it exactly turns, we need to have a well out there to ~- to
show us where the Dakota is. T don't know that.

0 Can you make some kingd of projectioﬁ as
to the rate of dip which the -- or rate of rise towards the
east throughout -

A Not other than it's very steep. It ==
it comes up real fast, and that's just --- I have not worked
that much with the geology in that area.

0 Would work such as that give you an-aver-
age Dakota depth which might be shallower than what you'd
use for where wells were completed and thus require a smaller

volume of unstimulailed flow rate?

A, That is possible, although not -- it woulid

be -~ it's my feeling we've got most of our area over here
lished anG all our wells are established, are somewhat
deeper than that. We have a small portion of our area over

here to the far east that might be possibly shallower than

that. If we take an average, it could bring that number down,
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but once again, if you weighted your avetage,'your number
would certainly be very close to what we've got. This would
not be a great percentage of these wells.
Q Do you know what depth the Southland:
Royalty simms Federal Well encountered the top of the Dakota?
A No, sir, but we'll know that when we
get our information. That's -- that well, they just moved
the drilling rig off of it. They, in fact, they were trying
to speed up their coﬁpletion-to get this DST data to present
for this hearing, so we will have that information then.

MR, CHAVEZ: I have no further questions

RECROSS EXAMINATION
BY MR. STAMETS:
0 Mr. McCord, in Case No. 1 on Exhibit E,
is that an economic venture at the 103 price?

A Under the 103 price that would be a

very marginally economic venture. Once again, looking at your

discounted return on your investment 15, that being 0.54,

it's in the range between zero and one, which makes it ques-

. .
O [oda) ~~ 28]
knowing hew these ccononmi

tionable Due to the fact, !

arrived at, being an average well where you drill no dry hole

you'll get .7 Bcf, it would marginally economic as it is ther

If you consider everything involved, the

=3
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real chance that you could drill a dry hole, those numberé
are not really realistic; they're the high side. So therefor,
I would say that if it was eccnomic, it was just on the margin
of it.

The more -~ the more common cost of
$820,000, or more indicative cost, that's =-- that's not
economic, no.

0 End the return on investment means that
you get back $7.00 for every dollar you spent over a period
of years?

A Yes, sir, that's correct, over thirty
vears. There's a time -- that time factor means an awful
lot when you consider discounted money.

o And if you put your money in a 15 percent
money market certificate, or some such thing as that, you
would -- would you be making more money than drilling this
well?

A | Under 103, $470,000 case, you would make
more money Adrilling the well.

If it was $820,000, you'd break even.

So vou'd be a lot better off putting vour money in the bank.

Once again, assuming you have a commer-

cial well, not a dry hole. That -- that factor is always

going to be involved, because we're talking average well, and
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there are dry holes in the area.

The only way to counter that effect is
use a success factor or to greatly increase the cost of your
wells.b It's something to take into account, the cpst of dry
holes, which would even decrease our economics even more.

Q~ How does Northwest Pipeline drill such
economical wells?

A I've had that asked to me quite a few
times. They have somewhat different completion practices
than, say, Amoco would, but other than that, they're doing it
real cheap.

0. Does Amoco management know about the
engineering of Northwest Pipeline?

A, Well, since we have a lot of Amoco
management here, I would prefer not to talk about it.

I'm sure they -- they probably know that
but once again, you've got a difference in philosophy‘of
companies on how to complete these wells. Some people feel
that large fracture treatments, large volume treatments, are
the’way to go. Other companies, such as Northwest, feel you

-~ LS P~
aoni ¢ neeqd o

go to all that trouble.
I guess time will tell with thirty years
of Dakota well production which is best.

But other than that, it's -- it's just

Y T T S P T
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a difference in philosophy of the companies.
Now that's just the stimulation costs, is
a big factor there. That certainly doesn't account for all
the difference in those costs. Those are just the costs re:
ported to me.
Q It sounds to me as though'what you‘re
saying is, that if -- if Northwest Pipeline were the operator -
of this entire area, and they got the 103 price, they'd be

ab’e to drill it up and make money.

A If they got the 103 price?
G ‘Richt.
A If they drilled no dry holes., If they

did, if they drilled dry hoies, it's marginally economic right
now, as presented in Case 3.

Like I said before, I feel that a DROI
numher less than one is somewhat questionable economics in”
whether you should be drilling that, because there‘are ;— thezr
are success factors involved.

0. So the Exhibit E estimates that every
well will be é producer and does not try to take into account
a certain number of ary holes in respect to the average re-
covery for the entire area. |

A Correct. Once again, the way to do that

or to incorporate that type of number, would -- would be to




T

O 8 3 A W N

gﬂﬂh‘HHHHﬂHH
© W 9 A A WD N = o

21

= 8

25

CERcmanh i s ad
SPGB DR
AT e XA A : .

27

considerably increase your well costs or incorporate some
type of success facior there. But once again, using this --
this type of approach, comparing the actual economics we
found right here versus our Gallegos Canyon well, it shows

a considerable difference in the two projects.

0 Looking at the original Exhibit Two, it
appears, though, there aren't too many dry holes through the .
central north/south portion of the area, at least in compari-
son to the numbers, percentages both east and west of there,
is thet correct?

A, Yes, that is. My feeling there is that
these are all areas held by units and to develop these uﬁits
and to show to the USGS that they're adequately trying to
develop these units, wells are going to have to be drilled.

Under the current pricing schéme, we
certainly have less chance of finding a dry hole in this area
versus drilling our exploratory wells and developing the en-
tire acreage. I believe that's why there's been a consider-
able number of wells drilled in this area versus the rest of

it. T think that to develop your outer areas we're going --

7

3 * ~ S o~ ~ ~n B e A P T, S
d somc type of price incentive to have this

-

Also, another fact, these wells in the -

in the middle part of the area developed essentially on 320-
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the older wells were and these wells are being drilled as
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acre spacing. Other than two instances there have not been

any infills drilled.

So companies don't feel it's that econo-
mical of a venture to be drilling more wells in the area.

0. Do you féel that the ratio of dry holes
will increase as you move west and east out of this central
area?

A Yes, greatly.

0 I don't recall from the original heariné
if there was any geologic evidence that was indicating that
there is a fairway or something through here that was being
drilled up, or these wells are simply beipg drilled because

of GEological Survey demands on drilling, or is this where

stepouts.

A » I would say more in the stépout area.
I don't remember presenting any fairway type areas that we --
that you just referred to. Most of these are older wells.
They're stepping out, trying to, really, just ~-- just satisfy
your unit agreement, and some type of drilling to have an
adeguate development ol the érea. |

0 In Case No. 1, with the 103 pricing,

what percentage of dry hcles would it require to be drilled

before that process became uneconomical?
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~got every,other hole a dry hole, it would be a break even

29
A It wouldn't take but one, probably.
0. One in four, one in five, one is three,
one in two?
A, I imagine, at a guess, you could probably
Ssay one in eight, as far as that goes. You'‘re talking here,

once again, looking at your discounted return on investment
numbers, it's marginal now assuming no dry holes. Jus£4say
using a dry hole will increase your initial well cost from
$470,000 up, well, you see that doubling that money right
there brings it down to just a break even point there.

So that would take, what, one dry hole
in -- let's see, one dry hole in two, wouldn't it?

0 Uh-huh. That would mean that if you had

proposition. So what wouid that, say, if you had one dry
hole in four, it would be a money making proposition?

A, Considering that $470,006‘that sounds
reasonable, yes. Once again, though, that's one instance
whefe they claim they can drill it for that -- that type of
money, and we have ~- and that was just a number’pfesented

to me and the last seven wells, or the last three wells Amoco

r

has drilled and the last four wells Mitchell has drilled in
the area cost $800,000, so therefor, considering that $470,000

well cost for those, it's not reasonable at all.
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MR. STAMETS: Are there any othei ques-

tions of this witness? Mr. Kendrick, back in the hall, we'll

QUESTIONS BY MR. KENDRICK:

Q Mr. McCord, the cost of development
figures that you've given in the range of $400,000 to $800,000
relates only to drilling and compleling the well, has no
secondary recovery or, excuse me, secondary or remediai action
numbers involved.

A That's correct. Another ~-- the only
numbers involved are therefor operating costs or just what
we've used here.

We've used $3000 per year escalating at .
10 percent as straight operating costs.

We've also include overhead expenses of
20 percent of investment and 20 percent of ye;rly operating

costs, so thcse are also involved as expenses for thz well,

but no -- no remedial work.
11 If remedial action were required on one
of the classes of wells, would you expect it to be needed on

the cheaper original cost or the more expensive original cost?
A That's a good question. This could be

a personal feeling, but I personally think that -- that you
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1
2 need to put more of a fracture stimulation on these wells,
3 which would increase your cost.
4 Using that as the only basis of the dif-
] ference in the costs, I know there's something else involved
6 there, too, but‘my feeling is that in the life of the well,
7 this would certainly be a better completion practice to use.
8 But if the $470,000 well cost had a some-
9 what smaller size fracture stimulation, it's‘possible that ]
10 this well might need the remdial work more than the $800,000
n well, bringing up the cost.
12 MR. STAMETS: = Mr. Chavez?
13
14 | QuESTIONS BY MR. CHAVEZ:
15 0. Mr. McCord, has Southland Royalty apprisdgd
16 you of their AFE cost for the Chacosa Canyon No. 1 or for the
17 Simms Federal 1 that they are presently testing, of what %
18 their costs have been to date? .i
19 A. T haven't asked for that information but é
20 that should be easy enough to get, especially since they're }
21 going to supply us with this otﬁer information. I'm sure i
‘ ;
22 they'd wore than happy L0 supp.y us with an AFE. |
23 MR. STAMETS: Good, you can supply that
. 24 along with the other information.
25 Any other questions?
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MR. PLUMLEY: Yes, sir.

MR. STAMETS: 1Identify yourself for the
record, please.

MR. PLUMLEY: 1I'm Byron Plumley, with
Atlantié Richfield, out of Denver.

: I'd like -~ there was a telegram sent
vesterday, I think, to the Commission, and I would like to
reiterate that.

ARLO has réviewed and agrees with this
applicétion, and that ARCObwould urge the Commission to ap-
prove of this application.

MR. STAMETS: All right, we appreciate
that.

If‘there are no further questions, Mr.
McCord may be excused.

Aré there any other statements?

With the prévision for the other inform-

ation that we've discussed here, the case will be taken under

advisement.

(Hearing concluded.)
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EXHIBIT

NUMBER

1

10

11

12

13

14

15

16

17

LIST OF EXHIBITS

EXHIBIT
NAME: *

Dakota Reservoir Map -

Dakota Formation Well
Completion and Production
Map

Resa Tight Gas Area Wells

Type Log
Cross Section A-A!
Cross Section B-B®

Core Analyisis
Northwest Pipeline Corp.
San Juan 30-5 Unit No. 27

Core Analysis
El Paso Natural'  Gas Company

. 8an.Juan 30-5 UBnit No. 28-X

Core Analysis )
El Paso Natural Gas Company.
San Juan 30-% Unit No. 31

Core Analysis
Amoco Production Company
Rosa Unit No.1

Core Analysis

k2 2 -
Northywecot Dipeline Corp.

San Juan 31-6 Unit No. 16

Core Analysis

Blackwood & Nichols, LTD.
Northeast Blanco Unit No. 1
Technical Paper

Determination of In Situ
Permeability

Summary of Permeability Data

Natural Production Tests

Darcy's Law*Calculation

PURPOSE OF EXHIBIT

Show location of Rosa
Tight Gas Area with
respect to Basin Dakota
production.

Show production figures

of completed and dry Dakota
wells in and around the tight
formation area.

List production figures of
conpleted and dry Dakota
wells in the tight formation
area.

Show log characteristics and
depth of Dakota formation.

Show Dakota formation develop-
ment in a west-east direction.

Show Dakota formation devélop—

‘ment in a north-gouth direction.

Show average laboratory core
permeability.

Show average laboratory core
permeability.

Show average laboratory core
permeability.

Show average -laboratory core
permeability.

Show -average laboratory core
permeability.

Show aVerage.laboratory core
permeability.

Present relationship between
laboratory and in situ permeability.

Show method of determining in
situ permeability from laboratory
core analysis.

Shows summary of permeability data,
average laboratory permeability and
in situ permeability.

Lists natural production tests
taken and average results.

Show unstimulated gas production
rate using average in situ permeability.
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XHIBIT NO. 3 : 0L3Z MO, TTRAR A R ROSA TIGHT GAS AREA WELLS
o susmned oy NGO | 1P CUMULATIVE
g ; i DAKOTA GAS/0IL 1980 PROD. 01-01-81
coMPaNy i Fecring Dae 1- w LOCATION DEPTH IP DATE MCFPD/BOPD MCFPD/BOPD BCF/BO
. CP— KT AT T

Sunray DX 0il Co. #1 Jicarilla Tribal NW/NW 34 30-3 8213 09/54 D&A . —- —
El Paso Natural Gas Co. Carson i#2 | NW/SW 7 30-4 | 8083 09/79 869/0 | 302/0 .055/0
El Paso Natural Gas Co. 39 San Juan 30-4 Unit SE/NW 18 30-4 8425 02/31 2506/0 New Well — N
Coasrline Petroleum 1 Schalk-76 SW/NW 25 30-4 8675 02/75 D&A — -— ’
mornrwmma Royalty Co. #1. Carson NW/sW 1 30-5 8030 10/69 2129/0 129/0 .518/0
Schalk Development Co. .Schalk #54 SE/NE 2 30-5 8018 01/73 , 2501/0 111/0 .297/0
Schalk Development Co. Schalk #55 . NE/NE 3 30-5 7940 o 03/72 3298/0 34/0 .126/0
Southlana Royalty Co. Cat Draw #1 . SW/SW 4 30-5 7780 09/68 2074/0 ST .186/0
Northwest Pipeline Corp. 39 San Juan 30-5 Unit SW/NE 7 30-3 7686 07/75 1703/0 67/0 .123/9
Northwest Pipeline Corp. 37 San Juan 30-5 Unit NE/SW 8 30-5 7688 01l/74 394470 87/0 .503/0
Northwest Pipeline Corp. . 70 San Juan 30-5 Unit NE/NE 9 30-5 7752 12/80 1584/0 New Well -— .
Northwest Pipeline Corp. 49 San ucmw 30-5 Unit SW/SW 9 30-5 7683 12/80 855/0 New Well —— ;
Northwest Pipeline Corp. 73 Gan Juan 30--5 Unit NW/NE 10 30-5 7919 03/81 2635/0 . New Well —
Northwest Pipeline Corp. 72 San Juan 30-5 Unit SW/sW 10 30-5 7790 04/81 2456/0 New Well —— ’
Schalk Development Co. Schalk #57 ., NE/NW 12 30-5 8009 - 07/73 5107/0 148/0 .452/0 ]
Northwest Pipeline Corp. 52 San Juan 30-5 Unit ] SE/SW 15 30-~5 7920 03/81 2679/GC New Well -— M
Northwest Pipeline Corxp. 53 San Juan 30-5 Unit NE/SW 16 30-5 7685 12/80 1209/0 New Well —_— :
Northwest Pipeline Corp. 47 San Juan 30-5 Unit ) NW/SW 17 30-5 7794 08/75 1610/0 129/0 .235/0

T Y D A £y AT Y A N A T AT T 4
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. IP CUMULATIVE
DAKOTA GAS/OIL 1980 PROD. 01-01-81

COMPANY WELL z»zh LOCATION DEFTH IP DATE MCFPD/BOPD MCFPD/BOPD BCF/BO
Northwest Pipeline Corp. 38 San Juan 30-5 Unit SW/NE 18 30-5 7667 06/30 2035/0 New Well ——
Northwest Pipeline Corp. 6 San Juan 30-5 Unit SW/sw 19 30-5 17607 03/56 P&A — -
Northwest Pipeline Corp. 48 San Juan 30-5 Unit NW/NE 20 30-5 7790 01/30 3691/0 New Well - y
Northwest Pipeline Corp. 27 San Juan 30~5 Unit SW/SW 20 30-5 7646 12/59 1309/0 24/0 .248/0
Northwest Pipeline Corp. 51 San Juan 30~5 Unit NW/NE 21 30-3 7759 12/80 4792/0 New Welil —-—
Northwest Pipeline Corp. 71 San Juan 30-5 Unit SW/SW 22 30-5 7807 12/80 2145/0 New Well —
El Paso Natural Gas Co. 28-23~-X San Juan 30-5 Unit NE/NE 23 30-5 8075 om\mw D&A -— -
Northwest Pipeline Corp. 38 San Juan 31-6 Unit NE/N¥ 2 30-6 7832 04/81 2828/0 New Well ——
El Paso Natural Gas Co. 31 San Juan 30-6 Unit SE/SW 33 30-6 7550 07/59 me\o 29/0 .255/0
Blackwood & Nichols 12 NE Blanco Unit SV'/NE 18 30-7 7590 06/€0 P&A Dakota - -

’ (MV Compl.)
Norttwest Pipeline Corp. Rosa Unit #42 SW/NF 19 31-4 ‘not given 11/62 D&A - - 3 i
Northwest Pipeline Corp. Rosa Unit #43 NW/SE 19 31-4 8158 05/62 2352/0 98/0 .064/0 w
Irving Pasternak Rosa Unit #49 SW/SW 27 31-4 8430 11/63 P&A Dakota ——- -—-
. MV Compl.)

Northwest Pipeline Corp. Rosa Unit #63 SW/NE 30 31-4 8088 11/77 225/0 63/0 .004/0 m
Coastline Petroleux | 1 Schalk-58 NE/SW 2 31-5 7856 08/73 D&A —_— — W
Northwest Pipeline Ccrp. Rosa Unit #53 NW/NE 8 31-5 7900 03/79 1043/0 126/0 .668/0 :
Northwest Pipeline Corp. Rosa Unit #80 zm\ws 8 31-5 7845 03/81L 2155/0 New Well ——
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Page 3

ip CUMULATIVE
DAKOTA GAS/OIL 1980 PROD. 01~01~81
.oo&m»z& WELL NAME ‘ LOCATION DEPTH I? PATE MCFPD/BOPD MCFPD/BOPD BCF/BO
Northwest Pipeline Corp. Rosa Unit wwo : NW/NW 10 31-5 8162 01/66 1500/0 261/0 .248/0
Northwest Pipeline Corp. Rosa Unit #48 _ SW/SE 11 31-5 8151 12/62 3207/0 326/0 .218/0
Northwest Pipeline Corp. Rosa Unit #40 SW/NW 11 31-5 8358 ¢7/51 3560/0 271/0 .216/0
Northwest Pipeline Corp. Rosa Unit #61 SE/SW 13 31-5 8124 11/77 337/0 55/0 .074/0 y
zonn:#mmn Pipeline Corp. Rosa Unit #65 NE/NE 17 31-5 7870 08/78 wOQM\o. 163/0 .104/0 “
Northwest Pipeline Corp. Rosa Unit #68 NW/SW 17 31-5 not mw¢m5 08/30 5757/0 609/0 .093/0
Northwest Pipeline Corp. Rosa Unit #62 NE/NW 25 31-5 8088 11/77 342/0 82/0 .106/0
Northwest Pipeline Corp. Rosa Unit wma : NE/NE 29 31-5 7950 \ 10/78 1843/0 175/0 T .132/0
Northwest Pipeline Corp. Rosa Unit #52 , NW/NW 33 31-5 7920 02/7 2401/0 248/0 1.095/0
Northwest Pipeline Corp. Rosa Unit mwm NE/SE 34 31-5 umomm 10/74 264/0 167/0 .386/0
Northwest Pipeline Corp. Rosa Unit #56 SW/NW 35 31-5 §200 11/75 675/0 96/0 .232/26
Northwest Pipeline Corp. Rosa Unit #54 NE/SW 36 31-5 8284 09/74 304/0 S1 .029/9 \
Amoco Production Co. Rosa Unit 35-X NE/SW 5 31-6 7822 10/59 D&A Dak. . —_— — ’
MV Comp.
Amoco Production Co. ~ Rosa Unit #36 SE/NE 11 31-6 7955 12/59 P&A —m— —_—
. MV Comp.
Amoco Production Co. Rosa Unit #1 SW/SE 11 31-6 7865 09/52 560/0 (P&A) -
Northwest Pipeline Corp. Rosa Unit #66 NW/SW 13 31~-6 © 7957 ow\ww 4427 /0 245/0 .928/0
ﬂ Amoco Production Co. Rosa Unit #69 NW/NW 16 31-6 . 7918 09/80 P&A —-— ——— :

Northwest Pipeline oonww 79 San Juan 31-6 Unit . NE/SW 22 31-6 7757 03/81 1858/0 New Well -—

S e i
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P , CUMULATIVE
DAKOTA GAS/OIL 1580 PROD. 01-01-81
COMPANY WELL NAME LOCATION DEPTH 12 DATE MCFPD/BOPD MCFPD/BOPD BCE/BO
Northwest Pipeline Corp. Rosa Unit #51 NE/NW 23 31-6 7823 01/70 1385/0 170/0 .736/0
Northwest Pipeline Corp. 36 San Juan 31-6 Unit zm\zm 27 31-6 . 7806 03/81 2557/0 New Well —_—
Northwest Pipeline Corp. 24 San Juan 31-6 Unit NE/SW 27 31-6 , 7939 12/73 1341/0 SI .269/0
Northwest Pipeline Corp. 16 San Juan 31-6 Unit SE/SW 33 31-6 7895 07/59 1783/0 SI .074/0 \
Northwest Pipeline Corp. 33 San Juan 31-% Unit SW/NE 34 uwrm, 8712 06/80 4119/0 New Well —— |
Northwest mummwﬁnm Corp. 35 San u:wn wphm Unit. NE/NE 35 31-6 7908 07/80 2643/C New Well -—
Northwest Pipeline Corp. 31 San Juan wwym imit SE/SE 35 31-6 , 7796 {6/80 3270/0 New Well m —
Northwest Pipeline Corp. 37 San Juan 31-6 Unit mSme 36 31-6 7952 C4/1 2370/0 New Well ) -—-
Blackwood & Nichols 58 NE Blanco Unit NE/NE 13 31-7 7975 11/59 2461/0 217/0 1.387/0
Blackwood & Nichols 57 NE Blanco cbwn NE/NE 21 31-7 7780 09/39 1235/0 -37/0 L4470
Blackwood & Nichkols 55 NE Blanco Unit NW/NE NN.wH!u 7856 10/58 275/0 27/0 .182/0
Blackwood & Nichols 1 NE Blanco Unit - SE/NE 27 31-7 7792 10/52 536/0 217/0 2.398/0 5
Amoco Production Co. McKay #1 . NW/NE 28 31-7 7765 03/71 D&A — -
Blackwood & Nichols 56 NE Blanco Unit NE/NE 34 31-7 7660 11/58 2839/0 30/0 .417/0
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EXHIBIT NO. 7
Company:  Northwest Pipeline Corp.
(Originally E1 Paso Natural Gas Co.)
Well: San Juan 30-5 Unit No. 27
Basin Dakota Field
SW/SW, Sec. 20, T30N, RSW
Rio Arriba County, New Mexico
DAKOTA FORMATION CORE DATA .
, : HORIZONTAL
DEPTH (ft) " SAMPLE FOOTAGE (ft) PERMEABILITY (md)
7650~7651 1 0.01
7651-7652 1 0.01
7652-7653 1 0.01
7653-7654 1 0.02
7654-7655 1 0.01
/655-7656 1 0.02
7658-7659 1 6.02
7661-7662 1 0.03
7662-7663 . 1 ~ 0.02
7667-7668 1 : 0.02
7669-7677 1 0.01
7670-7671 1 0.02
‘7688-7689 1 0.01
7689-7690 1. 0.01
7690-7691 1 0.60
7691-7692 1 0.01 .
7692-7693 1 0.01
7694-7695 1 0.02
7696-7697 1 0.25
7697-7698 1 0.01
7707~-7708 1 0.01
7708-7709 1 0.02
7709-7710 1 0.03°
7719-7720 1 0.01
7720-7721 1 1.51
7721-7722 1 0.67
7722-7723 1 0.25
7723-7724 1 0.10
7724-7725 1 0.01
F | 7727-7728 1 0.02
, 7728-7729 1 0.04
1 , , 7729-7730 1 0.02
g ; 7730-7731 1 0.01
P 7731-7732 1 0.04
' 7732-7733 1 0.02
$ 7733-7734 1 0.66
e .
F@w:~ ‘ 7769-7770 1 0.04
SRR 7770-7771 1 0.03
7771-7772 1 0.03
b ' 7773"'777 L R T VS S A O 0 2 - PR 2T 0-01
' ;;;g—;;; 1 BEFORE EXAMIMER STAMETS i 8’8§
E - i I CONSERVATION DIVISION *
: 7776-777% 0 1 1.44
7777-77 78 NRUOMITS EXHIBIT NO. ] 1§ 0.11
7778-7779; o 1] 0.10
7779-778 CASE HO-_.'}313._...m-_...\,..,...,.._x.‘...}_. : .21
7780-778N  gubmitted by RA00RYS 1 0.13
h
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San Juan 30--5 Unit No. 27, cont.

_ HORIZONTAL

DEPTH (ft) SAMPLE "FOOTAGE (ft) PERMEABILITY (md)
7781-7782 1 0.10
7782-7783 1 0.01
17837784 1 0.03-
7784-7785 1 0.03
7785~7786 1 0.09
7786-7787 1 0.02
7787-7788 1 1.01 :
7788-7789 1 0.05 |
7789-7790 1 0.06
7790-7791 1 0.05
7791-7792 1 0.31
7792-7793 1 0.03 ;
7793-7794 1 0.02 ;
7794-7795 1 0.01 i
7795-7796 1 0.05 N
7796-7797 1 0.18
7797-7798 1 0.61
7798-7799 1 - 0.34

. TOTAL 65 9.07
Avg. K = 9.07 _ 0.140 . md.

65




Vell No..

CHEMI”SL & GEOLOGICAL LABOR~TORIES

Farmington

CORE ANALYSIS REPORT

ompany ..E1 Paso NHatural Gas Company
. San. Juan 30-5% #2?-20

Date September 23
. _Location Sec., 20-3

61“1959.Lab No. ... —

- ———— e

. ield. -...Wildcat. - Formation Dakota U
| oumy_.. Rid. Arriba _____ _ . . Depths . 7649' - 7?991“ e
ate. - ... New.Mexico ._ . _ . . __ . . Drilling Fluid Water Zase Mud -
Coga X Permeability probably Lecewu $--Sp
niyauein  caused by existing  WP—wo e yes
L B __shale interlaminations !muhdca: sampe _ |
i el BB I e e Tk At I Sl M I
Gore No. |l 764h - 7710 ; | i
3 VP - 9650-51 7.7 | 0.01 Trace | 27.5 3 :
2! ¥F 7651-52 | 6.5 | 0.01 Trace | 16.7 : i
¢ 31 VF 7652—5& 6.7 | 0.01 Trace | 12.2 | :
L| VF 7653-5 77 0.02 Trace ' 12.4 i
5| VF 7654-55 | 5.2 | 0.01 0 21.2 | !
| 61 vF 7655-56 | 8.6 | 0.02 0 15.8 |
L 7| vp | v658-59 | 8.8 | o.02 Trace | 12.% !
'l 8| vER | 7661-62 |10.2 | 0.03 0 15.2 i
| 9| ~F 7662-63 | 9.6 | 0.02 o 19,2 |
: j10f VHF| 7667-68 |10.0 | 0.02 Trace | 206.5 :
. v i !
. % 11| VHF 7669-70 | 6.5 0.01 Trace | 15.4 ; {
{12 vHF | 7670-71 | 7.9 | 0.02 1.4 | 20.6 ; l
; 13| wR 7688-89 | 4.9 | 0.01 Trace | 26.1 ! '
14! HF 7689-90 | 5.0 .01 Trace | 24,2 _»
3 L lis) aF 7650-91 | 5.9 | 0,60% Trace | 35.9 :
fl6| HF 7691-92 | 3.7 0.01 Trace | G%.9 ' ;
-3 170 ViF | 7692-63 | 7.8 | 0.01 Trace | 5.7 ;
o ﬁ' 18| NF 769%-95 | 9.3 | 0.02 | Prace | 14,2 ! ?
. : ! ; .
| 19| HF 7696-97 |11,4 D,25% 0 27.7 , ;
20! NF 5607-25 1 6,3 .01 | SRV 15,6 | ; )
\ H H
21} VHF| 770:1-02%] 2.6 | 0.01 i 62.3 |
o2t VHF ! 7707-08 | 2.0 | o0.01 0wy '
23] VHF| 9705-09 | 6.1 | 0.02 G 1 o36.0 .
2k; VHF: 7709-10 ) 5.9 | 0.C3 Trace @ 23.3 ; 5
i ; * i
: I i | i i
~‘ : @ | e
| :




E1l Paso Natural Gas Company Wildeat

San Juan 30—5 #27-20 = Riv Arrida C~nty, liew Mexico
c-cack ¥ Permeability probably vreim. ‘ §--Stien
Woimoenst caused by existing  sr-e Frcuwe Y
O -Oben shale interlaminations i . e - s ' e
SAMPLE]  wgoeND DEPEM, PRET I 'no':oc;lvvl i :ll::nlx;::::: iv~"‘,°,: U‘:: :'I'o,;c".',{";;": rONHRIE ;N";«?f‘i‘.gql}u‘%‘i K
NO. e _gnronesRAC "°"“°""'- U vtAmear  iaehuvav o verss wewen o WAYE 4 ace L A
L | [ |
Core Mo, 2 7710 - 771@ Recovgred 9!
lio samplies analyzed
| Core No.| 3 7719 - 7727 Recovérad 53!
29 | WF .| 9719-20 | 3.8 | 9.0l 0 30.3
126 | HF- 77220-21 { 2,8 1.91% o 0.7 |
127 | ¥F 7721-22 | 3... | 0.07 . C 33.9
128 | HF - [ 7722-23 | 2,4 | 0,zh* C 60.8
|29 | BF 7723-24 | 4, 0.10% 0 51.6
30 | VHF | 772h-25 | 2,6 | 0.01 0 | 38.5
L Core No.:% 7727 - 7738, Recovired 10 o
: . } |
131 | VHF 7727-28 | 3.0 | 0.92 0 16.0 |
32 | v 7726-29 | 3.% | 0.0 0 11,3
133 | vH® 7729-30 | 5.% | o0.02 0 11,3
13k | v 7?30-31 | 1.8 | 0.01 0 12,2
135 { BF . 7731-32 | 3.9 | 0.0 0 13.9 !
136 | VF 7732-33 | 2.5 | 0.02 o 12,0 | |
37 | HF 7733-34 | 3.6 0.66% 0 11.0
Core No.|5 7738 - 7721 Recov é red 61" i
3 ; H
138 | #F - 7768-69%110.1 | c.ou o 39.2 |
39 | wF 7769-70 110.8 | 0.0% | | o RELT. s
|40 |-¥F - 7770-71 !10.5 ¢.03 10 4701 1.
1| RE 7771-72 1 7.7 | 0.03 i ¢ 38,4 O
- 777<-73 | bo sdmple taken L ; i !
42 | NP . 7773-T | 5.9 0.01 ! { Trace | 49.2 | :
43 | NF 777--79 1 5.9 | 0.01 . Trace | 8.1 | i
Wy fVF | 7p7s-26 L 205 1 0,02 ) ! Trace . 55.2 | i
k5 | VF 77?c-°7 5.7 FRRICY Trace ; 49,6 | : t ]
46 | NF 7997-75 | €.4 G.11 Trace | 53,3 1 hhL 1 i a
b7 | WF | 2778-79 1 7.% | 0,30 ; G 133231 : r
48 | AR 7779-20 | 7.6 | o0.21 ! PG 37,9 1 h2.0 g
49 | NF 7760-31 1 6.2 | 0,13 | ¢ 1 Lke.? !
50 | NF 77822 4.6 0.i0 : Trace | ?k.l 5
51| VF 7782-33 | 3.8 | 0.01 | Trace ; G6.8 | |
5o | up 7783-8% 1§ 3 0,03 Trace | 73.7 | i
153 | NF 7793L..35 1 4 » 0.63 ! P Trace i GG.3 | | 5
Bk |-NF 7985-36 | .6 | 0.00 | foo0 k1.3
55 | NF 7786-37 | 5.k 0.02 | G i 53.G Wiy, 7
6 | NF 7737-36 | 7.0 | 1.01% o | k2,0 '
7 | RF 778C-6¢ | 6.6 | 0,08 D %5,0 19,5
-gg “NF 778 =y | 6.9 1 0,06 ; .0 N ,
59 | NF 775C-91 | (.© 0.05 ! s B A L i !
b0 | NF 7701-92 | 6.4 1 0.31 | 0201 '
51 | NF 7792-23 | 3.2 | 0,03 ! 0 1263 !
R
i I ¢ {
i i | :




Jilecu

il Peso Ratwaa Gas Compusny Wil :
San Juan 30-5 #27-20 Rio Arribg.County, New liexico

C-—~Ciack LLGUND S— Shyhy

F—Fiatiure St—Stuin

H—~-Flegizoniat NFP-—No Pia - tute V-~\grtical

O—Open Vi—Vuigs

1S - Ire: flioe v Sample .
v ey e et e e e S
l FrELCTIvE PLRMVADILETY t LATHRATIONS H SOLUNILITY
SAMPL 4 - ! 7 T TS ST mere g me e eme CONNAIL fom e S et s e e
4 LEGIKD NEKrPTH, FEEY - I‘ON;I;I:: IR . __HILL_lO_t\ l_CLl’\ e o 1fr mrORL Lrace .(:l( PURL SPACK 1 ll nup \u l:..
No. . ' e e roniasback momrontar | venvicar | wEsiDUAL OIL [ 1OTAL WATZR - WATER f ACiD Acio ]

Cora No.| 5 contfinued

YR 7793-94%

62 5.8 v 39,1
63 VF - L 779499 | 4,0 | 0,01 ¢ 52,3
64| ¥F 77995-96 | 8.3 0.0g 0 49,9
65| NF 7736-97 | ©.5 0.1 Trace | 51.7
NF 7797-96 | 9.4 c.01 Trace | 52.1
67| NF 779£-99 | 9.k 0.34 Trece | 53.c 46,2

T

A B B T B R S R

I T B A e



EXHIBIT NO. g
Company: E1 Paso Natural Gas Company
Well: San Juan’ 30-5 Unit No. 28-X
Basin Dakota Field
NE/NE, Sec. 23, T30N, R5W
Rio Arriba County, New Mexico
DAKOTA FORMATION CORE DATA
HORIZONTAL

DEPTH (ft) . SAMPLE FOOTAGE (ft) PERMEABILITY (md)
8075-8076 1 0.02
8076-8077 1 - 0,01
8077-8078 1 0.01
£8078-8079 1 0.01
8079-8080 1 0.01
8080-8081 1 0.01
8081-8082 1 0.01
8082-8083 1 0.01
£083-8084 1 0.01
8084-8085 1 0.01
8085+8086 1 0.01
8090-8091 ~ 1 0.01
8091-8092 1 0.01
8092-8093 1 0.01
8093-8094 1 0.01
8094~8095 1 0.01
8095-8096 1 0.01
8096-8096.8 .8 0.01
8116-~-8117 1 0.03
8117-8118 1 <0.01
8118-8119 1 0.01
§119-8120 1 0.01
8120-8121 1 0.02
8121-8122 1 0.01
8122-8123 1 0.01
8123-8124 1 0.01
8124-8125 1 0.01
8125-8126 1 0.01
8126-8127 1 0.01
g2127-212¢8 i 0.01
i 8128-1129 1 0.0%
: 8129-8130 1 0.02
i 8130-8130.9 .9 0.01
8133-8134 1 .01
8134-8135 1 .01
2 o ‘ 8138-8139 1 0.01
- 8139-8140 1 0.01
8140-8141 1 0.01
8141-8142 1 0.01
8142-8143 1 0.01
E 8143-8144 1 0.01
o 8144-8145 1 v.01
: — 8145-8146 1 0.01
8146-8147 1 . 0.01
8147-8148 1 0.65
8148-8149 1 0.01
156 T M PO G GO . S A ¥ R r e DUt B STV RT TSRS T 0 01
S13o-815%h  BrFoORE EXAMINER STAMETS S E o 01
8157-8158 Cil. COMSERVATION LIV"‘IO\'I i 0.01
138010 | NLGARTS SHC T 10, @ 1 0.01

8159- f b .
8160-8161 CASE MNO. :111‘3_““-\_.,--1 - 0.05
161-8162 " .
glg;--8163 i Submitiad by «w'«&m~~—-1~—~ﬁ 7.2
{L Hearing Date '1»23::%.\)”' ww-{j
e T T 1 LAt LT RY R4




San Juan 30-5 Unit No. 28-X, cont.

DEPTR (ft) SAMPLE FOOTAGE (ft)

8163-8164
8164-8165
8165-81€6
8166-8167
8167-8168

8190-8191
8191-8192
8192-8193
8193-8194

8200-8201
.8201-8202
8202-8203
8203-8204
8204-8205
8205-8206
8206-8207
8207-8208
8208~-8209
8209-8210
8210-8211

8222-8223
8223-8224
8224-8225
8225-8226
8226-8227

8229-8230
8230-8231

8238-8239
8239-8240
8240-8241
8241-8242
8242-8243

8246-8247
8247-8248

TOTAL

11.€6

Ave. 577

= 0.133 md

e

o e e e D et e e e e e

o e e e e e e e e

-

87.7

HORIZONTAL
PERMEABILITY (wd)

cCooOoO0OoO0O0O0O0O0
COO0ODCDOOO0OO0OOOO
O e e S e

0.01

- 0.01
0.01
0.01
0.28 -




~

CORE LABORATORIES, INC V1L _-l}- ,_J Petroleinn Reservoir Engineering

company__EL PASO IATUIAL GAS COAPA'Y paTe oN____8/30/59 FILE NO.RP-2-1065

- WELL . SAN JUAN 30-5 No. 28-23 - X _____ DATE oFF__9/8/5% ______ ENGRs. EXGLISH
. FIELD BLANCO MESA VERLE AKOTA WILDCAT _ pormaTion_ DAKOTA ELEv.__ 6753 DF

| COUNTY_ RIOARRIBA _ _  sraTeN.MBXICO pgrig. Fip. OIL EMULSION  cores. DIAMOND

LOCATION_SEC23 T3 RSW REMARKS___ SAHMPLED BY CLIEST

SAND LIMESTONEECONGLOMERATE 2
R au ]

. W etanb e
Crer Tn vmpaet o1 et e N ..... frodt e mdymar 3t (ot lovora
bt Coe t-u«-. o, Nag u- ROV SIwmE rg (Gipetc bl BAB mGlr ag mpiran ,.
esxiotoa, g praltabieasin ol oay 3l o 01 @ L.—-.I-n..-d 1 (Orrpiten with whih buih r0port

COMPLETION COREGRAPH
PERMEABILITY 00 TOTAL WATER o—

TABULAR DATA and INTERPRETATION 5 4 3 2 1 0 20 60 40 .
‘ ) . 3 [ )] )3 i Iy » [}
- Do e, | HONLEM POROSITY x---x OIL SATURATION. x-
: ;: o'::;‘u p:gfq, §2i? | %o PORE SPACE LAh' PROO PERCENT #LRCENY PORE SPAL
& & | on |a3%x | POROSITY 40 30 20 10 O© 0 20 40 60 8C
S R R (U SR (N JH L i M. Lr},ww
S NN - T | EiA R
- B ——-— - —y } _;i 1] JIZT? LJ —IL~[.¢ I
t 2275 Lo ﬂ :
8075=76 | 0.02 xRl 1]

= 4._1._”.#:_. -4 -4 ‘C

02 | 4.6 | 6.0132.6 >\\
76-77 | <0.01 | 3.4, 0.061.8 AN
77-78 | .01 |2.8 '

| 7879 | _<0.01_
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7|82 | 0.0 | 4.5 ] 00334 | HInInIIE RN s
B.q_ 8283 ] .01 142100369 L TR R Em I Al
9 | 8284 | .01 |5.51 0. 04_20 0 Hie il L .Jf k b
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EXHIBIT NO. o

Company: El1 Pado Natural Gas Company
Well: San Juan 30-6 Unit No. 31
' Basin Dakota Field
j SE/SW, Sec. 33, T30N, R6W
Rio Arriba County, New Mexico

DAKOTA FORMATION CORE DATA

B HORIZONTAL

DEPTH {ft) SAMPLE FOOTAGE (ft) PERMEABILITY (md)
7635-7636 1 0.01
7636-7637 1 0.01
7637-7638 1 0.05
7638-7639 1 0.07
7639-7640 1 0.01
7640-7641 1 0.10
7641-7642 1 ‘ < 0.01
7642-7643 1 < 0.01
76437644 1 0.01
7644-7645 1. = 0.01
7645-~7646 1 0.01
7646-7647 1 <0.01
7647-7648 1 < 0.01
7716-7717 1 0.13
7717-7718 1 0.04
- 7718-7719 1 0.01
¥ 7719-7720 1 0.90
7720-7721 1 < 0.01
| 7721-7722 1 < 0.01
g 7722-7723 ) 1 < 0.01
“ 7723-7724 R | <0.01
! 7724-7725 1 < 0.01
: 7725-7726 1 < 0.01
7746-7747 1 0.04
4 7751-7752 1 0.01
: 7752-7753 1 0.06
7753-7754 1 1.90
7754-7755 1 0.27
77557756 1 0.01
7756-7757 1 0.03
7757-7758 1 0.17
7758-7759 1 0.05
7759-7760 1 0.90
7760-7761 1 1.00
TOTAL 34 5.90

5.90
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DEPTH (ft)

7878-7879

7912-7914
7914-7916
7916-7923
7923~7928
7928-7930
7930-7931

7932-7936
TOTAL

Weighted Total

Avg. K =

L]

EXHIBIT NO. t0

Company: Amoto Production Company
Well: #1 Rosa Unit
Basin Dakota Field
SW/SE, Sec. 11, T31N, Ré6W
Rio Arriba County, New Mexico

DAKOTA FORMATION CORE DATA

SAMPLE FOOTAGE (ft)
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EXHIBIT NO. 11

Company: Northwest Pipeline Corp.
' (Originally E1 Paso Natural Gas Co.)
Well: San Juan 31-6 Unit No. 16
Basin Dakota Field
SE/SW, Sec. 33, T31N, R6W
Rio Arriba County, New Mexico

DAKOTA FORMATION CORE DATA

HORIZONTAL
DEPTH (ft) SAMPLE FOOTAGE (ft) PERMEABILITY (md)
7904.5-7905 .5 0.02
7905-7906 1 0.02
7906-7907 1 < 0.01
7907-7908 1 < .0.01
7908-7909 1 3.06
7509-7910 1 0.01
7910-7911 1 0.01
7911-7912 1 < 0.01
7912-7913 1 < 0,01
7913:-7914 1 < 0.01
7914-7915 1 < 0.01
7915-7916 o1 < 0.01
7916-7917 1 < 0.01
7917-7918 1 < 0.01
7939-7940 1 < 0.01
7940-7941 1 < 0.01
7941-7942 1 0.01
7942-7943 1 0.02
7957-7958 y 1 © < 0.01
7958-7959 1 < 0.01
7959-7960 1 0.01
7560-7961 1 0.01
7961-7962 1 0.02
- 7962-7963 1 0.01
7963-7964 1 0.0i
7964~7965 1 0.01
7965-7966 1 0.01
7966-7967 1 0.01
7967-7968 1 U.05
[ ! 7978-7979 1 0.01
i 7979-7980 1 < 0.01
: 7980-7981 1 < 0.01
' 7981-7982 1 0.02
7982-7983 1 0.04
7983-7984 1 0.07
ks
4 7989-7990 1 < 0.01
7990-7991 1 < 0.01
3 7991-7992 1 0.02
8005-8006 1 0.07
8006~8007 1 0.01
~  8007-8008 1 0.01
- 8008-8009 1 < 0.01
8009-8010 1 < 0.01
: i 8014~80 A D RS R TN e S U A A LT S PR 0.28
| | ggiz-gg BEFORE EXAMINER STAMETS g'gz
- 4 J 1 1 *
8017-80 s OIL CONSERVATION DIVISION 1 0.06

'4 APPLIBAATTS EXHIBIT NO. :
CASE MO IRV} _Q
Submitted by WeQoRD
fearing Dc.LL"L_—Zﬁ"gL . J
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San Juan 31-6 Unit No. 16, cont.

i HORIZONTAL
DEPTH (ft) SAMPLE FOOTAGE (ft) PERMEABILITY (md)
8022-8023 1 < 0.01
8023-8024 1 < 0.01
8024-8025 1 < 0.01
8025-8026 1 < 0.01
8029-8030 1 0.04
8030-8031 1 0.22
8031-8032 1 0.28
8032~8033 1 0.43
. 8033-8034 1 0.08
8034-8035 1 0.04
8035-8036 1 0.05
8036-8037 1 0.07
8037-8038 1 < 0.01
8038-8039 1 0.14
8039-8040 1. 0.35
8040-8041 1 < 0.01
TOTAL ' 62.5 3.60
3.60
Avg. K = g7= = 0.058 md .
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EXHIBIT NO. 12

Company: Blackwood & Nichols, Ltd.
Well: Northeast Blanco Unit No. 1
: : Basin Dakota Field
P SE/NE, Sec. 27, T31IN, R7W
S San Juan County, New Mexico

DAKOTA FORMATION CORE DATA

HORIZONTAL

DEPTH (ft) SAMPLE FOOTAGE (ft) PERMEABILITY (umd)
7831-7832 1 0.01
7832-7833 1 0.01
7833-7834 1 0.01
7834-7835 L 0.01
7835-7836 1 0.01
. | _ 7836-7837 1 0.01
- 7837-7838 1 0.01
7838-7839 1 0.01
7839-7340 1 0.01
7840-7841 1 0.01
7841-7842 1 0.01
7842-7843 . 1 0.01
| 7843-7844 1 1.50
TOTAL 13 1.62

1.62
Avg. K = 13% = 0.125 nd
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JLLehacCD ow LI Al RICIP ¥ RS P URVE U N § RNV IR §
s i SUUitl'Y, Red 1maicd
Zune ws GRLTICKS
COno 6990-7039. Hecovered <1' blk. siiale, vottom d' s)i zundy,
VOKE 72 . 703947042, Core Jawriwed in bol. fecovered <' olx shaile,
A 7042-7045;. Core jamzed in bbl, rnecoveraed 3' bLlk 3nale.
UORE 78U0-7630, hesoversd 25 1/2'. ‘
) 1. shale, pry-burs, platy, sli sundy, micaceous, ir coal
2. uund, gry, vig, cwlz, sii silty, scattered wica., dnse .
3. shale, :In, ticacedus, «fscut.ered sand lenses, 158 sand
4o 3und, gry, vfg, cale, very siity, snale sbrznger», abdt
pdeca, dnse, titeos. M
5. nawe ’
“ 6, s.-re, 208 blk zhale
. 7. shale 3nd sanu in alternating layers, predouin=tely shile "
8, shale, bik, 8li sandy, cale, adecacsous
J. wouue, #f/pe.riy pelecypod frags
"10.  szue
* 11, & i
12. =sume ’
“13.. surce
14, ' szae, cunceniric ichturea parzliel to bedding
15, .iimestone, DJi:*b!u, Cnse, silie, crypto-slm, horizontal
© Fracturss
160 sY 1le, bl., :li dsndy, wiciceous ©
< Y7. =ace, concentric fraclures parallel'to bedding
18,  sane, po ractures
17. =hale and saanl in altern:tiang layers, p. ~dow,.shils
"20. - thale unnd zaw: in 21ltzrnating layers, predom. 3and
21.- sand, gry-<n, g, hard, dnse, scattered intergranular
- - poro : ' :
22. sare, sli siity, w/noriscatal fractures
' 23, saps, shaley (40p), micaceous
25, ahale, Ulk, cicaceous (754); sand (254)
25. sand, gry, ¢, bard, cicaceous, 4/abut Hyrlce
206, Aune (qu), snile 4 408)
COrE 7 1830-7/831.  lio recovery.
wuitd #& . 7821-7844. Full recovery.

1.

24
3.
4o
5:
6.
Te
3.
Ve

saud, Jry-«i, fg; #ard noriz. rag, or foiv intergr inular
LOTro

~4ze, <, thin ssale portings, tr Zoir poro

same, 50 Jrac, tr fair poro

s.aie, sli silty; ir luir poro

s.aue

sefe, ialr uoro . -

3aLe, tr lair poro h
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© 1k, ouiee, w/thin shils puriings
124 suime, L1 lair poro
13, sace, simle (208), ir poro

wolie 271 784.,~ 1644, 'ull recovery,
1. siane, ory-+o, £5, hard, ur intorgranular pvro
<o s1ke,.w/3cat shaie'pgrtings end lioriz lrac

3. sams
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ABSRhEYISTIUNG USBD N 5wl & SUKE D8 SCRIFTLN

A - angular

abdt - sovwiiant

bent -~ bentonite {itic)
vlk - black

-oro - oroJm

‘cale - calcareoua

dnse - Joace

fg -~ fine gruined

foss - fossiiifercus
frac - fractured

frag - fragesnt(2)

Tx = finely crystalline
glau - glauconite(ic)

- grn -~ grecn

gTY - Briy -
horiz - uorizuntsl

" 1GR: ~-interyranular
"4nel - inclusions

Ig ~ large grulned

oy

1s = lixzestoue

Lg - wnediux srained

pors> -~ porusity
£yr - pyrite

qtzitic -~ yuarteitic

i - rounded

ca = subanguliar
scat - scatlored
sdy - sandy

sh ~ shale
- s3iiilc - 8iliceous
‘sli - 3lignt

Sk - subrounded
53 - 3andstoneé

tr - irice

V - very .

vert - vertical
sh - white =~
xIn - erystalline
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S , TURS #6 - 183)1-7844

: [ rihtt, 2L LTY oSBT subwliTY  fufal 1 J0W001TY

SUPLS M, DLFTH BB RIAY & : 2 %

1 7632 N 420 465

2 . 7832 SuJl ‘ 2,75 3.70

3 1834, . VIl : 410 4042

4 7835 .01 S BT 2.08

5 2836 ' Sel C - 1e97 <.81

6 7837 S.ul L Zed8 350

v 7838 U.al " 5,08 7.80

8 7839 SN ) S T 8450 ‘ .50

Y 7640 ’ Gedl ) 7.20 {0

10 T84 V.01 ' : 276 5. 70

11 7842 _ 201 2465 k33

12 7843 9.91 1.53 ~ 3.80

oa 13 7844, 1.508% 2.35 3.60

* Tnis pluy wab Laken scross a natural, «8li tonded horizontal fraotwre.
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f EXHIBIT NO. 13 -

hm:z» PO

Effect of Overburden Pressure and Water
Saturation on Gas Permeability of T1ght

Sandstone Cores

Rex D. Thomas, SPE-AIME, U.S. Buicau of Mines
Dop C. Ward, SPE-AIME, U.S. Buezv of Mines

Introduciion

Research on the potental of nuclear explosions to
stimulate gas production {rom low-permeazbility
{1ight) sandsione reservoiss 1s being conducted by the
U. S. Bureau of Mines in cooperation with the Atomic
Energy Commission. This report descnbes the pan of
that'research that was conducted 10 establish correla-
1ion benween permeability measured on dry coses at
low extemnal pressure (routine 2nalysis) and permea-
bility at reservoir conditions. .. .

Coses used in this rescarch were obiained from two
Plowshare gas-stimulation projects. Project Gasbuggy
cores from the Pictured Clifis formaton, Choza Mesa
field, Ria Ariba County, N. M| can be descihed as
very fine grained, shightly caicasecus, well induszied
sandstone. Project Wagon Wheel cores from the Fort
Uniop formation, Pinedale field, Sublette County,
Wyo_, can be descﬁbcd as very ﬁnc crzined, siichdy
calcareous, very well indurated sandsione.

Undesground seservoirs zre under considerable
compressive stress as a yesult of the weight of overly-
ing rocks {offser somewhat by internal-fluid pressure).
The 1esuliznt pet confining pressure or efiective over-
burden pressure is referred o in this report simply 2s
overburden pressure. The resulting efiects on the phy-
sical] properties of the jeservoir rock have been
studied.”* Overburden pressure causes only a small
deciezse in porosity, which can usvally be ignored.?
This was confirned for Project Gasbuggy and Project
Wagon Wheel cores. A commercial Jaboratory found
that the porosity of these coses is seduced by about 5

percent of the onginal porosity. The eflect of over-
burden pressure on permeability, however, is a2ppre-
ciabie and vanes consideradbly for different reservoir
rocks,’* causing greater reduclions in permeability
for Jow-permeability rocks.™? The effect of overbur-
den pressure on relative permeability has been found
10 be small' or nonexisient.®

This report presents matenal that confifrms and ex-
tends .previous research _findings on .the efiect that
overburden pressure has upon the permeability of dry
cores. Also presented are the resulls of research on
the relative gas permeability of low-permeability
coies under overpurden pressure.

Apparatus and Procedure

Cylindyical cores 2.0 10 7.5 ¢m Jong and 2.5 cm in
dizmeler were cut parallel to the bedding plane. Afier
the cores were dried overmight in 2 vacuum oven (4.5
psia, 70°C), the gas (N.) permeability of cach core
was ineasured in a Hzssler cell. An external pressure
of 100 psi over the inlet pressure was used 10 Main-
1zin a good seal belween the rubber sleeve and the
coie.* Permeability was mezsured at inlet pressures of
45, 60, and 100 psia, with atmosphcric pressure at
the outlet A bubble rube and timer were used 1o
measuie g2s flow rate. Inital permeability (k;) ithen
was calculsled by the Klinkenberg technigue to cor-
sect for the eflect of gas slippage. All other permeabil-
iles reporied here were calculated by this method.

In the same manner, permeadilily was measused at

with overburden pressure,

Research conducied 1o determine the potential of nuclear explosions to stimulate gas T
production verifies that the gas permeability of tight sandsione cores is markedly decreased
with increosing overburden pressure. Woler safuration also 1educes the gas permeabilify

by a large amount. The relative permeability, however, does not change significantly
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increasing external piessuvres of -about 500, 1,000,

2,000, 3,000, 4,000, 5,000, and 6,000 psi. Extesnal

jessures ascivally were somewhat higher t1c compen-
<ate for internal pressure. The core and staniless steel
end picces weie placed in a rubber sleeve (piece of bi-
cvcle nnentube) 0.1 cm thick. Rubber cement was
vsed 10 seal the stainless sleel end pieces 1o the rub-
ber slecve. Shrinkable plastic tubing proved unsatis-
factory hecause high pressure was required to seal the
core. Ths jacketed core was mounted in 2 high-
pressure cell with distilled water as the external fluid.

Cores uvsed in relative pzimeability sivdies were
first subjected to high extemnal pressure and then
allowed 10 recover their inival permeability. Bulk
volume, dry weight, and porosity were mezsured by
conventional gas-expansion techniques. Cores then
were subjected to a vacuum (0.3 psia) for 2 hours,
jmmersed ‘in water, and allowed to stand under a
vacuum overnight. The cores were weighed and again

subjected to vacuum overnight and weighed again to .

assure complele saturation. Most of the cores were
complelely saturated after one night. Porosity values
calculated on the basis of waler saturation are in good
agreement with those measore¢ by conventional gas-
expansion lechniques.

Walter in the core was allowed 106 evaporate at at-
mospheric conditions 10 a saturation of about 70 per-
cent and the core was placed in the holder for 2 hours
under extemnal pressure (100 psi zbove inlet) only so
the waler satvration was uniform. Gas permeability
then was measured 3t three inlet pressures between
30 and 100 psia with atmospheric pressure at the
ovtlet. This procedure was repeated for decreasing
waler saturations at the same external pressure. After
the permezbility was measured the core was weighed
1o determine -if any ‘wafer v'as Jost.-In all cases the

" amount Jost was negligible. Afier the core was dried

in a vacvum oven, the gas penmeabilily at this ¢x-
1emal pressure was measured. The procedore was re-

pezted for extermal pressuies of 3,000 and 6,000 psi.

Resulis and Discussion .
Efiect of Overburden Pressure on Permeability

Core number, Jength, porosity, and initial permea-
bility of the cores used in this research are shown in
Table 1. The core number refers 10 ihe depth in feet
at which the core was obtzined. Typical plois of the
efiect of simulated overburden pressure on Gasbuggy
cores arc shown wm Fig. 1. The permeabdility is de-
creased by about 75 percent at an overburden pres-
sure of 3,000 psi and by 90 percent at 6,000 psi. The
hydrostatic Jozding used in these experiments docs
not seproduce subsurface conditions exactly; in an
actual reservoir the honzontal component of stress is
usvally Jess than the vertical component. Since the
actual Joading is not known, this method probably is
as realtistic as any other. Cores that confain micro-
fractures are affecied to a grealer extent, as shown in
Fig. 2. In these cores the permeability 3s decicased by
about 95 percem at 3 simulated overburden pressure
of 3,000 psi, with most of the reduclion occurring be-
Jlow 2,000 psi.

The data shown in Table 1 and Figs. T and 2 were
obtained by subjecting the core lo successive incre-

FEBRUARY, 1972

100

PERCENT OF INITIAL PEAMEABILITY

PEACENT OF INITIAL PEAMEADILITY

PERCENT OF INITIAL PEARMEABILITY

N

100
i Core numbers \;, me
80l s 2827 0.07¢
s 2928 0.037
| o 4158 1.9
« 2378 0.151
60—
<OL-
}_
20—
| _
o | i | 1 | N |
1000 2000 3000 4000 5000 6000
PRESSURE, pii -
Fig. 1—Effect of overburden pressure nn
g2s permeabihty of Gesbuggy cores.
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Fig. 2—E#fiecl of overburden pressure on gas
permeazbdility of fractured Gasbuggy cores.
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Fig. 3——Hysleresis eiiect at decrezsin
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TABLE 1-—EFFECT OF OVERBURDEN PRESSURE ON GAS PERMEABILITY

Eflective Overburden Pressure {psi): 500 1,000 2,000 3,000 4,000 5,000 6,000
Cote Length  Porosity ! .
Number® {em)  (pescent) ket Permeability (md)
Gasbuggy ,
3927 21 81 0.076 0.053 0.040 . 0.024 0.0175 0.0132 0.0105 0.00%5
3828 75 83 0.037 0.031 0.024 0.015 0.0033 0.0059 0.0046 0.0035
3978 A ¢ B2 0.151 0.118 0023 0.052 0.036 0.024 0.0175 0.0!32
4113 21 101 1.75 1.16 0.602 0.252 0113 0.068 0.042 0.029
4134(°° 21 11.6 0.10 0.046 0.028 0.0153 0.0035 0.0065 0.0055 0.0047
4146°" 15 116 2.40 1.723 132 0831 ‘0.)4 0.06% 0.052 0.022
4147°* 15 113 0.60 0.247 0181 0.071 0.034 0.0186 00118 0.0082
4158 21 136 159 1.06 0.80 0.35 0.225 0.152 0.116 0.100
Wagon Wheel ’
2084 38 1.7 0.028 0.n22 0.020 0.010 0.0070 . 0.0047 0.0035 0.0030
8122 38 114 0.071 0.055 D.048 0.034 0.027 0.024 0.021 0.019
8575 3.8 87 0.03% 0.029 0.024 0.0114 0.0073 0.0048 0.0032 0.0025
10156 38 85 0.038 0.067 0.051 0.032 0.025 0.022 0018 0.016
10980°* 28 8.9 0.048 0.020 0.0175 0.0080 0.0050 0.0040 0.0025 0.0019

*Mumber denotes depth in feet,
= *Shghtly fractured
11Initial permeability.

menta] increases in external pressure. The core was
assumned to be in equilibnum at each pressure when
permeability measurements remained constant for 15
minntes, which required between 1 and 2 hours. A
pernod of 30 minutes tc an hour was required to at-
tain equilibrium when the inlet pressure was changed.
Consequently, each extern=! pressure was maintained
for a2 minimum of 2 hours.

The efiect of decreasing exieinal pressure was de-

_ termined on a few cores, and typical results are shown

in Fig: 3. Other researchers®* have observed . and
shown that this hysteresis is mainly dependent on the
stress history of the core. Cores generally recover their
original permeability after 3 to 6 weeks at atmesphe.-

- 3c conditions. This time covld he shertened by wioiing

the core in an oven at 70°C.
The efiect of overburden pressure on the permea-

bility of cores from Project Wagon Wheel is similar .

to that oo cores from Project Gasbuggy, and typical
results are shown in Fig. 6. The permeability is de-
creased to about 30 percent of initial perincability at
an overburden pressure of 3,000 pst and to 20 per-
cept at 6,000.

A study of the data ip Table 1 indicates that the
oniginal porosity of the core and the reduoction in per-
meability caused by overburden pressure are not re-
Jated. Pore structure (fractures to uniform pores) is
probably the governing factor.

Water Saturation Effects

- The data in Table 2 show that the permeability de-

creased with increasing waler saturation. The values
at 20-, 40-, and 60-percent water saturation were
obtaincd from individual relative-permeability curves
for Gasbuggy and Wagon Wheel cores. Relative-
permeability curves for three cores from Project Gas-
buggy are shown in Fig. § with the data points for
Corc 3978. Data points were omilled for the other
cores 10 avoid confusion. This figure shows that al-

12

though gas permeability is redoced, the relative gas
permeability of Gasbuggy cores is not significantly af-
fected by increased overburden pressure. This con-
clusion is in agreement with the results of others.**®
Extiemely low values of permeability that resuited
from water saturation and overburden pressure re-
quired thai either Jong flow times or high inlet pres-
sures (high diflerential across the core) be vsed. Sinca
a high inlet pressure increases the end efiects by
changing the distiibution of water in the core, long
flow -imes werc-required._Although end-effect prob-_
lemns were encountered with the short cores (Cores
3978 zod 4158), the permeability of these cores was

TABLE 2—EFFECT OF OVERBURDEN PRESSURE AND
WATER SATURATION ON GAS PERMEABILITY

Water Salusation (pereent): 0 _20 40 60
Core Pressure
ﬂ’fﬁ’i _@3’2_ o Pe:meability grld)
Casbuggy
3927 100 0.115 0.09% 0.041 0.0023
3827 . 3,000 0.026 0.023 0.009 0.0005
3827 6,000 0.012 0.010 0.003 0.0002
3978 100 0112 0.080 0.034 0.011
3978 3,000 0.036 0.026 0.011 0.004
3578 €,000 0013 0.003 0.004 0.0013
4158 100 0.447 0335 0156 0.045
4158 3,000 0.075 0056 0.026 0.0074
4158 6,000 0.027 0.020 0.010 0.0026
Wagon Wheel
2084 100 n.038 0.030 0.014 00042
£084 3.00 0012 00086 00043 00013
£084 6,000 00070 00056 00025 0.0008
3V 74 100 0.0 0.054 0.017 0.005
8122 3,000 0.027 0.020 0.008 0.002
8122 © 6,000 0.020 0.015 0.006 0.002
10156 100 0.100 004 0.029 0.003
10156 3,000 0.028 0.020 0.008 0.0003
10156 6,000 0017 0.013 0.005 0 0005
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high enough to yield reasonable 1esults. Permeabil-
ity measurements for Core 4161 (7.5 cm long, 0.053
md) required more than 2 hours per reading. Thess
extremely long flow times can cause errors,

End cflects, Jong flow times, and changes in per-
meability due 1o water saturation tend to decrease the
accuracy of permeability measurements, especially at
the higher waler saturations,

The initial permeability of mapy of the dry cores
used in this research was nol reproducible following
saturation and drying. The changes probably were
caused by solution of matenal in the pores and by
particle movement. These caused both increases and
decreases in permeability. The vanation, although
sometimes Jarge, usvally was less than 5 percent;
however, we feel that the selative permeability curves
are essentially correct. To eliminate the effects of
solution and particle movement, the permeability of
the dry core following saturation, rather than the per-
meability initially measured, was used in calculating
relative permeability.

A composite of the relative permeability curves for
Gasbuggy cores is shown in Fig. S. These curves are
representative of permeabilities encountered in this
formation. At a water saturation of 50 percent, the
relative permeability of the cores ranges from 15 10 20
percent and s not affected by overburden pressure.

Similar results were obtained on cores from Project
Wagon Wheel, as shown in Table 2 and Fig. 6 with
data points for Core 8122. These corés were cut to a
length of 3.8 cm to alleviate some of the long fiow
time and end-eflect difficulties encountered with Gas-
buggy cores. These curves are representative of the
permeabiliies encouplered in the formation. At a
water saturation of ‘53 percent, the relative permea-
- bility of these cores ranges from 12 10 21 percent. The
data in these figures show, as do the data from Gas-
buggy cores, that relative gas permeabilily is not signi-
ficantly affected by increased overburden pressure,

Correlation with Nuclear StimuoJation Projects

Many of the basin areas of the Rocky Mountain re-
gion consist of thick, low-permeability sandstones
contzining large quantities of natural gas. This type
of reservoir has been the object of the AEC’s Plow-
share Program expenments, Projects Gasbuggy and
Rulison, znd proposed Projects Wagon Wheel,
WASP, and Rio Blanco. Because most wells in these
reservoirs have pot been commercial, only limited
reservoir-analysis and production-test data are avail-
able. Reservoir analysis is most difficult because low
permeabdility sequires long-lerm testing. Also, it is
diffiicult 10 determine perncability and net pay {iom
these tests. Knowledge of the ‘gas permeability is ne-
cessary n predicting gas recovery, and because it is
nol cconomical 1o define the charactenstics of differ-
ent strata by weil test, it js desirable to be able to re-
late laboratory-measuvied permeability (o the true in-
situ permeability.

Conventional analysis by a commercial laboratory
(confirmed in our laboratory) of about 200 Gasbuggy
corcs gave an average initial gas permeability of 0.16
md on dry cores and an average waler saluration of
48 percentl. The efiective overburden pressure of this
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reservoir is about 3,000 psi. From Fig, 1, the reduc-
tion factor resulting from the overburden pressure is
0.25, and the reduction factor for a waler saturation
of 48 percent (Fig. 5) is 0.20; thus the 10tal reduction
is 5 percent of the initial permeability, or 0.008 md.
This value compares {avorably with permeability de-
lerminations of 2bout 0.01 md from both preshot and
postshot flow testing at Gasbuggy. The gas reservoir
at Project Rulison is similar 1o that at Gasbuggy, hav-
ing an average initial dry permeability of 0.11 md
and an average waler saturation of 45 peicént. Simu-
Jated in-situ permeability has not yet been measured
in the Jaboratory on Rulison cores; however, using an
effective overburden precsure of 5,000 psi and curves

of Gasbugey core data (Figs. 1 and 5), the reduction
factor because of overburden pressure would be 0.12
and that for water saturation 0.24. This results in a
combined reduction 1o 3 percent of the initial per-
meability, or 0.003 md. Postshot production testing
at Rulison is not complete, and the only preshot deter-
mination of permeability was made from tests of a
32-ft isolated zone that gave an average value of
0.008 md. No cores are available from this zone. Ru-
lison reservoir rock is said to be less compressible
than that of Gasbuggy; theréfore Gasbuggy pressure-
effect data woula % expecled to indicate a greater
reduction for Rulison than actua’iy exists.

The average initial permeability of dry Wagon
Wheel cores is 0.068 md, with an average waler
saturaton of 50 percent. An estimated effective over-
burden pressure of 3,000 psi gives a reduction factor
of 0.28 (Fig. 4). Water saturation further reduces
permeasbility by a factor of 0.18 (Fig. 6). Therefore,
the total reduction in permeability is 10 approximately
5 percent of the initial permeability, or 0.0034 md.

Original manuscript received in Socitty of Petroleum Engineers
ofice June 16, 197). Revised manuscript received Gec. 20, 1971,
Paper (SPE 3€34) was presented at SPE 461h Annval Fall Meeting,
hald in New Orleans, Oct 3-6, 1971.
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This value can be vsed to predict posishot gas re-
covery fiom the proposed Wagon Wheel experiment.

Cores are not yet available from Projects Rio
Blanco 2nd WASP.

Conclusions

The gas permeauility of tight sandstone cores is
markedly decreased with increasing overburden pres-
sure. Most of the decrease 1akes place at pressures to
3,000 psi. At 3,000 psi, the permeability of unfrac-
tured samples ranges from 14 to 37 percent of the
initial permeability. In fractured samples, permea-
bility may be reduced 10 as Jow as 6 percent of initial
permeability.

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

Permeatility calculated from )aboratory results are
in good agreement with in-situ permeabilities deter-
mined from production test data. Although not con-
firmed, predictions for other pro;ccls appzar to be
reasonablc
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EXHIBIT NO. 14

DETERMINATION OF IN SITU FORMATION PERMEABILITY
FROM LABORATORY CORE ANALYSIS DATA IN THE
ROSA TIGHT GAS AREA

The relationship needed to determine in situ permeability
from core analysis data is rublished in a technical paper by
Rex D.ATﬁomas and Don C. Ward entitled "Effect of Overburden
Pressure and Water Saturation on Gas Permeability of Tight Sandstone
Cores", which is presented as Exhibit RNo. 1;. The authors' studies
involved taking rcutine laboratory air permeability measurements
at the normal 100 psi or less external pressures. To simu}ate
the effect of in situ conditi;ns, these permeability measurements
wereAthen made at external pressures ranging from 500 to 6000 psi.
The results of these tests were then plotteu on a graph of Pérceﬁt

of Initial Permeability (ratio of permeability at 100 psi to

a permeability at a higher pressure) vs. Pressure.

Figure 1, on Page 121, of Exhibit Nd)}?&, 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,
Jocated in Rio Arriba County, New Mexico. Cores fiow the Pictured
Cliffs Formation and the Dakota Formation can be expe;ted to
provide similar results due to the low permeability characteristics

of both sands.

The characteristics of core 3978, presented ix Figure 1,

can be vsed to represent the core data from the Rosa Tight
Gas Area. The average laboratory air permeability from the

‘Rosa Area was 0.124 millidarcy compared to an initial laboratory

—~

core permeability for core 3978 of 0,151 millidarcy. The confining

pressure due to overburden at 8{33 prqupgsLE)"\!raﬂﬁNH’ qmg\ TS
$0 oAy $e

Area is approximately 5500 psi.37 L CONSERVATION DIVISION
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: permeability to be less than laboratory Permeability as discussed

in Exhibit No. 13, However, this correction will not be used

in this case.




SUMMARY OF PERMEABILITY DATA

EXHIBIT NO. 15

SAMPLE LABORATORY

FOOTAGE PERMEABILITY

WELL . ) TOTAL (ft.) TOTAL (md)
1. Northwest Pipeline Corp San Juan 30-5 Unit No. 27 65.0 '9.07
2. El Paso Natural Gas Co. San Juan 3J-5 Unit No. 28-X 87.7 11.66
3. El Paso Natural Gas Co. San Juan 30-6 Unit No. 31 34.0 5.90
4. Amoco Production Co. Rosa Unit No. 1 24.0 3.51
5. Northwest Pipeline Corp San Juan 31-6 Unit No. 16 62.5 3.60
6. Blackwood and Nichols Ltd. Northeast Blanto Unit No. 1 13.0 1.62
TOTAL: 286.2 35.36

35.36
286.2

Average J:aboratory permeability = = 0,124 nd

Average in-situ permeability (10% of ].aboraxiory) = 0.012 md

ZLURVM IR L b '3;
BEFORE EXARINER STAMET E
;
{

¥

1

%

OiL. COMNSERVATION DIVISION

BF}."..‘K.“TL’»’!.‘ TIPSR SRCIY
i

pifpoapiteday

o e g v
IR
2]
joned
=

I
-

I
.,
[

i
L
fy o
.

S
i

YRR
a4

Hearing Date =298\ j

T T T Y I LT D A R S S NN T



%mnovm EXAMINER STAMETS
oL CONSERVATION DIVISION
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CASE NO. IR

Submitted by %\I\IM

ROSA TIGHT GAS AREA

L0 TN T TRAE T

EXHIBIT NO. 16 - ¥ Natural Production Tests
Hearing Date 1-2% m‘wixalt, (Pitot Tube) _
NATURAL PRODUCTION RATE PRODUCTION KATE
PRODUCTION DAKOTA NATURAL AFTER FRAC

OPERATOR WELL LOCATION TEST DEPVH DEPTH (MCFPD) (MCFPD)
1. El Paso Natural Gas Co. San Juan 30-4 Unit No. 39 SENW 18 30-4 8615 8425 527 2506
2. Northwest Pipeline Coip. San Juan 30-5 Unit No. 39 SWNE 7 30-5 7822 7686 161 1703
3. Northwest Pipeline Corp. San Juan 30-5 Unit No. 37 NESW 8 30-5 7870 7688 666 3944
4. Northwest Pipeline Corp. San Juan 30-5 Unit No. 49 SWSW 9 30-5 7780 7683 TSTM 855
5. Northwest Pipeline Corp. San Juan 30-5 Unit No. 73 NWNE 10 30-5 8035 7919 338 2635
6. Northwest Pipeline Corp. San Juan 30-5 Unit No. 72 SWSW 10 30-5 7905 7790 338 2456
7. Northwest Pipeline Corp. San Juan 30-5 Unit No. 53 NESW 16 30~5 7820 7685 264 1209
8. Northwest Pipeline Corp. San Juan 30-5 Unit No. 47 NWSW 17 30-5 7930 C 7794 2174 1610*
9. Northwest Pipeline Corp. San Juan 30-5 Unit No. 38 SWNE 18 30-5 7891 7667 128 2035
10. Northwest Pipeline Corp. San Juan 30-5 Unit No. 48 NWNE 20 30-5 7870 7790 370 3691
11. Northwest Pipeline Corp. San Juan 31-~6 Unit No. 38 NENW 2 30-6 7970 7832 241 2828
12. Northwest Pipeline Corp. San Juan 31-6 Unit No. ‘36 NENE 27 31-6 7890 7806 TSTM 2557
13. Northwest Pipeline Corp. San Juan 31-6 Unit No. 35 NENE 35 31-6 8080 7908 338 2643
14. Northwest Pipeline Corp. San Juan 31-6 Unit Neo. 31 SESE 35 31-6 7928 7796 370 3770

14 WELL AVERAGE 423 2460
13 WELL AVERAGE (Excluding Well No. 8) 288 2525

Natural Production Rate Limit for Tight Gas @ 7950 ft.

is 336 MCFPD.

*Note after frac production rate is less than natural production rate.

P




EXHIBIT NO. 17

FOUR CORNERS GAS PRODUCERS
kosa Tight Gas Area
Basin Dakota Field

Calculation of Initial Pre-Stimulation Flow Rates Using Darcy's Law

Darcy's Law: Qg = .703 k h (Pe? - puf?)
‘ TOg ™7 1n (.61 re/rw

where:
Qg = gas flow rate - standard cubic feet per day
k = permeability of formation - used average in situ value of
0.012 md@ from core data
~h = net pay - average of 42 ft. for wells completed in the
. Rosa Tight -Gas™Area. . -
Pe = bottom hole pressure at drainage radius re - average of
' 3330 psi. from 7 day buildup tests run in the Rosa Tight
Gas Area
Pwf = flowing bottom hole pressure - assumed to be equal to
atmospheric pressure at wellbore conditions, to determine
maximum flowrate {14.6 psi)
Ug = average gas viscosity - calculated to be 0.020cp
T = bottom hole temperature - calculated to be 667°R
Z = average gas compressibility factor - calculated to be 0.88
re =-drainage radius for 160 acre spacing - 1320 ft.
rw = wellvore radius - .17 ft.
ag = gas gravity - .7 - used for calculation of Ug and 2
Pc = pseudo critical pressure - 668 psi. - used for calculation
i of Ug and 2 '
X Tc- = pseudo critical temperature - 392° R - used for calculation
! of Ug and %
Qg = .703 (0.012) (42) (33302 - 14.62)

{0.020) (667) (0.88) ln (.61 1326/.17)

Qg 39,546 SCFGPD = 39.5 MCFGPD
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STATE OF NEW MEXICO
ENERGY ano MINERALS DEPARTMENT

OIL CONSERVATION DIVISION

BRAUCE KING
GOVERNOR
LARRY KEHOE
SECRETARY
Re: CASE NO 7317
Mr. William F, Carr :
Campbell, Byrd & Black ORDER NO. R-6883-A
Batorneys at Law
Post OffFice Box 2208 .
Santa Fe, New Mexicso Applicant:
Four Corners Gas Producers
Association
Dear Sir:

Enclosed h-rewith are two copies of the above~referenced
Division order recently entered in the subkject case.

Director

JDR/fd
Copy of order also sent to:
Hobbs CCD X o A , |

. ———
Artesia CCD x

Aztec OCD X




APPLICATION OF

FOUR CORNERS GAS PRODUCERS ASSOCIATION
FOR DESIGNATION OF THE ROSA AREA OF THE BASIN DAKOTA FIELD

AS A TIGHT GAS FORMATION

RIO ARRIBA AND SAN JUAN COUNTIES, NEW MEXICO

Case No. I3\ R

July 29, 1981

Prepared by:

KEVIN H. McCORD
Petroleum Engineer




/\ A',

APPLICATION OF FOUR CORNERS GAS PRODUCERS ASSOCIATION
FOR DESIGNATJION OF THE ROSA AREA OF THE
BASIN DAKOTA FIELD AS A TIGHT FORMATION,
RIO ARRIBA AND SAN JUAN COUNTIES,
NEW MEXICO

The Four Corners Gas Pfoducers Association is applygng for a
portion of the Basin Dakota gas field to be designated as a tight
formation under Section 107 of the Natural Gas Policy Act of 1978.

The proposed Rosa Tight Gas Area is located in the northeastern portion
of the San Juan Basin. The area is approximately 25 miles northeast

of the town of Bloomfield in northwestern New Mexico and covers portions
of RisﬁA:;iba and San Juan counties.

Exhibit No. 1 displays the Rosa Tight Gas Area’on a map of the

AR

Dakota reservoir in the San Juan Basin. The Rosa Area includes approx-

.~

imately 270,260 acres, described as follows:

ALk b

F
i
|
|
|

1. T30N-R2W  Sections 1 through 36: All
2. T30N-R3W Sections 1 through 36: All°
3. T30N-R4W  Sections 1 through 36: All
4. T30N-RSW Sections 1 through 36:  All
5. T30N-R6W Sections 1 f.rough 36: AlL
6. T30N-R7W Sections 1 through 36: ALl
7. T3IN-R2W vSections-lmthrough”36:—~~All -
8. T3IN-R3W  Sections.1 through 36: All
9. T3IN-RAW  Sgetions 1 ihrough 36: All
10. T3IN-R5W  Sections 1 through 36: All
11. T3IN-R6W  Sections 1 through 36: All
12. T31IN-R7W  Sections 1 through 36: All

The Dakota formation in the Rosa

Area meets the criteria established

in Section 107 of the Natural Gas Policy Act of 1978 to be designated

a tight gas formation in that (1) the estimated average in situ gas

permeability throughout the pay section is expected to be 0.1 millidarcy -

or less, (2) the stabilized production rates, without stimulation,

at atmospheric pressure of these gas wells are not expected to exceed
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the maximum allowable production-rate of 336 MCFPD for an average depth
of 7950 feet to the top of the Daﬁota formation in this area, and (3) no
well drilled into the Dakota 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 Dakota formation cémpletion and production map
of the broposed Rosa Tight Gas Area. The production figures presen;ed
for each producing well are initial potential, date of initjal pétential,
average daily production for 1980, and January 1, 1981 cumulative production
of gas and oil. Exhibit No. 2 alsé presents completion and production data
from wells surrounding the proposed tight gas area. “The Rosa Tight Gas Area
contains 53 producing Dakota formation gas wells, while 14 wells in this area
are abandoned in the Dakota at this time. A list Of these wells and their
production fiqures is presented és Exhibit No. 3. Examination of these
figures indicate that these Dakota wells have nat produced great quantities
of natural gas, suggesting that low permeability reservoir rock could be
present in the area.

Exhibit No. 4 is a type iog of a Dakota well found in the Rosa Tight
Gas Area. This loé is from the Northwest Pipeline Corporation Rosa Unit No.
68 well, found in section 17, T31N, ust._ This well is in the north central
section of the Rosa Tight Gas Area. The type log shows ﬁhe entire Greenhorn
and Dakota formations and p.*t of thé Mancos aﬁd Morrison formations. The
type log shown is in a part of the Rosa Tight Gas Area which has exhibited
hatter préducing characteristics than the remainder ‘of the area. Wells in
remaining sections cf the Rosa Area would be expected to have the same or
poorer log characteristics than this type log.

The Stace of New Mexico has defined the Dakota producing interval in
the Basin Dakota Field to begin at the base of the Greenhorn limestone and
extend to a point 400 feet below the base of the Greenhorn. The formations»
covered in-this 400 feet are the Graneros Shale, Dakota Sandstone, and
Morrison formations. The Dakota formation is productive in this area, while
the Morrison formation is generally water bearing. Sands in the Graneroé
Shale are not adequately developed in this area to be productive.

The Dakota formation has an average depth of 7950 feet in the Rosa Area,
and has approximately 250 feet of gross thickness. The Dakota sandstone

formation is Late Cretaceous in age with deposition occurring under both




T —

marine and nonmarine conditions.- The Dakota sandstone is the basal sequence
of the southwesterly transgtessin; Cretaceous Sea.

The Upper Dakota sand consists of barrier beach‘deposits about 40 to
60 feet thick, composed of fine grained, quartz-rich éandstones character~
ized by an increase in grain size upward and low angle crossbedding. The
next highest unit is tfansitional between fluvial and marine sedimentation
containing dark carbonaceous shalés, thin mudstones,; siltstones, and
sandstcnes. This unit represented a lagoonal type environment. The basal
Dakota was deposited by a system of meandering streams creating deposits of
carbonaceous shales, thin coal seams, siltstones, and thin channel sandstones.
The basal unit of Cretaceous strata in the Four Corners Area is the Burro
Canyon formation. This formation was deposited in a braided stream system
and is sometimes considered part of the Dakota formation. An unconformity
exists between the Burro Canyon formation and the Morrison formation represented
by-a sha;p.erosional contact between the two formations.

Overall, the Dakota sand has a porosity range from 1)2 to 11-1/2% in
the Rosa Area, with the average pay poresity being 4%. Silt and clay sized
matrix material is present throughout the Dakota sand sequence and represents
a significant portion of the bulk rock composition. This matrix material
reduces the effective perméability of the formation, making it difficult to
produce.

- Exhibit No. 5 and 6 cre log cross sections through the Rosa Area
showing the continuity of the bakota formation using the base of the Greenhorn

formation for a datum line.

Permeability
The Dakota formation in the San Juan Basin is dependént on stimulation
techniques to be commercially productive due to the_low permeability of the
reservoir rock. The Dakota in situ permeability in the Rosa Tight Gas Area
is found to be less £han the 0.1 millidarcy permeability cutoff used for
tight gas determination. The in situ permeabhility for this area was calculated
using data from six Dakota core analysis and was averaged to be 0.012 millidarcy.
Exhibit Nos. 7 through 12 present core analysis data used to determine
the average laboratory permeability to air for Dakota formation pay zones in

this area. The exhibits contain the actual core analysis reports plus summary



tables showing the analysis of.cores taken from only the productive portion of
the Dakota formation for each welf. The cored intervals chosen for
permeability averaging were determined by log examination of the interval
cored for each well. Only cored intervals of sand with more than 10 ohms
resigtivity appearing on the Induction Resiétivity~1og of the well were used
for permeability averaging. This 10 ohms resistivity cutoff represents the
average resistivity shown by the shale séctions on the lcgs, Values less

than this cutoff were not considered to be pay zones. The average laboratory
permeability to air determined for the Rosa Area in this manner was 0.124
midlidarcy. The actual in situ permeability of the formation is less than
this laboratory determined value mainly due to the confining pressures found
in the Basin Dakota reservoir.

Exhibit No. 13 presints a technical paper intitled "Effect of Over-
burden Pressure and ﬁéter‘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 relationships between laboratory determﬁned permeability
in cores and actual in situ permeability found in reserveirs. Exhibit No.

14 expiains how in situ permeability is palcﬁléted from the core analysis
using the ;echnical paper presented. ‘

Exhibit 15 is a summar§ of all léboratory core analysis results, for
the Rosa Tight Gas Area. An averade in situ permeability value of 0.012
millidarcy was calculated from the average laboratory permeébility value of
0.124 md for the Rosa Area. This in situ perwzability value is well below
the 0.1 millidarcy tight gas cutoff. These permeability measurements
substantiate that the Dakota formation is very tight in this area and must

be stimulated to obtain commercial gas production.

Stabilized Unstimulated Gas Production Rate

Y

Obtaining stabilized unstimulated gas production rates .for Dakota
wells is not a standérd procedure used by companies when completing their
wells in the San Juan Basin. Past experience has shown that these low
ﬁermeability Dakota wells must be stimulated to obtain comnercial production.
However, some wells drilled in the Rosa Tight Gas Area were drilled with gas
as a circulation medium through the Dakota formation. This drilling procedure

enables unstimulated natural gas from the Dakota formation to rise to the




surface while drilling the well.-

Unstimulated natural producéion tests can be taken while drilling with
natural gas when the gas used for circulation is shut off and the pipe rams
closed on the blowout preventer stack. This enables the injected gas to
blow down through a bleedoff line to the reéerve pit. After injection gas
has had sufficient time to return to the surface, any further gas production
through this line should be unstimulated gas production from the well. A
gas measuring device, such as a pitot tube, placed in the center of the natural
gas production strcam is used to measure the natural gas flow rate from the
well. A pitot tube measures the impact pressure of the gas flow rate which
is used to determine the velocity of the gas. ThisAqas velocity, combined
with the known area of the blowoff line is useld to calculate the flowrate of
gas through the line. Natural un§timu1ated gas production tests performed in
this manner were found for 14 wells in the Rosa Area.

The results of these unstimulated gas production tests are presented in
Exhibit 16. These gas flowrates range from rates too smali to measure to 2174
MCF of natural gas per day. The average unstimulated gas production rate is
423 MCFGPD. This value is larger than the 336 MCFGPD 1limit for»tight gas
af an average depth of 7950 feet. Onban individual well basis, 6 wells meet
the unstimulated natural production requirement, with 3 wells just at the
limit, and 5 wells being over the 336 MCFGPD limit.

Testing natural gas wells in‘thig mannar is not very accurate, but it
can give the tester some idea if a well will be gas productive or not. The'

exact nature of these tests have many factors which leave their results

questionable:

(1) The Mesa Verde formation is also productive in the Rosa Tight gas ?
area. While the Dakota formation is open to flow to the surface :
during the natural flow test, the Mesa Verde can also be producing
at the same time. There is no way to seperate the production._ from
each zone using a natural production test conducted in this manner.

(2) The length of these unstimulated production tests are not long
encugh to establish a stabilized production rate. This length of
test can by no means be considered to be a stabilized production
test of the well's productivity.

{3) The natural gas injected into the well for circulating purposes
can also cause erronecus results if this gas is still returning
to the surface while the test is being taken.

It is reasonable to assume that the three test uncertainties presented

above could all contribute to make unstimulated prcduction tests performed in

this manner report erroneously high production rates. This assumption is
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supported by well production daEa.Qresented in Exhibit 16,

The well listed as number 8, the Northwest Pipeline Corporation
San Juan 30-5 Unit No. 47 well shows an unstimulated natural gas production ... .
rate of 2174 MCFGPD. After fracturing, the initial production for this
well waé 1610 MCFGPD, The initial potential for a well is calculated from
& 3 hour flow test following a 7 day pressure buildup, which is a more
controlled and accurate:test than the pitot tube test. This, combined with
the fact that an after frac production test should definitely not be lower
than the unstimulated production test, indicates the unstimulated production
test is probably in error.

Exhibit 16 also presents a 13 well average-unstimulated production
rate which excludes the erroneous rate found for the San Juan 30-5 Unit No.

47 well. This 13 well average rate is 288 MCFGPD, which is below the 336
MCFGPD rate limit for tight gas determination in the Rosa Area. Due to‘the
uncertain nature of the unstimulated production rate testing process, this
288 MCFGPD production rate, while below tight gas gquidelines, is still thought
to be higher than the actual average unstimulated gas production gate for the
area,

In orde; to test the validity of this natural production figure, Darcy's
Law was used to calculate an unstimulated gas flow rate using the average in
situ permeability value of 0.012 miliid;rcy éélculated for the Dakota formation
in this area from core analysis study. -Exhibit Né. 17 presents this calculation
and shows that an initial unstimulated gas flow rate of 39.5 MCFGPD is associated
with the average in situ permeability of 0.012 millidarcy for the Rosa Area.

The calculated unstimulated gas production rate and the average actual
unstimulated gas production rate (excluding the erroneous production rate mentioned
previously) are both less than the 336 MCFGPD limit for a tight gas reservoir in
the Rosa Area., BAs a regult of these caiculations, the unstimulated natural gas
production rate from the Pakota formation in the Rosa Area is not expected to

exceed 336 MCF of gas per day.

Stabilized Unstimulated 0il Production Rate

The Natural gas produced from the Rosa Tight Gas area is wvirtually dry
gas, having very little, if any, o0il or condensate production assaciated with

it. Exhibits No. 2 and 3 ’show that only one well, the Northwest Pipeline
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Corporation Rosa Unit No. 56, has%reported any oil production associated with
its' gas production. This well has only produced 26 barrels of oil since 1976.
These dry gas production figures indicate that no well drilled in the Rosa

Tight Gas Area is expected to produce. without stimulation, more than five

barrels of crude o0il per day.

Fresh Water: Protection
Existing State and Federal regulations will assure that development of

the Dakota formation will not édversely'affectvor impair any freshAwater
écquifers that are_being used or are expected to be used in the foresceable
future'for domestic or agricultural water supplies. Regulations reguire that
casing programs be designed to seal off potential water bearing formations
from 0il and gas produciné formations. These fresh water zones exist from
the surface to the base of the Ojo Alamo formation. The Ojo Alamo depth
averages 2385 feet in the proposed Rosa Tight Gas Area.

' Most wells drilled in the Rosa Area are drilled with natural mud to an
average depth of 3700 feet..-Aftér intermediate casing is set, the remainder

of the well is drilled with natural gas. Neither the natural mud or gas will

contaminate any fresh water zone.

No;mal casing designs in the Rosa Area ‘consist of ¢ 5/8" or 10 3/4"
0. D. surface casing.being set from the surface io an average depth of 3700
feet. The cementing of the intermediate casing includes enough cement to
cover formations to a depth above the 0Ojo Alamo formation. The cement covers
the Pictured Cliffs, Fruitland, and Kirtland formations which are possible
0il and gas bearing formations throughout the area. The production casing
is cemented from total depth to a depth above the Mesa Verde formation, or
to a point approximately 3000 fecet ahove total denth. This cement covers the
Dakota, Gallup, and Mesa Verde which are possible oil and gas bearing formations.
A temperature survey is;run after cementing the production casing to assure
that all neccssary.zones are covered with cement. Therefore, all oil, gas
and water bearing formations in this area are isolated from each othec by
cement and casing. The major water aquifer in the area, the Ojo Alamo

formation, as well as the Pictured Cliffs, Fruitland, and Kirtland formations
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is covered by cement and two strings of casing t; protect them from
contamination with other formaéiéqs.

Stimulation of the Dakota formation involves large fracture treatments,
usually consisting of a one or two percent potassium chlcride water base that
will not harm a fresh water aquifer. Fresh water protection is adequate even
with these large stimulation treatments due to zone isolation caused by
cementation. The large distance of over 5500 feet between the Dakota forma-
tion and the Ojo Alamo fresh water acquifer is additional insurance that no
existing fresh water zone will be contaminated by stimulaticn of Dakota wells
in this area.

Therefore, New Mexico and Federal regulations will protect any fresh

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

Dakota formation in the Rosa Tight Gas Area.

CONCLUSION

f%
E
.

Evidence presented in this report substantiate the following for the
Four Corners Gas Producers' proposed kosa Tight Gas Area:

(1) The estimated average in:situ gas permreability, throughout the
Dakota pay,secfidn, is expected to be 0.1 millidarcy or less;

(2) For an average Dakota well depth of 7950 fee;, the stabilized
production rate at atmospheric pressure of wells completed for. production in
the Dakota formation is not expected to cxceed the maximum allowable rate of
336 MCF of natural gas per day without~stimu1ation;

(3) No weli drilled into the Dakota formation in the Rosa Area is
expected to produce, without stimulation, more than five barrels of crude
oil per day.

The proposed Rosa Tight Gas Area meets all the specifications required

as stated above, and should be designated a tight formation in the Basin

Dakota pool under Section 107 of the Natural Gas Poliey Rct gi 1578,




EXHIBIT
NUMBER

1

10

11

12

13

14

15

16

17

LIST OF EXHIBITS

EXHIBIT
__NAME-

A}

Dakota Reservolr Map

Dakota Formation Well
Completion and Production
Map

Rosa Tight Gas Area Wells

Type Log

Cross Section A-A!

Cross Section B-B!'

Core Analyisis
Northwest Pipeline Corp.
San Juan 30-5 Unit No. 27

Core Analysis
El Paso Natural Gas Company

- San Juan 30-% Unit No. 28-X

Core Analysis
El Paso Natural Gas Company
San Juan 30-% Unit No, 31

Core Analysis

Amoco Production Company
Rosa Unit No.1

Core Analysis

Northwest Pipeline Corp.
San Juan 31-06 Ualt No. 16
Core Analysis

Blackwood & Nichols, LTD.
Northeast Blanco Unit No. 1
Technical Paper

Determination of In Situ
Permeability

Summary of Permeability Data

Natural Production Tests

Darcy's Law-+Calculation
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PURPOSE OF EXHIBIT

Show location of Rosa
Tight Gas Area with
respect to Basin Dakota
production,

Show production figures
of completed and dry Dakota
wells in and around the tight
formation area. ~

List production figures of
completed and dry Dakota
wells in the tight formation
area,

Show log characteristics and

"depth of Dakota formation.

Show Dakota formation develop-
ment in a west-east direction.

Show Dakota formation develop:-
ment in a north-south direction.

Show average iéboratory core
permeability.

Show average laboratory core
permeability.

Show average laboratory core
permeability.

Show . average -laboratory co-e
permeability. )

Show -average laboratory core
permeability.

Show aVerage.laboratory core
permeability. :

Present relationship between

laboratory and in situ permeability,

Show method of determining in
situ permeability from laboratory
core analvsis.

Shows summary of permeability data,
average laboratory permeability and

in situ permeability.

Lists natural production tests
taken and average results.

Show unstimulated gas production

rate using average in situ permeability.
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Page 2

] 1P CUMULATIVE
) DAKQTA CAS/OIL 1980 PROD. 01~-01-81

COMPANY WELL NAME LOCATION DE¥YTH IP DATE MCFPD/BOPD MCFPD/BOPD BCF/BO
Northwest Pipeline Corp. 38 San Juan 30-5 Unit ‘ms\zm 18 30-5 7667 06/80 2035/0 New Well -—
Northwest Pipeline Corp. 6 San Juan 30-5 Unit SW/SW 19 30-5 7607 03/56 P&A . -— —_—
Northwest muvwwunw Corp. 48 San Juan 30-5 Unit NW/RE 20 30-5 7790 01/80 3691/0 New Well ——— B
Northwest Pipeline Corp. 27 Suan Juan 30-5 Unit SW/SW 20 30-5 7646 12/59 1309/0 24/90 .248/0 )
Northwest Pipeline Corp. 51 San Juan 30-5 Unit NW/NE 21 30-5 7759 12/80 4792/0 New Well —
Nerthwest Pipeline Corp. 71 San Juan 30-5 Unit SW/SW 22 30-5 7807 12/80 2145/0 New Well ;LW
El Paso Natural Gas Co. 28-23~-X San Juan 30-5 Unit NE/NE 23 30-5 - 8075 ow\mw D&A -— —
Northwest Pipeline Corp. 38 San Juan 31~6 Unit NE/NW 2 30-6 7832 - 04/81 2828/0 New Well ——
El Paso Natural Gas Co. 31 San Juan 30-6 Unit SE/SW 33 30-6 7550 ou\Ww 964/0 29/0 .255/0
Blackwood & Nichols 12 NE Blanco Unit SW/NE 18 30-7 7590 06/60 P&A Dakota -— -—

N MV Compl.)
Northwest Pipeline Corp. Rosa Unit #42 SW/NE 19 31-4 not given 11/61 D&A - — ;w
Northwest Pipeline Corp. Rosa Unit #43 NW/SE 19 31-4 8158 05/62 2352/0 98/0 L0640
Irving Pasternak Rosa Unit #49 SW/sW 27 31-4 8430 11/63 P&A Dakota —— -—
, MV Compl.) .

Northwest Pipeline Corp. Rosa Unit #63 SW/NE 30 31-4 8088 11/77 225/0 63/0 .004/0
Coastline Petroleum w Schalk-58 NE/SW 2 31-5 7856 08/73 D&A | e -—=
Northwest Pipeline Corp. Rosa Unit #53 NW/NE 8 31-5 7900 03/70 1043/90 126/0 .668/0
Northwest Pipeline Corp. Rosa Unit #80 zm\ws 8 31-5 7845 03/81 2155/0 New Well —

e b i it T e R ST
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Page 3

Ip CUMULATIVE
DAKOTA GAS/OIL 1980 PROD. 01-01-81
COMPANY WELL NAME LOCATION DEPTH IP DATE MCFPD/BOPD MCFPD/BOPD BCF/BO
Northwest Pipeline Corp. Rosa Unit #70 NW/NW 10 31-5 8162 01/66 1500/0 261/0 .248/0
Northwest Pipeline Corp. Rosa cwun #48 SW/SE 11 31-5 8151 12/62 3207/0 326/0 .218/0
Northwest Pipeline Corp. Rosa Unit #40 SW/NW 11 31-5 8358 07/61 3560/0 271/0 .216/0
Northwest Pipeline Corxp. Rosa dnwn #61. SE/SW 13 31~5 8124 i1/77 337/0 55/0 .074/0 Y
zonﬁwvmmn Pipeline Corp. Rosa Unit #65 NE/NE 17 31-5 7870 08/78 3095/0 163/0 .104/0 a
Northwest Pipeline Corp. Rosa Unit #68 NW/SW 17 31-5 not m%¢mn 08/80 5757/0 609/0 .033/0
Northwest Pipeline Corp. Rosa Unit #62 NE/NW 25 31-5 8088 11/77 342/0 82/0 mwom\o
Northwest Pipelime Corp. Rosa Unit #64 zm\zm 29 31-5 7950 10/78 1843/0 175/0 ) .132/0
Northwest Pipeline Corp. Rosa Unit #52 ZSAZS 33 31-5 7980 02/70 2401/0 248/0 1.095/9
Northwest Pipeline Corp. Rosa Unit #55 NE/SE 34 31-5 8056 10/74 264 /0 167/0 .386/0
Northwest Pipeline Corp. Rosa Unit #56 SW/NW 35 31-5 2200 11/75 675/0 96/C .232/26
Northwest m»vmwwwm Corp. Rosa Unit #54 zmxmz 36 31-5 8284 09/7 304/0 SI .029/¢C N
Amoco Production Co. Rosa Unit 35-X zm\mﬂ 5 31-6 7822 10/59 D&A Dak. - -— ¢
: MV Comp.
Amoco Production;Co. Rosa. Unit #36 SE/NE 11 31-6 7955 12/59 P&A — —
” MV Comp.
Amoco Production Co. Rosa Unit #1 SW/SE 11 31-6 7865 09/52 560/0 (P&A) -—
Northwest Pipeline Corp. Rosa du»n #66 NW/SW 13 31-6 7957 08/78 4427/0 245/0 .928,/C
Amoco Production Co. Rosa Unit #69 NW/NW 16 31-6 7918 09/80 P&A - -
Northwest Pipeline Corp. 79 San Juaun 31-6 Unit NE/SW 22 31-6 7757 03/81 1858/0 New Well —— M
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IP CUMULATIVE
GAS/OIL 1980 PROD. 01-01-81
COMPANY WELL NAME LOCATION DEPTH IP DATE MCY¥PD/BOPD MCFPD/BOPD BCF/BO
Northwest Pipeline Corp. Roga Unit #51 NE/NW 23 31-6 7823 01/70 meM\o 170/0 .736/0
Northwest Pipeline Ccrp. 36 San Juan 31-6 Unit zm\zw 27 31-6 7806 03/81 2557/0 New Well ——
Northwest Pipeline Corp. 24 San Juan 31-6 Unit NE/SW 27 31-¢ 7939 12/73 1341/0 SI .269/0
Northwest Pipeline Corp. 16 San Juan 31-6 Unit SE/SW 33 31-6 7895 07/59 1783/0 SI .074/0 }
Northwest Pipeline Corp. 33 San Juan 31-6 Unit SW/NE 34 31-6 8712 06/80 4119/0 New Well —— ‘
Northwest Pipeline Corp. 35 San Juan 31-6 Unit. NE/NE 35 uHLm 7908 07/80 2643,0 New Well -
Northwest Pipeline Corp. 31 San ucmn,uwlm Unit SE/SE 35 31-6 7796 06/80 3770/0 New Well L
Northwest Pipeiine Corp. 37 San Juan 31-6 Unit SW/SE 36 31-6 7952 1 04/81 quo\o New Well ) -—
Blackwood & Nichols 58 NE Blanco Unit NE/NE 13 31~7 7975 11/59 2461/0 217/0 1.387/0
Blackwood & Nichols 57 NE Blanco Unit - NE/NE 21 31-7 7780 09/59 1235/0 -37/0 L4440
Blackwood & Nichols 55 NE Blanco Unit NW/NE 22 uwiu 7856 10/58 275/0 27/9 .182/0
Blackwood & Nichols 1 NE Blanco Unit mm\zm 27 31-7 7792 10/52 536/0 217/0 2.398/0 3
Amoco Production Co. McKay #1 | NW/NE 28 31-7 7765 03/71 D&A _— —-— g
Blackwood & Nichols Unit NE/NE 34 31-7 7660 11/58 2839/0 30/0 .417/0

56 NE Blanco
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EXHIBIT NO, 7

Company: Northwest Pipeline Corp.
(Originally El Paso Natural Gas Co.)
Well: San Juan 30-5 Unit No. 27
Basin Dakota Field
'SW/SW, Sec. 20, T30N, R5W
Rio Arriba County, New Mexico

DAKOTA FORMATION CORE DATA

. HORIZONTAL
DEPTH (ft) © SAMPLE FOOTAGE {ft) : PERMEABILITY (md)
7650-7651 1 ‘ 0.01
7651-7652 1 0.01
7652-7653 1 0.01
7653-7654 1 0.02
7654-7655 1 0.01.
7655-7656 1 0.02
7658-7659 1 0.02
7661-7662 1 0.03
7662-7663 1 0.02
7667-7668 1 0.02
7669-7670 1 0.01
7670-7671 1 0.02
7688-7689 1 0.01
7689-7690 1 0.01
R 7690-7691° 1 0.60
Sl 7691-7692 1 0.01
' ' 7692-7693 1 0.01
7694-7695 1 0.02
7696-7697 1 ’ 0.25
7697-7698 1 0.01
7707-7708 1 0.01
7708-7709 1 0.02 -
7709-7710 1 0.03 -
7719-7720 1 0.01
7720-7721 1 1.51
L . : 7721-7222 i 0.07
v : 7722-7723 1 0.25
. 7723-7724 1 0.10
7724-7725 1 0.01
7727-7728 1 0.02
7728-7729 1 0.04
7729-7730 1 0.02
7730-7731 1 0.01
7731-7732 1 0.04
7732-7733 1 0.02
7733-7734 1 0.66
7769-7770 1 .04
7770-7771 1 0.03
7771-7772 1 .03
7773-7774
7774-7775

P PORED P At iy rLEt 01 DA Ry g £ st Fes Zi g

1 0.01

0.01

;;;2:; REFORE EXAMINER STAMETS ‘l’gi
7757-7:4%8 Ol COGNSERVATION DIVISION o 1
178 pwapaarsExiiny N0, T % 0.10
7780-77B1 CASE NO.TIRVD ' 0.13

Subinitted by N_QQM)
Heniing Date 1-28=-8\ .
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San Juan 30-5 Unit No. 27, cont.

] HORIZONTAL

DEPTH (ft) SAMPLE 'FOOTAGE (ft) PERMEABILITY (md)
7781-7782 1 0.10
7782-7783 1 0.01
7783--7784 1 0.03
7784-17785 1 0.03
7785-7786 1 0.09
7786-7787 1 0.02
7787-7788 1 1.01
7788-71789 1 0.05
7789-7790 1 0.06
7790-7791 1 0.05
7791-7792 1 0.31
7792-7793 1 0.03
7793-7794 1 0.02
7794-7795 1 0.01
7795-7796 1 0.05
7796-7797 1 0.18
2797-7798 1 0.61
7798-7799 1 0.34

TOTAL 65 9.07

9.07

Avg. K = %5 = 0.140 md.
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. San Jupan. 30-5% #2?-20

CHEMIC™ % & GEOLOGICAL LAROR”™ORIES

Farmington

CORE ANALYSIS RIEPORT

" Wildecat. . ___.._ . - . Yormation Dakota _

Rio. Arriba _._ _.._ _ .. __ .
_uNew-Mexico —— . .

it Dtplhs . 7ul+9' - 7799[—- e e

. Drilling Fluid Water Base

ompany .. EY Paso Natural Gas Company Dae Septemter 23, 1959 Lab. No. ... ..
_Location S¢c. 20=-3C r“‘ﬂ...

Crack
F
1N

Open

13ctiuie
-JPorieontal

* Permeability probably Lrcenv

caused by existing  NF-Mo Puaue
__shale interlaminations:tmufcc: sampt

S—-Sliahe
St—5tam
VVeitnal
Vu—V.zs

Ve 3 oMo flwroE

Fw o

NN

LEGEND

VF
NF
VF

VF
VF

VF

VHF
VF

VHE

VHF

e | Ty T A RN e
Core No. |1 7649 - 7710 |
7650-51 | 7.7 | 0.01 | Trace | 27.8
7651-52 | 6.5 0.01 Trace | 16.7
7652-53 | 6.7 0.01 Trace 12.2
7653-54 | 7.7 0.02 Trace ' 12.4
7654-55 | 5.2 0.C1 0 21.2
7655-56 8.6 0.02 0 15.8
7658-59 | 8.8 0.02 ! Trace | 12,k ¢
! "
7661-62 {10.2 0.03 0 1 13.2
L 9682-63 | 9.6 0.02 o ; 19,2
2667-68 [10.0 | 0.02 mracs | 20.5
7669-70 | 6.5 0.01 Trace 154
7670-71 | 7.9 0.02 | 1.4 20.6
|
-7688-89 | 4.9 0.01 ! | Trace | 26,1
7635-50 5.0 C.01 i Trace 24,2
7650-91 | 5.9 0.60% Trace 35.9
7691-92 | 3.7 0.01 Trace G%,9
7692-93 | 7.5 c.01 Trace 54,7
7694-95 | 9.3 0.02 P Trace | 14,2
7696-97 [11.4 0.,25% L0 1 27.7
7657-36 | 6.3 0.01 0 186
7701-02) 2.6 0.01 g 0 62.3
7907-08 | 2.0 | 0.01 ! oo s
7706-09 i 6.1 0.02 | ¢ | 8.5
7709-10 | 5.9 0.G3 | Trzce | 23.%
= | |
| |
5 |
. | |
: !
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El Paso Matural Gas Company Wildeas

San Juan 30—5 #27-20 = Rio Arridba Cnty, llew Mexico
c-cne ¥ Permeability probahly ureue §-~Sligks
W jimmenal calsed by oxisting  sr-he Fraowe AR
0o shale 1nLerlaminat10nSx\»~mw»suw. ' Vu—Vues
camMrLel (roeno DEPIN, FLET ! 'nn'n.:s':v: ] :‘I::-lo'/\'::::: i "t ,‘ o j-lo R . ONHAE ""“‘"‘EEPHB""“_L’!"'F”" ’
o | i venesract woumonma I e E 73-.\.&1 v s fes
Core Ho) 2 771 - 7?1% Recovéredq §°
Yio samplles analyzed
| Core No.l 3 7719 - ?72‘7i Rocovfrec 53
i29 | WIF . 9719-20 | 3.6 | 0.01! o 30.3 |
126 | HF- 7720-21 | 2.8 1,51% 0 0,7 |
.2g HF 7721-22 | 3.% 0.07 . 0 33.8 |
28 | HF | 7722-23 | 204 | 0.z5¥ L0 0.8 |
29 | HF 7723-2% | W,5 | 0,10* 0 51.6 |
30 | wEF -} 7720-25 | 2.4 0.01’ | o | 385 3
Core No.!lW 7727 - 7738 Recoygred 10° { ’ |
'31 | VHF 7727-28 | 3.0 0.02 ¢ 0 ;i 16.0
32 | vHF 7725-29 | 3.k 0.0k 0 11,3
33 | v 7720-30 | 5.% 0.02 0 11.3
3t v | 7730-31 | 1.8 0.01 0 12,2
39 | HF |, 7731-32 | 3.9 0,0k 0 13.9
i36 | VF 7732-33 | 2.5 0.02 0 12,0 !
37 | HF | 7733-3k | 3.4 0,66% 0 11.0
|
Core No. 5 7738 - 7799] Recovdred 61 E
138 | F - 7768-69% | 20 .04 | Lo 39.2
39 | NF 276G-70 | 10.5 0.0k | o k5L uis
w0 WP .| 7770-71 110.5 0.03 | o bo47.1
1| AF 7771-72 177.7 | 0,03 [ 380 | |
: - 777<-73 | Yo sqmple taken i i
‘11»2 S 7773-M% | 5.9 0.01 | Trace | %9.2 | )
g3 | NF- 77779 | 5.9 0.01 | Trace ! k8.1 | ;
Al VE b 7RLa76 b g C.02 | Trace ., 55,2 i
VIR ?72o-”2 f 5.7 pIRREY | Trace | 49.6 ! : ’
46 | nr 7?[- .9 0.11 Trace | 53,3 | WL, 1 ! :
M7 L RF | 7778-79 ¢ 7.4 | 0,30 l o | 33.3 | 1 i
48 | NF 7779=20 | 7.6 0.21 G i 37.9 1 42,0 i :
49 | NT 7760-31 | 6.2 | 0,13 | o | hgl3 o i ?
150 | nF 9781-32 | 4.6 1 0.10 . Trace | 34,1 i
151 | VF 7782-33 3.6 ! 0.01 | Trace | 06.5 ]
52 | HF 7783-8L | H,1 0.03 | Trace | 73,7 | :
53 | NF 773L-35 | 1 o 6.63 | | Trace | 65.3 | ! !
5% L NF 7785-36 | 4.6 | o.00 | 0 i h1.3
55 | HF 7766-37 | 5.k 0.02 | o i 53,0 Ly, 7 |
56 | NF 7789-86 | 7.0 1.01% 0 i k2,0 *
bg -NF 778c-8<¢ | 6.6 G.0% - i 0 45,0 49,5
58 |'NF 7G40 | 6.5 1 0.06 ¢ .0 N
59 | NF 7790-51 | €.© |, 0.05 LCo 131 i
60 | IF 7791-62 | 6.+ | 0.31 i i 0 i 26.1 :
p1 | NF 7792-23 | 3,2 0.03 | C0 1 28.3
g ; | :
_ { ! ; ; i
; ! i : ' ’ :
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EXHIBIT NO. g

Company: El Paso Natural Gas Company
Well: San Juan® 30-5 Unit No. 28-X
Basin Dakota Field
NE/NE, Sec. 23, T30N, R5W
Rio Arriba County, New Mexico

DAKOTA FORMATION CORE DATA

HORIZONTAL
DEPTH (ft) - SAMPLE FOOTAGE (ft) PERMEABILITY (md)

8075-8076 1 0.02

8076-8077 1 . 0.01

8077-8078 1 0.01

8G78-8079 1 0.01

8079-8080 1 0.01

8080-8081 1 0.01

p 8081-8082 1 0.01
2 8082-8083 1 0.01

8083-8084 1 0.01

8084-8085 1 0.01

8085+8086 1 0.01

8090-8091 <1 0.01

8091-8092 1 0.01

8092-8093 1 0.01

8093-8094 1 0.01

. o ; 8094-8095 1 0.01
S 8095-8096 1 0.01
e ' 8096-8096.8 .8 0.01
8116-8117 1 0.03

8117-8118 1 <20.01
5 - 8118-8119 H - 0.01

& 8115-8120 1 0.01

L 8120-8121 1 0.02

: 8121-8122 1 - 0.01

8122-8123 1 0.01

8123-8124 1 0.01

8124-8125 1 0.01

8125-8126 1 0.01

Lo f : ' 8126-8127 1 0.01
o - , 8127-8128 1 0.01
o . SR 8128-8125 1 0.01
8129-8130 1 0.02

8130-8130.9 .9 0.01

8133-8134 1 0.01

8134-8135 1 .01

8138-8139 1 0.01

: 8139-8140 1 0.01
} : 8140-8141 1 0.01
- 81£1-8142 1 0.01
8142-8143 1 0.01

8143-8144 1 0.01

8144-8145 1 0.01

. 8145-8146 1 0.0]

8146-8147 1 . 0.01

8147-8148 1 0.65

8148-8149 1 ¢.01

T AT e fur LTI

TBEFORE EXAMINER STAMETS |

: 8155-815 0.01
'r 8156-815 { 0iL. CONSERVATION DIVISION 1 : 0.01
8157-815 R 1 7 0.01
8158-6159 ML OATT D j?;i3—«jsﬂ—~—*1 E 0.01
8159- 81601 Coor b0, TR DL 0.01
8160- 8161{ - 1 0.05
8161- 3162ﬁ subinitted by g 0.02
1 7.2

8162~ 8163“ earing mte'q zq-gl

L.:f?” . e ARSI ISR e N

R e e s X el o T BT i b LT - o Lo SV g M S



San Juan 30-5 Unit No. 28-X, cont.

HORI ZONTAL

DEPTH (ft) . SAMPLCE FOOTAGE (ft) PERMEABILITY (md)
8163-8164 1 0.01
8164-8165 1 0.02
8165-8166 1 0.01
8166-8167 1 0.01
8167-8168 1 0.01
8190-8191 1 2.10
8191-8192 1 0.24
8192-8193 1 0.01
8193-8194 1 0.07
8200-8201 1 0.01
8201-8202 1 0.01
8202-8203 1 0.01
8203-8204 1 © 0.01
8204-8205 1 -0.01
8205-8206 1 0.01
8206-8207 1 0.01
8207-8208 1 0.01
82038-8209 1 0.01
8209-8210 1 0.01
8210-8211 1 0.01
8222-8223 1 0.19
8223-8224 1 0.01
8224-8225 1 0.01
8225-8226 1 0.01
8226-8227 1 0.01
8229-8230 1 0.01
8230-8231 1 0.02
2238-8220 i 0.01
8239~8240 1- 3.01
8240-8241 1 0.01
8241-8242 1 0.01
8242-8243-- 1 0.28
8246-8247 1 0.01
8247-8248 1 .01

TOTAL §7.7 11.66

11.66 _

Avg. g5 = 0.133 nd
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coMpANY_ BL PASO NATUIAL GAS COMPATY

CORE LABORATORIES, INC.LWY VW /L

i

. DATE ON__ 8/30/59

WELL.__ __SAX JUAN 30-5 No, 28-23 -~ X ____ DATE OFF.__9/8/5¢
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EXHIBIT NO. 9

Company: El Pado Natural Gas Company
Well: San Juan 30-6 Unit No. 31
Basin Dakota Field
SE/SW, Sec. 33, T30N, R6W

Rio Arriba County, New Mexico

DAKOTA FORMATION CORE DATA

HORIZONTAL
. DEPTH {ft) SAMPLE FOOTAGE (ft) PERMEABILITY (md)
. 7635-7636 1 0.01
b 7636-7637 1 0.01
- 7637-7638 1 0.05 .
7638-7639 1 0.07
7639-7640 1 0.01
7640-7641 1 0.10
7641-7642 1 <0.01
, 7642-7643 1 < 0.01
; 7643-7644 1 0.01
j 7644-7645 1 <0.01
‘ 7645-7646 1 0.01
7646-7647 S | <0.01
7647-7648 1 < 0.01
7716~7717 1 0.13
7717-7718 1 0.04
7718-7719 1 0.01
7719-7720 1 0.90
7720-7721 1. < 0.01
7721-7722 1 < 0.01
7722-7723 1 < 0.01
7723-7724 1 <0.01
7724-7725 1 < 0.01
7725-7726 1 < 0.01
7746~7747 1 0.04
- P 7751~7752 1 0.01
T g 7752-7753 1 0.06
R o : 7753-7754 1 1.90
o ’ : 7754-7755 1 0.27
P ~ ; 7755-7756 1] 0.01
7756-7757 1 0.03
{ ; 7757~7758 1 0.17
77587759 1 0.05
7759-7760 1 0.90
7760-7761 1 1.00 I
TOTAL 34 5.90
Avg., K = -.3—10- = 0.174 nd I
"
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EXHIBIT NO. 10

Company: Amoco Production Company
Well: #1 Rosa Unit
Basin Dakota Field
SW/SE, Sec. 11, T31N, R6W
Rio Arriba County, New Mexico

DAKOTA FORMATION CORE DATA

_ , 'HORIZONTAL

DEPTH -(ft) SAMPLE FOOTAGE (ft) PERMFABILITY (md)

7878-7879 1 0.C5

7912-7914 2 0.05

7914-7916 2 0.34%

7916-7923 7 0.05

7923-7928 5 0.18

7928-7930 Z 0.59

7930-7931 1 0.05

7932-7936 _4 0.05

TOTAL 24
Weighted Total = 3.51 md
3.5 _ )

Avg. K = 74 = 0.146 md
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EXHIBIT NO. 11

Company: Northwest Pipeline Corp.
(Originally E1 Paso Natural Gas Co.)
Well: San Juan 31-6 Unit No. 16
Basin Dakota Field
SE/SW, Sec. 33, T31N, R6W
Rio Arriba County, New Mexico

- DAKOTA FORMATION CORE DATA

HORIZONTAL
DEPTH (ft) . SAMPLE FOOTAGE (ft) PERMEABILITY (md)
7904.5-7905 o .5 0.02
7905-7906 1 0.02
7906-7907 1 < 0.01
7907-7908 1 < 0.01
7908-7909 1 0.06
7909-7910 1 0.01
7910-7911 1 0.01
7911-7912 1 < 0.01
7912-7913 1 < 0.01
7913:-7914 1 < 0.01
7914~7915 1 < 0.01
7915-7916 ! < 0.01
7916-7917 1 < 0.01
7917-7918 1 < 0.01
7939-7940 1 < 0.01
7940~7941 1 < 0.01
7941-7942 1 0.01
7942-7943 i 0.02
7957-7958 1 < 0.01
7958-7959 1 < 0.01
7959-7960 1 0.01
7960-7961 1 0.01
7961-7962 1 0.02
7962-7963 1 0.01
7963-7964 1 0.01
7964-7965 1 0.01
7965-7966 1 0.01
7966-7967 1 0.01
7967-7968 1 0.05
7978-7979 1 0.01
7979-7980 1 < 0.01
7980-7981 1 < 0.01
7981-7982 1 0.02
7982-7983 1 0.04
7983-7984 1 0.07
7989-7990 1 < 0.01
7990-7991 1 < 0.01
7551-7592 1 0.02
o 8005-8006 1 0.07
. 8006-8007 1 0.01
~  8007-8008 1 0.01
8008-8009 i < 0.01 -
8009-8010 1 < 0.01
(8 CRRACL fob NI R K PSRt TR =2 Twel WCh Ponresas 3.’3'.:5}7.::!7?::‘5&'35‘]
~ 8014-801 BEFORE EXAMINER STAMETS 1 0.28
8015-801% (O] CONSERVATION DIVISION  LH 0.23
8016-801 10 0.54
8017-80L{AR2LAGANTS EXIRIBIT MO ) 1f 0.06
3 {
CASENO.QRYD
i Submiited by MO .
1
| Hearing Date 32981}
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San Juan 31-6 Unit No. 16, cont.

, HORIZONTAL
DEPTH (ft) SAMPLE FOOTAGE (ft) PERMEABILITY (md)

8022-8023
8023-8024
8024-8025
8025-8026

NARNNA
OO0
[=N=Noi..1
[

8029-8030
8030-8031
8031-8032
8032-8033
8033-8034
8034-8035
8035-8036
8036-8037
8037-8038
8038-8039
8039-8040
8040-8041

.
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b
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w
(e
o

TOTAL ‘ 62.5

3.60
62.5

Avg. K = = 0.058 md
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EXHIBIT NO. 12

Company: Blackwood & Nichols, Ltd.
Well: Northeast Blanco Unit No. 1
Basin Dakota Field
SE/NE, Sec. 27, T3IN, R7W
San Juan County, New Mexico

DAKOTA FORMATION CORE DATA

HORIZONTAL
DEPTH (ft! SAMPLE FOOTAGE (ft) - PERMEABILITY (md)
7831—78_32 1 0.01
7832-7833 1 0.01
7833-7834 1 0.01
7834-7835 1 0.01
7835-7836 1 0.01
7836-7837 1 0.01
7837-7838 1 0.01
7838-7839 1 0.01
7839-7840 1 0.01
7840-7841 1 0.01
7841-7842 1 0.01
7842-7843 ~ 1 0.01
7843-7844 - 1 1.50
TOTAL 13 1.62
]
_1.62 _ | 1
Avg. K = i3 = 0.125 md
C2 P TN LRI WP SUE AR LI B0 A 2 & s .
BEFORE EXAMINER STAMETS
; O!l. CONSERVATION DIVISION
AOPLIsTS EXHIBIT NO. V2 : l
B CASE NO.TTRID ’ |
submitted by MObgmS | {‘
\
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. COhes i 6990-7039, HRecovered <1' Llk. siiale, vottoum o' si 3andy,
COKE 72 . 703947042, Core jauied in vol. Lecovered <' olx shile.
SInE 43 1042=T045;. Core jawwed in bbl, snectovsred 3' Llx 3n§l;.
CORE 78u0-7030, Hecovared 25 1/2',

1. shale, gry-bis, platy, 9li sundy, micacevus, ir coal )
2o uaund, gry, Vig, ¢xds, sii silty, scattered wica., duse

3., Shale, 3ln, wicacasui, fucul.ersd sand lenses, 15% wand
4s 3and, gry, vfg, cale, very b‘¢ty, an4le bbrxageru, abdt

‘ rdca, dnse, tite... ;
"5. sSawe '
_ .6, s.me, 20f blk :=hale
. : 7. shals and sanu in altarniting layers, predoviazvely shals '

8. shale, ulk, sli 3andy, dlc, adecaceous
J. cﬂ,e, 4/pe.riy pelecypou frags

10, s=use
. . 11, cane B
' 12. ==zme ' - :

“13.. sure
- S ' 14. suze, cuncentirie irlctnreo parallel to bedding
. ’ 15, .limestone, buf’ -Drd, duse, silic, crypto-iln, horizontal

S - . : - fructuras - \
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SR . T Co : <17, =3ze, concentric frictures parallal to bedding

18, saae, no {rictures

'13. <shade and saal in altern:tiag layers, predow..snale

" 20. - thale und ~awa in zlterpating layers, predom. 3+ind
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- . 25, oshale, ulk, eicaceous (754); sand‘(’ﬁ;)
g 25, SJud oy, g, hard, mlc:ceoas, 4/abat gyrlbe
20. ue (oOp), snale \5.0,6) .

3 LOnE #5  7830~/83l. lio recovery.
GURE 7O 7817844, Fuid recovery.
1. sand, gry-Jn, f, aard aoriz. rae, or foir invergrisular

poro .
S . 2¢ wsate, <, thia aiale pourtings, tr Sair poro

3. szae, 50 “rac, tr iair poro

4. 2ame, s1i siity, ur Yuir poro

5: s.awme
5 6. scne, Tuir poro . e
2 1 ‘7. 3aue, tr Yair poro |
. ' 3.  21pe
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1<,
13,

e
W2 12-.8,
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san.0,

tr falr poro

sirsde (203), wr poro
T84 ~T844. i'ull TUCOVery,

1. sand, gry-un, £y, hard,
zl
3.

4o

Jane
3.alUe

JEI, S

»/thin shile partings

ur intorgranular puro
3ake, . w/3cat, shale purtings end lioriz lrac

ABBhEVIATIONG UuZu [k Sk &

3 = angular

abdt = soundant ‘
bent - bentouite idtie)
vlk - biaek '
‘orp - broJn ,

‘cale - calcareous

o
dfaov

fg ~

=" dsiue .
fine grained
foss - fosziliferocus
frac - fractured
£rag = fragismt! )
£x - finely crystallisne
3lau -~ glaucenite(ic)
grn - ygreen
BLY - Briy-
horiz - jjorizuntal
1GR: - interyranuisr
“inel - inclusions
Ig.: large gruired
e
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is - limastone o
ig = wmediun grained
POro - porusity

oyT - pyrite
qizitic - guartzitie
K - rounded -
<4 = subanguiar
scut - scatiored

3qy - sandy

sh ~ shals

siiic - siliceous

'sii - slignt

Sk - subrouanded
53 ~ 3andstione

LI - irsce

vV - very _

vert - vertical
#h - Jnite .
xIn - erystualline
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W R ETE SubTH MITRHIN{) ) 3 5
l 7&32 »"-Jl 4020 t‘.bs
2 , 71833 Joul <.75 _ 3.7
3 ' 7834, . UsJl 4!10 4042
4 7835 ™ EEEVIRA S 2.08 .
5 7836 Sl 1447 <.31 1
6 7637 ' S.0l . <el8 3450 :
? 7838 U.ul " 35.,08 7.80
8 7839 SISV ) T 8450 .50
Y 7640 ' Uedd . . 7.2 a0
10 7341 - Jv.0l ' 210 2.0
i 7842 201 2.65 SesZ :
i2 €63 J.ul 1.53 ~3.80
13 7844 1.50% 2-35 3.60
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Hearlng Date_) = Z.Q—ﬁ\

ORE EXAINER STALZETS i?

O‘l COMNSERVATION DIVISION %

EXHIBIT NO.

0._=\3

Sandstone Cores

Rex D. Thomas, SPE-AIME, U.S. Buic2u of Mines
Dobp C. Ward, SPE-AIME, 1. S. Bwezu of Mines

Infroduction

Research on the potential of nuclear explosions to
stimulate gas production {rom Jow-permesbility
{1ight) sandsione reservoirs is being conducted by the
U. S. Burezu of Mines in cooperation with the Atomic
Energy Commission. This report describes the pan of
that research that was conducted 1o establish correla-
tion between permeability measvred on dryv cores at
low external pressure (routine znalysis) 2od p=rmea-
bility at reservoir conditions.

Coics used in this sesearch were obtained from two
Plowshare gas-stimvlation projects. Project Gasbnegy
cores {rom the Pictured Clifis formation, Choza Mesa
ficld, Rio Arnba County, N. M., can be described as
very fine grained, dightly caleareons, well indurzted
sandstone. Project Wzgon Wheel cores fiom the Fort
Union formation, Pinedale field, Sublette County,
Wyo., can be descnbed 2s very fine grzined, siighdy
calcareous, very well induraied sandsione.

Underground resesvoirs are under considerable
compressive slress 2s a result of the weight of overly-
ing rocks (ofiset somewhat by internal-fluid pressure).
The sesuliznt et confining pressure or efiective over-
burden pressure is referied to in this seport simply as
overburden pressure. The resuhing efiects on the phy-
sical nroperies of the serervoir sock have Lren
slUdlcd - O\crburd n pressure causes onJ) 2 small

T s W P ) IO YN ~R 3
us;'ga»\_ i1 }Ajlubll), Wil hn CEii u\ur.uv (v ‘o"“""‘

This was confirmed for Project stbucm and Proiect
Wazgon Wheel cores. A commercial )zboralor) fovnd
that the porosity of these coies is reduced by about 5

with overburden pressure.

Research conducted to determine the potential o] riuclear explosnons to stimulate gas
production verifies that the gos permeability of tight sandstone cores is markedly decreased
with increasing overburden pressure. Waler saturation also reduces the ges permeability
by a large amount. The relative permeability, however, does not change significantly

13 -

Effe >t of Overburden Pressure and Water
Saturation on Gas Permeability of Tight

percent of the onginal porosity. The efiect of over-
burden pressure on permeability, however, is a2ppre-
ciable and vanes considerably for diflerent reservoir
rocks,)® causing greater reductions in permeability
for Jow-permeability rocks.®* The efiect of overbur-
den pressure on relative permeability has been found
10 be small* or nonexistent.®

This report presents matenial that confirms and ex-
lends previous rescarch findings on the efiect that
overburden pressure has upon the permeadbility of dry
cores. Also presenied are the resvlis of research on
the relative gas permeability of low-permeability
cores under overburden pressure.

Apparatus and Procedure

Cylindrical cores 2.0 to 7.5 c¢m long and 2.5 cm in
dizmeter were cut parzllel 1o the bedding plane. After
the cores were dried overnight in a vacuum oven (4.5
psia, 70°C), the gas (N.) permeability of each core
was mezsuied in a2 Hasdler cell. An external pressure
of 100 psi over ihe inlel pressure was vsed 10 main-
12in a good seal between the rubber sleeve and the
core.* Permeabilily was measured al inlet pressurces of
45, 60, and 100 psia, with atmosphenc pressure at
the outlet. A bubbic tube and Umer were used o
meesure gas flow rate. Initial permezbility (k;) then
wgs calcslsied b (552 the }\llll‘htlluhls ILLILIIIJ\‘UC io Coi~
rect {or the cflect of gas slippage. AN other permeabil-
ilics reported here were calculaled by this method.

In the same manner, permeabilily was measured at
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increasing exlemnal pressures of about 500, 1,000,
2,000, 3,000, 4,000, 5,000, and 6,000 psi. External
pressures actvally were somewhat higher 1o compen-
<ate for intemal piessure. The core and staniless sieel
end picces were placed in a rubber sleeve (piece of bi-
cvele innertube) 0.1 cm thick. Rubber cement was
ueed 10 seal the siginless steel end pieces 1o the rub-
ber sleeve. Shrinkable plastic tubing pioved unsatis-
factory because high piessure was required 10 seal the
core. The jackeled core was mounted in a high-
pressuie ccll with distilled water as the externa) fluid.

Cores used in relative permeability studies were
first subjected to high external pressure and then
allowed 1o recover their inival permeability. Bulk
volume, dry weight, and porosity were measured by
conventional gas-expansion technigues. Cores then
were subjecied 1o a vacuum (0.3 psia) for 2 hours,
smmersed 'in water, and 3allowed to stand under a
vacuum overnight. The cores were weighed and again

subjected 10 vacuum overnight and weighed again to .

assure complete saturation. Most of the cores were
completely saturated after one night. Porosity values
calculated on the basis of waler saturation are in goud
agrecmnent with those measured by conventional gas-
expansion lechniques.

Water in the core was allowed 10 evaporate at at-
mospherc conditions 1o a saturation of abou: 70 per-
cent and the core was placed in the holder for 2 hours
vnder external pressure {100 psi above inlet) only so
the water saturation was uniform. Gas psrmeability
then was measured at three inlet pressures between
30 and J00 psia with atmospheric pressure at the
outlel. This procedure was sepeated for decreasing
waler saturations at the same external pressure. After
the permeability was neasured the core was weighed

to determine if apy water -was Jost. In all cases the

amount Jost was negligible. Afier the core was dried
in a vacvum oven, the gas permeability at this ex-
ternal pressure was measured. The procedore was re-

_ peated for external pressures of 3,000 znd 6,000 psi.

Resvits and Discussion .
Effect of Overburden Pressure on Permezbility
Core number, length, porosity, and initial permea-
bility of the cores vsed in this re<earch zs2 chown in
Table 1. The core number refers to the depth in feet
at which the core was obtained. Typical plots of the
efiect of simulated overburden pressure on Gasbuggy
cores are shown in Fig. 1. The permeabdbility is de-
creased by about 75 percent al an overburden pres-
sure of 3,000 psi and by 90 percent at 6,000 psi. The
hydrostatic Jozding used in these experiments dous
not jeproduce subsurface conditions cxazcly; in ap
2ctueal seseivonr ihe horizontal component of stress is
vsually Jess than the vertical component. Since the
aclual loading is not known, this method probably is
as yealtistic as any other. Cores that confain micro-
fractuses ase aficcted 10 2 grezter exient, as shown in
Fig. 2. In these cores the permeability is decieased by
about 95 percent at 2 simulaled overburden piessure
of 3,000 psi, with most of the reduclion occurning be-
low 2,000 psi.

The data showp in Table 1 and Figs. 1 and 2 were
obtzined by subjecting the core to successive incre-

FEERUARY, 1972

PLRCENT OF INITIAL PEAMEARILITY

PLRCENT OF INITIAY, PEAMEABILITY

PEncENT'or INITIAL PERMECABILITY

s

100
1 Core numbieny \;, me
sol—- « 29727 0.076
© 1928 0.037
o <158 1.59
o e 2878 0.151
60—
20—
20{}—
—_—
Lt 1 | & L]
1000 2000 3000 4000 5000 £.000
PRESSURE, psi
Fig. 1—Eifect of overburden pressure on
ges permeability of Gasbuggy cores.
100,
r Coa-c nombers ;. md~
so} o €147 ©0.60
o &134 0.0

e« 4113 1.75

e —— m
R ——

| | 1

1000 2.000 3000 < Q00 5000 €000
PRESSURE, pud )

fig. 2—Liiect of overbwiden pressure on g3s
permeability of fractured Gasbuggy cores.

Core number 3578
%;+0.151 md
$e82%

] ! ] i i | ]

1,000 2,000 3000 4000 5000 6000
PRESSURE, pii

Fig. 3-—Hysteresis effect at decreasin
confining pressures, -
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" TABLE 1—EFFECT OF OVERBURDEN PRESSURE ON GAS PERMEABILITY

EHeclive Overburden Pressure (psi): $00 1,000 2,000 3,000 4,000 5,000 6,000
Cove length  Porosily . ) )
Nuaber® {cm) (percent) kit Peimeability (md)
Gasbuggy .
3927 21 81 0.076 0.053 0.040 0.024 0.0175 0.0132 0.0105 0.0095
3928 15 83 0.037 0.031 0.024 0.015 0.0033 0.0059 0.0046 0.0035
3978 21 82 0.151 0118 0078 0.052 0.036 0.024 0.0175 0.0132
4113 21 101 L7S 106 0.602 0.252 0.113 0.058 0.042 0.029
4134°° 21 116 0.10 0.046 0.02% 0.0153 0.0095 0.008S 0.0055 0.0047
£146* 15 11.6 249 1.73 132 031 0.14 0.089% 0.052 0.022
4147 7.5 113 0.60 0.247 0.181 0.071 0.034 0.0186 0.0118 0.0082
4158 21 136 1.59 1.06 0.80 0.35 0.225 0.152 0.116 0.100
Wagon Wheel )
3084 3.8 1.7 0.028 0.022 0.020 0.010 0.0070 . 0.0047 0.0035 0.0030
8122 33 114 0.071 0.055 0.048 0.034 0.027 0.024 0.02] 0.019
8575°*" 38 8.7 0.03% 0.028 0.024 0.0114 0.0073 0.0048 0.0032 0.0025
10156 33 85 0.038 0.087 0.051 0.032 0.025 0.022 . 0.018 0.016
10430°" 38 9.0 0.048 0.020 0.0175 0.0080 0.0050 0.0040 0.0025 0.0019

*Number denoles depth in feel
" Slightly (ractuied.
1lnilal permeabdility.

mental increases in external pressure. The core was
assumed o be in equilibnum at each pressure whep
permeability measurements remained constant for 15
minutes, which required between 1 and 2 hours. A
period of 3C minutes 10 an hour was required to at-
tain equilibrium whep the inlet pressure was changed.
Consequently, each external pressure was maintained
for 2 minimum of 2 hovrs.

The efiect of decreasing external pressure was de-

_ termined on a few cores, and typical results are shown

in Fig. 3. Other researchers™? have observed apnd
shown that this hysleresis is mainly dependent on the
stress history of the core. Cores generally recover their
onginal permeability afier 3 10 6 weeks at aumospher-
ic conditions. This time could be shortened by storing

the core in 2an oves at 70°C.

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

TABLE 2—EFFECT OF OVERBURDEN PRESSURE AND
YATER SATURATION ON GAS PERMEABILITY

The efiect of overburden pressure on the penmea-
bility of cores {rom Project \Vagon Wheel is ssmijar Wzler Szturztion {pricent): 0 20 40 _ 60
to that on cores [rom Project Gasbuggy, and typical Core Pressure : )
results are shown in Fig. 6. The permeability is de- Number s o Pemesbility (md)
crcased 1o about 30 percent of initial permesbility at  g,qu;4y
an overburden pressure of 3,000 psi and to 20 per- Ty 300 0115 0099 0041  0.0023
cent at 6,000. 3927 3,000 0.026 0023 0003  0.6005
A study of the datz in Table 1 indicates that the 3927 £.600 0012 0010 0003  0.0002
onginal porosity of the core and the reduction in per- 2378 100 0112 0080 0034  0.01
meability caused by overburden pressure are not re- 3578 3,000 0036 0026 0011 0004
: lated. Pore structure {fractuics o uniform pores) is 3578 6.000 0013 0003 004 00013
| protably the governing factor. 4158 100 o447 6533 033 DOMS
;.,’j 4158 3,000 0.075 0056 0026  0.0074
S Water Saturation Effects 4158 6.000 0027 0020 0010 00025
- The data in Table 2 show that the permeability de- Wagon Wheel
creased with incrensing waler saturation. The values 3084 100 0038 0030 001 00042
at 20-, 40-, and 60-percent waler saturation were £384 3,000 0012 0029 00M3 0.0013
obtained from individual relative-permeability curves 5084 6.000 00070 G035 00025 00003
for Gasbuggy and Wagon Wheel cores. Relative- gz 100 0074 ©OS4 0017 0.006
! pcrmeability curves for three roses from Project Gas- z’zz , 3000 0027 0020 00GE 0002
' . - . 122 6,000 0020 0.015 0.006 0.002
: buggy arc shown in Fig. § with the data points for 10156 100 0100 0374 0029 0.003
Core 3978. Data poian were omitted for the other 10156 3,000 0.028 Ovoyo 0008 0.0008
cores 10 avoid confusion. This figuse shows that al- 10156 £.000 G617 0013 0005 00005
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high enough to yield reasonable jesults. Permeabil-
ity measurements for Core 4161 (7.5 cm long, 0.053
md) required more than 2 hours per reading. These
extremely long flow times can cause ervors,

End effects, Jong flow times, and changes in per-
meability due to water saturation tend 1o decrease the
accuracy of permeability measurements, especially at
the higher waler saturations.

The injtial permeability of many of the dry cores
used in this research was not reproducible following
saturation and drying. The changes probably were
caused by solution of material in the pores and by
pariicle movement. These caused both increases and
decrezses in permeability. The vanation, although
somelimes large, usually was less than 5 percent;
however, we feel that the relative permeability curves
are essentially correct. To eliminate the efiects of
solution and pariicle movement, the permeability of
the dry core following saturation, rather than the per-
meability initially measured, was vsed in calculating
relative permeability.

A composite of the relative permeability curves for
Gasbuggy cores is shown in Fig. S. These curves are
representative of permeabilities encountered in this

formation. At a water saturation of 50 percent, the

relative permeability of the cores ranges from 15 t0 20
percent and is not affected by overburden pressure.

Similar resulls wese obtained on coies from Project
Wagon Wheel, as shown in Table 2 and Fig. 6 with
data points for Core 8122. These cores were cut 10 a
length of 3.8 cm to alleviate some of the long flow
time and end-eflect dificulties encountered with Gas-
buggy cores. These curves are representative of the
permeabiliies encountered in the formaton. At a
water sateration of 50 percent, the relative permea-

- bility of these cores ranges from 32 10 21 percent. The

data in these ficures show, as do the data from Gas-
buggy cores, thal relative gas permeability is not signi-
ficantly affected by increased overburden pressure.

Correlation with Nuclear Stimulation Projects

Many of the basin areas of the Rocky Mountain re-
gion consist of thick, low-permeability sandsiones
containing Jarge quantities of natural gas. This type
of 7esesvol has been the object of the AEC's Plow-
share Program expznments, Projects Gasbuggy and
Rulison, a2nd propesed Projects Wagon Wheel,
WASP, and Rio Blanco. Because moest wells in these
reservoirs have not been commercial, only limited
reservoir-analysis and production-test data are avail-
able Recrrvoir analysic is mest difficult beeause Jow
permeability requires long-lterm lesting. Also, it is
difacult 1o determine parmcability and netl pay hom
these tests. Knowledge of the gas permeability is ne-
cessary in predicting gas recovery, znd because it is
not ecconomical 10 define the charactenistics of dier~
ent sirata by well test, it is desirable 1o be able to re-
late Jaborzlory-measured permeability to the true in-
situ permeability.

Conventional a2nalysis by a commercial laboratory
(confirmed in our laboratory) of about 200 Gasbuggy
cores gave an average iniial gas permeability of 0.16
md on dry coics and an average waler saluration of
48 percent. The eflective overburden pressure of this
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seservoir is about 3,000 psi. From Fig. 1, the reduc-
lion facior resulting from the overburden pressure is
0.25, and the reduction factor for a water saturation
of 48 pescent (Fig. 5) is 0.20; thus the total reduction
is 5 percent of the initial permeability, or 0.008 md.
This value compares favorably with permeability de-
terminations of about 0.01 md fsom both preshot and
postshot flow testing at Gasbuggy. The gas reservoir
at Project Rulison is similar to that at Gasbuggy, hav-
ing an average initial dry permeability of 0.11 md
and an average waler saturation of 45 percent. Simu-
lated in-sitv permeability has not yet been measured
in the Jaboratory on Rulison cores; however, using an
effective overburden pressure of 5,000 psi and curves
of Gasbuggy core data (Figs. 1 and 5), the reduction
factor becavse of ovesburden pressure would be 0.12
and that for water saturation 0.24. This resulis in a
combined reduction to 3 percent of the initial per-
meability, or 0.003 md. Postshot production tesling
at Rulison is not complete, and the only preshot deter-
mination of permeability was rnade from tests of a
32-ft isolated zone that gave an average value of
0.008 md. No cores are available from this zone. Ru-
lison yeservoir rock is said to be less compressible
than that of Gasbuggy; therefore Gasbuggy pressure-
effect data would be expected to indicate a greater
reduction for Rulison than actually exists.

The average initial permeability of dry Wagon
Wheet cores is 0.068 md, with an average water
saturation of 50 percent. An estimated effective over-
burden pressure of 3,000 psi gives a reduction factor
of (.28 (Fig. 4). Water saturation further reduces
permeability by a faclor of 0.18 (Fig. 6). Therefore,
the 101al reduction in permeability is 10 approximately
5 percent ol the initial permeability, or 0.0034 md.

Original manuscript received in Society of Petroleum Enginrers
oMice June 16, 197}). Revised manuscripl received Tec. 20, 1971,
Paper {SPE 3€34) was presented 3t SPE 46th Annusl Fall Meeting,
held in New Orleans, Oct. 3-6, 1971.
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This value can be vsed to predict postshot gas re-
covery fiom the proposed Wagon Wheel experiment.

Cores are not yet available from Projects Rio
Blanco and WASP.

Conclusions

The gas permeability of tight sandstone cores is
markedly decreased with increasing overburden pres-
sure. Most of the decrease 1akes place at pressures to
3,000 psi. At 3,000 psi, the permeability of unfrac-
tured samples ranges from 14 to 37 percent of the
initial permeability. Yo fractured samples, permea-
bility may be reduced to as low as 6 percent of initial
permeability.

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

Permeability calculated from laboratory results are
in good agreement with in-situ permeabilities deter-
mined from producticn test data. Although not con-
firmed, predictions for other projects appear to be
reasonable. .
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EXHIBIT NO. 14

DETERMINATION OF IN SITU FORMATION PERMEABILITY
FROM LABORATORY CORE ANALYSIS DATA IN THE
ROSA TIGHT GAS AREA

The relationship needed to determine in situ permeability
from core analysis data is published in a technical paper by
Rex D. Thomas and Don C. Ward entitled "Effect of Overburden
Pressure and Water Saturation on'Cas Permeability of Tight Sandstone
Cores'", which is presented as Exhibit No. 1;. The authors' studies
involved taking routine laboratory air permeability measurements
at the normal 100 psi or less external pressures. To simulate
the effect of in situ conditi;ns, these perﬁeability measvurements
were‘then made at external pressures ranging from 500 to 6000 psi.
The results of these tests were then plotted on a graph of Percent

of Initial Permeability (ratio of permeability at 100 psi to

a permeability at a higher pressure) vs. Pressure.

Figure 1, on Page 121, of Exhibit No. 53, 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 Rio Arriba County, New Mexico. Cores from the Pictured
Cliffs Formation and the Dakota Formation can be expeéted to
provide similar results due to the low permeability characteristics

of both sands.

The characteristics of core 3978, presented in Figure 1,
can be used to represent the core data from the Rosa Tight
Gas Area. The average laboratory air permeability from the

‘Rosa Area was 0.124 millidarcy compared to an initial labcratory

—~

core permeability for core 3978 of 0.151 millidarcy. The confining
pressure due to overbu?den at a t? ﬂ’hg ORL }(ft\‘?ﬁf{\ !iﬂ ﬁ]ﬁ;}? ﬁ\"
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Entering the graph in Pigure 1 at 5600 psi results in an
90% permeability reduction between laboratory determined permeability
values and in situ permeability in the Rosa’Area. Applying <--.
this 90% reduction to the average laboratory permeability of

0.124° millidarcy results in an average in situ permeability of

0,012 millidarcy for the Rosa Tight Gas Area.-

The water present in the reservoir also causes the in situ

permeablllty to be less than laboratory permeabillty as discussed

in Exhibit No. 13, However, this correction will not be used

in this case.




SUMMARY OF PERMEABILITY DATA

EXHIBIT NO. 15

SAMPLE LABORATORY

FOOTAGE PERMEABILITY

WELL . ) TOTAL (ft.) TOTAL (md)
1. Northwest Pipeline Corp San Juan 30-5 Unit No. 27 65.0 9.07
2. El Paso Natural Gas Co. San Juan 30-5 Unit No. 28-X 87.7 11.66
3. El Paso Natural Gas Co. San Juan 30-6 Unit No. 31 34.0 5.90
4. Amoco Production Co. Rosa Unit No. 1 24.0 3.51
5. Northwest Pipeline Corp San Juan 31-6 Unit No. 16 62.5 3.60
6. Blackwsod and Nichols Ltd. Northeast Blanco Unit No. 1 _13.0 1.62
TOTAL: 286.2 35.36

Average laboratory periieability = .36 0.124 =d
286.2 ——————

Average in-situ permeability (10% of laboratory) = 0.012 md
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BEFORE EXAMINER STAMETS
OlL CONSERVATION DIVISION

CASE NO. TR

B Submitted U,\%\M

ROSA

TIGHT GAS AREA

EXHIBIT NO. 16 Natural Production Tests
% Hearing Date .Uunwm.cm/ my: (Pitot Tube) :
P s
T S NATURAL PROLUCTION RATE PRODUCTION RATE
, _ PRODUCTION DAKQOTA NATURAL AFTER FRAC
OPERATOR WELL LOCATION TEST DEPTH DEPTH (MCF2D) (MCFED)
1. E1l Paso Natural Gas Co. San Juan 30-4 Unit No. 39 SENW 18 30-4 8615 8425 527 2506
2. Northwest Pipeline Corp. San Juan 30-5 Unit No. 39 SWNE 7 30-5 7822 7686 161 1703
3. Northwest Pipeline Corp. San Juan 30-5 Unit No. 37 NESW 8 30-5 7870 7688 6€6 3944
4. Northwest Pipeline Corp. San Juan 30-5 Unit No. 49 SWSW 9 30-5 7780 7682 TSTM 855
5. Northwest Pipeline Corp. San Juan 30-5 Unit No. 73 NWNE 10 30-5 8035 7919 338 2635
6. Northwest Pipeline Corp. San Juan 30-5 Unit No. 72 SWSW 10 30-5 7905 7790 338 2456
7. Northwest Pipeline Corp. San Junan 30-5 Unit No. 53 NESW 16 30-5 7820 7685 264 1209
8. Northwest Pipeline Coxp. San Juan 30-5 Unit No. 47 NWSW 17 30-5 7930 7794 2174 1610%
9. Northwest Pipeline Corp. San Juan 30-5 Unit No. 38 SWNE 18 30-5 7891 7667 123 2035
10. Northwest Pipeline Corp. San Juan 30-5 Unit No. 48 NWNE 20 30-5 7870 7790 370 3691
11. Northwest Pipeline Corp. San Juan 31-6 Unit No. 38 NENW 2 30-6 7970 7832 241 2828
12. YNorthwest Pipeline Corp. San Juan 31~6 Unit No. ‘36 NENE 27 31-6 7890 7806 TSTM 2557
13. Northwest Pipeline Corp. San Juan 31-6 Unit No. 35 NENE 35 31-6 8080 7908 338 2643
14. Northwest Pipeline Corp.  San Juan 31-6 Unit No. 31 SESE 35 31-6 7928 7786 370 3770
14 WELL AVERAGE 423 2460
13 WELL AVERAGE (Excluding Well No. 8) 288 2525
Natural Production Rate Limit for Tight Gas @ 7950 ft. 1is 336 MCFPD.

*Note after frac production rate is less than natural production rate.
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EXHIBIT NO. 17

FOUR CORNERS GAS PRODUCERS
Rosa Tight Gas Area
Basin Dakota Field

Calculation of Initial Pre-Stimulation Flow Rates Using Darcy's Law

Darcy's Law: Qg = .703 k h (Pe? - PwE?)
’ Ug T 2 1n (.61 re/rw

where:

= gas flow rate - standard cubic feet per day
k = permeability of formation - used average in situ value of
0.012 md from core data

‘ h = net pay - average of 42 ft. for wells completed in the
. Rosa Tight -Gas™Area. . -
Pe = bottom hole pressure at drainage radius re - average of
3330 psi. from 7 day buildup tests run in the Rosa Tight
Gas Area

Pwf = flowing bottom hole pressure - assumed to be equal to
atmospheric pressure at wellbore conditions, to determine
maximum flowrate (14.6 psi)

Ug = average gas viscosity - calculated to be 0.020cp

T = bottom hole temperature - calculated to be 667°R

Z = average gas compressibility factor - calculated to be 0.88

re = drainage radius for 160 acre spacing - 1320 ft.

xrw = wellvore radius ~ .17 ft.

gg = gas gravity - .7 - used for calculation of Ug and 2

Pc = pseudo critical pressure - 668 psi. - used for calculation
of Ug and 2 . )

Pc- = pseudo critical temperature - 392° R - used for calculation
of Ug and %2

Qg = .703 (0.012) (42) (33302 ~ 14.62)

(0.020) (667) (0.88) 1In (.61 1320/.17) .

g = 39,546 SCFGPD = 39.%5 MCFGPD
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APPLICATION OF FOUR CORNERS GAS PRODUCERS ASSOCIATION
FOR DES).GNATION OF THE ROSA AREA OF THE
BASIN DAKOTA FIELD AS A TIGHT FORMATION,
RIC ARRIBA AND SAN JUAN COUNTIES,
NEW MEXICO :

The Four Corners Gas Producers Association is applying for a
portion of the Basin Dakota gas field to be designated as a tight
formation under Section 107 of the Natural Gas Policy Act of 1978.

The proposed Rosa Tight Gas Area is located in the northeastern portion
of the San Juan Basin. The area is approximately 25 miles northeast

of the town of Bloomfield in northwestern New Mexico and covers portions
of Rio Arriba and San Juan counties.

Exhibit No. 1 displays the Rosa Tight Gas Area on a map of the

Dakota reservoir in the San Juan Basin. The Rosa Area includes approx-

imately 270,260 acres, described as follows:

1. T30N-R2W Sections ! through 36: All
2. T30N-R3W Sections 1 through 36:  All°
3. T30N-R4W  Sections 1 through 36: All
4. T30N-R5W Sections 1 through 36: All
5. T30N-R6W Sections 1 through 36: All
6. T30N-R7W = Sections 1 through 36: All
7. T3IN~-R2W - --Sections- 1-through 36: All
8. T3IN-R3W  Sections.l through 36: All
9. T3IN-R4W  Sectionrs 1 throngh 34: A1
10. T31N-R5W  Sections 1 through 36: All
11. T3IN-R&W Sections 1 through 36: All
12. T31IN-R7W Sections 1 through 36: All

The Dakota formation in the Rosa Area meets the criteria established
in Section 107 of the Natural Gas Policy Act of 1978 to be designated
a tight gas formation in that (1) the estimated average in situ gas
permeability throughout the pay section is expected to be 0.1 millidarcy -
or less, (2) the stabilized production rates, without stimulation,

at atmospheric pressure of these gas wells are not expected to exceed



the maximum allowable production-rate of 336 MCFPD for an average depth
of 7950 feet to the top of the Daﬁota formation in this area, and (3) no
well drilled into the pakota 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 Dakota formation cémpletion and production map
of the proposed Rosa Tight Gas Area. The production figures presented
for each producing well are initial potential, date of ipitial potential,
average daily production for 1980, and Januvary 1, 1981 cumulative production
of gas and oil. Exhibit No. 2 alsé presents completion and production data
from wells surrounding the proposed tight gas area. The Rosa Tight Gas Area
contains 53 producing Dakota formation gas Qells, while 14 wells in this area
are abandoned in the Dakota at this time. A list of these wélls and their
production figures is presented é§ Exhibit No. 3. Examination of these
figures indicate that these Dakota wells have not produced great guantities
of natural gas, suggesting that low permeability reservoir rock could be
presen£ in the area.

Exhibit No. 4 is a type log of a Dakota well found in the Rosa Tight
Gas Area. This loé is from the Northwest Pipeline Corporation Rosa Unit No.
68 well, found in section 17, T31N, sti This well is in the north central
section of the Rosa Tight Gas Area. The type log shows the entire Greenhorn

and Dakota formations and part of thée Mancos and Morrison formations. The

type log shown is in a part of the Rosa Tight Gas Area which has exhibited

better producing characteristics than the gomainder -of the area. Wells in

remaining sections of the Rosa Area would be expected to have the same or

poorer loag characteristics than this type log.
The State of New Mexico has defined the Dakota producing interval in

the Basin Dakota Field to begin at the base of the Greenhorn limestone and

extend to a point 400 feet below the base of tihe Greenhorn. The farmationg
' .
L covered in this 400 feet are the Graneros Shale, Dakota Sandstone, and
i‘>wf Morrison formations. The Dakota formation is productive ir this area, while
! the Morrison formation is generally water bearing. Sands in the Graneroé
E Shale are not adequately developed in this area to be productive.
The Dakota formation has an average depth of 7950 feet in the Rosa Area,
and has approximately 250 feet of gross thickness. The Dakota sandstone

formation is Late Cretaceous in age with deposition occurring under both



marine and nonmarine conditions.’ The Dakota sandstone is the basal sequence
of the southwesterly transgressin; Cretaceous Sea.

The Upper Dakota sand consists of barrier beach.deposits about 40 to
60 feet thick, composed of fine grained, quartz-rich sandstones character-
ized by an increase in grain size upward and low angle crossbedding. The
next highest unit is transitional between fluvial and marine sedimentation
containing dark carbonaceous shales, thin mudstones, siltstones, and
sandstones. This unit represented a lagoonal type environment. The pasal
Dakota was deposited by a system of meandering streams creating deposits of
carbonaceous shales, thin coal seams, siltstones, and thin channel sandstones.
The basal unit of Cretaceous strata in the Four Corners Area is the Burroc
Canyon formation. This formation was deposited in a braided stream system
and is sometimes considered part of the Dakota formation. An unconformity
exists between the Burro Canyon formation and the Morrison formation revresented
by a sharp. erosional contact between the two formations.

Overall, the bakota sand has a porosity range from 1)2 to 11-1/2% in
the Rosa Area, with the average pay porosity being 4%. Silt and clay sized
matrix material is present throughout the Dakota sand sequence and represents

a significant portion of the bulk rock compésition. This matrix material

reduces the effective permeability of the formation, making it difficult to

producel
Exhibit No. 5 and 6 are log cross sections through the Rosa Area

showing the continuity of the Dakota formation using the base of the Greenhorn

% formation for a datum line.

Permeability

t'. The Dakota formation in the San Juan Basin is dependent on stimulation

techniques to be commercially productive duc to the iow permeabliity of the
g reservoir rock, The Dakota in situe permeability in the Rosa tight Gas Area

is found to be less than the 0.1 millidarcy permeability cutoff used for

tight gas determination. The in situ permeability for this area was calculated

using data from six Dakota core analysis and was averaged to be 0.012 millidarcy.

Exhibit Nos. 7 through 12 present core analysis data used to determine
the average laboratory permeability to air for Dakota formation pay zones in

this area. The exhibits contain the actual core analysis reports plus summary



tables showing the analysis of.cores tuken from only the productive portion of

the Dakota formation for each welf. The cored intervals chosen for
permeability averaging were determined by log examination of the intg:val
cored for each well. Only cored intervals of sand with more than 10 ohms
resistivity appearing on the Induction Resiétivity.log of the well were used
for permeability averaging. This 10 ohms resistivity Cutoff represents the
average resistivity shown by the shale sections on the logs, Values less
than this cutoff were not considered to be pay zones. The average laboratory
permeability to air determined for the Rosa Area in this manner was 0.124
millidarcy. The actual in situ permeability of the formation is less than
this laboratory determined value mainly due to the confining pressures found
ip the Basin Dakota reservoir.

Exhibit No. 13 presents a technical paper intitled "Effect of Over-
burden 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 relationships between laboratory determined permeability

in cores and actual in situ permeability found in‘-eservoirs. Exhibit No.

14 explains how in situ permeability is celculated from the core analysis
using the technical paper presented.

Exhibit .15 is a summar& of all laboratory core analysis results, for

the Rosa Tight Gas Area! An average in situ permeability value of 0.012

millidarcy was calculated from the average laboratory permeability value of
0.124 md@ for the Rosa Area, Thig in situ permeability value is well below

the 0.1 millidarcy tight gas cutoff. These permeability measurements

substantiate that the Dakota formation is very tight in this area and must

be stimulated to obtain commercial gas production.

—— T

Stabilized Unstimulated Gas Production Rate

Obtaining stabilized unstimulated gas production rates for Dakota

i ot

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

wells in the San Juan Basin. Past experience has shown that these low

permeability Dakota wells must be stimulated to obtain commercial production.
However, some wells drilled in the Rosa Tight Gas Area were drilled with gas
as a circulation medium through the Dakota formation. This drilling procedure

enables unstimulated natural gas from the Dakota formation to rise to the




surface while drilling the wel)..

Unstimulated natural producéion tests can be taken while drilling with
natural gas when the gas used for circulation is shut off and thevpipe rams
closed on the blowout preventer stack. This enables the injected gas to

blow down through a bleedoff line to the reserve pit. After injection gas

has had sufficient time to return to the surface, any further gas procduction
i through this line should be unstimulated gas production from the well. A
gas measuring device, such as a pitot tube, placed in the center of the natural

gas production stream is used to measure the natural gas flow rate from the

well. A pitot tube measures the impact pressure of the gas flow rate which

is used to determine the velocity of the gas. Thislgas velocity, combined
with the known area of the blowoff line is used to calculate the flowrate of
gas through the line. Natural un§timu1ated gas production tests performed in
t: ' ) - . this manner were found for 14 wells in the Rosa Area.

;i  “ ’ " The results of these unstimulated gas production tests are presented in
Exhibit 16. These gas flowrates range from rates too smali to measure to 2174

MCF of natural gas per day. The average unstimulated gas production rate is

423 MCFGPD. This value is 1arger'than_the 336 MCFGPb 1limit for(tight gas
a£ an average depth of 7950 feet. On an individual well basis, 6 wells meet
the unstimulated natural production requirement, with 3 wells just at the
limit, and 5 wells being over the 336 MCFGPD limit.

Testing natural gas wells in thié manner is not very accurate, but it

i can give the tester somz idea if a well will beg gas productive or not. The

exact nature of these tests have many factors which leave their results
questionable:

(1) The Mesa Verde formation is also productive in the Rosa Tight gas
area. While the Dakota formation is open to flow to the surface
during the natural flow test, the Mesa Verde can also be procducing

! ] 7 at the same time. There is no way to seperate the production from

each zone using a natural production test conducted in this manner.

}n. (2) The length of these unstimulated preoduction tests are not long

. enough tc establish a stabilized production rate. This length of
S test can by no means be considered to be a stabilized production
test of the well's productivity.

(3) The natural gas iniected into the well for circulating purposes
can also cause erroneous results if this gas is still returning
to the surface while the test is being taken.

It is reasonable to assume that the three test uncertainties presented

above could all contribute to make unstimulated production tests performed 'in

this manner report erroneously high production rates. This assumption is
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supported by well production daia'gresented in Exhibit 16,

The well listed as number B8, the Northwest Pipeline Corporation
San Juan 30-5 Unit No. 47 well shows an unstimulated natural gas production .
rate of 2174 MCFGPD. After fracturing, the initial production for this
well was 1610 MCFGPD. The initial potential for a well is calculated from
a 3 hour flow test following ; 7 day pressure buildup, which is a more ,
controlled and accurate.test than th¢é pitot tube test. This, combined with
the fact that an after frac production test should definitely not be lower
than the unstimulated production test, indicates the unstimulated production
test is- probably in error.

Exhibit 16 also presents a 13 well average. unstimulated production
rate which excludes the erroneous rate found for the San Juan 30-5 Unit No.

47 well. This 13 well average rate is 288 MCFGPD, which is below the 336
MCFGPD rate limit for tiﬁht gas determination in the Rosa Area. Due to:the
uncertain nature of the unstimulated production.rate testing process, this
288 MCFGPD production rate, while below tight gas guidelines, is still thought
to be hiéher than the actual average unstimulated gas production rate for the
area.

in orde; to test the validity of this ngtural production figure, Darcy's
Law was used to calculate an unstiﬁulated gas flow rate using the average in
situ permeability value of Q.01é miliid;rcy_célculated for the Dakota formation
in this area from core analysis study. .Exhibit N&. 17 presents this calculation’
and shows that an initial unstimulated gas flow rate of 39.5 MCFGPD is associated
with the average in situ permeability of 0.012 millidarcy for the Rosa Area.

The calculated unstimulated gas production rate and the average actual
unstimulated gas production rate (excluding the erroneous production rate mentioned
previously} are both less than the 336 MCFGPD limit for a tight gas reservoir in
the Rosa Area. 1Ag a reosult Of Lnese calculations, the unstimulated natural gas

¢ £iom Lhe Dakota formation in the Rosa Area 1s not expected to

exceed 336 MCF of gas per day.

Stabilized Unstimulated 0il Proeduction Rate

The Natural gas produced from the Rosa Tight Gas area is virtually dry
gas, having very little, if any, o0il or condensate production associated with

it. Exhibits No. 2 and 3 ‘show that only one well, the Northwest Pipelinz2
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Corporation Rosa Unit No, 56, hashreported any oil production associated with
its' gas production. This well has only produced 26 barrels of oil since 1976,
These dry gas production figures indicate that no well drilled in the Rosa

Tight Gas Area is expected to produce. without stimwlation, more than five

barrels of crude oil per day.

Fresh Water Protection

Existing State.and Federal regulations will assure that development of
the Dakota formation will not édversely 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. Regulations reguire that
casing programs be designed to seal off potential water bearing formations
from oil and gas produciﬁg formations. These fresh water zones exist from
the surface to the base of the 0jo Alamo formation. The ij Alamo depth
averages 2385 feet in the proposed Rosa Tight Gas Area,

_ Most wells drilled in the Rosa Area are drilled with naturalymud tOo an
average depth of 3700 feet. -Aftér intermediate casing is set, the remainder
of the well is drilled with natural gas. " Neither the natural mud or gas will

contaminate any fresh water zone. |

No;mai casing designs.in the Rosq Area -consist of 9 5/8" or 10 3/4"

O. D. surface casing being set from the surface to an average depth of 3700

! feet. The cementing of the intermediate casing includes enough cement to

cover formations to a depth above the Ojo Alamo formation. The cement covers
3 2 the Pictured Clififs, Fruitland, and Kirtland formations which are possible
o0il and gas bearing formations throughout the area. The production casing

is cemented from total depth to a depth above the Mesa Verde formation, or

i Lo a point approximately 3000 feet above total depth. This cement covers the
E?;_n ' ; bakota, Gallup, and Mesa Verde which are possible ©0il and gas bearing formations.

A temperature survey is: run after cementing the production casing to assure

that all necessary zones are covered with cement. Therefore, all o0il, gas
» and water bearing formations in this area are isolated from each other by
cement and casing. The major water aquifer in the area, the Ojo Alamo

formation, ¢s well as the Pictured Cliffs, Fruitland, and Kirtland formations



is covered by cement and two strings of casing to protect them from

contamination with other formaéiéqs.

Stimulation of the Dakota formation involves large fracture treatments,
usually consisting of a one or two percent potassium chloride water base that
will not harm a fresh water aquifer. freshkwater protection is adequate even
with these large stimulation treatments due to zone isolation caused by
cementation. The large distance of over 5500 feet between the Dakota forma-
tion énd the Ojo Alamo fresh water acquifer is additional insurance that no
existing fresh water zone will be contaminated by stimulation of Dakota wells
in this area.

Therefore, New Mexico and Federal regulations will protect any fresh
water shpply that may he affected by drilling, completing and producing the

Dakota formation in the Rosa Tight Gas Area.

CONCLUSION

Evidence presented in tHis report substantiate the following for the

. Four Corners Gas Producers' proposed Rosa Tight Gas Area:

{1) The estimated average in:situ gas permeability, throughout the
Dakota pay seétion, isvexpected to be 0.1 millidarcy or less;

(2) Yor an average Dakota well depth of 7950 feet, the stabilized
production rate at atmospheric pressure of wells completed for. production in
the Pakota formation is not expected to exceed the maximum allowable rate of
336 MCF of natural gas per day without'stimulation;

{3) No well drilled into the bakota formation in the Rosa Area is
expected to produce, without stimulation, more than five barrels of crude
cil per day.

The proposed Rosa Tight Gas Area meets all the specifications required
as stated above, and should be designated a tight formation in the Basin

Dakota pool nnder Section 107 ¢
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¢ Natural Gas P‘licy act of 19768.
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MR. STAMETS: ‘The hearing will please
come to order.

We'll call at this time Case 7317.

MR. PADILLA: Application of Four Cornersg
Gas Producers Asrociation for designationAof a tight forma-
tion, San Juan and Rio Arriba Counties, New Mexico.

- MR. CARR: May it please the Examiner,
my name is William F. Carr, with the law firm Campbell, Byrd;
and Black, Santa Fe, New Mexico, appearing on behalf of Four
Corners, and I -have one witness,

We would also like to enter our appearand
at this time for Gary Paulson, an attorneyvfor Amoco out of
Denver.

MR. STAMETS: Any other appearances in
£his case?

MR. KELLAHIN: TIf the Examiner please,
I'm Tom Kellahin, Santa Fe, New Mexico, éppearing in associa-
tion with Mr. Larry Pain, an attoxney for Phillips Petroleum
Company .

MR. STAMETS: Any other appearances?

MR. PAULSON: Yes, sir, Gary Paunlson
Amoco Production Company, appearing in association with Mr;

Carr.

We do have a supporting statement to maks

e
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on behalf of the application.

MR. STAMETS: Does anyone else have an
appearance? Any other witnesses in this case?
I'd like to have the witness stand and

be sworn at this time, please.

(Witness sworn.)

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

testified as follows, to-wit:

DIRECT EXAMINATION

BY MR. CARR:

0 Will you state your name and place of
residence?

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

o By whom are you employed and in what
capacity?

2 I am sclf-employced. I'm a sclf-employed
petroleum engineer acting as a consultant for the Four Corner
Gas Producers Association.

0 Have you previously testified before

192]
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6
this Commission or one of its examiners and had your creden-
tials as a petroleum engineer accepted and made a matter of
record?
a Yes, I have.
0. Are you familiar with the application of

Four Corners Producers Association in this case?

A Yes, I am.
0 Are you familiar with the subject area?
A, Yes.

MR. CARR: Are the witness' qualifica-
tions acceptable?
MR. STAMETS: They aré.

1 Mr. McCord, will you briefly state what
Four Corners Gas Producers Association seeks with this ap-
plication?

A The Four Corners Gas Producers Associa-
tion is applying for a portion of the Basin Dakota gas field
to be designated as a tight formation under Section 107 of the¢
Natural Gas Policy Act of 1978.

The proposed Rosa tight gas area is

oA " ¥hoa n Racai
Q n tiie ne 2agin.

located in
The area is approximately 25 miles northeast of the town of

Bloomfield in northwestern New Mexico, and covers portions of

Rio Arriba and San Juan Counties.
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2 0. Have you prepared certain exhibi;s for
3 introduction in this case?
: 4 A 1 have.
’ . { 5 Q. Have each of these exhibits previously
i 6 been submitted to the 0il Conservation Division and the

7 United States Geological Survey with a statement of the meaning

8 and purpose of each, as is required by 0il Conservation Divi-
% 9 sion rules?
é 10 A Yes, they have.
% 11 0. Will you please refer to what has been

12 marked for identification as Applicant's Exhibit Number One

- 13 and explain to Mr. Stamets what this is and what it shows?
ji- | | - ' % _14 A Exhibit Number One displays £he Rosa
‘ } 15 tight gas areaz on a map of the Dakota reservoir in the San
f 16 Juan Basin. The Rosa area includes approximately 270,260
17 acres in Townships 30 and 31 North, Ranges 2 through 7 West.
i 18 0 Will you now refer to Exhibit Two and
ﬁi 19 review this for the Examiner?
éﬁ ' | 20 A Exhibit Number Two is a Dakota formation
: 21 completion and production map of the proposed Rosa tight gas
. 22 area. The production figures presented for each producing
? , | ' 23 well are initial potential, date of initial potential, average
24 daily production for 1980, and January 1, 1981 cumulative
25 production of gas and oil.




10
11

12

14
15
16

17

19
20

2

22

23

24

25

Exhibit Number Two also presents comple-
tion and production data from wells surrounding the proposed
tight gas area. The Rosa tight gas area contains 53 producing
Dakota formation gas wells, while 14 wells in this area are
abandoned in the Dakota at this time.

| A list of these wells and their productig
figures is presented as Exhibit Number Three. Examination of
these figures indicate that these Dakota wells have not pro-
duced great quantities of natural gas, suggesting that low
permeabilityjreservoir rock could be present in the area.

0. Now, Mr. McCofd, will you please refer
to Applicant's Exhibit Number Four and review this for the
Examiner?

A Exhibit Number Four is a type log of a
Dakota well found in the Rosa tight gas area. This log is
from the Northwest Pipeline Corporation Rosa Unit No. 68 Well
found in Section 17, Township 31 North, Range S{West. This
well is in the north central section of the Rosa tight gas
area. |
The type log shows the entire Greenhorn

and Dakota formations and part of the Mancos and Morrison

JAROD L VLN AR Rt

formations.
The type log shown is in a part of

the Rosa tight gas area which has exhibited better producing
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" characteristics than the remainder of the area. Wells in the

remaining sections of the Rosa area would be expected to have
the same or pcorer log characteristics than this type log.

1) | How is the Dakota formation defined by
the 0il Conservation Division?

A The State of New Mexico has defined the
Dakota producing interval in the Basin Dakota Field to begin

at the base of the Greenhorn limestone and extend to a point

400 feet below the base of the Greenhorn. The formations

covered in this 400 feét are the Graneros Shale, Dakota Sand-
stone, and Morrison formations.

The Dakota formation'is productive in
this area while the Morrison formation is'generélly water-
bearing. Sands in the Graneros Shale are not adequately
developed in this area to be productive.

0. Mr. McCord, what is the average depth

of the Dakota formation in the area which is governed by this

application?
A 7950 feet.
0. and what is the gross thickness of the

A, Approximately 250 feet.

Q. Could you generally describe the geolo-

‘gical characteristics of the Dakota?
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A. It's generally, let's see here, the Dakcth
consists generally of barrier beach deposits about 40 to 60
feet thick. This is the Upper Dakota. Composed of fine
grained, quartz rich sandstones characterized by an increase
in grain size upward and lawx angle crossbedding.

| The next higheét unit is transitional
between fluvial and marine sedimentation containing dark
carhonaceous shales, thin mudstones, siltstones, and sandstonés.
This unit represented a lagoonal type environment.

The basal Dakota was deposited by a
system of meandering streams creating deposits of carbonaceoug
shales, thin coal seams, siltstones, and ﬁhin channel sand~
stones.

o Will you now refer to what has been
marked Applicant's Five and Six and explain what these are
and what they show?

A Exhibit Numbers Five and Six are log
cross sections through the Rosa area showing the continuity
of the Dakota formation using the base of the Greenhorn form-
ation for a datum line.

0 Now, Mr. McCord
Exhibit Number Two, is there any control in the Dakota on the
east side of the subject area?

A No, sir, there's not. There's been
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very sparse drilling in that area. Only one well was drilled
and that would be in Section -- or Township 30 North, Range
3 West, Section 34. A Dakota well was drilled by Sunray DX
0il Company, Jicarilla Tribal No. 1, in September of '64.

It was drilled and abandoned.
Other than that there is no control to

the east part of the area.

o In your opinion is the Dakota con;inuous
across the basin?

A Yes, it is.

Q : What is the porosity range within the
area governed by the application?

A Overall the Dakota sand has a porosity

range of from 1/2 percent to 11-1/2 percent in the Rosa area,

with the average pay poroSity being in the neighborhood of

4 to 6 percent.

0 Is the in situ permeability cutoff in
the Rosa tight gas area less than .0l’millidarcy?

A Yes, it is. The formation is dependent

upon stimulation techniques to be commercially productive.

0 And have you calculated permeability for
the area?

A Yes, I have.

0. Would you please refer to Applicant's

b e S e S e e
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12
Exhibits Seven through Twelve and review these for Mr. Stamets
A, Okay. Exhibits Numbers Seven through
Twelve present core analysis data used to determine the aver~
age laboratory permeability to air for bDakota formation pay
zones in this area. The exhibits contain the actual core
analysis reports, plus summary tables, showing the analysis
of cores taken from only the productive portion of the Dakota
formation for each well. The cored intervals chosen for
permeability~averaging were determined by log examination of
the interval cored for each well. Only cored intervals of
sand with more than 10 ohms resistivity appearing on the in-
duction resistivity log of the well were used for permeability
averaging. This 10 ohms resistivity cutoff represents the
average resistivity shown by the shale sections on the logs.
Values less than this cutoff were not considered to be pay
zones.
The averége laboratory permeability to
air determined for the Rosa area in this manner was 0.124.
millidarcy. The actual in situ permeability of the formation
is less than this laboratory determined value, mainly due to
the confining pressures found in the Basin Dakota reservoir,
0 Will you now refer to and identify what
you have marked Applicant's Exhibit Thirteen?

A Exhibit Number Thirteen presents a
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technical paper entitled E{fect of Overburden Pressurefaqg

Water Saturatibn on Gas Permeability of Tight Sandstone

Cores, which was written by Rex D. Thomas and Don C. Ward of
the U. S. Bureau of Mines.

This paper presents relationships between
laboratory determined permeability in cores and actual in
situ permeability found inbreservoirs.

Exhibit Number Fourteen explains how in
situ permeability is célculated from the core analysis, using
the technical paper presented. ~

0. . Will you now refer to your Exhibit Numbey
Fifteen and explain this exhibit?

A Exhibit Fifteen is a summary of all
laboratory core analysis results for the Rosa tight gas area.
An average in situ permeability value of 0.012 millidarcy:
was calculated from the average laboratory permeability value
of 0.124 millidarcy for the Rosa area. This in situ perme-
ability value is well below the 0.1 millidarcy tight gas
cutoff. These permeability measurements substantia£e that

the Dakota formation is very tight in this area and must be
stimulated to cobtain commerci

LSS5 43 3 A% e 9 Wi

Mr. McCord, can gas Le produced in com-

P

mercial quantities from the formation in the subject area

without stimulation?
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A No, it cannot.

0 Now I believe you stated that the average
depth of the Dakota in this area was 7950 feet. What is the
maximum stabilized production rate against atmospheric pres-
sure allowgd for wells in the subject area in this depth' by
the 0il Conservation Division rules?

A 336 Mcf of gas per day.

Qo Have you obtained stabilized unstimulateq
gas production rates for Dakota wells in the area?

A Ygs, I have. Obtaining:stabilized un-
stimulated gas producticn rates for Dakota Wells is notla
standard procedure used by companiss wien éompleting their
wells in the San Juan Basin. Past experience has shown that
these lower permeability Dakota wells must be stimulated to
obtain commercial production; however, some wells drilled in
the Rosa tight gas area were drilled with gas as a circulatioq
medium through the Dakota formation. This drilling procedure
enables unstimulated natural gas from the Dakota formation to
rise to the surface while drilling the Qell. Unstimulated
natural production tests can be taken while drilliny with
gas when the gas used for circulation is shut off
and the pipe rams closed on the blowout preventer stack. Thig
enables the injected gas to go down through a bleedoff line

to the reserve pit.
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~gas per day. The average unstimulated gas production rate

15

After injection gas has sufficient time
to return to the surface any further gas production through
this line should be unstimulated gas production from the well.

A gas measuring device, -such as a pitot tube placed in the

center of the natural gas production stream, is used to measune

the natural gas flow rate from the well. A pitot tube
measures the impact pressure of the gas flow rate, which is
used to determine the velocity of the gas. This gas velocity
combined with the known area of the blowoff line is used to
calculate the flow rate of the gas through thé line.

Natural unstimulated gas production test%
performed in this manner were found for 14 wells in the Rosa
area. The results of these unstimulated gas production
tests are presented in Exhibit Sixteen. These gas flow rates

range from rates too small to measure to 2174 Mcf of natural

is 422 Mcf per day. This value is larger than the 336 Mcf
per day limit Ffor tight gas at an average depth of 7950 feet.
On an individual well basis six wells meet the unstimulated
natural production requirement with three wells just at the
limit and five wells being over the 336 Mcf per day limit.
Testing natural gas wells in this manner
is not very accurate but it can give the tester some idea if

a well will be gas productive or not. The exact nature of

~
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2 these tests have many factors which leave their results

3 questionable.
4

The Mesaverde formation is also productive

5 in the tight gas -- in the Rosa tight gas area.” While the

6 Dakota formation is open to flow to the surface during the

7 naturai flow test, the overlying Mesaverde can also be pro-~

8 ducing at the same time. There is no way to separate the

9 production from each zone using a natural production test

10 conducted in this manner.

11 Also, the length of these unstimulated

12 production tests are not long enough to establish a stabilized
13 production rate. This length of test can by no means be

14 considered to be a stabilized production test of the well's

15 productivity.

16 Also, the natural gas injected into the

17 well for ‘circulating purposes can also cause erroneous results

18 if this gas is still returning to the surface while the test

9 is being taken.

20 It is reasonable to assume that the
= 21 three test uncertainties presented could all contribute -to
[‘ 22 make unstimnlated production tests performed in this manner i
‘ 23 report erroneously high production rates. This assunption

24 is supported by well production data presented in Exhibit

25 Sixteen. The well listed as number eight, the Northwest
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Pipeline Corporation San Juan 30-5 Unit No. 47 Well, shows

an unstimulated natural gas production rate of 2174 Mcf per
day. After fracturing, the initial production for this well
is 1610 Mcf per day. The initial potential for a well is
calculated from a 3-hour flow test following a 7-day pressure
Build-up, which is a more controlled and accurate test than
the pitot tube test.

This, combined with the fact that an
after-frac production test should definitely not be lower
than the unstimulated production test, indicates the unstimu-
lated production test is probably in error.

Exhibit Sixteen also presents a 13 well
average unstimulated production rate, which includes the er-
roneous rate found ~-- excuse me, whic excludes the erroneous
rate found for the San Juan 30-5 Unit No. 47 We}l, This 13
well average rate is 288 Mcf per day, which is below the 336
Mcf pef day rate limit for tight gas determination in the
Rosa area.

Due to the uncertain nature of the un-
stimulated production rate testing process, this 288 Mcf per

day production rate, while bheing below the tight gas guide-
lire, is still thought to be higher than the actual average

unstimulated gas production rate for the area.

G Have you calculated the unstimulated gas
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flow rate using the in situ permeability value of .012
millidarcies?

A Yes, I have. In order to test the validi
of this natural production figure, Darcy's Law was used to
calculate an unstimulated gas flow rate using the average
in situ permeability value of 0.012 millidarcy calculated for
the Dakota formation in this area from core analysis study.

Exhibit Number Seventeen presents this
calculation and shows that an initial unstimulated gas flow
rate of 39.5 Mcf per day is associated with the average in
situ permeability of 0.012 millidarcy for the Rosa area.

The calculated unstimulated gas productid
rate and the average actual unstimulated gas production rate,
excluding the erroneous production rate mentioned previously,
are both less than the 336 Mcf per day-limit for a tight gas
reservoir in the Rosa area. As a result of these calculationé
the unstimulated natural gas production rate from the Dakota
formation in the Rosa area is not expected to exceed 33§ McE
of gas per day.

0. Do you have any unstimulated oil pto-
dnction ‘F_igures “fFor t+his area?

A Yes. The natural gas produced from the
Rosa tight gas area is virtually dry gas, baving very little,

if any, oil or condensate production associated with it.

n

o
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Exhibits Number Two and Three show that
only one well, the natural -- excuse me, the Northwest Pipe-
line Corporation Rosa Unit No. 56, has reported any oil pro-
duction associated with its gas production.

MR. STAMETS: What's the location of that
well?

A Okay, Section 35, 31, 5.

MR. STAMETS: Okay.

AA This well has only produced 26 bafrels
of o0il since 1976. These dry gas production figures indicate
that no well drilled in thekRosa tight gas area is expected
to produce withouf stimulation more than 5>barrels of crude
oil per day.

Q Mr. McCord, will the production of hydro-
carbons .from the subject area impair fresh water supplies in
this area?

A No, they will not.

Existing State and Federal regulations
will assure that development of a Dakota formation will not
adversely affect cor impair any fresh water aguifers that are
ing usced or cxpected to bo used in the foreseeable future
for domestic or agricultural water supplies. Regulations

require that casing programs be designed to seal off potentiul

water-bearing formations from oil and gas producing formatioyi.

S KA By % ey LR TR Y
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The cement covers the Pictured Cliffs, Fruitland, and Kirt-

22

20

These zones, these fresh water zones
exist from the surface to the base of the 0Ojo Alamo formation.
The Ojo Alamo depth averages 2385 feet in the proposed Rosa
tight gas area.

Most wells drilled in the Rosa area are
drilled with natural mud to an averaye depth of 3700 feet.
After intermediate casing is set the remainder of the well
is drilled with natural gas. Neither the natural mud or the
gas will contaminate any fresh water zones.

Normal casing designs in the Rosa area
consist of 9-5/8ths or 10-3/4 inch OD surface casing, being
§et from the surface td an average depth,df 3700 feet.

Cementing of the intermediate casing includes enough cement

to cover formations to a depth above the Ojo Alamo formation.

land formations, which are possible oil and gas bearing
formations throughout the area.

The produétion casing is cemented from
total depth to a depth above the Mesaverde formation, or to
a point approximately 3000 feet above total depth; This
cement covers the Dakota, Callup, and Mcesaverde, which a
possible oil and gas bearing formations. A temperature survey
is run after cementing the production casing to assure that

all necessary zones were covered with cement. Therefor, all
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oil, gas, and water bearing formations in this area are iso-
lated from each other by cement and casing,

The major water aquifer in this area,
the Ojc Alamo formatiqp, as well as the Fictursd Cliffs,
Pruitland, and Kivtland formations, is covered by cement and
twn strings of casing to protect them from the contamination
with othexr formations.

Stimulation of the Dakota formation
involves large fracture treatments, usually consisting of onc
or iwo percent potassium chloride water base that will not
harm a fresh water aguifer.

vafesh water protectidnrls adequaté even
with these largc stimulation treatmentc duc to zonc isolation
caused by cementaticn. The large distance of over 5500 feet
between the Dakota formation and the 0Ojo Alamo fresh water
aquifer is additional insurance that ro wells exist that --
that no cxisting fresh water =oncs will ke ccntamiﬁatcd by
the stimulation ~f Dzkota wells in the area.

Therefor, New Mnxico and Foderal regu-

lations will protect any fresh water supply that may be-

affected by drilling, completing, and producing the Dakota
formation in the Rosa tight gas area.
0. Mr. McCord, is the price authorized by

Section 107 of the Natural Gas Policy 2ct necescary to grovid

@]
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a reasonabie ircertive for prodtction of natural gas from the
subject formation due to the extraordinary risk for costs
associated with such production?

A Yes, it is.

0. In your opinion is the data available to
yoﬂ and préSented at this hearing supporting the conclh;ioh
that the entire area governed by this application qualifies
for a tiaht formation designation under Section 107 of the
Natural Gas Pclicy Act?

A Yes, it does.

0 At this time would you briefly summarize
the conclusions you have reached in makihé a stﬁdy of the
subject area?

A The estimated average in situ gas perme-
ability throughout the Dakota pay scction is exéecteﬁ to ke
d.l millidarcy or less for an average Dakota well depth of
7950 feet. The stabilized production rate at atmospheric
pressure of these wells completed for production in the Dakota
formation is not expected to exceed a maximum allowable rate
of 335 Mcf of natural gas per day without stimmlation. "No
well drilled intc the Dakota formatior in the Rosa area ic
expected to prodnce without stimulation more than 5 barrels
of r~rude oil per day.

The proposed Rosa tight gac arca mcets
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2 all the czpecificatinons reqnired as stated ahove and should
3 be designated a tight formation in the Basin Dakota Pcol under

4 Section 207 ~f the Natural Gas Policy Act of 1978,
5 0 Mr. McCord, has this =2rez been approved

6 for infill drilling?

7 A, Yzs, it has in May of 1979,

8 0 And that was by Commission Order R-1670-Y?
79 A Yes, I believe so.

10 0. Have any infill wells been drilled iﬂ

11 the subject area?

12 A There have been a few infill wells

13 drilled in this area after I have gathered all the data for

14 this report. I'll point those out. They are both John SchalJ

15 wells. One would be in the southeast --
| | 16 MR. STAMETS: Start out with the township
‘ 17 and range.

18 A, Sure.

% MR. STAMETS: It makes it a little easief

20 to find.

4 21 A Okay, 30, 30 North, 5 West, Section 2,
!' 22 southeast quarter.
ﬁ 23 The other well being in 30 North, 5 West|
| 24 Section 12, I believe the northeast quarter.
25 - These are recent wells that have been
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drilled. My information on this map is May of 1981, so these
are recent wells and it's my understanding have not been com-
pleted at this time.

0. How would you characterize the develop-
ment of the subject area on the original 320-acre spacing?

A Very, very sparse development under 320
acres. I believe I calculated under the existing acreage 53
producers. This is only 6 percent of our 320-acre spacing,
and to my knowledge these two Schalk wells mentioned are the
only two infill wells that have been attempted in the area.

I believe that might have had something to do with that man's
holdings in the area more than all the economic criteria
involved.

0 Mr. McCord, in your opinion will further
development of the subject area depend upon approval of this
application and the resulting incentive price?

A " I think, yes, to be adequately developed
this area will need the 107 price to make it economigally
feasible.

G Will you please refer to and identify
what has been marked as Applicant's Exhibit Eighteen?

A Exhibit Eighteen is a written text ex-

rn
-
-
o
()

plaining eacir © he exhibits I have just presented.

0 And this text was submitted with the
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exhibits to the Commission and USGS?
A. Yes, that's correct.
0. Were Exhibits One through Eighteen pre-

pared by you or have you reviewad each of these exhibits and
can you testify as to their accuracy?

A, Yes, I can. There were prepared by me.

0. In your opinion will granting this ap-
plication result in the production of gas that otherwise would
not be produced?

A, Yes.

0 Will granting this application be in the
best interest of conservation, the prevention of waste, and
the protection of correlative rights? |

A Yes, it will.

MR. CARR: At this time, Mr. Stamets, we
would offer into evidence Applicant's Exhibits One through
Eighteen.

MR. STAMETS: These exhibits will be
admitted.

MR. CARR: Mr. Stamets, I've been asked
to dirvect certain guestions to Mr. McCord on behalf of the
USGS and I'll be happy to do that now or at a later time,
whenever you desire.

P g L

MR, STAMETS: Well, why don't you just

T
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go ahead and do that now, Mr. Carr, and then we'll get that
part out of the way.

0 Mr. McCord, what is the basis for the
boundaries of the proposed tight gas sand area designation,
and is this based on geologic and/or engineering parameters?

A The area studied, and I'd like to point
out is just an area of study, I'm not trying to say that areas
outside are not tight gas areas, it was assigned to me by the
Four Corners Gas Producers Association,

It is my feeling that it is not based on
éither geologic or engineering parameters, mainly on the
rights of the Association.

0. Could you provide a structure Isopéch

insert map for the Dakota for the Rosa tight gas area?

A It would be possible to supply a structuy

Isopach map, although I do not believe that this would show
any more information than what cumulative production is shown
on Figure Two. I believe this indicates that the well, the
Rosa area is definitely npt a very prolific area, and because
of that T do not believe this information would be helpful,
but if requested, we could supply this.
0. Now, Mr. McCord, the type log for the

Rosa Unit No. 68 Well, which is used as your Exhibit Number

Four, indicates that four separate zones were perforated for
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production. in reviewing tie wells presented and the two
cross sections, being Exhibits Number Five and Six, in some
wells more than four zones were perforated.

The question is, is this application
asking for all zonesﬁin the Dakota to be designated as a
tight formation or only certain zones? And for the purposes
of this qguestion, zone refers to an individual sandstone
separated by shale from other sandstones.

The question is, are you asking for all
of the zones in the Dakota to be designated tight formations?

A Yes. The Four Corners Gas Producers
reguested that the entire Dakota section as defined 400 feet |
below the base of the Greenhorn be designated as a tight
formation.

0 Is this appliéation asking for a tight
sand designation for infill locations within the Rosa tight
gas area, and there are certain examples given here. First,
in Township 30 North, Range 5 West, Section 9, there are ap-
parently two infill locations. Is it the request of ;he ap-
plicant that these ba included in the tight sand designation?

A Yes, it is.

0. There are also two locations in Section

10 and two in 20 of Township 30 North, Range 5 West.

A Yes, those also.
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or just one?

0 In Township --

MR. STAMETS: What was the last section?

MR. CARR: Section 20. All of this first

group, they are all in Township 30 North, Range 5 West.

MR. STAMETS: And there are two in there

MR. CARR: Two, according to the'question.

MR. STAMETS: Infill locations in Section%

9 and 20 --

MR. CARR: And 10.

MR. STAMETS: And 10. Let me get 10
marked on my exhibit, please.

MR. CARR: All right. Now in Township
31 North, Range 5 West, one location in Section 8.

A. ' Okay. I believe there should be two
locations in Section 8. I do not have an infill well in that
location, or in that section. I beliéve that should be two
locations, and yes, we are asking for that also.

0. And, again, two locations in Section 11
and in Section 172

A, Yes,

0. And now in Township 31 North, Range 6
West, two locations in Section 27 and two locations in Scctioy

35.

=+
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A Yes, we ask that these be part of the
application as well.
MR. STAMETS: What was the second section
please?
MR. CARR: 35.
0 So you are asking that all infill loca-

tions within the Rosa area be included within the tight sand

designation?
A ' That-is correct.
0. Mr. McCord, T direct your attention now

to Exhibit Number Three, and it indicated that 12 Dakota wellg
were drilled in 1980, and 9 Dakota wells were drilled in Iééi,
all at current 103 prices.
Is it no longer economical to drill
wells such as those drilled in 1980 and '81 under 103 prices?
A Yes, it would stiil be economical to

drill some of these newer wells that were drilled in 1980 and
1981 under 103 prices if there were -- existed any good pro-
ducing characteristics such as exhibits by those wells. As

to the current time there are not any of this type of locatio

——

available. Therefor. to continue to drill wells in this area
the 107 price would be necessary to -- to substantially com-

plete the area.

0 ' Is it your answer that if there were
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comparable locations in the Rosa area that the wells could
be drilled at 103 prices?

A Yes, it's my feeling they could.

0 At this time, based on your study, you
do not believe there are -comparable locations?

A I don't believe that, no.

Q. Is the 107 price necessary to have an
economical well that would be similarAin production potential
to those drilled in 1980 and 19812

A Yes, 1t would be necessary becaﬁse as we
stated before there are no more wells of the calibre drilled
of ﬁhe ones in 19564aﬁd 'éi ﬁith_—— Qifﬁrthaf célibfe fér
103 prices; therefor, the 107 is needed.

Also, there is no more dfilling, the
drilling plan for 1981 has been discontinued in this area
because of the marginal economics.

0 °  Mr. McCord, could you provide economic
data as to the rate of return on -- showing compar%son of
several of the 21 wells that were drilled in 1980 and 1981,
using the 103 price and contrasting that with the 107 price?

A Yes, it is possible +to provide this
economic data, although in the instance of this area, there
is mainly develeped on 320 acres, acre spacing, and it's my

vnderstanding that economics are not required of 320-acre
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spacing in the Dakota.

0. Of the 21 wells that were drilled in 1980
and '8l1, do you know if the economics on these wells made
them attractive prospects?

A Yes, in some of the wells they were at-
tractive prospects under 103 prices, but it is my understandiﬁg
tﬁat some of these wells drilled in '80 gnd '81 were demand
wells. Also, some had marginal 103 economics. This is exemp-
lified by the fact thét the drilling in 1981 has been discoh—
tinued for the area because of the low profitability of these
wells.

MR, CARR: I héve no further Quéstions
of Mxr. McCord. |
MR. STAMETS: Are there other questions

of the witness? Mr. Chavez?

QUESTIONS BY MR. CHAVEZ:
0 How many unspud Dakota locations or non-
completed Dakota wells are there in this érea at this time?
A Okay, Mr, Chavez, I have them marked
on my map. Once again, the map is dated as of 5 of 81, so
there have been some wells drilled since then,
In Township 31 North, Range 6 West,

Section 8, Rosa No. 88, and that's in the south -- excuse me,
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") Has it been completed or just spud?
A To my knowledge it's either -~ I don't
‘have the information as to -- at this time what stage of prog-

the northwest qguarter.

ress it's in. It has been staked and is a possible location
for‘a future well. That's really the only thing I'm sure of.
That's what I have marked on the map.

Also, in 31 North, 6 West, Section 14,
in the northeast quarter, the Amoco Rosa 67. It's my under-
standing that this well is dry in the Dakota and Amoco is
possibly going to recomplete in the Mesaverde or PC in this
well.

A1l right, in 31 North, 5 West, Section
20, the northeast one quarter, the Rosa No. 85.

In that same township and range, Section
33, southwest quarter, the Rosa No. 77.

In 31 North,.4 West, Secfion 7, the
northeast quarter, Mitchell, the Rosa No. 81.

In Section 9 of that same township,
southwest quarter, the Rosa 82 by Mitchell.

Section 12, in the northwest quarte;,
the Amoco Rosa No. 87.

Section 15, northeast quarter, Mitchell

Rosa No. 83,

e S50 R o S <
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Section 23, the northeast, Rosa No. 84.
That's all for that township.

0 ' These are staked but not completed wells?

A . The Mitchell wells I do know about. They]
have all been drilled. Onlyvone well has been perforated and
fraced and it isrtesting water at this time; no commercial
gas production.

The other three wells have not been com-
pleted at this time.

All right, Township 30 North, 4 West,
Section 13, Southland, the Simms Federal No. 1. That's the
southeast quarter. This is drilled due to lease expiration
date.

Okay, in 30 North, 5 West, I have the
two Schalk infill locations, the 54-1E in Section 2, and the
57-1E in Section 12.

In Section 5, San Juah 30-5 Unit No. 79,
in the northeast quarter.

Section 5, the southwest quarter, the

30-5 Unit No. 50.

30-5 Unit No. 83.

Section 25, the 30-5 Unit No. 82 in the

northwest gquarter.

L
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0. Section what, I'm sorry?

A 25. No. 82.

") What was that, I'm sorry?

A - That's the 30-5 Unit No. 82, the northwes
quarter of 25, 30-5, okay?

0 Okay. /

A Section 27, the southwest quarter, 30-5

Unit No. 81, and Section 36, the northeast quarter, the 30-5
Unit No. '77.

That is all the wells I have that are
staked in this area as of this time.

‘Q> Is the'driiiing of these wells pending
the outcome of this hearing? or is it just pending rig
availability?

A, I cannot tell you the actual ansvwer to
that. T don't know what the future plans on these wells, if
any of them have been completed. I know some of them have

been drilled but I would not be able to separate each one

out. I've just picked them up through PI as possible locatiohs

in this area. I do not know the status of them all.
MR. CHAVEZ: That's all the gquestions

I have.

MR. STAMETS: Are there other questions

of the witness? Mr. Padilla?
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~going to differ for any large company you're talking about,

CROSS EXAMINATION
BY MR. PADILLA: |

Q Mr. McCord, you testified about comparabl
locations. What do you mean by a comparable location? Does
that mean -~ I think it would mean that that's a good location
Are you saying that in this area you've run out of good loca-
tions now?

A Yes, In my talks with Phillips Petroleun|
Company, who is mostly in this 30-5 Unit, they have driiled
most of these newer wells and from talking with these people,
their feeling is that —-- "that all of their good drilling
iocations have beén used up.

0 what have they based their justification
for --

A, To tell you the truth, I couldn't answer
that for you. That's just information they supplied to me.

0. And that's the same thing for the same
calibre, same calibre; quote, same calibre of location, is
that thg same thing?

A, Yes., Yes.

0 Can von tell me what marginal economics
are for drilling Dakota wells in this area?

A Well, of course, Mr. Padilla, that's

[0
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and if 7 said what marginal economics were, one company would
call it good, one company would probably call it bad.

But I would say anything greater than a

3-year payout would be considered pretty margiﬁal to be drilléd.

You just need a greater rate of return, greater return on youf
money than tying it up for that great period of time.

That's pretty rough; but once again,
each company is going to have a different opinion of that
same guestion.

0 Well, how much does it cost to drill one
of these wells?

A On information supplied‘by Amoco, appro-
ximately $800,000 to drill and complete these wells, and ap-
proximately 20 percent of that goes to the stimulation costs.
So it's a considerable amount.

0. How much revenue would, say, a Section
103 price, can yoﬁ get from a -- one of these wells located,
say, in 30 North, 5 West? The hewer wells.

R Okay. I'd come up with an average
ultimate production of .65 Bcf throughout the entire area.
It's going to b
good average for a 30-5 Unit. The actual dollars involved
that that comes out to, I haven't calculated.

Q Wouldn't you have to apply the dollar

e, I would -~ I would estimate thali is a pretty

e
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,’"’_&(m\
2 amount in order to determine whether or not you should get
3 the incentive price?
4 A To determine payout, yes. It's just a

5 matter, I haven't -- I haven't plugged in that number to give

6 an ultimate amount of money the wells will produce. That is

7 how I determined a payout of approximately six years under

8 103 prices, taking an average decline and actual decline for
9 the area, which is a rapid initial decline in the first year,
10 leveling off through about year five at about a 10 percent

1 decline rate. Using those numbers and a .65 Bcf, your payout
12 to recover your $800,000 cost is approximately six years.

13 0 | Well, what's a 3-year payout? Ts that

14 on 107 prices?

15 A, No, a 3~yeaf payout I mentioned to you,
16 was my feeling,’and this was only my feeling, of whether a

17 well would be worth drilling or not.

18 A 6-year payout to me would be very

19 marginal economics. You'ld be tying up Qour money a lot

20 longer than need be there. You just -~ you need better econ-
21 omics than that to be drilling these wells.

2 | ) crhis Exhibit Number Two doesn’t show any
23 wells at all in almost the entire east half of that area,

24 except the well in the Section 34, 3 North, 3 West. That

25 means that there have been no wells drilled with the exceptiop

2l

vy
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2 | of that one well that I mentioned on there.
3 A No wells to the Dakota, that is -- that
4 is correct. This wquld be an area that the 107 prices would
5 virtually be a must for the exploration of. Obviously, no
6 one has thought under 103 prices this area is worth prospecting.
7 The 107 would -- would encourage drilling of wells in this
8 area.
9 o - Is this -- is this area uritized cur-
10 rently under -~ do you know?
14 A I don't believe it's under a unit agree-
12 ment, not the farther east. Most of the -- most of the newer
/? 13 wells arerﬁnder egisting units.
14 0o Is this éast half area drilled in shallower
15 formations?
16 A It might possibly be but I don't have
17 that information. I‘ve just concentrated on Dakota wells.
18 To my knowledge, if so, there would be very, very few yells.
19 Q. You don't know whether there are any
20 Pictured Cliffs wells, Pictured Cliff wells at-all in this
21 area?
22 A Not offhand I donfL. I would have to
23 check, check my PI cards to see if any were drilled.
214 MR. PADILLA: I believe that'’s all 1l
25 have, Mr. Exauiner.
]
3
L.
2 /
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CROSS EXAMINATION
BY MR. STAMETS:

0. Mr. McCord, in reviewing the exhibits,
apparently you have based your contention that you would ex-
pect to find permeability throughout this area less than one-
tenth of a millidarcy on a number of cores that were available
in the area.

A Yes, sir, that's correct.

0. Okay. I looked at Exhibit Number Two

ang i&éntifieé eleven wells with potentialé, I presume after

stimulation, that exceeded 3-million cubic feet a day. I

also noted that none of these wells happened to be a well
that was cored. It seews as though the cored wells are alwaysy.
the poorer wells.

Is there any way of going backwards from
what we have’on these wells and determining the permeability?

A Yes. The main thing being, first of

all, I'd like to state that I'm sure you're aware that the
initial potential is a very misleading figure on wells.

........ = e S i T R 2 5

I have looked at approximately 29 wells

production from those wells is in the range of 15 to 20
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percent of their IP, which indicates that their IP number is

very misleading as what the wells will do against line pressurge

when put on line, actual production.

Also, I've found that the average first
year production is approximately 16 percent.

So 1'd like to state that the IP is a
misleading number. Also, I see some of the wells you're taigi
about with over 3-million IP wells -- IP data, some of these
are also wells that had initial natural production tests taker
on them in a manner I described earlier, with the pitot tube
test. With that test I found that averaging all these wells
involved, féund that all these wells still stayed under the
336 Mcf per day criteria, which associates approximately to
a .1 millidarcy at reservoir conditions. Therefor, if they
are below the 336, using Darcy's Law they would also be below
the .1 millidarcy for the area.

That is about the only way I can come up
with -- with an answer to your questicn are the natural pro-
duction tests that were taken;in each case they were below
the .1 millidarcy in situ.

Q0. 1 believe you indicated, though, that
the pitot tube tests were not noted for their accuracy.
A That's -- that's correct, they are not.

But in most instances I believe that they would be reporting

ng
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from the data we found already in the adjéining townships.

‘data is. The only point, without drilling wells in that

41

rates too high, is my feeling. I think the actual production,
the stabilized production rate, would be much lower than they
report.

0 There is, as Mr. Padilla pointed out,
a dearth of evidence relative to Townships 30 and 31 North,
Ranges 2 and 3 West, the only evidence being that no wells
have been drilled.

On what could we base a finding that the

permeability in the area is .1 of a millidarcy or 1ess‘and
productive capacity would be less than 3662

R That would just have to be used from --

It is a way away but there has also been no -- no active
drilling in this area, which indicates that the area needs to
be further developed, which the 107 price would -- would |
definitely encourage that.

In answer to your gquestion, there is
really no way to -- to tie that area in with the rest of -~

with the rest of the -- the middle part of the area where the

arca, it's just going to be tough.
MR. STAMETS: We're going to take about

a fifteen minute recess while we have a little conference up

here among the staff, at which time we will resume the hear{iF.
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{Thereupon a recess was

taken.)

MR. STAMETS: Mr. McCoxd, after examining
the information which has been submitted here today, it would

appear to the Division staff that it will be necessary to

which would demonstrate the wells in the area are not economid
under the current 103 price.

And I would ask that this additional
information be coordinated with Mr. Frank Chavez, who is our
District Supervisor in Aztec, and also providing information
to Mr. Padilla as to what is being done and the process that
you intend to use to provide this data.

MR. CARR: We'll be glad to do that and
after we meet with Mr. Chavez we will -- and agree on exactly
what data is_goiﬁg to be required -- we'll notify all those
who appeared in this case of what additional information has
been requested,

MR. STAMETS: I1'd also suggest that if
there is any evidence which could be brought in that would
help relative to 30 and 31 North, 2 and 3 West, that should
be offered.

Is there anything -- any other questions
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of this witness? The witness may be excused.

I understood that there might someone
here who would have trouble getting back and would like to
make a statement.

MR. PAULSON: Yes, Mr. Examiner. Gary
Paulson on behalf of Amoco Production Company.

We have come today in support of this
application as a working interest owner in the‘érea. It is
our feeling that the added incentive price is required and
necessary,for future Basin Dakota development, and we would
ask that the application be favorably considered by the
Commission.

We do have evidence to’present to the
effect that a number of the wells that have been drilled in
this area, in the Rosa Unit, were drilled upon demand by the
USGS, and we had with respect to one year, 1980, evidence to
present to the effect that the development plans submitted
by the working interest owners for the Rosa Unit was to the
effect that no wells were drilled and the USGS rejected that,
and required -- or eventually a plan was submitted whereby
three wells were drilled.

So at least scme of the development
activity in the arca has boen as a result

rather than a economic decision which was made by the working
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interest owners in the area.

And that will support the intent and we
certainly have that evidence available in the event the Com-
mission would like to consider it.

Thank you very much.

MR. STAMETS: Any other statements?

MR. PAID: Mr. Chairman, my name is
Larry Pain. I'm an attorney with Phillips Petroleum Company.

Phillips Petroleum Company does support
the application and urges that it be granted.

We are responsible for drilling of
several of the wells that are listed in Exhibit Three that
were drilled in 1980 and 1981, and you have requested addi-
tional ecocnomic information. We believe that any such informs
ation would show that some of the wells that were drilled
were drilled with acceptable economics on the basis that they
were within a small area that is somewhat more favorable than
the remainder of the area covered by the application.

We feel that there are very few, if any,
additional prospects of that character in the area covered
by the application. |

We are prepared to submit further evi-
dence in that revard, 1if you would like for us to do so.

Phillips owns approximately 27,008 acres
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2 of 0il and gas leases in the area covered by the application.
3 Granting of the application would provide us with numerous

4 additional drillable prospects over what we face now. What

S we face now is largely uneconomic prospects in the area.

6 We believe that the Commission should

7 take a favorable attitude toward the granting of applications
8 for tight formations where the criteria are reasonably satis-
9 fied. Common sense tells us that the price limits estabiisheé

10 under the Natural Gas Policy Act of 1978 are considerably

11 lower than the BTU equivalent of oil prices and that the
12 pricing assumptions that were used by Congress;to-wit, oil
'5‘ 13 equivalency as of the time of enactment of the NGPA was an
14 assumption that wofldwide prices would not rise any faster
15 than the rate of inflation, has been completely shattered
16 by events which have occurred since the enactment of the
17 NGPA. With world oil selling at well in excess of $30.00
18 per barrel, and an assumption of a 5.8 BTU equivalency
19 factor, any gas that can be developed at any cost less than
20 approximrately $6.00 per Mcf can and should be developed in
21 order to enhance our domestic supply situation and reduce
22 ocur dependency on imporis.
r ‘ 23 The Section 107 pricing authority under
. 24 the NGPA is an appropriate method for stimulating additional
| 25

domestic gas sources, which should be viewed favorably by

-
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this Commission and also by the FERC as it reviews your re-
commendations.

Thank you very much.

MR. STAMETS: Are there any other state-
ments at this time?

Go off the record a second.

(Thereupon discussion was

had off the record.)

Is there anything further in this case
today?
This case, then, will be continued to

the August 26th Examiner Hearing,

(Hearing concluded.}

p—y




>

SALLY W. BOYD, C.S.R.

§§
]
=2
-5
238
i
3
=
A

10

11

12

13

19

15

16

17

18

19

20

21

23

24

Page 47

CERTIFICATE
I, SALLY W. BOYD, C.5.R., DO HERERPY CERTIFY that
the foregoing Transcript of Hearing before the 0il Conserva-
tion Division was reported by me; that the said transcript
is a fulli, trué, and correct record of the hearing, prepared
by me to the best of my ability.

1L d2Boud Cse-

| do hereby cerlify that the foregoing I
a complete record of the proceedings In
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EXHIBIT
NUMBER

10

11

12

13

14

15

16

17

LIST OF EXHIBITS

EXBIBIT
NAME- °

Dakota Reservoir Map

Dakota Formation Well
Completion and Production
Map

Rosa Tight Gas Area Wells

Type Log

Cross Section A-A'

Cross Section B-B!

Core Analyisis
Northwest Pipeline Corp.
San Juan 30-5 Unit No. 27

Core Analysis
El Paso Natural Gas Company

- 8an Juan 30-5 Unit No. 28-X

Core Analysis
El Paso Natural Gas Company
San Juan 30~%6 Unit No. 31

Core Analysis

aAmoco Production Company
Rosa Unit No.1

Core Analysis

Northwest Pipeline Corp.
San Juan 31~6 Unit No. 16
Core Analysis

Blackwood & Nichols, LTD.
Northeast Blanco Unit No. 1
Technical Paper

Determination of In Situ
Permeability

Summary of Permeability Data

Natural Production Tests

Darcy's Law+Calculation

PURPOSE OF EXHIBIT

Show location of Rosa
Tight Gas Area with
respect to Basin Dakota
production.

Show production figures

of completed and dry Dakota
wells in and around the tight
formation area.

List production figures of
completed and dry Dakota
wells in thé tight formation
area.

Show log characteristics and
depth of Dakota formation.

Show
ment

Show
ment

Show
perme

Show
perme

Show
perme

Show
perme

Show -
perme

Show
perme

Prese
labor

Show
situ
core

Shows
avera
in si

Lists
taken

Show
rate

Dakota formation develop-
in a west-east direction.

Dakota foriation develop-
in a north-south direction.

average laboratory core

ability.

average laboratory core
ability.

average laboratory core
ability.

average.légoratory core
ability.

avérage ‘laboratcry
ability.

o]
o]
3
1D

average. laboratory core
ability.

nt relationship between

atory and in situ permeability.

inethod of determining in
permeability from laboratory
analysis.

summary of permeability data,;
ge laboratory permeability and

tu permeability.

natural production tests
and average results.

unstimulated gas production

using average in situ permeability.




' ROSA TIGHT GAS AREA WELLS

EXHIBIT NO, 3

Ip CUMUILATIVE
DAKOTA GAS/0IL 1980 PROD. 01-01-81

COMP?ANY WELL NAME LOCATION DEPTH . IP DATE MCFPD/EOPD MCFPD/BOPD BCF/BO «
Sunray DX 0il Co. #1 Jicarilla Tribal NW/NW 34 30-3 8213 09/64 D&A . —_— -
El Paso Natural Gas Co. Carson #2 NW/SW 7 30-4 8083 09/79 869/0 302/0 .055/0
El Paso zmncwmw Gas Co. 329 San Juan 30-4 Unit SE/NW 18 30~4 8425 02/8L 2506/0 New Well - ﬂ
Coastline Petroleum 1 Schalk-76 SW/NW 25 30-4 8675 02/75 D&A — -— |
Southland Royalty Co. #1 Carson NW/SW 1 30-5 8030 10/69 2129/0 129/0 .518/0
Schalk Development Co. . wormwx #54 SE/NE 2 30-~5 8018 01/73 25C1L/0 111/0 .297/0
Schalk Development Co. Schalk #55 NE/NE 3 30-5 7940 03/73 3298/0 34/0 .126/0
Southland Royalty Co. Cat Draw #1 SW/sW 4 30-5 7780 09/68 2074/Q ST .186/0
Northwest mwmmpnsm monv. 3% San Juan 30-5 Unit SW/NE 7 30-5 7686 07/75 1703/0 67/0 .123/0
Northwest Pipeline Corp. 37 San Juan 30-5 Unit NE/SW 8 30-5 7688 01/74 3944/0 37/0 .503/0
Northwest Pipeline Corp. 70 San Juan 30-5 Unit ‘- NE/NE 9 30-5 7752 12/80 1584/0 New Well —_— .
Northwest Pipeline Corp. 49 San Juan 30-5 Unit SW/SW 9 30-5 7683 12/80 855/0 New Well - ‘
Northwest Pipeline Corp. 73 San Juan 30-5 Unit ; NW/NE 10 30-5 7919 03/81 2635/0 . New Well -— W
Northwest Pipeline Corp. 72 San Juan 30-5 dnnn SW/SW 10 30-5 7790 04/81 2456 /0 New Well —_— ) m
Schalk Development Co. Schalk #57 NE/NW 12 30-5 8009 - 07/73 5107/0 148/0 .452/0
Northwest Pipeline Coxp. 52 San Juan 30-5 Unit ) SE/SW 15 30-5 7920 03/81 2679/0 New Well —_—
Northwest Pipeline Corp. 53 San Juan 30-5 Unit NE/SW 16 30-5 7685 12/80 1209/0 New Well . -

Northwest Pipeline Corp. 47 San Juan 30-5 Unit NW/SW 17 30-5 7794 08/75 1610/0 129/0 .235/0

oy canres O R e ey
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Page 2
. ip CUMULATIVE
DAKQTA GAS/OIL 1980 PROD. 01-01-81
COMPANY WELL NAME LOCATION DEPTH IP DATE MCFPD/BOPD MCFPD/BOPD BCF/30
Northwest Pipeline Corp. 38 San Juan 30-5 Unit SW/NE 18 30-5 7667 om\mo 2035/0 New Well -—
Northwest Pipeline Corp. 6 3an Juan 30-5 Unit SW/SW 19 30-5 7607 03/56 P&A v—— ——
Northwest Pipeline Corp. 48 San Juan 30-5 Unit NW/NE 20 30-5 7790 €1/80 3691/0 New Well -
Northwest Pipeline Corp. 27 San Juan 30-5 Unit SW/SW 20 30-5 7646 12/59 1309/0 24/0 .248/0
Northwest Pipeline Corp. 51 San Juan 30-5 Unit zz\zm 21 30-5 7759 12/80 4792/0 New Well -—-
Northwest Pipeline Corp. 71 San Juan 30-5 Unit SW/SW 22 30-5 7807 12/80 2145/0 New Well :ml
El Paso Natural Gas Co. 28-23-X San Juan 30-5 Unit NE/NE 23 30-5 8075 , oo\mm D&A - -
Northwest Pipz2line Corp. 38 San Juan 31-6 Unit NE/NW 2 30-6 7832 04/81 2828/0 New Well —
El Paso Natural Gas Co. 31 San Juan 30-6 Unit SE/SW 33 30-6 7550 07/59 964/0 29/0 .255/0
Blackwood & Nichols 12 NE Bianco Unit SW/NE 18 30-7 7590 06/50 P&A Dakota ——- -
(M7 Compl.)
Northwest Pipeline Gorp. Rosa Unit #42 SW/NE Hm‘wwlb not muwmn 11/61 D&A -— —_— ' W
Northwest Pipeline Corp. Rosa Unit #43 NW/SE 19 31-4 mwmm. 05/62 2352/0 98/0 .064/0 m
Irving Pastermnak Rosa Unit i#49 SW/SW 27 31-4 8430 11/63 P&4 Dakota - - :
MV Compl.)
Northwest Pipeline Corp. Rosa Unit #63 SW/NE 30 31-4 8088 11/77 225/0 63/0 .004/0
Coastline Petroleum 1 Schalk-56 NE/SW 2 31-5 7856 08/73 D&A —_— —— |
Northwest Pipeline Corp. Rosa Unit #53 NW/NE & 31-5 7900 03/70 1043/0 126/0 -668/0 |
Northwest Pipeline Corxp. Rosa Unit #80 | zm\wz 8 31-5 7845 03/81 2155/0 New Well - |




Page 3

Ip CUMULATIVE
DAKOTA GAS/OIL 1980 PROD. 01-01~81
COMPANY WELL NAME LOCATION DEPTH IP DATE MCFPD/BOPD MCFPD/BOPD BCF/BO
Northwest Pipeline Corp. Roza Unit #70 NW/NW 10 31-5 8162 01/66 1500/0 261/0 .248/0
Northwest Pipeline Corxp. Rosa Unit #48 SW/SE 11 31-5 8151 12/62 3207/0 326/0 .218/0
ZONanNmn Pipeline Corp. Rosa Unit #40 _SW/NW 11 31-5 8358 J7/61 3560/¢C 271/0 .216/0
Nortiwest Pipeline Corp. Rosa Unit #61 SE/SW 13 31-5 8124 11/77 337/0 55/0 .074/0
zownmmmmn Pipeline Corp. Rosa Unit #65 NE/NE 17 31-5 7870 08/78 3095/0 163/0 .104/0
Northwest Pipeline Corp. Rosa Unit #68 NW/SW 17 31-5 not given 08/80 5757/Q 609/0 .093/0
Northwest Pipeline Corp. Rosa Unit #62 NE/NW 25 31-5 8088 1/77 342/0 82/0 wwom\o
Northwest Pipeline Corp. Rosa Unit #64 NE/NE 29 31-5 7950 16/78 1843/0 175/0 ] .132/0
Northwest Pipeline Corp. Rosa Unit #52 NW/NW 33 31-5 7980 02/70 2401/0 248/0 1.095/0
Northwest Pipeline Corp. Rosa Unit #55 NE/SE 34 31-5 8056 10/74 264/0 ,Hmw\o .386/0
Northwest Pipeline Corp. Rosa Unit #56 SW/NW 35 31-5 8200 11/75 675/0 96/0 .232/26
Northwest Pipeline Corp. Rosa Unit #54 NE/SW 36 31-5 8284 09/7 304/0 SI .029/0
Amoco Production Co. Rosa Unit 35-X NE/SW m,wwlm 7822 10/59 D&A Dak. -— -—
, MV Comp.
Amoco Production Co. Rosa Unit #36 mm\zm 11 31-6 7955 12/59 P&A —— ———
MV Comp.
Amoco Production Co. Rosa Unit #1 ms\mm 11 31-6 7865 09/52 560/0 (P&A) ——
Northwest Pipeline Corp. Rosa Unit #66 NW/SW 13 31-6 7957 08/78 4427/0 245/0 .928/0
Amoco Production Co. Rosa Unit #69 NW/NW 16 31-6 7918 049/80 P&A - —
Northwest muﬁwHHmm Corp. 79 San Juan 31-6 Unit NE/SW 22 31-6 7757 03/81 1858/0 New Well -—




Page 4

Ip CUMULATIVE
DAKOTA GAS/0IL 1980 PROD. 01-01-81
COMPANY WELL NAME LOCATION DEPTH IP -DATE MCFPD/BOPD MCFPD/BOPD BCF/BO
Northwest Pipeline Corp. Rosa Unit #51 NE/NW 23 31-6 7823 01/70 1385/0 170/0 .736/0
Northwest Pipeline Corp. 36 San Juan 31-6 Unit zm\zw 27 31~y 7806 03/81 255770 New Well ——
Northwest Pipeline Corp. 24 San Juan 31-6 Unit NE/SW 27 31-6 7939 12/73 1341/0 SI .269/0
Northwest Pipeline oonv., 16 San Juan 31-6 Unit mmes 33 31-6 7895 07/59 1783/0 SY 074/0
Northwest Pipeline Corp. 33 San Juan 31-6 Unit SW/NE 34 31-6 8712 06/80 4119/0 New Well -—
Northwest Pipeline Corp. 35 San Juan 31-6 Unit. NE/NE 35 31-6 7908 Q7/80 2643/0 New Well ———
Northwest Pipeline Corp. 31 San Juan 31-6 Unit SE/SE 35 31-6 7796 06/80 3770/0 New Well R ;
Northwest Pipeline Corp. 37 San Juan 31-6 Unit SW/SE 36 31-6 7952 1 04/81 2370/0 New Welil ) ——= W
Blackwood & Nichols 58 NE Blanco Unit NE/NE 13 31-7 7975 11/59 2461/0 217/0 1.387/0 w
Blackwood & Nichols 57 NE Blanco Unit NE/NE 21 31-7 7780 09/59 1235/0 -37/0 L6644 /0 w
Blackwood & Nichols 55 NE Blanco Unit NW/NE 22 31-7 7856 10/58 275/0 27/0 .182/0 w
Blackwood & Nichols 1 NE Blanco Unit SE/NE 27 31-7 - 7792 2.0/52 536/0 217/0 2.398/0
Amoco Production Co. McKay #1 NW/NE 28 31-7 7765 03/71 D&A -— ~-—= | W
Blackwood & Nichols 56 NE Blanco Unit NE/NE 34 wwlw - 7660 11/58 2839/0 30/0 .417/0
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DEPTH (ft)

7650~-7651
7651-7652
7652-7653
7653~7654
7654~7655
7655-7656

7658-7659

7661-7662

7662-75663

7667-7668

7669-7670
7670-7671

7688-7689
7689-7690
7690-7691
7691-7692
7692-7693

7694-7695

7696-7697
7697-7698

7707-7708
7708-7709
7709-7710

7719~7720
7720-7721
7721-7722
7722-7723
7723-7724
7724-7725

1727-7728
7728-7729
7729-7730
7730-7731
7731-7732
7732-7733
7733-7734

7769--7770
7770-7771
7771-7772

7773-7774
7774-7775
7775-7776
7776-7777
7777-7778
7778-7779
7779-7780
7780-7781

EXHIBIT NO. 7

Company:

Well:

Northwest Pipeline Corp.
(Originally El1 Paso Natural Gas Co.)
San Juan 30-5 Unit No. 27
Basin Dakota Field
SW/SW, Sec. 20, T30N, R5W
Rio Arriba County, New Mexico

DAKOTA FORMATION CORE DATA

SAMPLE FOOTAGE (ft)
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=

b b b

= b e s

e

= b b e b e

HORITZONTAL
PERMEABILITY (md)
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oo

.01
.01
.01
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.01
.02

.02

.03
.02

.02

0.01
0.02

[=No o] o O [« (=N =Nl

RN oNaN o]

(= =N eNoNeNoNo)

.01
.01
.60 .
.01
.01

.02

.01
.02
.03

.0
.51
.07
.25
.10
.c1

.02
.04
.02
.01
.04
.02
.66

0.04
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.03
.03

.01
.01
.02
A4
.11
.10
.21
.13
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San Juan 30-5 Unit No. 27, cont.
HORIZONTAL

PEPTH (ft) SAMPLE "FOOTAGE (ft) ' PERMEABILITY (md)
7781-7782 1 0.10
7782-7783 1 0.01
7783--7784 1 0.03
7784-7785 1 0.03
7785-7786 1 0.09
7786-7787 1 0.02
7787-7788 1 1.01
7788-7789 1 0.05
7789-7790 1 0.06
7790-7791 1 0.05
77917792 1 0.31
7792-7793 1 0.03
7793-7794 1 0.02
7794-7795 1 0.01
7795-7796 1 0.05
7796--7797 1 0.18
7797-7798 1 0.61
7798-7799 1 0.34

TOTAL 65 2.07
avg. k = 237 = 0.140 nd.

l
1




ompany . E1 Paso latural Gas Compeny

CHEMIC™. & GEOLOGICAL LABOR?TORIES

Farmington

CORE ANALYSIS REPORT

bawe Septenber 23, 1‘;\59 .Lab. No. ... . . . _

Vell No... San. Juan 30- 5 #27-20 . _Location Seec, 20-30! ———m
ield . Wildeat. — ; - Formmion Dakota = .. T,
coumy.. . Rio Arriba ... . . - Dephs 701*9' 7799_'_ e
.ate. .. . New- Mexico _ _ . DriBling Fiuid Water Iase Mud - -
¢-cex ¥ Permeablility probably trcrmv $oShita
g:g:::o""l caused by ey lsti]lf’ NF--No Practone t’——:‘é.::\
1~ shale interlaminationg imfuaisampe )
!M:‘:.ul LEGEND OEPIM, FECY :‘::gi',:: “_om;b:;:im.’“‘u:";:_ :[j;iii;gf:;‘:ox;i):r;vs—:‘:it_i c:_:::;‘ ’ j_—::»\j:g___ﬁ—h |:CIZ. ,
no. | e} pmeTay T, L[ NERPUAL OIL | TOTAL watn l A ;
Core No. |1 764y - 7710 : | ! z
' : l
1 VF 7650-51 7.7 0.01 , Trace | 27.0 ! :
21 NF 7651-52 | 8.5 0.01 Tracc | 16,7 |
31 VF 7652-53 | 6.7 0.01 ! Trace | 12.2 ! :
L1 VF 7653-54 | 7.7 0.02 | Trace 2.4 : )
5{ VF 765455 | ©.2 | 0,01 | 0 21.2 f ]
6| VF 7655-56 | 8.6 | 0.02 0 | 15.8 i s
' i
71 VF 658-59 | 8.8 0.02 Trace | 12 L !
1 H
8 VHF ‘76(31-.62 10.2 0.03 0 15.2 :
9 VF  7662-63 9.6 0.02 C 19.2 ;
10 VEF 7667~68 110.0 0.02 Trace 2G.5 ;
11| VEF| 76639-70 | 6.5 | 0.01 Trace | 15.4 ; P
12 VHF 7670-71 7.9 0.02 | 1.4 20.6 i i
! :
13| HF 7688-89 | 4.9 | 0.01 | Trace | 26.1 i
14| HF 7689-90 | 5.0 c.o1 | i Trace | 24,2 |
15 i 7650-~-91 5.9 0.50* Trace 3‘5.9 ; :
16 nr 7691-92 3.7 0.01 Trace G4,G ! :
17} VHF 7692-93 | 7.0 .01 Trace 54,7 |
18] wr 769435 | 9.3 | 0.02 P Trace | 1h.2 :
‘ :
19l HF 7696-97 111.k | 0.25% 0 27.7 ;
i1 20 NF 7697-206 6.3 0.C1 : O | 18.6 : !
. ; : | !
;21| VHF| 7702-027] 2.6 | 0.0L | 0| 2.3 ,
o2 VHF ! 7707-08 | 2.0 | o0.01 6 e, '
2& I VHF j 1 706-09 6.1 (.02 | C 8,0 i
2% VHF i 7709-10 | 5.9 0.C3 Trace 23,0 j i
| ! | : !
| f ! |




E1 Paso Natural Gas Company

San Juan 30—5 #27-20 S Ri riba City, liew Mexico
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GeCraek ¥ Permeablllty ﬁrOhdh’Y LrGEn. §--Slint
:'—»)).;ﬁllﬂlﬂ\ :lrl ca used by o _lSt‘ I‘g NP~ Ko Frac-uie %’::{\’:'r:v:i},l
©o  shale interlaminations i i me seun VoV
JAMPLE LKGEND DEPTH, FCEY ! 'I :—-'::stvl—nxu~—'wi:.:?l;’n:—:':.:—- B _—_aﬁ *.—" - T' ' -.O‘;_'- :-""—_ “";—;'f‘—j:““"' FOLURLINY , e T ]
wo. b .._.‘ < PONLEPACL  woxizONTAL o AL ALY _.-"':b::.\; ;)(I:_ "'::’:f‘l-'i"’,‘:.'i_ v ‘TS’ R _:si.'--é‘_ L l;Ci; S :
: , i
Core iHo.' 2 7710 - 7?ld RecovFred G !
fio samplies analyzed
: }
| Core No.! 3 7719 - ?72a Recovegred O3
129 | WIF .| 7719-20 | 3.8 | 0.01' o 30.3
126 | HF. 2720-21 | 2.8 | 1,51 o 50,7 | |
127 | HF 7721-22 1 3. | 0.07 | C 33.8 i
28 | HF 7722-23 | 2.4 0. ¢5* C €0.8
29 HF 7723-24 k., 5 0. lC* ¢ l 51.6
30 { vBR -| 772425 | 2.6 | ©.01 0 . 385 !
i Core o,k ?72$ - 7738i Recon gred 10t i ! :
231 | ovee 7727-28 | 3.0 | 0.02 | O i 16.0
132 | yup 772C-z9 3.4 | 0.0k o | 11,3 |
33 | v 729-30 | 5.% 0.02 o | 11,3 |
13k | v 7720~3L 1.8 | 0.01 o | 12.2 |
139 | BF 7731-32 | 3.9 | 0.0k ¢ o3y !
2536 VI 7732-33 2.5 ¢.C2 O [ 12.0 ¢ !
37 | wF 7733-3% | 3.8 | o0.66 O § 11.0 i

A —— . n ——————— a—— —




&) Poso Hatwas vas Compuny ViauCu
San Juan 30-5 #27-20 Rio Arriba.County, New lexico
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i | :
Core No,i 5 continued
62| VF 7793-94 | 5.8 | 0,02 0 39.1
63 |. VF 779%-95 1 G0 | olo1 | o | 32130
6l | NF 7795-96 | 8.3 | 0.0 | 0 %9.9
651} NP 7796-97 | ©.5 0.138 | Trace 51,7
66! NF 7797-980 9.4 ¢.C1 | Trace 52.1 _
67| NF 779L-99 9.t 0.3%: i Trzce | 53.: A
’ i
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EXHIBIT NO. g

Company: El1 Paso Natural Gas Company
Well: San Juan® 30-5 Unit No. 28-X
Basin Dakota Field
NE/NE, Sec. 23, T30N, R5W
Rio Arriba County, New Mexico

DAKOTA FORMATION CORE DATA

) HORIZONTAL
DEPTH (ft) SAMPLE FOOTAGE (ft) PERMEABILITY (md)
8075-8076 1 0.02
8076-8077 1 0.01
8077-8078 1 0.01
8078-8079 1 0.01
8079-8080 1 0.01
8080-8081 1 0.01
8081-8082 1 0.01
8082-8083 1 0.01
8083-8084 1 0.01
8084-8085 1 0.01
80858086 1 0.01
8090-8091 S 0.01
8091-8092 1 0.01
8092-8093 1 0.01
8093-8094 1 0.01
8094-8095 1 0.01
8095-8096 1 0.01
8096-8096. 8 .8 0.01
8116-8117 1 0.03
8117-8118 1 £0.01
8118-8119 1 0.01
8119-8120 1 0.01
8120-8121 1 0.02
8121-8122 1 - 0.01
8122-8123 1 10.01
8123-8124 1. 0.01
- 8124-8125 1 0.01
o 8125-8126 1 0.01
. ] 8126-8127 1 .01 i
[7[ ; 8127-8128 1 0.01
s - 8128-8129 1 0.01
8129-8130 1 0.02
, 8130-8130.9 .9 0.01
1
: 8133-8134 1 0.01
8134-8135 1 0.01
8138-8139 1 0.01
8139-8140 1 0.01
8140--8141 1 0.01
8141-8142 1 0.01
| 8142-8143 i 0.01
= 8143-8144 1 0.01
SRR 8144-8145 1 0.01
8145-8146 1 0.01
8146-8147 1 0.01
8147-8148 i 0.65
8148-8149 1 0.01
8155-8156 1 - 0.01
8156-8157 1 0.01
8157-8158 1 0.01
8158-8159 1 - 0,01
8159-8160 1 0.0i
8160-8161 1 0.05
8161-8162 1 0.02
8162-8163 1 7.2
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San Juan 30-5 Unit No. 28-X, cont.

HORIZONTAL

DEPTH (ft) SAMPLE FOOTAGE (ft) PERMEABILITY (md)
8163-8164 1 0.01
8164-8165 1 0.02
8165-8166 1 © 0.01
'8166-8167 1 7.01
8167-8168 1 0.01
8190-8191 1 2.10
8191-8192 1 0.24
8192-8193 1 0.01
8193-8194 . 1 0.07
8200-8201 1 0.01
8201-8202 1 0.01
8202-8203 1 0.01
8203-8204 1 0.01
8204-8205 1 c.01
8205-8206 1 0.01
8206-8207 1 0.01
8207-8208 1 0.01
8208-8209 1 0.01
8209-8210 : 1 0.01
8210-8211 ' N 1 0.01
8222-8227 1 0.19
8223-8224 1 0.01
82248225 1 0.01
8225-8226 1 0.01
8226-8227 1 0.01
8229-8230 1 0.01
8230-8231 1 0.02
8238-8239 1 0.01
8239-8240 1. 0.01
8240-8241 1 0.01
8241-8242 1 0.01
8242-8243 1 0.28
8246-8247 1 ~0.01
8247-8248 1 $.01

TOTAL 87.7 11.66

11.66

Avg. -8—7-‘:'7— = 0.133&1
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EXHIBIT NO. 9

Company: El Pado Natural Gas Company
Well: San Juan 30-6 Unit No. 31
Basin Dakota Field
SE/SW, Sec. 33, T30N, R6W
Rio Arriba County, New Mexico

DAKOTA FORMATION CORE DATA

’ . HORIZONTAL
DEPTH (ft) SAMPLE FOOTAGE (ft) PERMEABILITY (md)
7635-7636 1 0.01
7636-7637 1 ¢.01
7637-7638 1 0.05
7638-7639 1 0.07
7639-7640 1 0.01
7640-7641 1 0.10
7641-7642 1 < 0.01
7662-7643 1 < 0.01
7643-7644 1 0.01
7644-7645 1 < 0.01
7645<7646 1 0.01
1646~7647 1 < 0.01
7647-7648 1 < 0.01
7716-7717 1 0.13
7717-7718 1 0.04
7718-7719 1 0.01
7719-7720 1 0.90
7720~7721 1 < 0.01
7721-7722 1 < 0.01
7722-7723 1 < 0.01
7723-7724 1 <(Q.01
7724-7725 1 < 0.01
7725-7726 1 < (.01
7746-7747 1 0.04
7751-7752 1 0.01
77527753 1 0.06
77537754 1 1.90
7754-71755 1 0.27
7755-7756 1 0.01
7756-7157 1 0.03
7757-7758 1 G.17
7758-7759 1 0.05
7759-71760 1 0.90
7760-7761 1 1.00

! TOTAL 34 5.90
]
Avg. K = 22'90 = 0.174 nd
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EXHIBIT NO. 10

Company: Amoto Production Company
Well: #1 Rosa Unit
Basin Dakota Field
SW/SE, Sec. 11, T31N, R6W
Rio Arriba County, New Mexico

DAKOTA FORMATION CORE DATA

HORIZONTAL
DEPTH (ft) SAMPLE FOOTAGE (ft) PERMEABILITY (md)
7878-7879 1 0.05
7912-7914 2 0.05
7914-7916 2 0.34
7916-7923 7 .05
7923-7928 5 0.18
7928--7930 2 0.59
7930-7931 1 0.05
7932-7536 4 0.05
TOTAL 24
Weighted Total = 3.51 md
Avg. K = =22 = 0,146 ma

24
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—— Pty
EXHIBIT NO. 11
Company: Northwest Pipeline Corp.
(Originally El Paso Natural Gas Co.)
Well: San Juan 31-6 Unit No. 16
Basin Dakota Field
SE/SW, Sec. 33, T31N, R6W
Rio Arriba County, New Mexico
DAKOTA FORMATION CORE DATA
_ HORIZONTAL
DEPTH (ft) SAMPLE FOOTAGE (ft) PERMEABILITY (md)

7904.5~7305 .5 0.02

7905-7906 1 0.02

7906-7907 1 < 0.01

7907-7908 1 < 0.01

7908-7909 1 0.06

7909-7910 1 0.01

7910-7911 1 0.01

7911-7912 1 < 0.01

7912-7913 1 < 0.01

7913-7914 1 < 0.01

7914-7915 1 < -0:01

7915-7916 . 1 < 0.01

7916-7917 1 < 0.01

7917-7918 1 < 0.01

7939-7940 1 < 0.01

7940-7941 1 < 0.01

7941-7942 1 0.01

7942-7943 1 0.02

7957-7958 1 < 0.01

7958-7959 1 < 0.01

7959-7960 1 0.01

7960-7961 1 0.01

7961-7962 1 0.02

7962-7963 1 0.01

7963-7964 1 0.01

7964-7965 1 0.01

7965-7966 1 0.01

7966~7967 1 0.01

7967-7968 1 0.05

: 7978-7979 1 0.01

¥ 7979-7980 1 < 0.01

7980-7981 1 < 0.01

7981-7982 1 0.02

7982-7983 1 0.04

7983-7984 1 0.07

7989~-7990 1 < 0.01

: 7990-7991 1 < 0.01
- 7991-7992 1 0.02 "

F 8005-8006 1 0.07

: 8006-8007 1 0.01

~  8007-8008 1 0.01

8008-8009 1 < 0.01

8009-8010 1 < 0.01

8014-8015 1 0.28

8015~8016 1 0.23

8016-8017 1 0.54

8017~-8018 1 0.06




San Juan 31-6 Unit No. 16, cont.

, HORIZONTAL

DEPTH (ft) SAMPLE FOOTAGE (ft) PERMEABILITY (nd)
8022-8023 1 < o.01
8023-8024 1 < 001
8024-8025 1 < ool
8025-8026 1 Z ool
8029-8030 1 0.04
8030-8031 1 0. 99
8031-8032 1 0. 28
8032-8033 1 043
8033-8034 1 0. 08
8034-8035 1 0.04
8035-8036 1 0.0
8036-8037 1 o007
8037-8038 1 < o001
8038~8039 1 0 14
8039-8040 1 4. 35
8040-8041 1 < o0

TOTAL 62.5 3.60

-~ 3.80 R

Avg. K = 5 = 0.058 md \




COMPANY._EL_PASO NATURAL QAS COMPANY . _ . ___ .
WELL_____SAN JUAN 31-6.NO, 16-33 ... .. .. . .
FIELD._ ___ WILDCAT (BLANCO MESA VERDE LDAKOTA) _ FORMATION.DAKOTA _ .

COUNTY. _ RIO_ARRIBA _
LOCATION_SEC. 33-T31N-BAW __ _

Wit
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... FiLE NO. RP—3'~1037~
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EXHIBIT NO. 42

Company: Blackwood & Nichols, Ltd.
Well: Northeast Blanco Unit No., 1
Basin Dakota Field
SE/NE, Sec. 27, T31N, R7W
San Juan County, New Mexico

DAKOTA FORMATION CORE DATA

HORIZONTAL

DEPTH (ft) SAMPLE FOOTAGE (ft) PERMEABILITY (md)
7831-7832 1 0.01
7832-7833 1 0.01
7833-7834 1 0.01
7834-7835 1 0.01
7835-7836 1 ©0.01
7836-7837 1 0.01
7837-7838 1 0.01
7838-7839 1 0.01
' 7839-7840 1 0.01
; © 7840-7841 1 0.01
: 7841-7842 1 0.01
| 7842-7843 1 0.01
| 7843-7844 1 1.50
TOTAL 13 1.62
1.62
Avg. K = 337 = 0.125 nd
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Effect of Overburden Pressure and Watér
Saturation on Gas Permeability of Tlght

Sandstone Cores

Rex D. Thomas, SPE-AIME, U.S. Buseau of Mines
Don C. Ward, SPE-AIME, U.S. Bw:zv of Mines

Iniroduciion

Research on the potential of nuclear explosions to
stimulate gas prodvclion {rom low-permeability
(ight) sandstone reservoirs is being conducted by the
U. S. Bureau of Mines 1o cooperation with the Atomic
Energy Commission. This report describes the part of
that research that was condocled to estzblish correla-
tion berween permcabihity yneezsured on dry cores at
low external pressure (rouine analvsis) 2nd permea-
bility at reservoir conditions. .

Cores used in this research were obiained from two
Plowshare gas-stimulation projects. Pyoject Gasbuggy
cores {rom the Pictured Clifis formaton, Choza Mesa

feld, Rio Arrba County, N. M., can bc descnbed 2s

very fine grained, clightly M‘*z:cs"s, well indureicd
szndstone. PTO)eCI W gon Wheel cores fiom the For
Union {ormaztion, Pinedale Held, Sublente County,
Wvyo., can be descnbed as very fine ¢rzined, siichiy
czicareous, very well mmdurated sendsione.
Undergiound reservoirs zre under considerable
compressive stress zs 2 resoit of the weight of overly-
ing rocks (ofiset somewhat by iniernal-fnd pressure).
The resulizpt pet confining pressure or effective over-
burden pressure 1s referred 1o in this sepori simply as
oveiburden pressure. The resuliing effects on ithe phy-
sical properucs of the seservoir sock have been
stugied.’ Overburden piessuic czuses only 2 small
decrczse 1o porosity, which czn vevally be ignored.?
This wzs confirmed for Pioject Gavbugey and Project
Wazgon Wheel cores. A commercial Jzborelory found
that the porosity of these cores 1s reduced by zbout 5

ettt h /\\vr\r;\vlr 'Or rsoccrirn
PV AAEE ML e s ,/:\..;_;u .

120

percent of the original porosity, The effect of over-
burden pressure on permeability, however, is zppre-
ciable and varnies considesably for different reservoir
rocks,’= causing greater reductions in permcability
for Yow-permeability rocks.”* The effect of overbur-
den pressure on relative permeability has been found
10 be smail* or nonexistent.®

This report presents maierial that confinns and ex-
lends previous Jsescarch findings on the efiect that
overburden pressure has upon the permeability of dry
cores. Also presented are the results of research on
the relative gas permezbility of low-permeability
cores eader overburden pressure.

Apparatus and Procedure

Cylindrical cores 2.0 to 7.5 ¢m long 2nd 2.5 c¢m in
Gizmeler were cut parzllel 10 the bedding piane. Afier
the coies were 6ried overnight in a vacuum oven (4.5
psia, 70°C), ihe gas (N.) permezbility of cach core
was nezsured in 2 Hzasder cell. An exicimal pressuic
of 100 psi over the inlet pressure was vsed 10 mazin-
izin a good seal between the rubber sleeve znd the
core.* Permezbility was measused at inlel pressures of
45, 60, and 100 psia, with aimospheric pressure al
the outlet. A bubble tube and Umer were used 1o
measure gas flow rate. Initial penncability (4;) then
was czleulated by the Hlinkenberg technigue to cor-
rect for the efect of gzs slippage. All other permeadbil-
ies seported here were calculated by this method.

In the (ame manner, permeadbility was measured at

e o e e i e e e e e

Research conducied 1o defermine the poifential of nuclear exploszons o stimulate gas A
production verifies that the gas permeability of tight sandstone cores is markedly decreased
with increasing overburden pressure. Water seturation elso reduces the gas permeability

by a large cmount. The relative permeability, however, does not change significantly
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incseasing external piessures of about 530, 1,000,
2.000, 3,000, 4,000, 5,600, 2nd 6,000 psi. Exicinal
p;csswcs actually were somewhat higher to compen-
e Jor intemal pressure. The core and slaniless sieel
.an pitces were placed in a rubber sleeve (piece of bi-
cvele npertube) 0.1 cm thick. Rubber cement was
veed 10 seal the sisinless steel end pieces to the rub-
ber sieeve. Shrinkable plastic tubing proved vnsatis-
faciory becauvse high pressure was required 1o se2) the
core. The jacketed core was mounted in a high-
pressure cell with distilled water as the externa) fluid.

Cores vsed in relative pcrmeability studies were
first subjected 10 high external pressure and then
allowed 10 recover their inmal permezbility. Bulk
volume, dry weight, and porosity were measured by
conventlional gzs-expansion techinigues. Cores then
were subjecied to a vacuum (0.3 psia) for 2 hours,
immersed in waler, and allowed 10 stand under a
vacuum overmight, TV~ cores were weighed and again

subjecied 1o vacuum overnight and weighed again to .

assure complete saturation: Most ol the cores were
completely saiuraled after one night. Porosity values
calculated on the basis of waler s<aturation are in good
agreement with thoss measured by conventicsdl gas-
expansion lechniques.

Water in the core was allowed 1o evaporate at at-
mospheric conditions 10 2 saturation of about 70 per-
cent 2nd the core was placed in the holder for 2 hours
under external pressure (100 psi above inlet) only so
the waler saturation was uniform. Gas permeability
then was measured at three inlet pressures between
30 and )00 psia with atmosphenc pressure at the
outlet. This piocedure was 1epeated for decreasing
water saturations at the same external pressore. After
the permeability was measured the core was weighed

to determine if any water was Jost.-In ali-cases the

amount Jost was negligible. Afier the core was dried
in a vacuum oven, the gas permezbility at this ex-
ferna) pressure was measured. The procedore was re-

peaied Jor external pressures of 3,000 znd 6,000 psi.

Resvlis and Discussion .
Efiect of O\'c.-burdcp Pressvre on Permezbility

Core number, length, porosity, and initial permea-
bility of the cores vsed in this research are shown n
Tzable 1. The core number refers to the depih in feet
at which the core was obtained. Typical plots of the
cfect of simulated overbuiden pressure on Gesbuggy
cores are shown 1o Fig. 1. The penmeability is de-
cicased by about 75 percent at an overburden pres-
sure of 3,000 psi 2nd by S0 percent at 6,000 psi. The
hydrosiatic loeding used in these experiments docs
not sjeproduce subsurface conditions exactly; in an
actual seservorr the honzontal component of siress s
usually Jess than the vertical component. Since the
actual Joading is not known, this method prebably is
as re2listc as any other. Cores that contzin micro-
fracrures are 3ficcied 1o a grester exient, as shown in
Fig. 2. In these cores the permeability is decicased by
about 95 percent at 2 simulated overburden pressure
of 3,000 ps1, with mosi of the reduction occurning be-
Jow 2,000 psi.

The data shown in Table 1 and Figs. 1 and 2 were
obizined by subjecling the core 10 successive incre-
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TABLE 1--EFFECT OF OVERBURDEN PRESSURE ON GAS PERMEABILITY

by S A RS P WAy St Y

*Number denoles depthin feet
**Slightly fmcdured.
tinitial permeability.

mental increases in external pressure. The core was
assumed to be in equilibrium at each pressvre when
permeability measurements remained constant for 15
minules, which required between 1 and 2 hours. A
period of 30 minutes to an hour was reguired 1o at-
tain equilibrium when the inlet pressure was changed.
Consequently, each external pressure was maintained
for a minimurr of 2 hours.

The efiect of decrezsing external pressure was de-

_ termined on a few cores, and typical results are shown

in Fig. 3. Other researchers®® have observed and
shown that this hysteresis is mainly dependent on the
stress history of the core. Cores generally recover their
original permcability after 3 10 6 weeks at 2tmospher-

{Hectlive Overhurden Pressure {psi): 500 1,000 2,000 3,000 £,000 5,000 6,000
Cote tength  Porosity ‘ T T T
Nuabec® {cm) {peicent) key Permeability (md)
Gasbuzgy ,
3927 21 81 0.076 0.053 0.040 0.024 0.0125 0.0132 0.01(5 0.0095
3528 2.5 83 0.037 0.031 0.024 0.015 0.00”3 0.0059 0.0046 0.0035
3978 2.1 82 0.151 0.118 0078 0.052 0.036 0.024 0.0175 0.0132
4113°* 21 10.1 1.75 1.16 0.602 0.252 0113 0.058 0.042 0.028
£134"* 2.1 11.6 0.10 0.046 0.025 0.0153 0.0035 0.0065 0.0055 0.0047
4146 1.5 116 240 1.73 132 031 o 0.059 0.052 0.022
4147 2.5 113 0.60 0.247 0.181 0.071 0.034 0.0186 0.0118 0.0082
4158 2.1 136 1.59 1.06 0.80 0.35 0.225 0.152 0116 0.100
Wagon Wheel ’
; 8084 38 1.7 0.028 0.022 0.070 0.010 0.0720 | 0.0047 0.0035 0.0030
b 8122 38 114 0071 0.055 0.048 0.034 0.027 0.024 0.021 0.018
8575 3.8 87 0.039 0.02% 0.024 0.0114 0.0073 0.0048 0.0032 0.0025
: 10156 38 85 0.088 0.067 0.051 0.032 0.025 0.022 0.018 0.016
; 10850 33 9.0 0.048 0.020 0.0175 0.0080 0.0050 0.0030 0.0025 0.0018
i

though gas permeability is reduced, the relative gas
permeability of Gasbuggy cores is not significantly af-
fecled by increased overburden pressure. This con-
clusion is in agreement with the results of others.*:*
Extremely low values of permeability that resvlted
from water saturation and overburden pressure re-
quired that either Jong 8ow times or high inlet pres-
sures (high difierential across the core) be used. Since
a high inlet pressure increases the end effects by
changing the distribution of water in the core, Jong
flow -imes were-required._Although end-eflect prob-_
lems were encountered with the short cores (Cores
397% and 4158), the permeability of these cores was

ic conditions. This time could be shortened by storng
the core in an oven at 70°C. 5 TABLE 2—E£FFECT OF OVERBURDEN PRESSURE AND
The efiect of overburden pressure on the permea-: WATER SATURATION OR GAS PERMEABILITY
bility of cores from Project Wagon Wheel is similar | Wales Selurelion (percent): 0 20 40 _ 60
to that on cores from Project Gasbuggy, and typical | Core Piessure
results are shown in Fig. 6. The permeability is de- ~ Humber  {ps) o Femedility (md)
creased to about 30 percent of inital permeabibity al  g,5uy5y
an overburden piessure of 3,000 psi and to 20 per- 3927 00 0115 009 0041 00023
cent at 6,000. 2527 3,000 0026 0023 0003 00005
A study of the data in Table 1 indicales that the 1927 £.000 0012 0010 0003 00002
oniginal porosity of the core 2nd the reduction in per- 3578 100 0312 0080 0034  0.01]
meability caused by overbusden pressure are not re- 2978 3,000 0036 0026 0011  0.004
lated. Pore structure (fractures 1o uniform pores) is 3578 6.000 0013 0008 0003  000)3
probably the governing factor. 4158 100 0447 0335 015 0045
4158 3.000 0.075 0.056 0.026 0.0074
Water Saturation Efiects 4158 6,000 0.027 0.020 0.010 0.0026
The data in Table 2 show that the penneability de-  Wagon Wneel
creased with increasing waler saturation. The values 8034 100 0038 0030 00 0042
at 20-, 40-, and 60-percent waler saturation were £084 3,00 0012 00035 00343 00013
obiained from individual relative-permeability curves £384 6.000 00070 00056  0.0025  ©0OG3
for Gasbuggy and Wagon Wheel coses. Relative- &z 100 00M 004 0017 0.005
permceability curves for thiee cores from Project Gas- g:;zz . Zggg g?;z g‘gfg gggi 2.002
buegy arz shown in Fig. & with the data poinis for 10156 o0 0100 0074 0079 o-g
Core 3978. Data points were omitted for the other 10156 3,000 0028 0020 OO0OE  ©ODOGR
cores 1o avoid confusion. This figure shows that al- 10156 6000 0017 0013 0005 00005

522

JOURNAL OF PETROLEUM TECHNOLOGY



high enough 1o yield rez2sonable sesuhts. Permeabdil-
iy measorements for Core 4161 (7.5 cm long, 0.053
md) required more than 2 hours per reading. These
extremely long flow times can cavse enors.

End effects, long flow times, and changes in per-
meability due to water saturation tend to decrezse the
accuracy of permeability measuiements, especially at
the higher water saturations,

The iniGal permeability of maoy of the dry cores
used in this research was not reproducible following
saturation and drying. The changes probably were

" caused by solution of matenal in the pores and by
particle movement. These caused both increases and
decreases in permeability. The variation, although
somclimes large, usually was less than 5 percent;
however, we feel that the relative permeability curves
are essenuially correct. To climinate the eflects of
solution and particle movement, the permeability of
the dry core following saturation, rather than the per-
meability initially measured, was vsed in calculating
relative permeability.

A composite of the relative permeability curves for
Gasbuggy cores is shown in Fig. 5. These curves are
representative of permeabilities encountered in this
formation. At a water saturation of 50 percent, the
relative permeability of the cores ranges from 15 10 20
percent and s not afiected by overburden pressure.

Similar resolts wese obtained on cores from Project
Wagon Wheel, as shown in Table 2 and Fig. § with
data points for Core 8122. These cores were cut to a
length of 3.8 cm to alleviate some of the Jong flow
time and end-eflect difficulties encountered with Gas-
buggy cores. These curves are representative of the
permeabilities encountered in the formation. At a
waler saturation of 50 percent, the relative permea-

- bility of these cores ranges {from )2 to 21 percent. The

data in these ficures show, as do the data from Gas-
buegy cores, that relative gas permeability is not signi-
ficantly afiected by increased overbuiden pressure.

Correlation with Nuclear Stimulation Projects

Many of the basin areas of the Rocky Mountain re-
gion consist of thick, low-permezbility sandstones
conizining Jarge quantilies of natural gas. This type
of reservoir has been the object of the AEC’s Plow-
share Picgram expszamcents, Projects Gasbuggy and
Rulison, 2nd proposed Projects Wagon Wheel,
WASP, and Rio Blanco. Because mest wells in these
reseyvoirs have not been commercial, only limited
reservoir-analysis and production-test data are avail-
able. Reservoir analysis 3s most difficult becavse Jow
permeability requires Jong-term lesting. Also, it is
difpcult 10 determine permeability and net pay from
these tests. Knowledge of the gas perimeability is ne-
cessary in piedicling gas recovery, 2nd because it is
not economical to define the characteristics of differ-
ent sirata by well test, #t is desirable to be able to re-
late Jaboretory-measuied permeadbibity to the true in-
sity permeabiliy.

Conventional analysis by a commercial Jaboratory
{confinned in our l2boratory) of aboui 200 Gasbuegy
cores gave an avesage initiat gas permeability of 0.16
md on dry coses and an average waler saturation of
48 percent. The eflective overburden pressure of this
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reservoir is about 3,000 psi. From Fig. 1, the 1educ-
tion factor resulting from the overburden pressuse is
0.25, and the seduction factor for a water saturation
of 48 pesceni (Fig. 5) i1s 8.20; thus the total icduction
is § percent of the initial permeability, or 0.008 md.
This value compares favorably with permeability de-
terminations of about 0.01 md fyom both preshot 2nd
postshot fiow testing 2t Gasbuggy. The gas reservoir
at Project Rulison is similar 10 that at Gasbuggy, hav-
ing an average initial dry permeability of 0.11 md
and an average waler saturation of 45 percent. Simu-
lated in-sitv permeability has not yet bzen mezsured
in the Jaboratory on Rulison cores; however, using an
eflective overburden pressure of 5,000 psi and curves
of Gasbugey core data (Figs. 1 and S), the reduction
facior because of overburden pressure would be 0.12
and that_for water saturation 0.24. This resulls in a
combined reduction to 3 percent of the initial per-
meability, or 0.003 md. Postshot production testing
at Rulison is not complete, and the only preshot deler-
mipation of permeability was made from tests of a
22-ft isolated zone thal gave an average value of
0.008 md. No cores are available from this zone. Ru-
fison reservoir rock is said to be less compressible
than that of Gasbuggy; therefore Gasbugey pressure-
effect data would be expecled to indicate a greater
reduction for Rulison than actually exists.

The average initial permeability of dry Wagon
Wheel cores is 0.068 md, with an average water
saturation of 5C percent. An estimated effective over-
burden pressure of 3,000 psi gives a reduction factor
of 0.28 (Fig. 4). Water saturation furiher reduces
permeability by a factor of 0.18 (Fig. 6). Therefore,
the total reduction in permeability s to 2pproximately
5 percent of the initial permeability, or 0.0034 md.

Original manus‘crip!“r—t::ivtd'in Socic-ty of Petroleum Engineers
office June )6, 187]. Revised manuscript received Dec. 20, 1871,

Paper {SPE 3€34) was presented at SPE 26th Annval Fall Mceting,
held in New Orleans, Oct. 3-6, 1971,
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This value can be vsed 10 predict posishot gas re-

covery fiom the pioposed Wagon Wheel experiment,
Cores aie not yet available from Projecis Rio

Blanco and WASP, ‘

Conclusions

The gas permeability of tight sandstone cores is
markedly decicased with increasing overburden pres-
sure. Most of the decrezse 12kes place at pressures to
3,000 psi. At 3,000 psi, the permeability of unfrac-
tured samples ranges from 14 to 37 percent of the
initial permeability. In fractured samples, permea-
bility may be reduced 10 as Jow as 6 percent of initial
permeability.

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

Penmeability calculated from Jaboratory results are
in good agieement with in-situ permcabilities deter-
mined from production test data. Although not con-
firmed, predictions for other projects appear to be
reasonable. :
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EXHIBIT NO. 14

DETERMINATION OF IN SITU FORMATION PERMEABILITY
FROM LABORATORY CORE ANALYSIS DATA IN THE
ROSA TIGHT GAS AREA

The relationship needed to determine in situ perméability
from core analysis data is published in a technical paper by
Rex D. Thomas and Don C."Ward entitled "Effect of Overburden
Pressure and Water'Saturation on Gas Permeability of Tight Sandstone
Cores', which is presented as Exhibit No. 1;. The authors' studies
involved taking routine laboratory air permeability measurements
at the normal 100 psi or less external pressures. To simulate
the effect of in situ conditi;ns, these permeability measurements
were-then made at external pressures ranging from 500 to 6000 psi.
The results of these tests were then plotted on a grapﬁ of Percent
of Initial Permeability (ratio of permeability at 100 psi to
a permeability at a higher pressure) vs. Pressure.

Figure 1, on Page 121, of Exhibit No. 53, is one such graph
which presents results of tests run bn cores taken from the Pictured
Cliffs_Formation. These cores were taken from Project Gasbuggy,
located in Rio Arriba County, New Mexicc. Cores frow ihe Pictured
Cliffs Formation and the Dakota Formation can be exp:zcted to

provide similar results due to the low permeability characteristics

of both sands.

The characteristics of core 3978, presented in Figure 1, .
can be used to represent the core data from the Rosa T}ght
Gas Area. The average laboratoFy air permeability from the
‘Rosa Area was 0.124 millidarcy compared to‘an initial 1aborato£y
core permeability for core 3978 of 0.151 millidarcy. The confiaing

pressure due to overburden at a depth of 7350 feet in theRosa

Area is approximately 5600 psi.




Entering the graph in Rigure 1 at 5600 psi results in an

90% permeability reduction between laboratory determined permeability

values and in situ permeabllity in the Rosa Area. Applying ----

this 90% reduction to the average laboratory permeability of

0.124" millidarcy results in an average in situy permeability of

0,012 millidarcy for the Rosg Tight Gas Area.-

The water Present in ‘the reservoir also causes the in situ

permeabllity to be less than laboratory permeablllty as discussed

in Exhibit No. 13, However, this correction will not be used

in this case.
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SUMMARY OF PERMEABILITY DATA

EXHIBIT NO. 15

SAMPLE LABORATORY
FOOTAGE PERMEABILITY

WELL - - TOTAL (ft.) TOTAL (md)
1. Northwest Pipeline Corp San Juan 30-5 Unit No. 27 65.0 9.07
2. El Paso Natural Gas Co. San Juan 30-5 Unit No. 28-X 87.7 11.66
3. E1 Paso ilatural Gas Co. San Juan 30-6 Unit No. 31 34.0 5.90
4. Anoco Production Co. Rosa Unit No. 1 24.0 3.51
5. Northwest Pipeline Corp San Juan 31-6 Unit No. 16 £2.5. 3.60
6. Blackwood and Nichols Ltd. Northeast Blanco Unit No. 1 13.0 1.62
TOTAL: 286.2 35.36

35.36

Average laboratory permeability = 2862

= 0.124 nd

Average in-situ permeability (10% of laboratory) = 0.012 md




ROSA TIGHT GAS AREA

EXHIBIT NO. 16 Natural Production Tests

(Pitot Tube)

NATURAL

PRODUCTION RATE PRODUCTI.ON RATE
PRODUCTION DAKOTA NATURAL AFTER FRAC

OPERATOR : WELL LOCATION TEST DEPTH DEPTH {MCFPD) (MCFPD)

1. E1 Paso Natural Gas Co. San Juan 30-4 Unit No. 39 SENW 18 30-4 8615 8425 527 2506
2. Northwest Pipeline Corp. San Juan 30-5 Unit No. 39 SWNE 7 30-5 7822 7686 161 1703
3. Northwest Pipeline Corp. San Juan 30-5 Unit No. 37 NESW 8 30-5 7870 7688 666 3944
4. Northwest Pipeline Corp. San Juan 30-5 Unit No. 49 SWSW 9 30-5 7780 7683 TSTM 855
5. Northwest Pipeline Coxp. San Juan 30-5 Unit No. 73 NWNE 10 30-5 8035 7919 338 2635
6. Northwest Pipeline Corp. San Juan 30-% Unit No., 72 SWSW 10 30-5 7905 7790 338 2456
7. Northwest Pipeline Corp. San Juan 30-5 Unit No. 53 NESW 16 30-5 7820 7685 264 1208
8. VNorthwest Pipeline Corp. San Juan 30-5 Unit No. 47 NWSW 17 30-5 7930 7794 2174 1610%*
9. Northwest Pipeline Corp. San Juan 30-5 Unit No. 38 SWNE 18 30-5 7891 7667 128 2035
10. ©Northwest Pipeline Corp. San Juan 30-5 Unit No. 48 NWNE 20 30-5 7870 7790 370 3691
11. Northwest Pipeline Corp. San Juan 31-6 Unit No. 38 NENW 2 30-6 7970 7832 241 2828
12. Northwest Pipeline Corp. San Juan 31-6 Unit No. ‘36 NENE 27 31-6 7890 7806 TSTM 2557
13, Northwest Pipeline Corp. San Juan 31-6 Unit No, 35 NENE 35 31-6 8080 7908 338 2643
14. Northwest Pipeline Corp. San Juan 31-6 Unit No. 31 SESE 35 31-6 7928 7796 370 3779
14 WELL AVERAGE 427 2450

13 WELL AVERAGE (Excluding Well No. 8) 288 2523

Natural Production

Rate Limit for Tight Gas @

7950 ft. is 336 MCFPD.

*Note after frac production rate is less than natural production rate.
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EXHIBIT NO. 17

'
FOUR CORNERS GAS PRODUCERS
Rosa Tight Gas Area
Basin Dakota Field

Calculation of Initial Pre-Stimulation Flow Rates Using Darcy's Law

Darcy's Law: Qg = .703 k h (Pe2 - ow2)

Ug T 2 In (.61 re/rw"

where:

Qg = gas flow rate - standard cubic feet per day

k = permeability of formation - used average in situ value of
0.012 md from core data

h = net pay - average of 42 ft., for wells completed in the

. Rosa Tight Gas Area. -

Pe = bottom hole pressure at drainage radius re - average of
3330 psi. from 7 day buildup tests run in the Rosa Tight
Gas Area

Pwf = flowing bottom hole pressure - assumed to be equal to
atmospheric pressure at wellbore conditions, to determine
maximum flowrate (14.6 psi)

Ug = average gas viscosity - calculated to be 0.020cp

T = bottom hole temperature - calculated to be 667°R

2 = average gas compressibility factor - calculated to be 0.88

re = drainade radius for 160 acre spacing - 1320 ft.

rw = wellvore radius - .17 ft.

gg = gas gravity -~ .7 - used for calculation of Ug and 2

Pc = pseudo critical pressure - 668 psi. - usz2d for calculation
of Ug and 2 )

Pc- = pseudo critical temperature - 392° R - used for calculation
of Ug and 2

0g = .703 (0.012) (42) {33302 - 14.62)

)
<l
]
2
D
o

o
[0}

{0.020) (667) (0.88) 1In (.61 1320/.17)

CEGPD = 39.5 MCFGPD
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“Gas Producers Association for designation of a tight forxmation

MR, STAMETS: We'll call next Case 7317.

MR. PEARCE: Application of Four Corners

San Juan and Rio Arriba Counties, New Mexico.

MR. CARR: May it please the Examiner,
my name is William ¥, Carr, with the law firm Campbell, Byrd,.
& Black, Santa Fe, appearing on behalf of the applicant.

This is a continuation of Case 7317 and
I would request that the record show that Kevin McCord, who
testified in the previous case, is qualiii d and that he is
under oath in this matter.

MR, STAMETS: The record will so show.

KEVIN H. McCORD
being called as a witness and being previously sworn upon his

oath, testified as follows, to~wit:

DIRECT EXAMINATION

BY MR, CARR:
o My , have you prepared additional
exhibits for introduction in this case at the request of the

Commission?

A Yes, I have.




1 4

2 Q Will you please refer to what has been

3 marked for identification as Four Corners Exhibit A, identify
4 this, and explain what it shows?

5 A In our previous hearing there was some

6 question as to the quality of the Dakota formation in the

7 eastern four tawnships, that being 30 North, 2 West; 31, 2;

8 3¢, 3; and 31, 3.

9 I have prepared some information to txy
10 and show that the Dakota formation exists and has the same

1t or poorer gualitiss as the rest of the Rosa Unit.

12 Exhibit A is an electric log, the E. L.
13‘ Poteet Monero Dome No. 1. This well is located Township 31
14 | North, Range 1 West, Section 24, so it's off your map. It's
18 | approximately six miles to the cast of the area, and what

16 | 1'd 1ike to point out on Exhibit A 1is on page four, tops of

17 formations, the Greenhorn, Graneros, and Dakota, are shown,

18 the Dakota being at 2300 feet.

19 My purpose of this exhibit is to indicate
20 the Dakota is present. This is to the east of the area and
21 | there is Dakota to the Wwest of the area. I'm assuming there
22 | 1z pakota formation in between.

ﬁ 23 The Dakota being at 2300 feet, which is
A considerably different from the average of 7950 for the Rosa

poed

25

tight gas area. This is due to a steep upward trend of the
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5
formation there; we're coming out of the San Juan Basin ip
that area.

Q Mr. McCord, will you now refer to what
has been marked for identification as your Exhibit B and re-
view this for Mr, Stamets?

A Exhibit B presents core data from Rodney
DeVilliers well, the No. 31 - 1 West Jicarilla. This well
is located approximately four miles south of our four town-
ships in question; location 29 North, 3 West, Section 21.

This presents the actual core analysis
results on page two, and on page one is a summary of core
analysis for this well,

This indicates that our laboratory perm-
eability is 0.018 millidarcies and applying a 10 percent
factor to this, which we considered for the rest of the Rosa
Unit, results in a 0.002 millidarcy in situ permeability
for this well,

I've also noted that a DST was run on
this well when they wexre completing ~- excuse me, when they
were drilling it, and they estimated 15 to 20 Mcf of gas per
ay at the surface. I used this 0.002 millidarcy in my
Darcy's Law calculation, as presented previously, and that
resulted in a 9 Mcf per day flow rate.

This indicates the closeness of these
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two ways of estimating natural flow,

Q Mr, McCord, have you also reviewed DS -~
or cased hole DST's on wells located elsewhere but in this
general area?

A Yes, I have. I've looked at a cased
hole DST run by PanAm Corporation. ‘This is the Jicarilla No.
1 Pagosa, which is located three miles north of our four sub-
ject townships, Township 32 North, Range 3 West, Section 23.

I reviewed this cased hole DST data,
attempted a Horner plot on it, and I was not able to come up
with any reliable permeability information from this well.
The flow mentioned during this DST, I believe they recovered
90 feet of drilling mud, which calculates to virtually no
flow of reservoir fluids at all; therefor, it was a dry hole,
and it indicated this area was not productive.

0 Does’Southland Royalty Company also have
plans ir the area?

A Yes, sir. At this time Southland 0il
Company -- or excuse me, Southland Royalty is drilling the
Sims Federal No. 1 Well, and this is in 30 North, 4 West,
tection 13, and this is the northwest of the southeast. It
ig -~ it was one of the wells I referred to last time as sone

of the new developments in the area.

Thelr current status, they are currentlﬂ

i A
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7
running a cased hole DST as of two days ago. Therefor, we
don't have this information at this time. We will try to
evaluate this information and supply it to the Conservation
Pivision when we get this data available.

MR, CARR: Mr., Stamets, wa would request
that the racord be held open to permit us to submit the

written results of the Southland Royalty Company test as scon.

as it can be obtained. We had hoped to have it today, but

they're doing it this week, and we'll get it to you as soon
as it's possible.

MR. STAMETS: Okay, that would be fine.

A Okay. Mr, Stamets, I'd like to point
out that there were, other than the one dry hole mentioned
previously in 30 North, 3 West, Sect%yn 34, a Sunray DX Oil
Company Jicarilla Tribal No. 1, theré were no otheyr Dakota
formation tests in these four townships; therefor, I ﬁave
surrounded the area with the data I've just presented ﬁo you.
This is virtually all we can come up with to try and tie this
area into the rest of the Rosa Unit.

It's cbviously a poor area. There's
been no wells drilled in the area. The incentive prices will
certainly help us to develop this area.

MR. STAMETS: So what you've given us

today is basically three wells that form a triangle from 31,1
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to 32, 3, to 29, 3, that seem to indicate that the Dakota
formation is extant in those four townships, and that it is
not any better than the formation avidence that you presented
at the last heérinq.

A That is corréct.

MR. STAMETS: Okay.

Q Mr, McCord, will you now refer to Exhibit
C and review’this for Mr. Stamets?

‘A Exhibit C is an update of the new loca-
tions in the area, updating ny map of figure ~- of Exhibit
Number Two, presented previously.

I've noted there that we have 19 wells
with some sort of current activity as of August 6th of 1981,
This is -~ these 19 wells are listed on pages two and three
of Exhibit C, and the appropriate information following them
about what has been going nn during this time period.

( Page ona, I've summarized wells not
plotted on this map. As you'll notice there, we have 16 wellJ
that have been drilled, 3 that have just been staked. Of
these 16 as of August 6th, only 4 have been completed as -~
as to IP data. We have three producera in the araa and one
dr:-- hole. And this is just a written liet of these new wells.

MR, STAMETS: All the IP's on here are

after frac?
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A Yes, sir, they are.

MR. STAMETS: Did any of these wells
make any attempts to determine pre~frac flow?

A To my knowledge, no, they did not. 1It's
possibie, digging through some of Northwest Pipeline's recoxrds|,
we might be able to come up with some sort of pre-frac flow
rate., My feeling is that that information would be no differ-
ent from the information we've already got doing the same --

same procedures.
Q Mr, McCord, of the three producers shown
on Exhibit C, do all three of these appear to be -~ look like
they will be economic suacceasas?
A Well, we have the one dry hole, which

obviously is not. We have one well, the well listed as No. 4,
Northwest Pipeline 30-5 No. 50, with an IP of 735 Mcf of gas
per day. My economics, which I'll show later, will indicate
that that will not be an economic well under 103,

Wells ~- Well No. 2, Schalk 54 No. 1-E,

2170 Mcf per day, and Well 18, Rosa No. 77 for an IP of 2544

Mcf of gas per day, also I'll show later these indicate to be

indicative of zn average well for the avea, wnich is what I
used in my economics.
0 Mr. McCord, will you now refer to Exhibi{

D and explain to Mr. Stamets what this shows?
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A, All right, Exhibit D was some information
supplied to me by Mitchell Energy Corp. This information is
supplemental to Exhibit Number Sixteen, presented previously.

Okay, Exhibit Number Sixteen indicates
a number of pre-~frac natural flow tests taken in the Rosa
Tight Gas Area, mainly by Northwest Pipeline Corp. These
welis are generally in 30-5 and 31-6. This information sup~ A
plied by Mitchell Energy Corp., as you can see from the start,
pre-frac, pre-stimulation rate tests are in 31-4, 31-5, in
that area, so we're talking about the northern part of the
area. |

So we have additional information here.
This 8-well pre-stimulation average that they referred to §f
119 Mcf per day, refers to their eight tests that they've
taken in the northern part of the Rosa Area.

Also here, K. McCord. l4 well pre-sﬁimu—
lation average of 423, are my results as presented in Exhibit
Number Sixteen. They've averaged the entire 22 wells for
312 Mcf per day average for a Rosa Well, and I also indicated
in Exhibit Sixteen, and they have here, I excluded Well No. 8
in the average, ih tﬁat its production, 1its natural productioA
rate of 2174 Mcf of gas ptr day was higher than its after

frac flow rate of 1610 Mcf of gas per day. I felt that this

teat waa in error; therafor, I deleted.-it from my average ..
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They also did the same and came up with
a 224 Mcf of gas per day average for the Rosa area.
Q What is the production limitation pre-

scribed by the 0il Conservation Division rules for a depth of
79507?

A This is 336 Mcf of gas per day, so we're
below it.

MR. STAMETS: In either event.
A In either event.

Just additional information to try and

tie in more of the acreage, to indicate that my initial -- ny

Wation was holding throughout the area.

=]

Will you now refer to Four Corners Ex-
hibit ® and review this for Mr. Stamets?

| A Exhibit E is the economic criteria re-
quested by the Commission. I worked with Prank Chavez on
these numbers and we came up with a production rate, listed
there under No. 1, for an average Rosa Well throughout the
entire area, Year 1 to be 330 Mcf of gas per day; Year 2,
2053 Year 3, 145; Year 4, 115; and Year 5-on with an 8-1/2
decline in our yearly production.

This forecast was constructed by using

an I? of 2100 Mcf of gas per day for Rosa -- for all the

average Roga wells, or for the entire Rosa wells in the axea.
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2 They averaged 2100 Mcf of gas per day.

3 The first month average on-line production, being in the rangﬁ
4 of 15 to 20 percent, as I polnted out previously, being 420
5 Mcf of gas per day. Applying a decline rate of 40 percent

6 for Year 1, 35 percent for Year 2, 25 percent for Year 3,

7 15 percent for Year 4, and 8-1/2 percent for year 5 on, re-

8 sults in a production rate shown under 1.

9 Also, this is a dry gas area, so ﬂo con-
10 densate production figures were used.

11 This type of production rate is indica-
12 tive of the area and it also results in an average ultimate
13 natural gas production of 0,691 Raof €5 33 walls testsd in

i4 the area. This was the best average production we could come
15 up with for the area.

16 | Once again, using this average, you assume
17 | we have no dry holes at all in the area, so this will be a

18 high side case on economics.

19 The average well life for a Rosa -- for
20 [ a Rosa well would be 30 years. Natural gas prices used in

21 our economics, we started with an NGPA 103 based price of

22 | ymly, 1921, and this was 2,475 dollars por Mol of gas, and we
H 23 used a 10 percent per year escalation rate.
24 We used a BTU factor of 1.15 and for the

25 107 price we used double the NGPA 103 price.
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In figuring taxes we used the State and
ILocal tax rate of 9 percent and Federal Income tax rate of
50 percent.

We considerad to be ~- we considered to
have a Federal 0il and Gas Lease, using a 12-1/2 royalty to
our government. Operating costs of $3000 per year, which will
escalate at 10,000 per year.

MR. CARR: 10 percent.

MR. STAMETS: How about 10 percenv?

A 'Excuse me, 10 percent per year -~ you

can read better than I can . Overhead expenscs of 20 percent
invagtmen
sales delay of six months,

Page two of my economics reviews that
we have reserves of .691 Bcf over a 30-year well life.

At Mr. Chavez' request we ran the econ-
omics, determined payout, determined return on investment
and present worth for the projects at 103 and 107 prices,
in first Case 1 and Case 2, using no discount rste there for
our money.

I presented two different well costs,
one of $470,000 and one of $820,000. The xeason I did this,

Northwest Pipeline claime that a well ‘an be drilled and pro-

duced in the -~ drilled and fraced and ready for completion

P
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for $470,000,

Case 2, Y believe, is a little moxe

realistic. Amoco, the last three wells they have drilled, havp

been in excess of $800,000, and the four wells that Mitchell
is currently drilling, the Rosa 81 through 84, they indicate
those costs are going to be well over $800,000 a wall,

So there's a difference in oéerating
practices there.

Anyway, for Case 1, $476,000 well cost,
using 103 prices, payout of 3.17 years, return on inveétment

of 7.01, with a present worth of 1.869 million dollars.

07 prices, our payout

When we lock at L
decreases to 1.68 years, return on investment of 16.32, and
a present worth of 4.438 million.

Case 2, using an $820,000 well cost,
103 prices, our payout is 5,97 years, return on investment of
3.51, with a present worth of 1.662 million.

Using 107; our payout decreases to 2.77

years, return on investment of 8.74, present worth of 4.141

million.

type of discount factor to have somewhat morse rasasconabla
numbers. It's certainly going to cost us something to invest

our money in this project. 15 percent discount, we might be
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looking at a high side due to today's economics. A number
of 20, and Mitchell suggested 22 percent in what they use,
might be a better indication of -- of the -~ of what this

project will actually result in.

Anyway, using a 15 percent discounted

money, our present worth, discounted 15 percent for our $470,000

case, considerably drops to a $253,000 present worth, versus .
our initial 1.869 million.

When we look at 107's instead of 4.3
million dollar present worth, that drops to 808,000 dollars.

Therefor, when you use thie’discounted
money, due to the 3G¥yeaf iife of the project, your economics
change considerably.

This DROI number 15 is discounted return
on investment and this is nothing more than our summation of
our cash flows discounted 15 percent and divided by the well
cost to give an indication of -- of what type of return on
investment we'd bellooking at discounged.

Por $470,000 this number is less than

1, 0.54; for 107 it's 1l.72,
P 3 N O R A -2 Ly . - - - -
v 5&\;’JILLJ~UGIIUC W Lited UL p wiicl

this number is zero, that means you've -- you'‘ve gotten 15

percent back on your money.

Also presented for an $820,000 well cas%,
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which is what I believe 18 more indicative of the cost of the
wells in the area, preseant worth 15 for 103 price is only
$39,000. Our DROI 15 is 0.05. It -~ we've just broken even

thera.

And with a 107 price, our present worth

would jump to $593,000 with DROI 15, 0.72,

I would say that a DROI of 15 in the
neighborhood of 1, would be something of an economical pro-
ject. Anything less than that, you might be better off puttir
your money elsewhera,

Also, with lir. Chavez' request, I con-~
tacted Amoco and they supplied us with some economics for
their Gallegos Canyon infill wells, and I uged these as a
comparison to these Rosa wells to indicate what infill wells
would look like using a 103 price for an established 103
economic area.

There were somewhat different parameters
used. Our average well cost for these wells is approximately
$420,000, and this was taken from ten infill well locations
gcattered throughout the Gallegos Canyon area.

P~ factor used was 1.1. This is wet
gas that they produce. We did not use a condensation =~- or

condensate production in our economics. Reserves for these

wells, approximately 1.176 Bef with a well life of 40 years.
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2 103 prices, a payout of 2.73 years,
3 return on investment of 16,04, and undiscounted presant worth
4 | of $3,820,000,
§ When you use our 15 percent discounted
6 | numbers, present worth 15, $440,000, and discounted return on
Y lnvestment 15 of 1.05.
8 Comparing that with our $820,000 there
9 is certainly quite a difference in the economics there.. -
10 0 Mr, McCord, it would appear, then, that
1 the Gallegos Canyon infill wells are more economical to drill
12 and produce than the Rosa area?
&3 13 a That is correct.
R Q And all of these calculations are based
15 on the assumption that you -~ all the wells you drill are in
16 fact producers?'
1 A dnce again, yes, that's -- this is
18 probably a high side because there are numerous dry holes in
1 this area, and this assumes every well you drill will pe a
v20 producer, producing .691 Bef.

un 0 In your opinion, without the incentive
2 price willl) tho Resa Arca bs developsar
2 A Neo, sir, I don't believe it will. I

, A believe that only wells that will be drilled under current
2 103 prices are the wells needed to -~ to hold acreage in the

L]
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area., I don't think it will be adequately developed without
107 prices.

Q. Generally, what conclusions now can you
reach about the entire area which is governéd by this applica-
tion?

A I'1)l just state agaian the conclusions
I've drawn in my initial presentation.

The estimated average in situ gas perme-
ability throughout our Dakota pay section in the Rosa Tight
Gas Area is expected to be .l millidarcy or less,

For an average Dakota well depth of 7900
feet, a stabilized production rate at atmoepheric pressure
of wells completed for production in the Dakota formation,
is not expected to exceed the maximum allowable rate of 336
Mcf of ratural gas per day without stimulation.

No well drilled in the Dakota formation
in the Rosa Area is expedted to produce without stimulation
more than 5 barrels of crude oil per day; therefor, I belieV#
that the Rosa Tight Gas Area meets all the specifications

required as stated and should be designated a tight formation

in the B

rias Policy Act of 1978.

0 Mr. McCord, were Exhibits A through E

compiled under your direction?
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A Yes, all but Exhibit D, which was, as I
stated. presented to me by Mitchell Energy Corp.
Q And your -- does your review of these

exhibits indicate that they are correct and accurately portra*
the data you are attempting to show?
A Yes, they do.

MR, CARR: At this time, Mr. Stamets, we’
would offer Exhibits A through E.

MR. STAMETS: These exhibits will be
admitted.

MR, CARR; I have nothing further of Mr,

McCord on direct.

CROSS EXAMINATION
BY MR. STAMETS:
Q Mr, McCord, Exhibit E; the last page of
your economic exhibit.
A Yes, sir.
Q In Case No. 1l you're looking at what
you consider to be the lowest possible well cost in the area?

A . i~ &
e EX TR g

Q And does your 107 situation mean that

you could do ~-- that this is comparable to putting your money

in a money market certificate with 16,32 percent interest?
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- 2 A No. Your return on investment numoer is
3 | not a percentage. That's -~ that number is generated by
4 taking your total cash flow generated divided by your well
5 | cost.
6
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‘cent, that means any number over zero will give you a --~ any

return on your money, and assuming you can get 15 percent in

So your return on your investment,‘you're
getting 16 times the money you spent, is what that number
means.,

That is not a percentage.

MR. CARR: Over thirty years.

A Yes, and that's over thirty years, also.

The percentages involved are your dis-

ountad return on investment that I have proscnts

this number indicates, since I have discounted it at 15 per-
number greater than zero will give you more than a 15 percent
the bank or anything to that, it's certainly a lot -- a lot

better proposition to put your money in the bank and get it

back that way.

=]

Can you convert, for example, in a 103
rate of return?

A Not from the figures I have here. These

were the numbers supplied to me by Amoco. I don't have their
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printout. This was information that they considered confi-
dential and did not want to present unless we -- we absolutely
had to.

We can confer from that DROI 15 number
that your return would be less -~ excuée me, somewhat more
than 15 percent, but the actual number, we don't have.

MR, STAMETS: Other questions of this
witness?

MR, CHAVEZ: Yes, sir.

QUESTIONS BY MR. CHAVEZ:
0 Mr. McCord, in a diacounted rate of ra-
turn what does the absolute number zero indicate? Doas that

indicate a break even point?

A Yes, it does.
Q At 15 percent.
A That's right. That would mean that

your money is worth -- all that is doing is taking your futur*
monies aﬁd bringing it to the present.
Q. Okay. The average depth for ﬁhe Dakota
in thesa townshipa. how dfid veun avriva n: that again?
A I -- every well involved in the area, I

took the top of the Dakota formation and we averaged that

nunmber,
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A Okay, But in the far eastexrn townships
the slope of the Dakota is quite a bit staeper and the Dakota
formation is at about 2300 feet,

A Now, that, once again, that welil is out-
side of the formation ~- outside of the area, Now, the actual
you're right, it is going up at a steep angle there. Where
it exactly turns, we need to have a well out there to -~ to
show us where the Dakota is. I don't know that,

1} Can you make some kind of projection as
to the rate of dip which the -~ or rate of rise towards the
east throughout -~

A Not other than it's varv atoan, T& -
it comes>up raeal fast, and that's just -- I have not worked
that much with the geology in that area.

o Vould work such as that give you an aver-
age Dakota depth which might be shallower than what you'd
use for where wells were completed and thus require a smaller
volume of unstimulated flow rate? |

A, That is possible, although not ~- it would
ba -~ it's my fegling we've got most of our area over here

P I

o 2
agiahliahed and all our wells ablishsd, ars somawhat

M
A P

deeper than that. We have a small portion of our area over

here to the far east that might be possibly shallower than

that. If we take an average, it could bring that number down,
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is that an economic venture at the 103 price?

23

but once again, if you weighted your average, your number
would certainly be very close to what we've got. This would
not be a great percentage of these wells,

0 ’ Do you know what depth the Southland
Royalty Simms Federal Well encountered the top of the Dakota?

A No, sir, but Qe'll know that when we
get our infprmation. That's -~ that well, they just moved
the drilling rig off of it. They, in fact, they were trying
to speed up their completion to get this DST data to present
for this hearing, so we will have that information then.

MR. CHAVEZ: I have no further questions,

RECROSS EXAMINATION

BY MR. STAMETS:

0 Mr., McCord, in Case No. ) on Exhibit E,

A Under the 103 price that would be a
very marginally economic venture. Once again, looking at your|
discounted return on your investment 15, that being 0.54,
it's in the range between zero and one, which makes it ques~
tionable.. Due #n +he fact, knowing how these sconomic

arrived at, being an average well where you drill no dry holes,

you'll get ,7 Bef, it would marginally economic as it is therd.

If you conslder everything involved, the
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real chance that you could drill a 4ry hole, those numbers
are not really reallstic; they're the high side. 8o therefor,
I would say that if it was economic, it was just on the margin
of it,

The more ~~ the more common cost of
$820,000, or more indicative cost, that's -- that's not
economic, no.

o And the return on investment means that
you get back $7.00 for every dollar you spent over a period
of years?

A Yes, sir, that's correct, over thirty

lot when you consider disccunted money.

0. And 1f you put your money in a 15 percent
money market certificate, or some such thing as that, you
would -- would you be making more money than drilling this
well? /

A Undex 103, $470,000 case, you would make
more money drilling the well,

If it was $820,000, you'd break even.
i'Q be a 1ot beiler off putting your money in the bank.
Once again, assuming you have a commexr-

cial well, not a dry hole. That -- that factor 1s always

going to be involved, because we're talking average well, aand

B g
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there are dry holes in the area,

The only way to counter that effect is
use a succeass factor or to greatly incregsg’thgmgost of your
walls., 1It's something to take into account, the cost of dry
boles, which would éven decrease our economics even more.

[0} How does Northwest Pipeline drill such
economical wells? |

A I've had that asked to me quite a few
times. They have somewhat different ébmpletion practices
than, say, Amoco would, but other than that, they're doing it
real cheap.

Q Does Améco ranagement know about the
engineering of Northwest Pipeline?

A Well, since we have a lot of Amoco
management here, I would prefer not to talk about it.

I'm sure they —~- they probably know that,
but once again, you've got-a difference in philosophy of
companies on how to complete these wells. Some people feel
that large fracture treatments, large volume treatments, are
the way to go. Other companies, such as Northwest, feel you
don't need to go to all that trouble.

I guess time will tell with thirty years
of Dakota wéll production which is best,

But other than that, it's -~ it's jJust

=

5
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a difference in philosophy of the companies.

Now that's just the stimulation costs, 1is
a big factor there. That certainly doesn't account for a)l
the difference in those costs. Those are just the costa re-
ported to me.

Q It sounds to me as though what you're

saying is, that if -~ if Northwest Pipeline were the operator-
of this entire area, and tliey got the 103 price, they'd be

able to drill it up and make money.

A If they got the 103 price?
Q Right.
A If they drilled no drv holes, Y€ thav

daid, if they drilled dry holes, it's marginally economic righ
now, as presented in Case 3.

Like I said before, I feel that a DROX
number less than one is somewhat questionable economics in:
whethex you should be drilling that, because there are -- théﬁat
are success factors involved,

Q. So the Exhibit E estimates that every
well will be a producer and does not try to take into account
a certain numbew of Adry
covery for the entire area.

A Correct. Once again, the way to do that

or to incorporate that type of number, would -- would bhe to
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acre spacing., Other than two instances there have not baen
any infills drilied.
So companies don't feel it's that econo-
mical of a venture to be drilling more wells in the area.

Q Do you feel that the ratio of dry holes
will increase as you move wast and east out of this central
area?

A | - Yes, greatly.

o I don't recall from the original;hearing
if there was any geologic evidence that was indicuting that

there is a fairway or something through here that was being

Aril1lad

. ‘ -
——————— - - . -t £ L d La-1 hdn v sle uly Wt W St - A

of GEological Survey demands on drilling, or is this where

the older wells were and these wells are being drilled as

stepouts.

A I would say more in the stepout area.
I don't remember presenting any fairway type areas that we --
that you just referred to. Most of these are older wells.
They're stepping out, trylng to, really, just —- just satisfy

your unit agreement, and some type of drilling to have an

Q In Case No. 1, with the 103 pricing,
what percentage of dry holes would it require to be drilled

before that process became uneconorical?

L R e ST A S e e S
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considerably inorease your well costs or incorporate gome
type of success factor there. But once again, using this -~
this type of approach, comparing the actual aconomics we
found right here versus our Gallegos Canyon well, it shows

a considerable difference in the two projects.

0 Looking at the oxiginal Exhibit Two, it

appears, though, there aren't toco many dry holes through the .

central north/south portion of the area, at least in compari-
son to the numbers, percentages both east and west of there,
is that correct? |

A Yes, that is. My feeling there is tha:
these are all areas held by units and to develop these units
and to show to the USGS ﬁhat they're adequately trying to
develop these units, wells are going to have to be drilled.

Under the current pricing scheme, we

certainly have less chance of finding a dry hole in this area
versus drilling our exploratory wells and developing the en~-
tire acreage. I believe that's why there's been a consider-
able number of wells drilled in thisg a-éa versus the rest of
it. I think that to develop your outer areas we're going --
wve're going £o need soma tyne of nrice incentive o have this

done.

Also, another fact, these wells in the -+¢

in the middle part of the area developed essentially on 320-
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A Tt wouldn't take but one, probably.

o One in four, one in five, one is thraee,
one in two?

A, I imagine, at a guess, you could probably
Qay one in eight, as far as that goes. You're talking here,
once again, looking at ysur discounted return on investment
numbers, it's marginal now assuming no dry holes. Just say
using a dry hole will increase your initial well cost from
$470,000 up, well, you see that doubling that money right
there brings it down to just a break even point there.

So that would take, what, one dry hole
in -~ let's sea, one dry hole in two, wouldn't 1it?

Q Uh-huh. That would mean that if you had
got every other hole a dry hole, it would be a break even
proposition. So what would that, say, if you had one dry
hole in four, it would be a money making proposition?

A Considering that $470,000 that sounds
reasonable, yes. Once again, though, that's one instance
whera thay claim they can drill it for that =- that type of

money, and we have -- and that was just a number presented

% . —
0 ma and the las Bree wells AmOGOo
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has drilled and the last four wells Mitchell has drilled in

the area cost $800,000, so therefor, considering that $470,00¢

well cost for those, it's not reasonable at all.
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2 MR, STAMETS: Are there any other ques-

3 tions of this witness? Mr. Kendrick, back in the hall, we'll
4 | give you a turn.

5

6 | QUESTIONS BY MR. KENDRICK:

7 Q Mr. McCord, the cost of development

8 figures that you've given in the rarge of $400,000 to $800,000|
9

relates only to drilling and completing the well, has no
10 secondary recovery or, excuse me, secondary or remedial action
11 | numbers involved.
12 | A That's correct. Another ~- the only
# ) 13 numbers involved are therefor operating costs or just what

14 we've used here,

1$ We've used $3000 per year escalating at

16 10 percent as straight operating costs.

17 We've also include overhead expenses of

18 20‘percent of investment and 20 percent of yearly operating

19 costs, so those are also involved as expenses for the well,

20 but nc -- no ramsdial work.

21 Q If remedial action were raquired on one

2 of the classes Of wells, would you expect it to be needed on !

L tha cheaper original cost or the morxre expensive original cost? l
) 4 A That's a good question. This could be

25

a personal feeling, but I personally think that -~ that you




1 31
) 2 need to put more of a fracture stimulation on these wells,
3 which would increase your cost.
4 Using that as the only basis of the dif-
] ference in the costs, I know there's something else involved
6 there, too, but my feeling is that in the life of the well,
7 this would certainly be a better completion practice to use,
8 But if the $470,000 well cost had a some-
9 what smaller size fracture stimulation, it's possible that
10 this well might need the remdial work more than the $800,000
1 well, bringing up the cost.
1 MR. STAMETS: Mr. Chavez?
S 13
4 QUESTIONS BY MR, CHAVEZ:
15 0 Mr. McCord, has Southland Royalty appriaqd
16 you of their AFE cost for the Chacosa Canyon No. 1 or for the
17 Simms Federal 1 that they are presently testing, of what
18 their costs have been to date?
19 A, I haven't asked for that information but
20 that should be easy enough to get, especially since they're
A going to supply us with this other information. I'm sure
2 they'd more than happy to supply us with an AFE, I
{ 3 MR, STAMETS: Good, you can supply that
2 along with the other information.
2 Any other gquesticng?
i
L
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MR. PLUMLEY: Yos, siy.

MR, STAMETS: Identlify yourself for the

recoxrd, please,

MR. PLUMLEY: I'm Byron Plumley, with
Atlantic Richfield; out of Denver.

I'd like =-- there was a tglegram sent
yesterday, Y think, to the Commission, and I would like to
reiterate that.

ARCO has reviewed and agrees with this
application, and that ARCO would urge the Commission to ap-
prove of this application.

MR, STAMETS: All right, we appreciate
that, |

If there are no further questions, Mr.
McCord may be excused.

Are there any other statements?

With the provision for the other inform—
ation that wa've discussed here, the case will be taken under

advigement,

,,,,,,,,,,,,
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MR. STAMETS: The hearing will please

come to order.

We'll call at this time Case 7317,

MR. PADILLA: Application of Four Corners

Gas Producers Associaéion for designation of a tight forma-
tion, San Juan and Rio Arriba Counties, New Mexico.

MR. CARR: May it please the Examiner,
my name is Wiiliam F. Carr, with the law firm Campbell, Byrd,
and Black, Santa Fe, New Mexico, appearing on behélf of Four

Corners, and I have one witness.

We would also like to enter our appearant

at this time for Gary Paulson, an attorney for Amoco out of
Denver.

MR. STAMETS: Any other appearances in
this case?

MR. KELLARIN: If the Examiner please,
I'm Tom Kellahin, Santa Fe, New Mexico, appearing in associa-
tion with Mr. Larry Pain, an attorney for Phillips Petroleum
Company .

MR. STAMETS: Any other appearances?

MR. PAULSON: Yes, sir, Gary Paulson
Amoco Production Company, appearing in association with Mr,

Carr.

Wle do have a supporting statement to mal

e

Y

e
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on behalf of the application.

MR, STAMETS: Does anyone else have an

appearance? Any other witnesses in this case?
I'd like to have the witness stand and
be sworn at this time, please.

(Witness sworn.)

KEVIN H. McCORD

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

testified as follows, to-wit:

DIRECT EXAMINATION

BY MR. CARR:

W) Will you state your name and place of
residence?

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

& By whom are you employed and in what
capacity?

A 1L am self-employed. I'm a self-employed
petroleum engineer acting as a consultant for the Four Corner

Gas Producers Assoclation.

0 Have you previously testified before
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this Commission or one of its examiners and had your creden-
tials as a petroleum enginecer accepted and made a matter of
record?

A Yes, I have.

0. Are you familiar with the application of

Four Corners Producers Association in this case?

A : Yes, I am,
) : Are you familiar with the subject area?
A, Yes,

MR. CARR: Are the witness' qualifica-
tions acceptable? |

MR. STAMETS: They aré.

Q2 Mr. McCord, will you briefly state what
Four Corners Gas Producers Assoclation seeks with this ap-
plication?

A The Four Corners Gas Pronducers Associa-
tion is applying for a portion of the Basin Dakota gas field
to be designated as a- tight formation undex Sect%on 107 of thg
Natural Gas Policy Act of 1278.

The proposed Rosa tight gas area is
iocated in the northeastern portion of the San Juan Basin.
The area is approximately 25 miles northeast of the town of
Bloomfield in northwestern New Mexico, and covers portions of

Rio Arriba and San Juan Counties,
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0 Have you prepared certalin exhibits for
introduction in this case?
A, I have,
Q Have each of these exhibits previously

been submitted to the 0il Conservation Division and the
United States Geologica) Survey with a statement of the meanin
and purpose of each, as is required by 01l Conservation Divi-
sion rules?

A Yes, they have.

0. Will you please refer to what has been
marked for identification as Applicant's Ekhibit Number One
and explain to Mr, Stamets what this is and what it shows?

A Exhibit Nuﬁber One displays the Rosa
tight gas area on a map of the Dakota reservoir in the San
Juan Basin. The Rosa’area includes approximately 270,269
acres in Townships 30 and 31 North, Ranges 2 through 7 West.

0 Will you now refer to Exhibit Two and
review this for the Examiner?

A Exhibit Number Two 13 a Dakota formation
completion and production map of the proposed Rosa>tight gas
area, The production fignres presented for aach nraducina
well are initial potential, date of initial potential, average

daily production for 1980, and January 1, 1981 cumulative

production of gas and oil.
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Exhibit Number Two also presents comple-
tion and production data from wells surrounding the proposed
tight gas area. The Rosa tight gas area contains 53 producing
Dakota formation gas wells, while 14 wells in this area are
abandoned in the Dakota at this time.

A list of these wells and their productio
figures 1s presented as Exhibit Number Three. Examination of
these figures indicate that these Dakota wells have not pro-
duced great quantities of natural gas, suggesting that low
permeability reservolr rock could be present in the area.

0 Now, Mr. McCord, will you please refer
to Applicant's Exhibit Number Four and reﬁiew this for the
Examinex?

A Exhibit Number Four is a type log of a
Dakota‘well found in the Rosa tight gas arcea. This log is
from the Northwest Pipeline Corporation Rosa Unit”No. 68 Well|
found in Section 17, Townahip 31 North, Range 5 West. This

well is in the north central section of the Rosa tight gas

area.

The type log shows the entire Greenhorn
and Dokota formations and part of the Mancos and Merrison
formations.

The type log shown is in a part of

the Rosa tight gas area which has exhibited better producing

n
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characteristics than the remainder of the area. Wells in the
remaining sections: of the Rosa area would be expected to have
the same or poorer log characteristics than this type log.

Q How is the Dakota formation defined by
the Qil Conservation Division?

A The State of New Mexico has defined the‘
bakota producing interval in the Basin Dakota Field to begin
at the base of the Greenhorn limestone and extend to a point
400 feet below the base of the Greenhorn. The formations
covered in this 400 feet are the Graneros Shale, Dakota Sand-
stone, and Morrison formations.

The Dakota formation is productive in
this area while the Morrison formation is generally water-
bearing. Sands in the Graneros Shale are not adequately
developed in this area to be productive.

0. Mr. McCord, what is the average depth

of the Dakota formation in the area which is governed by this

application?

A 7950 feet,

0. And what is the gross thickness of the
formation?

A Approximately 250 feet.

0 Could you generally describe the geolo-

gical characteristics of the Dakota?
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A. It's generally, let's see here, the Dakot
consists generally of barrier beach deposits about 40 to 60
fent thick. This is the Upper Dakota. Composed of fine
gréined, gquarta rich sandstones characterized by an increase
in grain size upward and low angle crossbedding.

The next highest unit is transitional
between fluvial and marine sedimentation containing dark
carbonaceous shales, thin mudstones, siltstones, and sandstoneg
This unit represented a lagoonal type environment.

The basai Dakota was deposited by a
system of meandering streams creating deposits of qarbonaceou%
shales, thin coal seams, siltstones, and ﬁhin channal sand~-
stones.

0. Will you now refer to what has been
marked Applicant's Five and Six and explain what these are
and what they show?

A Exhibit Numbers Five and Six are log
cross sections through the Rosa area showing the continuity
of the Dakota formation using the base of the Greenhorn form-
ation for a datum line,

o Now, Mr. McCord, when 1 look at your
Exhibit Nuwmber Two, is there any control in the Dakota on the
east side of the subject area?

A No, sir, there's not. There's been

3
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very sparse drilling in that area. Oﬁly one well was drilled
and that would be in Section -~ or Township 30 North, Range
3 West, Section 34. A Dakota well was drilled by Sunray DX
01l Company, Jicarilla Tribal No. 1, in September of '64.
It was drilled and abandoned.
Other than that there is no control tb’

the east part of the area.

0 In your opiniqn is the Dakota qontinuous
across the basin?

A Yes, it is.

0 What is the porosity range within the
area governed by the application?

A Overall the Dakota sand has a porosity

range of from 1/2 percent to 11-1/2 percent in the Rosa area,

with the average pay porosity being in the neighborhood of

4 to & percent.

0 Is the in situ\permeability cutoff in
the Rosa tight gas area less than .01 millidarcy?

A Yes, it is. The formation is dependent
upon stimulation techniques tc be commercially productive.

Ren A Ymwsm wrmre eV mes T o
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the area?
A Yes, ¥ have,

0 Would you please refer to Applicant's
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of cores taken from only the productive portion of the Dakota

12

Exhibits Seven through 'Twelve. and review these for Mr. Stamets
A Okay. Exhibits Numbers Seven through
Twelve present core znalysis data used to determine the aver-
age laboratory permeability to alr for Dakota formation pay
zones in this area. ' The exhibits contain the actﬁal core

analysis reports, plus summary tables, showing the analysis

formation for each well. The cored intervals chosen for
permeability averaging were determined by log examination of
the interval cored for each well. Only cored intervals of
sand with more than 10 ohms rcsistivity appearing on the in-
duction resistivity log of the well were used for permeability
averaging. This 10 ohms resistivity cutoff represents the
average resistivity shown by the shale sections on the logs.
values less than this cutoff were not considered to be pay
zones.
The average laboratory permeability to

air determined for the Rosa area in this manner was 0.124
millidarcy. The actual in situ permeability ofifhe formation
is less than this laboratory determined value,’mainly due to
the confining presasures found in the Basin Dakota reservoir.

Q& Will you now refer to and identify what
you have marked Applicant's Exhibit Thirteen?

A Exhibit Number Thirteen presents a

lav4
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technical paper entitled Effect of Overburden Pressure and

Water Saturatibtn bn Gas Permeability of Tight Sandstone

Cores, wh;ch was written by Rex D, Thomas and Don C. Ward of
the U, S. Bureau of Mines.

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

Exhibit Number Fourteen explains how in
situ permeability is calculated from the core analysis, using
thebtechnical papexr presented.

0. Will you now refer t§ your Exhibit Number
Fifteen and explain this exhib%t?

A Exhibit F'fteen is a summary of all -
laboratory core analysis results for the Rosa tight gas area.
An average in situ permeability value of 0.012 millidarcy
was calculated from the average laboratory permeability value
of 0.124'millidarcy for the Rosa area. This in situ perme-
ability value i3 well below the 0.1 millidarcy tight gas
cutoff. These permeability measurements substantiate that

the Dakota formation is very tight in this area and must be

Q Mr. McCord, can gas be produced in com-
mercial quantities from the formation in the subject area

without stimulation?

o AT L g A B e s L A S i YT ] gt o w e I g T T P B 282t yrm s f B ST B L o i b e pesirE et s e o f o g e et
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A No, it cannot.

Qo Now I believe you stated that the average
depth of the Dakota in this area was 7950 feet. What is the
maximum stabilized production rate agalnst atmospheric pres-
sure allowed for wells in the subject area in this depth by
the 0il Conservation Division rules?

A 336 Mcf of gas ber day.

.Q Have you obtained stabilized unstimulated
gas produetion rates for Dakota wells in the area?

A ¥es, I have. Obtaining stabilized un-
stimulzated gas production rates for Dakota Wells is not a
standard procedure used by companies when éompleting their
wells in the San Juan Basin. Past experience has shown that
these lover permeability Dakota wells must be stimulated to
obtain commercial production; however, some wells drilled in
the Rosa tight gas area were drilled with gas as a circulation
medium through the bakota formation. This drilling procedure
enables unstimulated natural gas from the Dakota formation to
rise to the surface while drilling the well., Unstimulated
natural production tests can be taken while drilling with
natural gas when the gas used for circulation is shut off
and the pipe rams closed on the blowout preventer stack. Thig
enables the injected gas to go Aown through a bleedoff l1line

to the reserve pit.
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2 After injection gas has sufficient time
3 to return to the surface any further gas production through
4 thie line should be unstimulated gas production from the well,

S A gas measuring device, such as a pitot tube placed in the

6 center of the natural gas production stream, is used to measune
7 the natural gas flow rate from the well. A pitot tube
8

measures the imnpact pressure of the-gas flow rate, which is
9 used to determine the velocity of the gas. This gas velocity

10 . combined with the knqwn area of the blowoff line is used to

11 calculate the flow rate of the gas through the line,

12 Natural unstimulated gas production test&
f  13 performed in this manner were found for 14 wells in the Rosa’

14 area. The results of these unstimulated gas production

15 tests are presented in Exhibit Sixteen. These gas flow rates

16 range from rates too small to measure to 2174 Mcf of natural

17

gas per day. The average unstimulated gas production rate

18 is 423 Mcf per day. This value is larger than the 336 Mcf

19 per day limit for tight gas at an average depth of 7950 feet.

20 On an individual well basis six wells meet the unstimulated

ZIA natural production reguirement with three wells just at the }
: 22 | 3indt and five weils being over the 336 Mof per day limit.
ﬂ ' 23 Testing natural gas wells in this manner

24 is not very accurate but it can give the tester some idea if

25

a well will be gas productive or not. The exact nature of
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‘questionable.

if this gas is still returning to the surface while the test

16

these tests have many factors which leave their results

The Mesaverde formation is xlso productiv

w

in the tight gas -~ in the Rosa tight gas area., While the
Dakota formation is open to flow to the surface during the
natural flow test, the overlying Mesaverde can also be pro-
ducing at the same time. Theré is no way to separate the
production from each zone using a natural production test
conducted in this manner.

Also,‘thé length of these uﬁstimulated
producticn tests are not long enough to establish a stabilized
production rate. This length of test can by no means be
considered to be a stabilized production test of the well's
productivity.

Also, the natural gas injected into the

well for ciréulating purposes can also cause erroneous result%

is being *aken.
It is reasonable to assume that the

three test uncertainties presented could all contribute to

AvEavmad {n +hio mannas
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report erroneously high production rates. This assumption
is supported by well production data presented in Exhibit

Sixteen. The well listed as number eight, the Northwest




——

10

11

12

13

14

15

16

17

18

19

20

21

22

23
24

25

17

Pipeline Corporation San Juan 30~5 Unit No. 47 VWell, shows
an unstimulated natural gas production rate of 2174 Mcf per
day. After fracturing, the initial production for this well
is 1610 Mcf per day. The initial potential fecr a wel) is
calculated from a 3-hour flow test following a 7-day pressure
build-up, which is a more controlled and accurate test than
the pitot tube test,

This, combined with the fact that an
after-frac production test should definitely not be lower
than the unstimulated production test, indicates the unstimu-
lated production test is probably in error.

Exhibit Sixteen also presents a 13 well
average unstimulated production rate, which includes the er-
roneous rate found -~ excuse me, whic excludes the erroneous
rate found for the San Juan 30-5 Unit No. 47 Well. This 13
well average rate is 288 Mcf per day, which is below the 336
Mcf per day rate limit for tightzgas determination in the
Rosa area.

Due to the uncertain nature of the un-
stimulated production rate testing process, this 288 Mcf per
ight gas gulde-
line, is still thought to be higher than the actual average
unstimulated gas production rate for the area.

Q Have you calcuiated the unstimulated gas
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2 flow rate using the in situ permeability value of .012

3 millidarcies?

4 | A Yes, I have. 1In order to test the validity

S of this natural production figure, Darcy's Law was used té

6 calculate an unstimulated gas flow rate using the average

7 in situ permeability value of 0.012 millidarcy calculated for

8 the Dakota formation in this area from core-analysis study.

9 Exhibit Number Seventeen presents this
10 calculation and shows that an initial unstimulated gas flow

1 rate of 39.5 Mcf per day 1s associated with the average in

n gsitu permeability of 0.012 millidarcy for the Rosa area.

h 13 | The calculated unstimﬁlated gas producti#n
14 rate and the average actual unstimulated gas production rate,
15 excluding the erroneous production rate mentioned previously,
16 are both less than the 336 Mcf per day limit for a tight gas
17 reservoir in the Rosa area. As a result of these calculation#
18 the unstimulated natural gas production rate from the Dakota
19, formation in the Rcsa area is not expected to eyceed 336 Mcf
20 of gas per day.

2 0. Do you have any unstimulated oil pro-
22 | Suction figures for this area? ’ 1
23 A, Yes. The natural gas produced from the
24 Rosa tight gas area is virtually dry gas, having very little,
[ 25 if any, oll or condensate production associated with it.
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well?

“that no well drilled in the Rosa tight gas area is expected

19

Exhibits Number ™wo and Three show that
only one well, the natural ~-- excuse me, the Northwest Pipe-
line Corporation Rosa Unit No. 56, has reported any oil pro-

duction associated with its gas production.

MR. STAMETS: What's the location of that

A Okay, Section 35. 31, 5.
MR. STAMETS: Okay.
A This well has only. produced 26 barrels

of o0il since 1976, These dry gas production figuras indicate

to produce without stimulation more than 5.barrels of crude
oil per day.

Q. Mr. McCord, will the production of hydro-
carbons from the subject area impair fresh water supplies in
this area?

A No, they will not.

Existing State and Federal regulations
will assure that development of a Dakota formation will not
adversely affect or impair any fresh water aquifers that are
being used or e#pected to be used in the foreseeable future
for domestic or agricultural water supplies. Regulations
require that casing programs be designed to seal off potential

water-bearing formations from oil and gas producing formations
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These zoneg, these fresh water zones
exlst from the surface to the base of the 0jo Alamo formation.
The Ojo Alamo depth averages 2385 feet in the proposed Rosa
tight gas area.

Most wells drilled in the Rosa area are
drilled with natural mud to an average depth of 3700 feet.
After intermediate casing is set the remaindexr of the well
is drilled with natural gas. Neither the natural mud or the
gas will contaminate any fresh water zones.

Normal casing designs in the Rosa area
consistvof 9-5/8ths or 10-3/4 inch OD surface casing, being
gset from the surface to an average depth 6f 3700 feet.
Cementing of the intermediate casing includes enough cement
to cover formations to a depth above the O0jo Alamo formation.
The cement covers the Pictured Cliffs, ?ruitland, and Kirt-
land formations, which are possible oil and gas bearing
formations throughout the area.

The production casing is cemented from
total depth to a depth above the Mesaverde formation, or to
a point approximately 3000 feet above total depth. This
.cement covers the Dakota, Gallup, and Mesaverde, which are
possible oll and gas bearing formations. A temperature surve

is run after cementing the production casing to assure that

all necessary zones were covered with cement. Therefor, all
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oil, gas, and water bearinc¢ formations in this area are iso-
lated from each other by cement and casing,

The nmajor water aquifer in this area,
the 0jo Alamo formation, as well as the Pictured Cliffs,
Frultland, and Kirtland formations, is covered by cement and
two strings of casing to protect them from the contamination
withh other formations.

Stimulation of the Dakota formation
involves large fracture treatments, usually consisi:ing of one
or two percent potassium chloride water base that will not
harm a fresh water aquifer,

resh water protectidn is adequate even
with these large stimulation treatments due to zone isolation
caused by cementation. The large distance of over 5500 feet
between the Dakota formation and the Ojo Alamo fresh water
aquifer is additional insurance that no wells exist that --
that no existing fresh water zones will be contaminated by
the stimulation of Dakota wells in the area.

Therefor, New Mexico and Federal regu-
lations will protect any fresh water supply that may be
affected by drilling, completing, and producing the Dakota
formation in the Rosa tight gas area.

0. Mr., McCord, is the price authorized by

Section 107 of the Natural Gas Policy Act necessary to provide

frovy
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a reasonable incentive Ffor production of natural gas from the
subject formation due to the extraordinary risk for costs
associated with such production?

A Yes, it is.

Q In your opinion is the data available to
you and presented at this‘hearing supporting the conclusion
that the entire area governed by this application qualifies
for a tight formation designation under Sgction 107 of the
Natural Gas Policy Act?

A Yes, it does.

0 At this time would you briefly summarize
the conclusions you have reached in making a study of the
subject area?

A The estimated average in situ gas perme-~
ability throughout the Dakota pay section is expected to be

0.1 millidarcy or less for an average Dakota well depth of

7950 feet. The stabilized production rate at atmospheric

pressure of these wells completed for production in the'Dakot$
formation i8 not expected to exceed a maximum allowable rate
of 336 Mcf of natural gas per day without stimulation. No
well Grilled into the Dakota Fformation ia the Rosa axea 18
expected to produce without stimulation more than 5 barrels
of crude oil per day.

The proposed Rosa tight gas area meets

g b S SR,
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all the specifications required as stated above and should
be designated a ﬁight formation in the Basin Dakota Pool under
Section 107 of the Natural Gas Policy Act of 1978,

| 0 Mr., McCord, has this area been approved

for infill drilling?

A Yes, it has in May of 1979.

Q And that was by Commission Order R~1670~vg
A Yes, I believe so.

Q Have any inflll wells been drilled in

the subject area?

A There have been a few infill wells
drilled in this area after I have gathered all the data for
this report. -I'll point those out. They are both John Schalﬁ
wells, One would be in the southeast --

MR, STAMETS: Start out with the townshig
and range.

A Sure.

MR. STAMETS: It makes it a little easiey
to find.

A Okay, 30, 30 North, 5 West, Section 2,

The other well being in 30 North, 5 West)}

Section 12, I believe the northeast guarter.

These are recent wells that have bheen

L e
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drilled. My information or this map is May of 1981, so these
are recent wells and it's my understanding have not been com-
pleted at this time,

0 How would you characterize the develop-
ment of the subject area on the original 320-acre spacing?

A Very, very sparse development under 320
acres. I believe-i calculated under the existing acreage 53
producers,. This is only Gerrcent of our 320-acre spacing,
and to my knowledge these two Schalk wells mentioned are the
only two infill wells that have been attempted in the area.

I believe that might have had something to o with that man's
holdings in the area more than all the economic criteria
invoived.

Q Mr. McCord, in your opinion will further
development of the subject area depend upon approval of this
application and the résulting incentive price?

A I think, yes, to be adequately developed

this area will need the 107 price to make it economically

“feasible.

0 Will you please refer to and identify

b

Exhibit Eighteen is a written text ex-
plaining each of the exhibits I have just presented.

o And this text was submitted with the
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exhibits to the Commission and USGS?

A Yag, that's correct.

0 Were Exhibits One through Eighteen pre-
pared by you or have you reviewed each of these exhibits and
can you testify as to their accuracy?

A Yes, I can. There were prepared by me.

Q In your opinion will granting this Aé-
plication result in the production of gas that otherwise would
not be produced?

A Yes.

Q Will granting tﬁis application be in the
best interest of conservation, the prevenfion of waste, and
the protection of correlative rights?

| A Yesg, it will,

MR. CARR: At this time, Mr. Stamets, we
would offer into evidence Applicant's Exhibits One through
Eighteen.

MR. STAMETS: These exhibits will be
admitted.

MR. CARR: Mr, Stamets, I've been asked
to dixrcet
USGS and 1'1l be happy to do that now or at a later time,

whenever you desire.

MR. STAMETS: Wwell, why don't you just
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go ahead and do that now, Mr. Carr, and then we'll get that
part out of the way. |

Q Mr. McCord, what is the basis for the
boundaries of the proposed tight gas sand area designation,
and is this based on geologic and/or engineering parameters?

A The area studied, and I'd like to point
out 1s just an area of study, I'm notl. trying to say that areas
cutside are not tight gas areas, it was assigned to me by the
Four Corners Gas Producers Association.,

It is nmy feeling that it is not based on
either geologic or engineering parameters, mainly on the
rights of the Association.

153 Could you provide a structure Isopach
insert map for the Dakota for the Rosa tight gas area?

A It would be possible tc¢ supply a structuﬁe
Isopach map, although I do not believe that this would show
any more information than what cumulative production is shown
on Figure Two. I believe this indicates that the well, the
Rosa area is definitely not a very prolific area, and because
of that I do not believe this information would be helpful,
but if requested, we could supply this.

Q Now, Mr. McCord, the type log for the
Rosa Unit No. 68 Well, which is used as your Exhibit Number

Four, indicates that four separate zones were perforated for
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production. In reviewing the wells presented and the two
cross sectinng, being Exhibits Numbexr Five and Six, in some
wells more than four zones were perforated.

The question is, is this application

asking for all zones in the Dakota to be designated as a

"tight formation or only certain zones? And for the purposes

of this question, zone refers to an individual sandstone
separated by shale from other sandstones,
The question is, are you asking for all

of the zones in the Dakota to be designated tight formations?

A. Yes., The Four Corners Gas Producefs
requested that the entire Dakota section as defined 400 feet
below the base of the Greenhorn be designated as a tight
formation. |

Y Is this application asking for a tight
sand designation for infill locations within the Rosé tight
gas area, and there are certain examples giver here. First,
in Township 30 North, Range 5 West, Section 9, there are ap-
parently two infill locations. Is it the request of the ap-

plicant that these be included in the tight sand designation?

A

Vo~ 4 4
£ LU0y A

4/‘
0 There are also two locations in Section
10 and two in 20 of Township 30 North, Range 5 West.

A Yes, those also.
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MR. STAMETS: What was the last section?

MR. CARR: Secction 20, All of this first
group, they are all in Township 30 North, Range 5 West.

MR. STAMETS: And there are two in there
or just one?

MR. CARR: Two, according to the question

MR. STAMETS: Infill locations in Section
9 and 20 --

- MR. CAﬁR: And 10.

MR. STAMETS: 2And 10, Let me get 10
marked on my exhibit, please.

MK, CARR: All right. Now in Township
31 North, Range 5 West, one location in Section 8.

A Okay. I believe there should be two
locations in Section 8. I do not have an infill well in that
location, or in that section. I believe that should be two
locations, and yes, we are asking for that also.

0 And, again, two locations in Section 11

and in Section 17?

» UL -
£hH ER =3 Y

Q And now in Township 31 North, Range 6

West, two locations in Section 27 and two locations in Section

35,

i
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A Yes, we ask that these be part of the
application as well.
MR, STAMETS: What was the second section
please?
MR. CARR: 35,
0 So you are asking that all infill loca-

tions within the Rosa area be included within the tight sand

dasignation?
A That is correct.
0. Mr. McCord, I direct your attention now

to Exhibit Number Three, and it indicated that 12 Dakota wells
were drilled in 1980, and 9 Dakota wells were drilled in 1981,
all at current 103 prices.
Is it no longer economical to drill
wells such as those drilled in 1980 and ‘81 under 103 prices?
A Yes, it would still be economical to

drill some of these newer‘wells that were drilled in 1980 and
1981 under 103 prices if there were -- existed any good pro-
ducing characteristics such as exhibits by those wells. As

to the current time there are not any of this type of location

the 107 price would be necessary to -~ to subgstantially com~

plete the area.

>Q Ts it your answer that if there were

P PR L TR A R e L
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comparable locations in the Rosa arcea that the wells could
be drilled at 103 prices?

A Yes, 1t's my feeling they could.

Q At this time, based on your study, you
do not beliieve thefe are comparable locations?

A I don't believe that, no.

Q Is the 107 price nedessary to have an
econonical well ihat would be similar in production potentiql
to those drilled in 1980 and 1981%?

A Yes, it would be necessary because as we
stated before there are no more wells of the calibre drilled
of the ones in 1980 and '81 with -- With tﬁat calibre for
103 prices; therefor, the 107 is needed.

Also, there is no more drilling, the
drilling plan for 1981 has been discontinued in this area
because of the marginal economics.

0 Mr. McCord, could you provide economic

data as to the rate of return on -~ showing comparison of

geveral of the 21 wells that were drilled in 1980 and 198:,

using the 103 price and contrasting that with the 107 price?
A Yes, it is possibie to provide this

economic data, although in the instance of this area, there

is mainly developed on 320 acres, acre 8Spacing, and it's ny

understanding that economics are not required of 320-acre

s ey o e e e e A




2 spacing in the Dakota.

3 Q Of the 21 wells that were drilled in 1980
4 and '81, do you know if the economics on these’wells made

5 |. them attractive prospects?

6 A Yes, in some of the wells they were at-

7

tractive prospects under 103 prices, but it is my’undetstandinb
8 that some of these wells drilled in '80 and '81 were demand
wells., Also, some had marginal 103 economica. This is exemp-

10 lified by the fact that the drilling in 1981 has been discon-

;i tinued for the area because cf the low profitability of these
12-| wel1s.
ﬁf B MR. CARR: I have novfurther questions
14 of Mr., McCord.
15 MR, STAMETS: Are there other questions
16 of the witness? Mr. Chavez?
17
18 QUESTIONS BY MR. CHAVEZ:
v 0 How many unspud Dakota locations or non-
20- completed Dakota wells are there in this area at this time?
2 A Okay, Mr. Chavez, I have them marked
22 on my map. ©Once again, the hap is dated as of 5 of 81, so ]
r . 23 there have been some wells drilled since then.
24, In Township 31 North, Range 6 West,
25 Section 8, Rosa No. 88, and that's in the south ~-- excuse me, ;
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the northwest quarter,
0 Has it been completed or just gpud?
A, To my knowledge it's either -- I don't

have the information as to -- at this time what stage of prog-
ress it's in. It has been staked and is a possible location

for a future well. That's really the only thiﬁg,I'm sﬁre of.
That's what I have marked on the map.

Also, in 31 North, 6 West, Section 14,
in the northeast quarter, the Amoco Rosa 67. It's my under-
standing that this well is dry in the Dakota and Amoco is
possibly‘going to recomplete in the Mesaverde or PC in this
well,

All right, in 31 North, 5 West, Section
20, the northeast one guarter, the Rosa No. 85.

In that same township and range, Section
33, southwest quarter, the Rosa No. 77.

In 31 North, 4 West, Section 7, the
northeast quarter, Mitchell, the Rosa No. 81.

In Section 9 of that same township,
southwest quarter, the Rosa 82 by Mitchell.

Section 12, in the northwest quarter,
the Amoco Rosa No. 87.

Section 15, northeast quarter, Mitchell

Rosa No. 83.
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Section 23, the northeast, Rosa No. 84,
That's all for that township.

o These are staked bhut not completed wells?
A The Mitchell wells I do know about. They
have all been drilled. O©nly one well has been perforated and
fraced and it is testing water at this time; no commercial
gas production.
| The other three wells have not been com-
pleted at this time.

All right, Township 30 North, 4 West,
Section 13, Southland, the Simms Federal No. 1. That's the
southeast quarter. This is drilled due to lease expiration
date.

Okay, in 30 North, 5 West, I have the
two Schalk infill locations, the 54-1E in Section 2, and the
57-1E in Section 12,

In Section 5, San Juan 30-5 Unit No. 79,
in the northeast quarter.

Secticn 6§, the southwest quartexr, the
30~5 Unit No. 50,

section 23, the southwest quarter, the
30-5 Unit No. 83.

Section 25, the 30-5 Unlt Ho. 82 in the

northwest quarter.
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Q0. Section what, I'm sorxy?

A 25. No. 82,

0. What was that, I'm sorry?

A That's the 30~5 Unit ﬁo. 82, the northwesr
quarter of 25, 30-5, okay?

Q. Okay.

A Section 27, the southwest quarter, 30-5

Unit No. 81, and Section 36, the nprtheast quarter, the 30-5
Unit No. 77.

That is all the wells I have that are
staked in this area as of this time.

0. Is the drilling of these wells pending
the outcome of this hearing? Or is it just pending rig
availability?

A I cannot tell you the actual answer to
that. I don't know what the future plans on these wells, if
any of them havekbeen completed. I know some of them have

been drilled but I would not be able to separate each one

out. I've just picked them up through PI as possible locatiogs

in this area. I do not know the status of them all.
MR, ChAVEZ%: ‘hat‘s all the questions
I have,
MR, STAMETS: Are there other questions

of the witness? Mr, Padilla?
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CROSS EXAMINATION
1BY MR. PADITiA:
0 Mr. McCord, you testified about comparabl

locations., What do you mean by a comparable location? Does

that mean -- I think it would mean that that's a good location

Are you saying that in this area you've run out of good loca-
tions now?

A Yes. In my talks with Phillips Petroleuﬁ
Company, who is mostly in this 30-5 Unit, thé? have drilled
most of these newer wells and from talking with these people,
their feeling is that -- that all of thelr good drilling
locations have been used up.

0 what have they based their justification
for --

A To tell you the truth, I couldn't answer
that for you. fThat's just information they suppiied to me.

Q And that's the same thing for the same
calibre, same calibre, quote, same calibre of location, is
that the same thing?

A Yes. Yes,

& Can you tell me what marginal economics
are for drilling Dakota wells in this area?

A Well, of course, Mr, Padilla, that's

going to differ for any large company you're talking about,
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and if Y said what wmargina.. economics were, one company would
call it good, one company would probably call it bad.

But I would say anything greater than a
3-year payout would be considered pretty marginal to ke drille
You justrneed a greater rate of return, greater return on your
money than tying it up for that great period of time.

That's pretty rough, but once again,
each company is going to have a different opinion of that
same question. |

0 Well, how much does it cost to drill one
of’these wells?

A on information supplied by Amoco, appxo-
ximately $800,000 to drill and complete these wells, and ap-
proximately 20 percent of that goes to the stimulation costs.
So it's a considerable amcunt.

Q How much revenue would, say, a Section
103 price, can you get from a -- one of these wells located,
say, in 30 North, S5 West? The newer wells.

A Okay. I'd come up with an average

ultimate production of .65 Bef throughout the entire area.

it's going to be, I would -- I would estimate thatl is a preity

good average for a 30~5 Unit., The actual dollaxrs involved
that that comes out to; I haven't calculated.

Q. Wouldn't you have to apply the dollar
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amoun£ in order to detexmine whether or not you should get
the incentive price?

A To determine payout, yes., It's just a
matter, I haven't -~ I haven't plugged in that number to give
an ultimate amount of money the wells will produce. That is
how I determined a payout of approximately six years under
103 prices, taking an average decline and actual decline for
the area, which is a rapid initial decline in the first year,
leveling off through about year five at about a 10 percent
decline rate., Using those numbers and a .65 Bef, your payout
to recover your $800,000 cost is approximately six years.

0 Well, what's a 3-year payout? 1Is that
on 107 prices?

A No, a 3-year payout I mentioned to you,
was my feeling, and this was only my feeling, of whether a
well would be worth drilling or not. |

A 6-year payout to me would be very
marginal economics. You'ld be tying up your money a lot
longer thar need be there. You just -- you need better econ-
omics than that to be drilling these wells.

0. This Exhibit Number Two doesn’t show any
wells at all in almost the entire east half cf that area,
except the well in the Section 34, 3 Noxth, 3 West. That

meang that there have been no wells drilled with the exceptio]
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of that one well that I mentioned on there.

A No wells to the hakota, that is -- that
is correct. This would be an area that the 107 prices would
virtually be a must for the exploration of. Obviously, no
one has thought under 103 prices this area is worth prospécti&g}

The 107 would -~ would encourage drilling of wells in this

area.

Q Is this -~ is this area unitized cur-
rantly under -~ do you know?

A I don't believe it's under a unit agree-

ment, not the farther east. Most of the -- most of the newer

wells are under existing units.

[0} Is this east half area drilled in shallower

formations?
A Tt might possibly be but I don't have

that information. I've just concentrated on Dakota wells.

" To my knowledge, if so, there would be very, very few wells,

Q You don't know whether there are any
Pictured Cliffs wells, Pictured Cliff wells at all in this
area?

A A de
m HUL v

hand I don't. I would have to
check, check my PI cards to see if any were drilled.
MR. PADILIA: I believe that's all I

have, Mr. Examiner,
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CROSS EXAMINATION

BY MR, STAMETS:

0. Mr, McCord, in reviewing the exhibits,

apparently you have based your contention that you would ex-
pect to find permeablility throughout this area less than:one—
tenth of a millidarcy on a number of cores that were availabl%
in the area.

A Yes, six, that's correct.:

o Okay. I looked at Exhibit Numbe. Two
and identified eleven wells with potentials, I presume after
stimulation, that exceeded 3-million cubic feet a day. I
also noted that none of these wells happened to be a well
that was cored. It seems as though the cored wells are always
the pcorer wells.

Is there any way of going backwards from
what we have on these wells and determining the permeability?

A Yes. The main thing being, first of
all, I'd like to state that I'm sure you're aware that the
initial potential is & very misleading figure on wells.

I have looked at approximately 20 wells

throughout the area and have found that the first month's

production from those wells is in the range of 15 to 20

T et B amy T ATt e g SR g wlen
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2 percent of their IP, which indicates that their IP number is

3 very misleading as what the wells will do against line pressure
4 when put on line, actual production.

5 Also, I've found that the average first

6 year production is approximately 16 percent,

7

So I'd like to state that the IP is a

8 misleading number. Also, I sce some of the wells you're talking

S about with over 3-million IP wells -~ IP data, some of these
10 are also wells that had initial natural production tests taker
1

on them in a manner 1 described earlier, with the pitot tube

12 test, With that test I found that averaging all these wells

- 13 involved, found tiat all these wells still stayed undexr the
1 336 Mcf per day criteria, which associates approximately to
15 a .1 millidarcy at reservoir conditions. Therefor, if they
16 are below the 336, using Darcy's Law they would also be below
n the .1 millidarcy for the area.
,18 That is about the only way I can come up
19 with ~-- with an answer to your question are the natural pro-
20 duction tests that were taken;in each case they were below
2 the .1 millidarxrcy in situ.
i 22 { I believe you indicated, though, that
% 23 the pitot tube tests were not noted for their accuracy.
24 A, That's -~- that's correct, they are not.
25 But in most instances I believe that they would be reporting
-
- /
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rates too high, 1s my feeling. I think the actual production,

the stabilized production rate, would be much lower than they
report.,

0. There 1s, as Mr. Padilla pointed out,

" a dearth of evidence relative to Townships 30 and 31 North,

Rangeg 2 and 3 West, the only evidence being that no wells
have been drillead. |
on what could we base a finding that the
permeability in the area is .l of a ﬁillidarcy or less and
productive capacity would be less than 3667
A That would 4ust have to be used from --
from the data we found already in the adjdining townships,
It is a way away but there has also been no -- no active
drilling in this area, which indicates that the area needs to
ba further developed, which the 107 price would -- would
definitely encourage that. |
(In answer to your question, thefe is
really no way to -~- to tie that area in with the rest of -~
with the rest of the -~ the middle part of the area where the
data is. The only point, without drilling wells in that
area, it's dust god
MR. STAMETS: We're going to take about

a fifteen minute recess while we have a little conference up

here among the staff, at which time we will resume the hearin

T R e




2 (Therecupon a recaess was

3 taken.) |

4

S g MR, STAMETS: Mr. McCord, after examining

6 | the information which has been submitted here today, it would
7 appear to the bivision staff that it will be necessary to
8 continue this case for the presentation of economics data,
9 which would demonstrate the wells in the area are not economic

10 under the current 103 price.

11 And I would agk that this additional
12 information be coordinated with Mr. Frank Chavez, who is our
f5 13 pPistrict Supervisor in Aztec, and also providing information

14 to Mr. Padilla as to what is being done and the process that
15 you intend to use to provide this data.

16 MR. CARR: We'll be giad to do that and
17 after we meet with Mr. Chaver we will ~- and agree on exactly

- 18 what data is going to be required -- we'll notify all those

19 who appeared in this case of what additiongl information has
20 been requested. \

21 MR. STAMETS: I'd also suggest that if
22 there ia anv evidence which conld be hrought in that would

23 help relative to 30 and 31 North, 2 and 3 West, that should

24 be offered.

25 Is there anything -~ any other questions

—p—
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of this witness? The witness may be axcused.

I understood that there might someone
here who would have trouble getting back and would like to
make a statement.,

MR, PAULSON: Yes, Mr. Examiner. Gary
Paulson on behalf of Amoco Production Company.

We have come today in support of this

"application as a working interest owner in the area. It is

our feeling that the added incentive price is required and
necesgsary for future Baéin Dakota development, and we would
ask that thebapplication be favérably considered by the
Commission.

We do have evidence to present to the
effect that a number of the wells that have been drilled in
this area,~in the Rosa Unit, were drilled upon demand by the
USGS, and we had with respect to one year, 1980, evidence to
present to the effect that the development plans submitted
by the working interest owneré for the Roéa Unit was to the
effect that no wells were drilled and the USGS rejected that,
aﬁd required ~- or eventually a plan was submitted whereby
thrae wells were drilled

L0494 »

So at least some of the development
activity in the area has been as a result of the USGS demand

rather than a economic decision which was made by the working
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interest owners in the area.

And that will suppoxrt the intent and we
certainly have that evidence available in the event the Com-
mission would like to consider it.

Thaﬁk you very much.

MR, STAMETS:/ Any othér statements?

MR. PAID: Mr. Chairman, my name is
Larry Pain, I'm an attorney with Phillips Petroleum Company.

Phillips Petroleum Company does support
the application and urges that it be granted.

We are responsible for drilling of
several of the wells that are listed in Exhibit Three that
were drilled in 1980 and 1981, and you have requested addi-
tional economic information. e believe that any such inform-
ation would show that some of the wells that were drilled
were drilled with acceptable economics on the basis that they
were within a small arca that is somewhat more favorabie than
the remainder of thé area coveted by the application.

We feel that there are very few, if any,

additional prospects of that character in the area covered

by the arnlication,
We are prepared to submit further evi-
dence in that regard, if you would like for us to do so.

Phillips owns approximately 27,008 acres
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of oil and gas leases in the area covered by the application.
Granting of the application would provide us with numerous
additional drillable prospects over what we face now., What
we face now is largely uneconomic prospects in the area.

We believe that' the Commission should
take a favorable attitude toward the granting of applications
for tight formations where the criteria are réasonably satis-
fied. Common sense tells us that the price limits established
under the Natural Gas Policy Act of 1978 are considerably
lower than the BTU equivalent of oil prices and that the
pricing assumptions that were used by Congress;to-wit, oil
equivalericy as of the time of enactment of the NGPA was an
assumption that worldwide prices would not rise any faster
than the rate of inflation, has been completely shattered
by events which have occurred since the enactment of the
NGPA. With world oil selling at well in excess of $30.00
pexr b&rrel, and an assumption of a 5.8 BTU equivalency
factor, any gas that can bhe developed at any cost less than
approximately $6.00 per Mcf can and should be developed in
order to enhance our domestic supply situation and reduce
pendency on importe,

The Section 107 pricing authority under
the NGPA is an appropriate method for stimulating additional

domestic gas sources, which should be viewed favorably by

R R B A S et
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this Commission and alsoc by the FERC as it reviews your re-
commendations,

Thank you very much.
MR, STAMETS: Are there any other state-
ments at this time?

Go off the record a second.

(Thereupon discussion was

had off the record.)

Is there anything further in this case
today?
This case, then, will be continued to

the August 26th Examiner Hearing.

(Hearing concluded.)
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STATE OF NEW MEXICO
ENERGY AND MIMNERALS DEPARTMENT
OIL CONSERVATION DIVISION
STATE LAND OFFICE BLDG.
SANTA FE, NEW MEXICO
29 July 1981

EXAMINER HEARING

IN THE MATTER OF:

Application of Four Corners Gas
Producers Association for designa- CASE
tion of a tight formation, San Juan 7317
County, New Mexico, and Rio Arriba :
County, New Mexico.
Richard L. Stamets

{

BEFORE:

TRANSCRIPT OF HEARING

Ernest L. Padilla, Esq.

Legal Counsel to the Division
State Land Office Bldg.

‘Santa Fe, New Mexico 87501

For the 0il Conservation
Division:

wWilliam F. Carr, Esq.
CAMPBELIL,, BYRD, & BLACK P.A.

Joffareon DPlace

For the Apvlicant:

LR or=y

Santa Fe, New Mexico 87501
and

Gary Paulson, Esq.

Anmoco Production Company
17th and Broadway
Denver, Colorado 80202
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OIL CONSERVATION DIVISION
NEW MEXICO DEPARTMENT OF ENERGY AND MINERALS

IN THE MATTER OF THE APPLICATION

OF FOUR CORNERS GAS PRODUCERS .
ASSOCIATION FOR DESIGNATION OF Case _ ’3/7
TIGHT FORMATION, SAN JUAN AND
RIO ARRIBA COUNTIES, NEW MEXICO.

APPLICATION

Comes now FOUR CORNERS GAS PRODUCERS ASSOCIATION, by and

through its undersigned attorneys and as provided in the 0il

~ Conservation Division's Special Rules and Procedures for Tight
. Formation Designations under Section 107 of the Natural Gas
' Policy Act of 1978 promulgated by 0il Conservation Division Order

" No. R-6388 on June 30, 1980, hereby makes application for an

order designating certain portions of the Dakota formation (Basin:

' Dakota Field) as a tight formation under Section 107 of the
+ Natural Gas Policy Act of 1978 and in support of its application

i would show the Division:

1. Applicant is the owner and operator of certain
interests in the Dakota formation (Basin Dakota Field)
underlying the following dJescribed lands situated in

San Juan and Rio Arriba Counties, New Mexico:

Township 30 North, Range 2 West, N.M.P.M.
Sections 1 through 36: All

Township 30 Morth, Range 3 West, N.M.P.M.
Sections 1 through 36: All

Township 30 North, Range 4 West, N.M.P.M.
Sections 1 through 36: All

Township 30 North, Range 5 West, N.M.P.M.
Sections 1 through 36: All




Township 30 North, Range 6 West, N.M.P.M.
Sections 1 through 36: All

Township 30 North, Range 7 West, N.M.P.M.
Sections 1 through 36: All

Township 31 North, Range 2 West, N.M.P.M.
Sections 1 through 36: All

Township 31 North, Range 3 West, N.M.P.M.
Sections 1 through 36: All

i Township 31 North, Range 4 West, N.M.P.M.
Sections 1 through 36: All

Township 31 North, Range 5 West, N.M.P.M.
Sections 1 through 36: All

Township 31 North, Range 6 West, N.M.P.M.
Sections 1 through 36: All

i Township 31 North, Range 7 West, N.M.P.M.
Sections 1 through 36: All :

Containing a total of 270,260 acres, more or less.

2. The Dakota 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 Dakota formation

E is 7950 feet and the stabilized production rate, against
atmospheric nressure, of wells completed for production
1 in said formation, without stimulation, is not expected

to exceed 336 mcf of gas per day.

i 4. No well drilled into the Dakota formation in the

above-described area is expected to produce, without

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

5. Attached to this application and incorporated herein

by reference is a complete set of exhibits which appli-

cant proposes to offer or introduce at the hearing on

this application, together with a statement of the meaning




and purpose of each exhibit. These exhibits cover all
aspects of the required evidentiary data described in
Section D of the 0il Conservation Division's Special Rules
and Procedures for Tight Sand Formation Designation under

Section 107 of the Natural Gas Policy Act of 1978.

WHEREFORE, Applicant prays that this application be set |
for hearing before a duly appointed examiner of the 0il Conserva-
tion Division and that after notice and hearing as required 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 Dakota formation underlying the above-
described land bhe 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.

. SM@Z&«

William F. Carr

Attorneys for Applicant
Post Office Box 2208

Santa Fe, New Mexico 87501
Telephone: (505) 988-4421

Certificate of Service ’ I

I hereby certify that a copy of this Application and a
complete set of all exhibits which Applicant proposes to offer
or introduce at hearing, together with the statement of meaning
and purpose of each, has been mailed to the United States
Geological Survey, postage prepaid, at Post Office Box 26124,
Albuquerque, New Mexico, 87125, on this 9th day of July, 1981

mw&mdﬁ@

William F. Carr
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IN THE MATTER OF THE APPLICATION

OF FOUR CORNERS GAS PRODUCERS .
ASSOCTATION FOR DESIGNATION OF Case 7.5/7
TIGHT FORMATION, SAN JUAN AND

RIO ARRIBA COUNTIES, NEW MEXICO.

APPLICATION

Comes now FOUR CORNERS GAS PRODUCERS ASSOCIAiION, by and
through its'undersignéd attorneys and as provided in the 0il
Conservation Division's Special Rules and Procedures for fight
Formation Designations uﬁder Section lOf of the Natural Gas
Policy Act of 1978 promulgated by 0il Conservation Division Order
No. R—6388 on June 30, 1980, hereby makes application for an
order designating certain portions of the Dakota formation (Basin
Dakota Field) as a tight formation-under Section 107 of the

Natural Gas Policy Act of 1978 and in support of its application

would show the Division:

1. Applicant is the ownz2r and operator of certain
interests in the Dakota formation (Basin Dakota Field)
underlying thé following déscribed lands situated in
San Juan and Rio Arriba Counties, New México:

Township 30 North, Range 2 West, N.M.P.M.
Sections 1 through 36: All

Township 30 North, Range 3 West, N.M.P.M.
Sections 1 through 36: AIT

Township 30 North, Range 4 West, N.M.P.M.
Sections 1 through 3€:. All

Township 30 North, Range 5 West, N.M.P.M.

Sections 1 through 36: All




Township 30 North, Range 6 West, N.M.P.M.

Sections 1 through 36: All

j Township 30 North, Range 7 West, N.M.P.M.
L Sections 1 through 36: ALl

f Township 31 Nofth, Range 2 West, N.M.P.M.
: Sections 1 through 36: All

Township 31 North, Range 3 West, N.M.P.M.
Sections 1 through 36: All

Township 31 North, Range 4 West, N.M.P.M.
Sections 1 through 36: All -

Township 31 North, Range 5 West, N.M.P.M.
Sections 1 through 36: All

Township 31 North, Range 6 West, N.M.P.M.
Sections 1 through 36: All

Township 31 North. Range 7 West, N.M.P.M.
Sections 1 through 36: All

Containing a total of 270,260 acres, more or less.

2. The Dakota 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 Dakota formation
is 7950 feet and the staﬁilized production rate, against

atmospheric pressure, of wells completed for production

in said formation, without stimulation, is not expected

to exceed 336 mcf of gas per day.

4. No well drilled into the Dakota formation in the

above-described area is expected to produce, without

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

i 5. Attached to this application and incorporated herein
ti by reference is a complete set of exhibits which appli-
cant proposes to offer or introduce at the hea&ing on

this application, together with a statement of the meaning
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and purpose of each exhibit. These exhibits cover all
aspects of the required evidentiary data described in

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

Section 107 of the Natural Gas Policy Act of 1978.

WHEREFORE, Applicant prays that this application be set
for hearing before a duly aﬁpointéd examiner of the 0il Conserva-
tion Division and that aftér hotice and hearing as requiredrby‘
law, the Division enter its order recommending to the Federal
Energy Regulatory Commission that pursuant to 18 CFR, Section

271.701 - 705 that the Dakota formation underlying 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.

Sl

William F. Carr

Attorneys for Applicant
Post Office Box 2208

Santa Fe,“New Mexico = 87501
Telephone: (505) 988-4421

Certificate of Service

I hereby certify that a copy of this Application and a
complete set of all exhibits which Applicant proposes to offer
or introduce at hearing, together with the statement of meaning
and purpose of each, has been mailed to the United States
Geological Survey, postage prepaid, at Post Office Box 26124,
Albuquerque, New Mexico, 87125, on this 9th day of July, 1981.

! » %midp&«

William F. Carr
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BEFORE THE

OIL CONSERVATION DIVISFD

IN THE MATTER OF THE APPLICATION
OF FOUR CORNERS GAS PRODUCERS ,
ASSOCIATION FOR DESIGNATION OF Case 7907

TIGHT FORMATION, SAN JUAN AND
RIO ARRIBA COUNTIES, NEW MEXICO.

APPLICATION

Comes now FOUR CORNERS GAS PRODUCERS ASSOCIATION, by and
through its~undersignéd attorneys and as provided in the 0il
Conservation Division's Speciai'Rules and Procedures for Tight
Formation Designations uﬁder Section 107 of the Natural Gas
Policy Act of 1978 promulgéted by Oil Conservation Division Order
No. R-6388 on June 30, 1980, hereby makes application for an
order designating certain portions of the Dakota formation (Basin
Dakota Field) as a tight formation under Section 107 of the
Natural Gas Policy Act of 1978 and in support of its application

would show the Division:

1. Applicant is the owner and operator of certain
interests in the Dakota formation (Basin Dakota Field)
underlying the following déscribed lands situated in
San Juan and Rio Arriba Counties, New México:

Township 30 North, Range 2 West, N.M.P.M.
Sections 1 through 36: All

Township 30 North, Range 3 West, N.M.P.M.
Sections 1 through 36: AIll

Township 30 North, Range 4 West, N.M.P.M.
Sections 1 through 36: All

Township 30 North, Range 5 West, N.M.P.M.
Sections 1 through 36: All




Township 30 North, Range 6 West, N.M.P.M.
Sections 1 through 36: All

Township 30 North, Range 7 West, N.M.P.M.
Sections 1 through 36: All

Township 31 Nofth, Range 2 West, N.ﬁ.P.M.
Sections 1 through 36: AIl

Township 31 North, Range 3 West, N.M.P.M.
Sections 1 through 36: All

Township 31 North. Range 4 West, N.M.P.M.
Sections 1 through 36: All -

Township 31 North, Range 5 West, N.M.P.M.
Sections 1 through 36: All

Township 31 North, Range 6 West, N.M.P.M.
Sections 1 through 36: All _

Township 31 North, Range 7 West, N.M.P.M.
Sections 1 through 36: All

Containing a total of 270,260 acres, more or less.

2. The Dakota 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 Dakota formation
is 7950 feet and the stabilized production rate, against

atmospheric pressure, of wells completed for production

in said formation, without stimulation, is not expected

to exceed 336 mcf of gas per day.

4. No well drilled into the Dakota formation in the

above-described area is expected to produce, without

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

) } i 5. Attached to this application and incorporated herein
by reference is a complete set of exhibits which appli-

i cant proposes to offer or introduce“at the hearing on

Bl i . 4

this application, together with a statement of the meaning
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~ tion Division and that after notice and hearing as required by

and purpose of each exhibit. These exhibits cover all
aspects of the required evidentiary data described in
Section D of the 0il Conservation Division's Special Rules |
and Procedures for Tight Sand Formation Designation under

Section 107 of the Natural Gas Policy Act of 1978.
WHEREFORE, Applicant prays that this application be set

for hearing before a duly appointed examiner of the 0il Conserva-

law, the Division enter its order recommending to the Federal

Energy Regulatory Commission that pursuant to 18 CFR, Section

271.701 - 705 that the Dakota formation underlying 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,

e

- William F. Carr
Attorneys for Applicant
Post Office Box 2208
Santa Fe, New Mexico 87501
Telephone: (505) 988-4421

Cexrtificate of Service

I hereby certify that a copy of this Application and a
complete set of all exhibits which Applicant proposes to offer
or introduce at hearing, together with the statement of meaning
and purpose of each, has been mailed to the United States
Geological Survey, postage prepaid, at Post Office Box 26124,
Albuquerque, New Mexico, 87125, on this 9th day of July, 1981. |

Sosvecs £ Bin__

William F. Carr
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CAMPBELL. BYRD 8 BLACK, r.A.

LAWYERS
JACK M., CAMPBELL JEFFERSON PLACE
HARL D. BYRD SUITE | - 11O NORTH GUADALUPE
BRUCE D. BLACK
MICHAEL B. CAMPBELL POST OFFICE BOX 2208
WILLIAM F. CARR SANTA FE. NEW MEXICO 87501

BFADFORO C, BERGE
WILLIAM G, WARDLE

TELEPHONE: {S505) 9BB-442|

KEMP W. GORTHEY TELECOPIER: {508) 983-6043

November 24, 1981

Mr. R. L. Stamets
Technical Support Chief

0il Conservation Division NOV 2.4 1981
Post Office Box 2088 :
Santa Fe, New Mexico 87501 OlL. CONSERVATION DIVISIOM

SANTA FE
Re: Case 7317: Application of Four Corners Gas
Producers Association for Designation of a
Tight Formation, San Juan and Rio Arriba
Counties, New Mexico

Dear Mr. Stamets:

Enclosed is a proposed order of the Division in the above-
referenced matter.

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

please advise. -
Veiy truly yours,
' ' J’w»'
_‘.\'

William F. Carr
WFC:1r

Enclosure

cc: Mr. Kevin McCord
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P1S THE DERPARTMENT OF ENERGY & MINERA
THE NEW MEXICO QIL AND GAS CONSERVAT

WO i‘hy
P.0« BOX 2088 SAN;,;'V'V O'Vls/o
‘SANTA FE, NEW MEXICO 87501 € 4

RE: CASE NO. 7317

APPLICATION OF FOUR CORNERS GAS PRODUGERS

ASSOCIATION FOR DESIGNATION OF THE ROSA AREA OF

TﬁE BASIN DAROTA FIELD AS A TIGHT-GAS FORMATION

ARCO OIL AND GAS COMPANY, A DIVISION OF ATLANTIC‘RICHFIELD COMPANY
CARCO), 15 THE OYNER OF A NUMBER OF LEASES IN THE pr#bssD‘ROSA
TIGHT GAS AREA IN NORTHWESTERN NEU-MEXICOg ARCO ﬁés Rtvxswzn THE
APPLICATION OF THE FOUR GCORNERS GAS pnooucsgs ASSOCIATION FOR

. TIGHT FORMATION DESIGNATION OF THIS AREA AND FULLY SUPPORTS SAID

e 7 i ’
~ APPLICATION. ARCO URGES THE COMMISSION TO APPROVE THE APPLICATION

OF FOUR CORNERS AND TO MAKE RECOMMENDATION TO THE FEDERAL ENERGY
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REGULATORY COMMISSION THAT THE ROSA AREA OF THE BASIN DAKOTA FIEﬁD

BE DESIGNATED AS A TIGHT GAS FORMATION.

PAUL T« DAVIS

ARCO OIL AND GAS COMPANY
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P.0. BOY 2819
DALLAS, TEXAS 75221
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CAMPBELL., BYRD 8 BLACK. r.A.

LAWYERS

JACK M, CAMPBELL
HARL O. BYRD

JEFFERSON PLACE
SUITE | - 110 NORTH GUADALUPE
BRUCE D. BLACK
MICHAEL B, CAMPBELL POST OFFICE BOX 2208
WILLIAM F. CARR SANTA FE, NEW MEXICO 87501
BRADFORD C. BERGE
WILLIAM G. WARDLE

TELEPHONE: {505) 988-442)

TELECOPRPIER: {505) 983-6043

July 9, 1981

Mr. Joe D. Ramey
Division Director

0il Conservation Division
New Mexico Department of

Energy and Minerals OM‘UQ
Post Office Box 2088

HDL‘(\",“ | ‘Ul

SANTA gg 1M
Santa Fe, New Mexico 87501
Re:

Y

ﬁ_
,./Q- 5’>
Application of Four Cormers Gas Producers (?CL‘L 4
Association for Designation of a Tight

Formation, San Juan and Rio Arriba Counties,
New Mexico

Dear Mr. Ramey: ,
Enclosed in triplicate is the application of Four Corners
Gas Producers Association 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
July 29, 1981.

Veyy truly yours,

William F. Carr

PR
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txaminer Hearing - Wednesday, August 26, 198}

CASE_7335:

CASE 7336:

CASE 7337:

CASE 7338:

CASE 7339:

flocket No. 26-8)

Application of C & E Operators, Inc. for amendment to Division Order lo. R-5449, San Juan County,

Hew Mexico. Applicant, in the above-styled cause, secks the amenduent of Division Order No. R-5459

by amending the location of the Northwest-Southcast trending line as described in Exhibit A of
said Order No. R-5459 pertaining to Township 30 Horth, Range 1) West, as follows: Section 6:

West and South; Section 8: Hest and South; Sections 9, 10, and 11:

test and South.

South; and Section 13:

Application of C & £ Operators, Inc. for three triple completions, San Juan County, New Mexico.
Applicant, in the above-styled cause, seeks authority to triply complete the following wells

in Township 30 Horth, Range 11 West, to produce gas from the Farmer-fruitland Pool, the Aztec-
Pictured CYiffs Pool, and the Blanco Mesaverde Pool through separate strings of tubing: Aztec
Wells ios. 8 in Unit N of Section 8 and 9 in Unit N of Section 9; and Fee Well No. 8 in Unit C

of Section 8. -

Application of Beartooth Cil & Gas Company for downhole commingling, Rio Arriba County, XNew Hexico.
Applicant, in the above-styled cause, seeks approval for the downhole comningling of Ojito Gallup-

Dakota and Blanco Mesaverde production in the wellbore of its Mincl Federal Hell Ro. 1 located in
Applicant further seeks the establishment

Unit E of Section 7, Township 25 North, Range 3 West.

of an administrative procedure for approval of downhole conmingling of Gallup-Dakota and Mesaverde

production in the W/2 of Sections 6 and 7, Township 25 North, Range 3 Mest.

Application of Beartooth 0il & Gas Company for downhole commingling, San Juan County, New Mexico.
Applicant, in the above-styled cause, seeks approval for the downhole commingling of Fruitland
and Farmington production in the wellbore ¢f its Eiledge Federal 34 Well No. 11 located in Unit D

of Section 34, Township 29 North, Range 11 West.

Application of Doyle Hartman for compulsory pooling, unorthodox well location, and simultaneous
dedication, Lea County, New Mexico. Applicant, in the above-styled cause, seeks an order poolting

all mineral iaterests in the Jalmat Pool underlying the $/2 of Section 17, Township 24 South, Range

37 East, to be simultanecusly dedicated to his Late Thomas Well No. 1 located in Unit M of said
Section 17, and to two proposed wells, one to be drilled at an orthodox location in Unit J and

the other at an unorthodox location 2310 feet from the South line and 330 feet from the West line,

both in said Section 17. Also to be considered will be the cost of drilling and completing said
wells and the allocation of the cost thereof as well as actual operating costs and charges for
supervision, designation of applicant as operator of the wells, and a charge for risk involved

in drilling said wells.

CASE 7340: Application of Doyle Hartman for directional drilling and unorthodox location, Lea County, Nex
Mexico. Applicant, in the above-styled cause, seeks authority to directionally drill his City
of Jal Well Mo. 1, the surface location of which is 1635 feet from the South line and 1210 feet

_CASE 7317

CASE 7129:

CASE 7169:

from the West tine of Section 20, Township 25 South, Range 37 East, Jalmat Pool, to top the Jalmat

at a bottom hole location 660 feet from the South and West Lines at a vertical depth of 2800 feet
and to bottom said well at an unorthodox location 330 feet from the South and West lines at a

vertical depth of 3500 feet.

(Continued from July 29, 1981, Examiner Hearing)

T T Application of four Corners Gas Producers Associatisn for designation of a tight formation, San

Juan and Rio Arriba Counties, New Mexico. Applicant, in the above-styled cause, seeks the
designation of the Dakota formation underlying Townships 30 and 31 North, Ranges 2 thru 7 Mest,
containing 270,260 acres, more or less, as a tight formation pursuant to Section 107 of the

Ratural Gas Policy Act and 18 CFR Section 271.701-705.

(Continued from August 12, 1981, Examiner Hearing)

Application of Koch Exptoration Company for compulsory pooling, San Juan County, New Mexico.
Applicant, in the above-styled cause, seeks an order pooling all mineral interests in the Dakota
formation underlying the /2 of Section 2B, Township 28 North, Range 8 West, to be dedicated to
Alsp to be considered will be the cost of
drilling and compieting said well and the aliocation of the cast therenf ac well ac actual
~operating costs and charges for supervision, designation of applicant as operator of the well,

2 well to be drilled at a standard location thereon.

and a charge for risk involved in drilling said well.

{Continued from August 12, 1981, Examiner Hearing)

Application of Xoch Exploration Company for compulsory pooling, San Juan County, Hew Mexico.
Appiicant, in the above-styled cause, seeks an order pooling 21l mineral interests in the Dakota
formation urderlying the S/2 of Section 22, Township 28 North, Ranue 8 West, to be dedicated to
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
aperating costs and charges for supervision, designation of applicant as operator of the well,

a well to be drilled at a standard location thereon.

and a charge for risk involved in drilling said well,
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Examiner Heaving - Wednesday - July 29, 1981 Docket No. 24-81

CASE 7315: Application of Rhema Oit Processing for an oil treating plant permit, Lea County, New Mexico,
Applicant, in the above-styled cause, seeks authority for the construction and operation of an
oll treating plant for the purpose of trcating and reclaiming sediment oil at a site in the NW/4
of Sectica 30, Towmship 18 South, Range 38 East, :

CASE 72%4: {Continued from June 17, 1981, Examiner Hearing)

Application of Bass Enterprises Production Conmpany for divectional drilling, Eddy County, New Mexico.

Applicant, in the above=styled ¢ause, secks authority to directionally drill its James Ranch Unit
_HWell No. 13 from an unorthodox surface location 660 feet from the South line and 1340 feet Uron the

East line of Scection 36, Township 22 South, Range 30 East, in such a manner as to bottom said well

in the Morrow formation at a stondard location at least 660 feet from the South line and 1930 feet

from the West line of Section 31, Township 22 South, Range 3l East, the $/2 of said Section 31 to

be dedicated to the well,

CASE 1303: (Continued from July 15, 1931, Exaniner Hearing)

Application of Florida Hydrocarbons Conpany for surface commingling, Lea County, New Mexico.
Applicant, im the above-styled cause, seexs approval for the surface commingling of Morrow, Strawn,
Atcka, and Wslfcanp gas produced from [ive wells located in Unit F of Section 10, Units G and O of
Section 15, and Units A and T of Scction 22, all in Township 23 South, Range 3% East, Antelope

Ridge Field, after separately metering the gas produced from each well and each zone. -Lease liquids
would be separated out at the wellhead and the gas processed in a plant, allocating plant production
back to each well on the basis of meter readings. Applicant further seeks a procedure whereby
additional wells could be similarly commingled in said systenm.

CASE 1316: Application of Blackwood & Nichols Company, Ltd. for amendment of Order No. R-6636, San Juan County,
New Mexico. Applicant, in the above-styled cause, seeks the amendment of Division Order No. R-563b
vhich authorized directional drilling for its Nartheast Blanco Unit Well No.-32-A in Section 7,
Township 30 North, Range 7 West, to provide for an amended bottom hole location 2213 feet from the
South line ond 815 feet from the East line of said Section 7.

e

~~CASE 7317: Application of Four Corners Gas Producers Association for designation of a tight formation, San Juan
T7=——.____ and Rio Arriba Counties, New Mexico. Applicant, in the above-styled cause, seeks the designation of
7" the Dakota formation underlying Townships 30 and 31 North, Ranges 2 thru 7 West, containing 270,260
acres, more or less, as a tight formation pursuant to Section 107 of the Natural Gas Policy Act and
18 CFR Section 271.701-705.

CASE 7318: Application of Phillips Petroicum Company for salt water disposal, Roosevelt County, New Mexico.
Applicant, in the above-styled cause, seeks authority to dispose of produced salt water into the
Wolfcamp formation in the interval from 7332 feet to 7341 feet in its Peterson "K" Well No. 1 in
Unit M of Section 29, Township 5 South, Range 33 East, South Peterson Field.

APy " P . : - 2 ‘ G 2 AR LR %4 2. o
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STATE OF NEW MEXICO
v ENERGY AND MINERALS DEPARTMENT
OIL CONSERVATION DIVISION

"IN THE MATTER OF THE HEARING
CALLED BY THE OIL CONSERVATION
DI ISION FOR THE PURPOSE OF
NSIDERING:

CASE NO. 7317 o A
Order Nc. R—AggZQ‘

(e

ORDER OF THE DIVISION

APPLICATION OF FOUR CORNERS GAS
iPRODUCERS ASSOCIATION FOR DESIGNATION
IOF A TIGHT FORMATION, SAN JUAN AND
lRIO ARRIBA COUNTIES, NEW MEXICO.

H
1¢
H

BY THE DIVISION:
|

v This cause came on for hearing at 9 a.m. on July 29, and
August 26, 1981, at Santa Fe, New Mexico, before Examiner Richard
lL. Stamets. ,

NOW, on this day of Novembers 198?2 the Division
Director, having considered the testimony, the record, and the
recommendations of the Examiner, and being fully advised in the

premises,
FINDS:
H
it {1) That due publlc notice havi ng haen z2iven as quuier by
i} NS
rlaw, the Division has jurisdiction of this cause and the subject

mattor thereof.
i (2) That the applicant PFour Corners Gas Producers
‘A88001at10n requests that the Division in accordance with Section
1107 of the Natural Gas Policy Act, and 18 C.F.R. §271 703
ﬂrecommend to the Federal Energy Regulatory Commission that the
‘Dakota formation underlying the following lands situated in San
'Juan and Rio Arriba Counties, New Mexico, hereinafter referred to
las the Dakota formation, be designated as a tight formation in
?Said Federal Energy Regulatory Commission's regulations:

TOWNSHIP 30 NORTH, RANGE 2 WEST, NMPM
Sections 1 through 36: All
TOWNSHIP 30 NORTH, RANGE 3 WEST, NMPM
Sections 1 through 36: AlL
TOWNSHIP 30 NORTH, RANGE 4 WEST, NMPM
Sections 1 through 36: All
1 TOWNSHIP 30 NORTH, RANGE 5 WEST, NMPM
o Sections 1 through 36: All
¢ : ] TOWNSHIP 30 NORTH, RANGE 6 WESYT, NMPM
Sections 1 through 36: All
TOWNSHIP 30 NORTH, RANGE 7 WEST, NMPM
Sections 1 through 36: All
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TOWNSHIP 31 NORTH, RANGE 2 WEST, NMPM
Sections 1 through 3%6: All

TOWNSHIP 31 NORTH, RANGE % WEST; NMPM
Sections 1 through %6: All
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N TOWNSHIP 31 NORTH, RANGE 4 WEST, NMPM
sections 1 through 36: All

TOWNSHIP 31 NORTH, RANGE 5 WEST, NMPM
Sections 1 through 36: All

TOWNSHIP 31 NORTH, RANGE 6 WEST, NMPM
Sections 1 through 36: All

TOWNSHIP 31 NORTH, RANGE 7 WEST, NMPM
Sections 1 through 36: All

Containing a total of 270,260 acres, more or less.

(3) That the area proposed for tight formation de31gnation
'lies within the horizontal limits of the Basin Dakota (as Pool,
\Whlch is a very large area prev;ously defined and described by
ithe 0il Conservation Division in San Juan and Rio Arriva Cous S,

(179 R ¥ pege—

57&47 That w1th1n the Basin Dakota Gas Pool are large areas
yof extensive development and large areas of very limited
l/development. 220 - aere

i
l

i
!
H

bein
i (Z7L57 That the fAarea for which a tight foipﬁggon designation
Wls sought is one of very limited development ‘comprised of

. approximately 432 (proration units of which 66 are developed by
‘one well and two by one well plus an infill well.

ﬁ )( That the area proposed for tight formation designation !
1s a’ largely undeveloped exploratory area. ‘

(8) That the Dakota formation underlies all the above
tdegscrived lands; that the upper Dakota sand consists of barrier
“beach deposits about 40 to 60 feet thick, composed of fine
igrained, quartz-rich sandstones characterized by an increase in
‘igrain size upward and low angle crossbedding. The next highest
“unit is transitional between fluvial and marine sedimentation
“containing dark carbonaceous shales, thin mudstones, siltstones
-and sandstones. The bhasal Dakota consists of carbonaceous
: shales, thin coal seams, siltstones, and thin channel sandstone.
E : gounties; New Mexico:

~(/ & (8> That the top of the Dakota formation is found at an ?

‘average depth of 7950 feet below the surface of the area set out | '
e - : in Finding No. (2) above; and has approximately 250 feet of gross | J
o thickness. g

e

7») 99 That the type section for the Dakota formation for the :
proposed tight formation designation is found at a depth of from |
: approximately 7852 feet to 8084 feet on the log from the ! |
i Northwest Pipeline Corporation Rosa Unit No. 68 Well located in « |
; Unit L of Section 17, Township 31 North, Range 5 West, Rio Arriba
! County, New Mexico.
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? (1¢) That the technical evidence presented in this case
!demonstrated that the predominant percentage of wells which may
Hbe conpleted in the Dakota formation within the proposed tight

| formation area may reasonably be presumed to exhibit
“permeabillty, gas productivity, or crude o0il productivity not in
’excess of the following parameters:

l

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

(b) stabilized production rates, without stimulation,
against atmospherlc pressure, as found in the
table set out in 18 C.F.R. §271.703(c)(2)(B) of

i the regulations; and

§ (¢c) production of more than five barrels of crude oil
! per day.

(1) That within the proposed area there is a recognized
aquifer being the 0jo Alamo, found at an average depth of 2385
feet or approximately 5565 feet above the Dakota formation.

(13) That existing State of New Mexico and Federal
Regulations relating to casing and cementing of wells will assure
that development  of the Dakota formation will not adversely

affect any overlying aquifers. e

Gg)fﬁ?) That the Dakota formation has heen approved for infill
drilling which permits the subject area to be developed with one
Dakota well on each quarter section or 160 acre tract.

3 eme'éa}(‘_ca&"-'
(14) Thaﬁh%ﬁe Division accepted evidence on economics within
this area.

ivalue in reaching & decision relative to this area.

i
i
} (15) That the economic data was highly variable and of no
’

ﬁ (16) That based on %technical dats alcne +the area describe
ifon Exhibit "A" to this crder should be recommended to the Fede

ﬁEnergy Regulatory Commission for designation as a tight
ﬁformation.

il
ral

IT IS THEREFORE ORDERED: !

‘ (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.R.R. §271.70% of the
sregulations that the Dakota formatlon underlying those lands in
""San Juan and Rio Arriba Counties, New Mexico, described on
“Bxhibit "A" to this order, be designated as a tight formation.

(2) That jurisdiction of this cause is hereby rectained for |
the entry of such further orders as the Division may deem
‘necessary
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hereinabove designated.

SEAL

SRR e b

DONE at Santa Fe, New Mexico, on the day and year

STATE OF NEW MEXICO ,
OIL CONSERVATION DIVISION

JOE D. RAMEY
Director
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EXHIBIT A

TOWNSHIP 30 NORTH, RANGE 2 WEST, NMPM
Sections 1 through 36: All

TOWNSHIP 30 NORTH, RANGE 3 WEST, NMPM
g Sections 1 through %6: All

TOWNSHIP 30 NORTH, RANGE 4 WEST, NMPM |
Sections 1 through 36: All |

TOWNSHIP 30 NORTH, RANGE 5 WEST, NMPM
Sections 1 through %6: Ail

TOWNSHIP 30 NORTH, RANGE 6 WEST, NMPM
Sections 1 through %6: All

TOWNSHIP 30 NORTH, RANGE 7 WEST; NMPM
Sections 1 through %6: All 1

TOWNSHIP 31 NORTH, RANGE 2 WEST, NMPM
Sections 1 through %6: All

i TOWNSHIP 31 NORTH, RANGE 3 WEST, NMPM
Sections 1 through 36: All

TOWNSHIP %1 NORTH, RANGE 4 WEST, NMPM
Sections 1 through 36: All

TOWNSHIP 31 NORTH, RANGE 5 WEST, NMPM
Sections 1 through 36: All

. TOWNSHIP 31 NORTH, RANGE 6 WEST, NMPM
Sections 1 through 36: All

TOWNSHIP 31 NORTH, RANGE 7 WEST, NMPM

Sections 1 through 36: All
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STATC OF NEW MEXICO
ENERGY AND MINERALS DEPARTHMENT
OIL CONSERVATION DIVISION

CASE NO. 7317
firder No. R-6883-A

{APPLICATION OF FOUR CORNERS GAS
{PRODUCERS ASSOCIATION FOR DESIG-
'NATION OF A TIGHT FORMATION, SAN
1 JUAN AND RIO ARRIBA COUNTIES, NEW ;
| MEXICO. 3

i
3!

NUNC PRO TUNC ORBER

! It appearing to the Division that Order No. R-6883 dated

;January 11, 1982, does not correctly state the intanded o;der of

¥ 1T IS THEREFORE ORDERED: §

: ;
(1) That Finding No. (6) on pages 2 and 3 of Order No. R-6883
!is hereby corrected to read in its entirety as follows: {

"(6) That the area for which a tight formation desig-

nation is sought is one of very limited development being

i comprised of approximately 846 proration units of which 66

are developed by one well and two by one well plus an infill

well."

e —————

(2) That the corrections set forth in this order be entered

nunc pro tunc as of January 11, 1982.

! ,
b DONE at Santa Fe, New Mexico, on this day of April,
j
!

T
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STATE OF NEW MEXICO
ENERGY AND MINERALS DEPARTMENT
OIL CONSERVATION DIVISION

'IN THE MATTER OF THE HEARING %
CALLED BY THE OIL CONSERVATION :
PIVISION FOR THE PURPOSE OF
'CONSIDERING:

; 3 CASE NO. 7317
: ;3 Order No. R-6883

§£PPLICATIDN OF FOUR CORNERS GAS i
:PRODUCERS ASSOCIATION FOR DESIG- ;
'NATION OF A TIGHT FORMATION, SAN
'JUAN AND RID ARRIBA COUNTIES, NEW
eHEXICO.

DRDER UF THE DIVISION

'BY THE DIVISION:

1
i !
H This cause came on for hearing at 9 a.m. on July 29 and i
liAugust 26, 1981, at Santa Fe, New Mexico, before Examiner ;
i

L AU T B Y Bt e M L,

‘ .Richard L. Stamets.

H 'NOW, on this_ 11th day of January, 1982, the Division
“Difector, having considered the testimony, the record, and the

¢ ‘'recommendations of ths Examiner, and being fully advised in the %

l,yh omi SS3,

: g FINDS:

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

: (2) That the applicant, Four Corners Gas Producers
‘Aasoeiation, requests that the Division in accordance with
;Section 107 of the Natural Gas Policy Act, and 18 C.F.R.
nszr;.:u;, recommend to the tederal tnerqy Regulatory Commission
“that the Dakota formation underlying tho following lands situ-
.;atead in San Juan and Rio Arriba Counties, New Mexico, hersin-
‘after referred to as the Dakota formation, be designated as a

tight formation in said Fedaral Energy Regulatory Commission's
“regulations:

TOWNSHIP 30 NORTH, RANGE 2 WEST, NMPM
Sectiona 1 through 363 All

TOWNSHIP 30 NORTH, RANGE 3 WEST, NMPM
Sections 1 through 36: All
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TOWNSHIP 30 NORTH, RANGE 4 WEST, NMPM

Sections 1 through 36t  All

TOWNSHIP 30 NORTH, RANGE 5 WEST, NMPM

Sections 1 through 34t All

TOWNSHIP 30 NORTH

» RANGE 6 WEST, NMPM

Sections 1 through
TOWNSHIP 30 NORTH,

36t All
RANGE 7 WEST, NMPM

Sections 1 through
TOWNSHIP 3) NORTH,

361 ALl
RANGE 2 WEST, NMPN

Sections 1 through 36: All

TYOWNSHIP 31 NORTH, RANGE 3 WEST, NMPM
Sections 1 through 36t All

| TOWNSHIP 31 NORTH, RANGE 4 WEST, NMPM
i Sections 1 through 36: All

TOWNSHIP 31 NORTH, RANGE 5 WEST, NMPM
Sections 1 through 36: All

TOWNSHIP 31 NORTH, RANGE 6 WEST, NMPM

— prapm— WSS R B e
Sections 1 Lhnrougn 5631 ALl

TOWNSHIP. 31 NORTH, RANGE 7 WEST, NMPM
Secticna ) through 36: All

Containing a total of 278,260 acrasa, more or less.

i (3) That the area proposed for tight formation designa-
.tion lies within the horizontal limits of the Basin-Dakota Gae
Pool, which 18 a very large area previously defined and
‘described by the 0il Conservation Division in San Juan andé Rio
‘Arriba Countiee,.

: (4) That the Dakota formation has been spproved for in-
fill drilling which permits the subject area to be developed
Witk one Dakota well on each quarter section or 160-acre tract.

(5) That within the Basin-Dakotn Gas Ppol are large areas
of extensive development and large areas of very limited de-
‘velopment.

(6) That the area for which a tight formation designation
is sought is one of very limited development being comprised of




g —

[EERSpp—

‘and sandstones. The basal Dakota consists of carbonaceous ‘
“ghales, thin coal seams, siltstones, and thin channel sandstone. ‘

H (10) That the type section for the Dakota formation for the
‘proposed tight formation designation is found at a depth of from
approximately 7852 feet to 8084 fest on the log from the ?
“Northwest Pipeline Corporation Rosa Unit Well Ne. 68 located in ;
Unit L of Section 17, Townshin 31 North, Range 5 Weaet. Rin Arreiha |
. County, New Mexico.
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approximately 432 320-acre proration units of which 66 are

‘doveloped by one well and two by one well plus an irfill well.

(7} That the area proposed for tight formation designa-

;'tion is a largely undeveloped exploratory aresa.

g (8) That the Dekots formation underlies all of the abovs
‘described lands; that the upper Dakota sand consists of barrier
.beach deposita about 40 to 60 feet thick, composed of fine ;
‘grained, quartz-rich sandstones characterized by an increass in i

:grain size upward and low angle crosshedding. The next highest
unit is transitional between fluvial and marine sedimsntation
‘containing dark carbonaceous shales, thin mudstones, siltstones

(9) That the top of the Dakots formation is found at an :
.average depth of 7950 feet below the surface of the area sot out !
in fFinding No. (2) above, and has approximately 250 feet of
gtoas thickness,

LA LR AR AL R g

(11) That the technical evidence pressnted in thia case

fdemonatrated that the predominant percentage of wells which may
"be completed in the Dakota formation within the proposed tight
formation area may reasonably be presumed to exhibit permeability,.

.gas productivity, or crude oil productivity not in excess of the
following parametersx

(a) average ~Q aitu gas permeebllity throughout the

pyuy seviion of J.1 millidarcy; and

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

(c) production of more than five barrels of crude oil
per day.
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(12) That within ths proposed area there is a recognized
dquifer being the Ojo Alamo, found at an averags depth of 2385
feet or approximately 5565 fest abuve the Dakota formation.

(13) That axisting State or New Mexico and Fsdesral Regula-
tions relating to caaing and cementing of wells will assure
that development of the Dakota formation will not adversely
lffect any ovorlying aquifers.

 (14) That in the instant case the Division accapted evi-
dence on sconomics within this area.

, (15) That the economic data was highly variable and of no
value in reaching a decision relative to this area.

. (16) That based on technical data alone the area described
on Exhibit "A" to this order should be recommended to the
federal Energy Regulatory Commission far deaignation as a

tight formation.

IT 1S THEREFORE ORDERED:

3 (1) That it be and hereby is recommended to the federal
Energy Regulatory Commission pursuant to Section 107 of the
Natursl Gas Policy Act of 1978, and 18 C.F.R. §271.703 of the
gegulationa that the Dakota formation underlyinag those lands

in San Juan and HRio Arriba Counties, New Mexico, deacribed on
ﬁxhibit “A" to this order, be designated as a tight formation.

: (2) That jurisdiction of this cauae is retained for the
antry of such further orders 83 the Division way deem necessary.

j DONE at Santa Fe, New Mexico, on the day and year-hsrein-
above designated.

ATE 0F NEW MEXICO
l rnunrnunrram\nt: ISTION

----------------- ‘ L I

// / ﬁ/
/3I0E D. RAMEY

Director




TOWNSHIP

WEST, NMPMY

Sectione

TOWNSHIP

30 NORTH, RANGE 2
I through ¥6: All

n

Sections

TOWNSHIP

30 NORTH, RANGE 3 WEST, NMPM
I through 381 A1l

JO NORTH, RANGE 4 WEST, NMPM

Sections
TOWNSHIP

1 through 383 All
30 NORTH, RANGE 5 WEST, NMPM

Sections

TOWNNSHIP

I throughk 36t All
30 NORTH, RANGE 6 WEST, NMPM

Sections
TOWNSHIP

1 througl 36: All
30 NORTH, RANGE 7 WEST, NMPM

Sections

TOWNSHIP

1 through 361 ALl
31 NORTH, RANGE 2 WEST, NMPM

Sections

TOWNSHIP

1 through 361 Ali
31 NORTH, RANGE 3 WEST, NMPM

Sections

TOWNSHIP

1 through 36t All

Sectinns

TOWNSHIP

31 NORTH, RANGE & WEST, NMPM
1 through 38: AIl :

31 NORTH, RANGE 5 WEST, NMPM

Sections

TOWNSHIP

1 through 361 All

31 NORTH. RANGE & WEST. NMPM

i

Sections

TOWNSHIP

I through 36t All
31 NORTH, RANGE 7 WESTV, NMPM

Sections

1 through 363 All

Exhibit A
Order No, R-6883
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