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STATE OF NEW MEXICO

ENERGY ano MINERALS DEPARTMENT

OIL CONSERVATION DiVISION

August 5, 1980 FOST OFFICE BOX 2088
STATE LAND OFFICE BUILDING
SANTA FE, NEW MEXICO 87501
(505) B27.2434

Kellahin & Kellahin
P. 0. Box 1769
Santa Fe, New Mexicao 87501

Attention: Mr. Thomas Kellahin

Re: Correct Well Locations
Tenneco Order No. R-6389

Gentlemen:

Reference is made to your letter dated July 7, 1980, wherein
you advise that Tenneco 0il Company had caused to be resurveyed
the well locations for the pilot thermal enhanced recovery project
said company was authorized by the subject order to initiate in
the Hospah Pool in McKinley County.

As a result of the resurvey, the well laocations of the two
existing wells in the project area are corrected and the location
"of the three wells which are ta be drilled must necessarily be
amended to complete the pilot project well pattern.

Inasmuch as the project area is not displaced in amny manner,
but simply tied to a corrected location for each of two existing
wells, we do not feel that the order is in effect being amended
and that no hearing will be necessary to permit Tenneco to proceed.

Said company ic, therefore, hereby authorized to drill its
pilot injection well at a pcint 1532 feet from the North line and
2718 feet from the BEast line of Section 12, Township 17 North,
Range 9 West, NMPM, McKinley County, New Mexico, and to drill two
producing wells, one at a point 1418 feet from the North line and
2769 feet from the East line, the other at a point 1646 feet from
the North line and 2667 feet from the East line, both in the
aforesaid Section 12. These locations would tie said wells into
a pilot project area based on the corrected locations of the two
existing wells, which have been determined to be as follows:

Well No. 18, 1495 feet from the North line and 2632 feet from the
East line, and Well No. 48, 1569 feet from the North line and 2800
feet from the East line, both in said Section 12.

Very truly yours,

JOE D, RAMEY,
Director

JDR/DSN/dr
" vece: Case File 6890

S
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July 7, 1980

Mr. Dan Nutter
011 Conservation Division
P. 0. Box 2088
Santa Fe, New Mexico 87501

re: Tenneco 0il Company
Division Case 6890
Order No. R-6389
Thermal Enhanced Recovery

Dear Dan:

I have received a copy of the referenced Division Order dated
July 7, 1980.

In reviewing the order with Tenneco personnel, I discover that
the locations have been resurveyed and the information supplied as
to well locations is in error.

The following are the corrected locations:

a) injection well 2718' E line and 1532' N line.

b) well 48: 1569' north line and 280G' east line.
¢) well 18: 1495' north line and 2632' east line.
d) well 65: 1418' north line and 2769' east line.
e) well 66: 1646' north line and 2667' east line.

I assume that the order might be changed to reflect the resurveyed
locations by a Nunc Pro Tunc Order and that Tenneco may commence their

project at the amended locations without having this matter heard agaic.

Please let re know.

cc: Mr. Glenn Strobl
(Tennecc - Denver)
WIK:msf

. JU
N ) L O 9 ’980
: KELLAHIN and KELMSERV Tion
Attorneys & Law SANTA FE D"WS'ON
Jason Kellahin 500 Don Gaspar Avenue
W. Thomas Kellahin Post Office Box 1769
Karea Aubrey Santa Fe, New Mexico 87501 Telephone 9824285

Area Code 50S
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e STATE OF NEW MEXICO

ENERGY ano MINERALS DEPARTMENT

i OiL CONSERVATION DIVISION
BRUCE KING
SANTA FE, NEW ]
LARRY szHOE G sansxm 8730

Mr. Thomas Kellahin Re:
Keilahin & Kellahin

Attorneys at Law

Post Office Box 1769

Santa Fe, New Mexico

Dear 8ir:

CASE NO. 6330
ORDER NO. R=-6389

Applicant:

Tenneco 0il Company

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

Director

JDR/£d

Copy of order also sent to:

Hobbs OCD x
Artesia OCD x
Aztec OCD X
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- 1 MR. NUTTER: We'll call now Case Number
2 68490.
3 MR. PADILLA: Apprlication of Tenneco 0il

4 Company for a thermal enhanced recovery project, McKinley
5 County, New Mexico.
6 MR. KETLLAHIN: Tom Kellahin of Santa Fe,

? New Mexico, appearing on behalf of the applicant, and I have

8 two witnesses to be sworn.
9
5 - 1 (Witnesses sworn.) ,
? g ;
S _Zg .
oggs " 4
§- < ]
~ 8438w GLEN C. STROB -
- Fagd %
= 3 13 being called as a witness and having been duly sworn upon his ;

oath, testified as follows, to-wit:

16 DIRECT EXAMINATION
7 1 BY MR. KELLAHIN:
b 0 Would you please state your name?
19 -
A Glen C. Strobil.
20
0. How dc¢ you spell your last name, Mr.
21
Strobl.
2
A S-T-R-0-B-L.
8 L}
T e Where are you employz2d and in what capa-
~ 24 .
city?
.

A Employed in the Denver office of Tenneco

L e s ki e e

[ W= N



-
o Eg
gifs
@238
> 44}
3 a

10

1"

12

13

15

16

7

B ® 8 B

Page 5

0il Company as a Senior Petroleum Engineer.

) When and where did you cbtain your degree
in engineering?

A 1 obtained my degree, BS in petroleun
and na*ural gas engineering, June, 1973, Pennsylvania State
University.

Q subseguent to your agraduation where have
you been enploy=d and in what capacity?

A For the Shell 0il Company as a production
engineer for a year and a half and then for two years as a
reservoir engineer; I worked with Gulf Research and Develop-
ment as a reservoir engineer. »nd then with Tenneco for a
year and a half as a reservoir engineer.

0. And as a reservoir engineer for Tenneco
0il Company, what do your duties include?

A For the past year I've been working on
enhanced recovery; in particular this project.

0 gut involving the Lower and Upper Hospah
formations in McKinley County, HNew Mexico?

A Correct.

0 pursuant to that study, Mr. Strobl, what
if any other in situ combustion projects have you examined
in the United States?

A 1 have made field trips to some projects

and done extensive literature yesearch, talked with a number

Lopa i il ) iy o)

.
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experts on the subject, and in relation to this project, alsoi
0 what are the locations of any existing
projects that you examined?
A The Fireflood in Relleview,
Louisiana, was the one I actually toured. \
0. pid you or anyone in conjunction with x
Tenneco 0il Company examine .any firefloods in California?
A No, we have not yet. Ve have discussed
some with pecple there.

0 In accordance with your testimony . today,

P p————e

you have done researci and prepared certain exhibits for

presentation.

e

A Yes.

MR. KELLAHIN: We tender Mr. Stropbl as an

expert petrcleum engineer.
MR. NUTTER: Mr. Strobl is qualified.

0. Mr. Strobl, would you turn to what we've
marked as Exhibit Number One and orient us to where in New
Mexico you Ppropose to conmmence this pilnt in situ combustion
project?

A The pilct project is designed for the
Hospah Field, which is in the southern area of San Juan
Rasin, the area. 1It's in McKinley County., and

this exhibit shows the relationship of the field location to |
§
i
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the cities of Farmington, santa Fe, and Albuguergque.

¢ All right, sir, let's turn to Exhibit
Number Two. Would you jdentify this plat for us anéd tell us
in general terms what is contained on this exhibit?

A This is a plat of the South Hospah area

SO

in McKinley County., and basically it shows the cross hatched

S—

area in the middle, that's Section i2 of 17 North, 9 Vest,
as our unit, the Hcspah Unit. We heve 100 percent working
interest in that area, the cross hatched arca. It's not
really cross hatched, put it's outlined in a dotted line.

o Okay. You have platted all the Lewer

and Upper Hospah Wells in this pool?

A Yes. This map does show all the comple-

tions and the current status of those completions in that.

area.
0 The plat also identifies who the operator
are in the_different sections.
A Right.
0. : and what is indicated by the inner circle’
A The inner circle is a helf mile radius

immediately around the pilot area, the centex of that being

18 and 48 are Hospah wells.

U

0. Let's take a moment , then, and within

pmmmemtvnly

the center of that circle would you locate for us the site

of the proposed injection well for this pilot project?

[

g
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1 . .
A The injection well would be halfway be-

2 tween our Hospah Nos. 12 and 48 Wells.

3 Q‘ It's not specifically platted on your

4 | exhibit, is it?

A No, because of the scale it would be very

¢ close together and not show up very well.

7 Q But it's going to be halfway between . ,
4
8 | wells 48 and 182 :
9 A Yes.
< 10 . ;
g 3 Q Right above the word Hospah on your plat? 3
% =
a5 § n
3 gig A Yes. ;
@ i38 : . f«
3 ;ég Q. All right, we'll come to a l1ater exhibit ;
> 13 E
g i in a minute —-
“ 4
A Okay. f
15 ‘ ]
o -- that shows that pbetter.
16
what is indicated by the outer circle? \
7 |
A The outer circle is a 2-mile radius. ﬁ
o Would you describe, oOr refresh the Exa- i
19
miner's memory, as to what the history of production has been
20 )
for the Lower and Upper Hospah formations? :
21
: MR. NUTTER: Mr. Strobl, before you leave
2 :
that exhibit. §
=
_ A Yes, sir. i
24 ;
MR. NUTTER: You mentioned that this was ]
%
in the unit and outlined py a dotted line. 1 ‘
i

e e o
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0

A Yes.

MR. NUTTER: I think to show that this is
inside the lease and not near any other lease line, if you
define what that unit boundary is, so that I can mark it on
my exhibit with a red pen, the dotted line that outlines
this particular unit that would be working.

A Okay. Actually wefre dealing with a unit
in only the Upper Hospah. The Lower Hospah has never been
unitized.

The unit does run along the ncrth line
of Section 12, completely across that section.

MR. NUTTER: Okay.

A And then about I'd say 75 percent of the
way down the east boundary of that section. As you can see,
then it follows across half way and then ccntinﬁes down --
I'm sorry, it does follow all the way across that section.

MR. NUTTER: It goes all the way across
into Section 11, I think, doesn't it?

A Intc Section 11. Again that is an Upper
Hospah Unit, and continues up about a guarter or halﬁ of the
way, let's éay, cuts across to Section 12's bogndary line
again and then ué to the northern boundary line.

MR, NUTTER: So that's the boundary of
the Upper?

A Yes.
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MR. NUTTER: And the South Hospah Lower

Sand is not unitized, is that it?
A No, it isn’'t.

MR. NUTTER: So it's on a lease. Now

what is the boundary of the lease that it's on?

A I believe, if I'm not mistaken, the
lease encompasses that whole section,>or at least the greater
part of that section.

o And that's a Federal lease?

A That is a Federal lease. My basic reason
for showing this was to show that we are the only operator
in that section on that lease and we have a ;OO percent
working interest.

MR. NUTTER: ©Okay. So this is not near
any boundary of any property that's owned by any other oper-
ator or any other royalty owners, is that: it?

a That's correct.

MR. NUTTER: Okay, proceed to your next

exhibit.

0. The closest operator is Tesoro to the

" north in Section 1, is that not true?

A, That's true. They also operate on the
east of that section in Section 7. We -- we did pick this
pilot area to isolate them by mary producing wells in between

ours and the boundary line of that section. There are also
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X
3 1 water injection wells between the pilot area and Tesoro's

2 property.

2 o Mr. Strobl, would you summarize for us

a—

4 what has been the history of the Upper and Lower Hospah

——

5 formations? Well, let me go back, and 1lndicate +o you that

e

& the application as originally filed requests approval cf a

: 7 | pilet project for both the Upper and Lower Hospah formations

‘4‘i 8 and as of the date of this hearing, what is Tenne u'S inten-
i
i 9 tion?
[ 4 10 . . . : .
@ 3 A our intention now is to only have a pilot
O &
?: aig n in situ combustion project in the Lower Hospah, and at the
s ;-125 12 same time toO do just an injectivity test in the Upper Hospah.
24 .zé
-
% 5 B 0. The proposed injection well will still be
|
" completed as applied for, 1 assume. !

A Yes.

L)

0. and the jocation of additional wells will

be on the four producing wells included in the application \

as opposed to the 8-spot pattern? ‘

A Correct. \

0. all right. Let me have you take an ex— \

hibit out of order, if you will, please.

1f you'll turn ro Exhibit Number Six and

if you'll demonstrate for the Examiner, using Exhibit Numker

|

six, and perhaps gxhibit Number Two, explain to him what yYou I

n the Lower Hospah.

propose to do for this pilot project i
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. The pilot is designed as an inverted 5-
spot pattern utilizing two wells that already exist in the
field, the Lower Hospah No. 48 Well, as shown on the left of
Exhibit Six, and our Upper Hcspah No. 18 Well.

We plan on rocom
the Lower Hospah. That is, it is drilled all the way through
and has casing through the Lower Hospah.

We also plan on drilling three additional
wells, the Lower Hospah No. 65 teo the north; the Lower Hospah
No. 66 to the south. These will be producing wells, and our
air injection well on the center of this pattern. The air
injection well will, as Mr. Kellahin just previously said,
is a dual injection well.

0 What is the approximate area involved in
the pilot project in terms of surface acreage?

A Approximately .68 acres.

0 All right. Would you summarize for Mr.
Nutter what has been the producing history of the Lower
Hospah?

A Basically the field was discovered as an
Upper Hospah Field in 1965. Tenneco purchased the field,
the property, in 1966. We began the production in 1967 in
the Lower Hospah. The field was aggressively developed in
those days, drilling of wells. By 1968 we deemed that water

flooding would be beneficial in the Upper Hospah, started a

P L R O R BT S PR SRRy WL TR Por
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waterflood project on the Upper Hospah. By 1972 we decided
to try to enhance the recovery of the Lower Hospah and at-
tempted a gas/water injection project. We did see some re-
sults of that but found that the gas was really not beneficial
and all the benefit was coming from the waterflood. Both
waterfloods have continued to the present date.

In 1977 and '78 we had an infill drilling
program in the Lower Hospah, whicli had increased our reserves
and recovexry from the Lower. At this point in time we're in
the latter stages of secondary or waterflooding producﬁion
and we feel like we've done about all we can to increase
production from this reservoir in a secondary phase.

At this point in time we think it's a
good idea to go to enhanced recovery or tertiary recovery to
optimize production, increase our recovery from these two
reservoirs.

0. | Can you give vs an indication and perhaps

some rough numbers or percentages of what you recovered from

the Lower Hospah in the primary phase and then in the secondayp

i

waterflood phase of the project?

A Primary production was about 15 percent
of the o0il in place in the Lower Hospah. There wus some
water drive and that accounted for some of this production.

The expected secondary recovery should

add up to another 19 percent of the oil in place.

e
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The expected incremental tertiary oil from
a field-wide project, if it is successful, should add another
13 percent recovery to the field.

That will give us a total of 47 percent
ultimate recovery from the field, from the Lower Hospah
reservoir.

Q Let me see what you've got.

MR. NUTTER: Now, Mr. Strobl, am I reading
this correct on this statement here, down at the bottom line,
whe;e you say projected ultimate recovery from the Lower
under primary and secondary would be 3,255,000? Am I reading
that right?

A Yes, sir. f

MB. NUTTER: Okay.

A Thgt's a combination of the twq phases.

MR. NUTTER: Okay, thank you, and that
would amount to 34 percent?

A Yes, sir.

MR. NUTTER: Okay.

Q . In general terms, Mr. Strobl, why don't
you narrate for us how you propose to make this pilct work:
what it's supposed to 4o and how it does it? Give us an
overview of what we're doing.

A Basically what we intend to do is inject

air in the air injection well and using some artificial means|
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and I think we plan on using a gas ignitor to heat this air

downhole to a temperature approximately 600 degrees, which
should ignite the o0il. The o0il -- not all the cil will burn.

There is a part of the oil, the heavier ends, called coke,

-t

will su
The heat from this combustion vaporizes the oil, distills
some of the lighter ends, pushes it away from the wellbore,
the injection wellbecre, leaving the coke behind.

As this proceeds we have gases gene;ated;
we have steam generated; and of course the distillation pro-
ducts. This provides the driving mechanism which pushes the
oil ahead and to the production well, naturally.

0. Wirat other methods of tertiary recovery
have you examined for the Lower Hospah formation?

L. Okay. With the varticular crude and re-
servoir properties that we have in the Lower Hospah we found
that chemical and thermal means would probably be the best,
and in particular polymer caustic, mycellar polymer, caustic
polymer combination, steam, in situ combustion were examined,
and evaluated for application here. O0f these we did do some
lab testing on these. O0f these, in situ tombrstion was the
best for most optimum recovery.

Q What do you propose to accomplisih by the
pilot project?

A The pilot is designed to answer a number
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guestions.
The first and most important, I guess, is
to verify the engineering evaluation in our prediction model.

And after that I think we really want to find out what the

o]

operational aspects of in situ combustion
in this particular reservoir; what typc of problems we will
have to handle.

We also want to determine the injectivity
for sizing compression equipment we haye to order many months
in advance of getting it in the field.

0. Let's turn to Exhibit Number Three and
have you identify that for me.

A Exhibit Number Three is an induction
electrical log of Hospah No. 18. As I indicated oreviously,
that is in the pattern area that we're proposing and it is
. very typical of the type Qf sand development that we have
in the Upper and Lower Hospah. You can see the proximity of
the two sands and the type of development on this well.

0. Would you take Exhibits Four and Five now
and summarize those exhibits for us?

A This Exhibit Four is a production history
of the Upper Hospah Unit. The black curve, solid line curve,
is barrels of o0il per day, and the upper curve, the red
dashed curve, is barrels of water per day.

As you can see, I've indicated when we

3 T~ 1
re going toc be like
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began water injection in JUne of '68 and you can see the
dramatic increase in water -- or water and o0il production due
to that water injection. You can alsoc see that we are in an
established decline and the latter phases of this water in-
jection.

On Exhibit Number Five we show the pro-
duction history of the Lower Hospah. Again, the black solid
curve is barrels of o0il per day and the red dashed curve is
karrels of water per day.

I've indicated when we started the gas/
water injection and when the gas injection ceased. You don't
see the dramatic increase from water injection here because
we've always had mobile water. We've always had a water in-
flux from the agquifer in this reservoir. But I think you do
see that we have more or less by water injection stopped the
decline and leveled out production.

You can also see in '77 where we did the
deepening and perforating of those eleven wells and the in-
crease of production that followed that arnd the effect of
the four infill wells in the Lowef Hospah.

0. Subject to the approval of the Division,
when would you propose to commence drilling the injection
well?

A As soon as possible.

¢ when do you propose to have the pilot
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project operational?

A Very soon after that. It would be a mat-
ter of basically just lining up the compression equipment.

I would expect by June, July, we should have this going
pretty well.

Q Once the pilot project is operational,
what do you anticipate to be the life of the project in order
to answer the questions that you've posed?

A We plan con running the project for six
months total, gix to eight months, I should say, depending
on the injection rates.

MR. KELLAHIN: I have another witness, Mr|
Wutter, that's going to discuss the method of drilling and
completing the injection well. He has examined sources for
potential fresh water in the area. He has analyzed all the
wells within the area to determine the casing program, the
guality of cement, ané that sort of thing, and is prepared
to answer questions in that regard.

Both gentlemen, I'm sure, are qualified
to answer all your questions, but perhaps it might be easier
to let me complete the testimony with my second witness and
then have both witnesses available to answer guestions.

MR. NUTTER: I think I've only got a

couple of questions for Mr. Strobl at this time.
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CROSS EXAMINATION
BY MR. NUTTER:

Q Mr. STrobl, now you are going to abandon
the project insofar as the upper sand is concerned at this
time?

A Yes, sir.

0 Eut you said you would dually complete
the well, the injection well?

A Yes, sir, we would like to do some air
injectivity tests in the upper sand, again to size our com-
pression equipment so thap we can go ahead and order that and
be ready for the field-wide projeqt in the upper.

Q In the event that you did decide to go
into the upper later?

A Yes. If the lower proves out, we will do
the upper. There's no guestion of that.

0. You feel like you can evaluate the pro-

cess feasibility by injection into the leower sand only.

A Yes, sir.

0. For six or eight months?

A, Yes,

Q ' Okay. MNow, in the process of burning

this o0il, you mentioned that there would be a certain amount

of it would be coke and that's going to remain behind. Have

T e, L

R
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any calculations been made as to the percentage of oil in
place that is coke?

A The saturation percentage is around 10
percent. The original oil saturation was 65 percent.

0 Original oil saturation, 65 percent.
Present saturation?

A Present saturation volumetric average is
about 49 percent.

Now, this coke»will not be left behind.

It will be burned. There will be nothing left in that sand.

Q. That coke eventually is burned?
A Is burned.
0 Okay. Now what percent of the oil that's

there, this 49 percent saturation that you have at the present
time as coke, can burn?

A That's roughly 1/4th or 1/5th of the oil.

0. 1/5th to 1/4th of o0il in place coked and
burned and consumed.

A I might add that that will only be in the
areas that are swept by the air. O0f course the heat is con-
ducted from the swept areas and up to 40 percent of the oil
in areas that are not air swept is produced.

Q How far from the injection well do you’
get on this 119 feet to the No. 48 over here, for example.

A Yes, sir.
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o How far do you expect the actual com-
bustion to extend and then beyond that simply the vapcrs
sweeping through the reservoir?

A We hcpe to propogate the fire front as
far as one of these older wells. We do want to see if we
can handle the heat in these production wells.

Q I see,.

A We plan on setting up a circulating syste*
of cooling water in the wellbore, and we want to see if we
can control this heat to a manageable level.

But I expect we will burn out this pilct
to a reasonable economic air/cil ratio in that six to eight

month period.

Q. 2And you would hope that you could achieve
combustion all the way to the producing wells out there.
A At the rate of -- yes, I think we can
very easily. That's why we chose such a small pilct area.
Q Uh-huh.
MR. NUTTER: I believe tkat's all for

now. Thank you.

STEVEN H. HUDSON
being called as a witness and having been duly sworn upon

his oath, testifies as follows, to-wit:

T P T T I
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DIRECT EXAMINATION

BY MR. KELLAHIN:

14 Would yvou please state your name and
occupation?
A Steven H. Hudson. I'm a production en-

gineer with Tenneco 0il in Denver.

0 Mr. Hudson, when and where did you obtain
your engineering degree?

A I obtained a BS in mechanical engineer;ng
from the University of Texas in Decembexr, 1978.

0. Subseguent to graduation where bave you
been employed and in what capacity?

A I began as a production engineer with
Amcco Production Company and since that.time, or up tc De-
cember of ‘79, and then joined Tenneco in Denver.

0 What are your responsibilities as a pro-
duction engineer with Terneco 0il Company?

A Upon empioyment with Tenneco I started
on work on this project, specifically working on the prqducti
phase of implementing this pilot or full scale fireflood.

MR. KELLAHIN: We tendsr Mr. Hudson as
an expert petroleum engineer.
MP?. NUTTER: Mr. Hudson is qualified.

0. I'd like you to begin, Mr. Hgdson, with

D11
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Exhibit Number Scven, which is the proposed injgction wall,
and have you dascribe how you propose to drill and complete
this well for injection.

A Due to our specific case of having two
sands in close proximity which we wish to exvose to this
fireflood, it became necessary by looking throuch several
designs to attempt air injection by two casing strings. We
attempted a single casing string with two tubing strings and
packers, or we proposed that, and upon a little bit of in-
tensive study on that we found that downhole equipment as far
as packers and expansion joints and things like that are not
really developed for the heat that we expected to be placed
upon these wells.

So we therefor decided to go with a two
casing strings to eliminate the downhole problems that we
might see with packers or expansion joints.

This diagram of Exhibit Seven then shows
two strings of 4-1/2 inch casing, which would be set to a
total depth of approximately 1715 feet as deterwined by -the
Exhibit Three, which was the log on Well 18, which we have
for depth determination.

In that I'd like to point out that we
will not be running 1.66 I1J tubing. It will be 2-3/8ths

standard 8-round tubing to facilitate our ignition process

only. The present ignition svstems that are available on the{

1
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market within our time frame, will not allow us, under these
conditions of running two strings of casing, will not allow
us to run a packer system; therefor we have not prorosed one.

The methane system ofiignition would in-
volve running a burnexr on a slick line downhole and landing
that at thez bottom of the tuking and then injecting air down
the tubing -- I mean, excuse mef methane down the tubing with
air down the casing under the ignition process only, and by
a lab test with the company we plan to use for this ignition,
you can determine the amount of heat you hgve to supply to
the reservoir to make sure you have ignitiori. There i; also
a test on offset wells.

Anyway, the methane ignition process
will only encompass a week to ten days, something in that
area. We're nop -~ we haven't really decided completely on
that.

After that, the methane will be shut off
and only air will be injected down the casing, as the tubing
will not be -- or the same as if the tubing was not there,
At a later time we might inject water down the tubing string
in a process krown as COFCAW, which is a combination of for-
ward combustion and waterflcoding.

0 Do you want to spell that for us?
A C-0-FP-C-A-Vl, and that's -- it's a com-

binaticn of waterflooding and forward combucstion where you




Santa Fe, New Mexico 87591
Phone (505) 455-7409

SALLY W. BOYD, C.S.R.
Rt. 1 Box 193-B

10

"

12

13

15

16

17

18

24

Page 25

inject water and air simultaneously or water/air/water in
different phases.

The reason we would inject downhole in
this system is any time you mix air and water you're going
to have definite corrosion problems and we sought to mini-
nize those by mixing the air and water downholef if we go
in a combination.

MR. NUTTER: Well now, Mr. Hudson, you're
going to inject air only down the one string of casing that's
landed at the upper perforations, is that 1it?

A No, sir. Oh --

MR NUTTER: Because you say you don't
have a packer here, so how are you going to have an ignition
in the lower =zone and not in the upper zone?

A Okay, if I understand your guestion cor-
rectly, in one string of casing we will be injecting air plus
the methane and igniting the lower sand.

In the other string of casing we will be
injecting only air for a period of time that we deem neces-
sary to establish what we feel is a good injectivity rate
~into the upper sand to size our compresSsors.

We do not plan to ignite the upper sand, |
at this time.

MR, NUTTER How do yvou keep the ignition

from going from one zone to the other?

o

R
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a We planned to not have our air injectivity

test in the upper sand until a period of time has elapsed

sand; therefor, you would only have a temperature in the
upper -- or in the lower sand at the sand face of approxi-
mately B0 to 100 degrees, whatever your discharge air temper-
ature.

MR. NUTTER: I see, I thought beth these
were going to be conducted simultaneously.

You would go ahead and inject air and
methane at first in the long casing string here, or long
tubing =tring.

A Ygs.

MR. NUTTIR: To obtain combustion; wait

until that has moved away from the wellbore, and then start

the air injection into the other sand. j

|
i

A Yes, sir, and it would not be an extended
period of time, just what we_feel would be long encugh to
establish a good pressure value so we would know how to size
our compressors. But that would be at a time where we would
not cbktain a spontaneous combustion in the upper from the
heat from the lower.

MR. NUTTER: Okay.
A So we looked at that, yves, sir.

Q. Tell me about your cement rrogram for the
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a, The cement we've proposed, and you notice
or the righthand side of this Exhibit Seven it says 1450 feet
approximate top of the aluminite :cement. Aluminite cement
is a calcium aluminate slurry which is not a standard Portland
cement, which is used by steel industry or whoever for con-
taining a fire, a power plant. It's a firebrick compound.
It's been used with very gcod success by other operators in
firefloods and steam floods, so we definitely want to try this
in our injection well, as well as a couple of our producing
wells. One of our méin aims of the pilot was to determine
whether our standard Portland cement in the drilled wells in
the field can withstand the temperatures, but we also want
to test thé -~ how this material works, also.

Above the aluminite cement we plan to run
Class H with 40 percent silica flour, which is a known high
temperature cement for oil well cementing; good to approxi-
mately 650 degrees. That's not listed on this diagram but
that's our cementing program. It would be cement all the way
to the surface with a thermal type cement.

The firekrick aluminate cement,; good to
approximately 1200 decrees.

0. What kind of surface injection pressuies
do you anticipate for the injection of air into the injection

well?
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A From our reservoir calculations that Mr.
Strobl made, he has indicated that a stabilized injection
pressure into the upper and lower sands should be in the
neighborhood of 4 to 500 pounds surface pressure at a rate
of a million to a million and a half cubic feet per day.

However, since this reserveir has no gas
saturation, it has no gas permeability, and to begin air in-
jection into eithexr sand, we anticipate a possible maximum
nressure of 1000 pounds surface. That, based on your ruling
memo 3-77, issued in August of l977, e¥ceeds the fracture
gradient limitation of .é psi plus the hydrostatic head, or
.43. Hewever, based on that, and we have another exhibit
I'11l refer to in a minute, we do not expect to fracture the
formation.

Do you want to go into that?

0 Yeah, let's tallr zbout Exhibit Number
Eleven, Mr. Hudson, and have you tell us why you don't think
you would fracture the confining strata.

A This Exhibit Eleven was prenared a few
years ago for a hearing in which we sought to dually complete
two water injection wells and at the time of this hearing the
ruling for the .2 psi per foot gradient was in effect. It
was Commission Case 5995, Order 5506, as outlined in our
application for this pilot.

At that time this letter was prepared,
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1 which jndicated from fracture stimulations we had performed

2 in the Upper Hospah gand, that the fracture gradient was on
3 the average of 1.01 psi per foot with a standard deviation

4 of .Qs.

= = Rt

So basically with that data, assuming a

6 fracture gradient in the area of .22, we would not be frac- h
l

7 turing the formation at 1000 pounds air pressure at the sur- \

8 face, which an air gradient is negligible. You would assume,

9 say 1100 bottom hole pressure at 1600 feet. That would stil

5 10 pe less than cur present water sand face injection pressure,
-
-
0 &
d-§g§ 1 which in the upper sand are running on the order of 800 psi
> 252
O xx2
@ Eiﬁ 12 plus the hydrostatic head, which would put yovu at, say, 13 to
B:a'é
E ; 13 1400 psi sand face pressure.
g 3
so we do not anticipate our air pressure

at the sand face +o be as high as what we now are doing under

waterflood, and we are ordering our compressor for the pilot\

with a maximum discharge pressuxre of 1000 pounés,_based on

18 our reservoir calculations for air injectivity.

19 we do not have any information on the

20 ljower, but -~ because no fracture stimulations have ever been

21 done, but it is the same geological age and it was deposited

only 20 feet lower. SO pased on those assumptions we assume |

that it has a fracture gradient similar.

0. 1 assume you're familiar with the water-—

flood oxder that you've just made reference to, and I think |

l

I
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you'll find in the typical Division waterflood orders they
indicate that the injection wells shall be completed with a
method where water injection pressure can be relieved at the
surface through some type of pop-off valve.

Ic that type of re
to an air injection well?

A In this case we do not feel we'd need to
complete the well with a pop-off af the wellhead. We plan to
have a3 similar type pressure relief device at the compressor.
The reason we don’t want to do i. at the wellhead@ under this
specific situation is that should be pop-off that valve for
a malfunction, or whatever reason, it would allow the air
well to basckflow, possibly, into the wellbore, creating a
high temperature situation, possibly, at the wellbore, or
actual fire in the wellbore if o0il flows back into the -
into the well itself.

We will have a check valve system at the
wellhead to prevent any kind of backflcow of air from this
air injection well.

0. Woulé you turn to Exhibit Number Eight
for us and describe that?

A Exhibit Eight is a wellbore schematic of
our proposed producing well. It will be completed with 7 or
8-5/8ths inch casing down to TD- cemented in a similar man-

ner to our air injection well, with aluminite cement to about

‘

s
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1450 feet, which is approximately 100 feet above the top of
the Upper Hospah, with Class H and silica flour to surface.

This will be a rod pump well with gas
being produced up the annulus and the fluid being pumped up
the tubing. BAlso, we have allowed for cooling water to be
circulated down the gnnulus in this case. There could be a
possibility that sufficient gas rates will not allow us to
puinp water straight into the annulus and we may have to run
a dual tubing string to TD just tc get the water down there,
but research from other operators who have conducted fire-
floods has shown that the cooling water system is essential
to maintain ycur wellbore integrity on your producing wells,
as well as keep your fiuids cool enough to *reat at the sur-
face.

MR, NUTTER: What do you anticipate the
rate of inijection of water will be?

A We have some simulation studies from the
literature that I've used and made a model with that esti-
mate a maximum of 100 barrels per day, and that’s based on
aprroximately 100 barrels of o0il a day, 500 barrels of water
and 500 Mcf of gas being produced at 800 degrees.

MR. NUTTER: Okay, you ran through those
too fast for me here. You expect to inject a maximum of
100 --

A Apnroximately 100 barrels.,
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MR. NUTTER: Okay.
A, And that was based on an o0il rate of
about 500 -~ of a 100 barrels per day, a water rate of 500
barrels per day, and a gas rate of 500 Mcf per day, and a
reservoir temperature of 800, and that's ~- that's a maximum

Fm
=4

condition. We don't anticipate that much fliuid, but that
the condition we used to determine the maximum cooling water
amount.

And that was based on a computer model
out of the literature.

Q Mr. Hudson, would you turn to Exhibit
Number Nine and in conjunction with Exhibit Number Two, wovrld
you demonstrate what'’s indicated on Exhibit Number Nine?

A Okay. Exhibit Two, the map of the 2-1/2
mile radius; Exhibit Nine, thepn, lists as per Order 3-77, or
nemo 3-77 pertaining to wate;floods; Exhibit Nine is then
a tabulation of all the present completions inside a half
mile radius of our pilot area, listing location, casing cemehi
ané producing interval.

0. Did vour examination of that 1/2 mile
radius, Mr. Hudson, indicate to you the presence of anyv well

. '
that poses a potential risk as a result of the fireflood
operation?

A No, sir, it doesn't.

2 In your opinion are all those wells ade-

.
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guately cemenited at the present time tO cenfine the Lower |
Hospah activities to that formation and not resualt in contam—w
jnation to any othexr source? \
A Yes. SiY, it does.
0 Would you refer to Exhibit Numbex Ten

and identify that for us?

A Exhibit Ten js another exhibit pased on
memo 3-77, pertaining to waterflooding, and is @ schematic
of the only plugged and abandoned well inside a half mile

radius.

This well, our well No. 37; is shown in

the upper jefthand gquartex of Section 12. It would be the

northwest quarter of the'northwest quarter, and it's shown

plugged and abandoned.-

This well was actually drilled on the

opposite side of a fault which exists in this field and

e

though it has been plugged according to oil Commission rules,
it is also across a fault, which we anticipate being &
sealing fault and therefor will not be in communicaticn
eithexr, any way -

0 Wcould you icentify Exhibit Number Twelve
for us?

A Exhibit myelve is a 1isting of all the
fresh water sands in the area. This was based on rhe elec~

tric log of Well 18, and it’s & —~ notes the chlorides con~ ‘
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tent calculated from this log combined with a porosity based
on density log. This was in conjunction with determining
what, if any, possible contamination could be done to any
fresh water sands in the area.

Q0 All the fresh water sands are at a sub-
stantially shallower depth than the proposed project?

A Yes, sir.

0 And is the separation between fresh water
sands and the project one through which the fresh water sands
will remain uncontaminated by the project?

A Yes, sir.

Q Would you refer to Exhibit Number Thir-
teen and identify that?

A Exhibit Thirteen is an affidavit prepared
bv Mr. Kellahin for us stating that the records of the State
Enginee: of New Mexico does not have -- there are not ahy.
fresh water wells within the surrounding sections of Section
12 or in Section 1l2.

0 Are you aware of any fresh water wells,
Mr. Hudson?_

A In tiiis search it then became apparent
to us that there is a well on this area which is Tenneco's
well, which is for drinking water only. This is located

approximately 2000 feet from the pilot area. If you refer

to the map of -- it's Exhiibit Two, it's approximately --
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was never received b
process. We are in
Engineer's office.

0.

A

Q.

in the site,

water?

duce water from?
A

proximately 550 to

0.

Twelve prepared by

direction and

A

it's near Well No. 23,

This well has not been

cording to these rules.

rect permits and having th

Tenneco personnel in the si

supervision oOr

which was the frac pr

presented in a previous C

Page

which is in a lower portion of the

our pilot,

{
southwest. W
!

permitted ac- \

It became apparent that the permit \

y the office or was neglected in the

the process right now of filing the cor- \

is well documented in the State

when was that well drilled, do you krow?

That well was drilled in January of 1971.

and it's still being used by personnel

te, for drinking

R T A T

Yes, Sir.

i

MR. NUTTER: What depth does that pro-

\

|

That well produces from perforations ap~ \

N b i v s

600 feet.

MR. Thank you.

NUTTER:

Mr. Hudson, were Exhibits One throuch .

you directly or compiled under your

that of Mr. Strobl?

Yes, sir, exceoting the Exhibit Eleven,

T I T U S T R Ly RS 7 T P TRt

essure gradient exhibit which had been A

as so documented W
I
!

ommission hearing,

o
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earlier.

0 Have you re-examined the numbers used in
Exhibit Number Eleven and to your own information and beliief
are those numbers correct and accurate?

A Yes, sir.

0 Do you concur that the fracture gradient
for the Lower Hospah formation is something greater than .92
psi per foot of depth?

A Yes, sir.

o In your opinion, Mr. Hudson, will approval

of this application be in the best interests of conservation,
the prevention of waste, and the prctection of correlative
rights?

A Yes, sir.

o Now let me direct your attention to one
further pecint, the fact that the two new wells that will be
drilled as éroducers, plus the prcoposed injection well, are
unorthodox locations, aré they not?

3:% Yes, sir, tney are.

o And in the order arproving this pilot
would also recuire approval of those particular items as
exception to well location.

A Yes, sir.

0 In your opinion will zpproval of this

1

R
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wise not be recovered?
A Yes. sir.
MR. KELLAHIN: That conciudes my examin-
ation of Mr. Hudson.
We'd move the introduction of Exhibits
One through Thirteen.
MR. NUTTER: Tenneco's Exhibits Cne

through Thirteen will be admitted in evidence.

CROSS EXAMINATICN

B}f MR. NUTTER:

0. Mr. Hudson, looking at your Exhibit Nine
I see six wells on the first page, four wells on the second
rage, three wells on the third page, one well on the fourth
page, and one well on the fifth page that have been cemented
with less than 100 sacks of cement on the long string. Now,
do you think that’s going to be adeguate cement to contain
whatever products or by-proucts result from this flooding
operation and keep them from penetrating into some fresh
water sand. We know there's fresh water sand here at 550
to 600 feet?

A Based on our present knowledge of this
fireflooding operation and cementing in general, we believe
they will be adeguate for the pilot. That's cne of our

major considerations or pieces of information that we want
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to find from the pilot, is can we use the existing wellbores
or do we need to redrill the field becauuse of cementing
conditions.

But based on our present knowledge, we

do deem that this is an adeguate cementing job.

-

Q Okay, let's take this No. 48 Well for
example.

A Okay.

0 It was cemented with 125 sacks. 1It's

one of the wells that's in your project, your immediate pro-
ject area, Where is the top of cement on the long string

in that well? Did we have a schematic diagram of that well?
I don't think we 4did, did we?

A No, sir, that's not supplied.v

0. Do you know what the top of cement is
on the long string in that well?

A Based on that volume and the hole yplume
that would have been drilled for 5-1/2 casing, which is set
in that well, I would estimate it's possibly about 4 to 50QC
feet above the Upper Hospah.

0 I notice that most of the wells are com-

pleted with either 4-1/2 or 7-inch casing. There are a few

5-1/2 inch.
A Yes, sir.
0 Mow, winat size of a hole wopuld you nor-
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mally drill for these 4-1/2 incii cased wells?

A
neighborhood.

o

A,

that neighborhood.

problems with hole cavings or washouts or anything like this
that would require any abnormal amour’ s of cement *n casing

and cementing these wells?

A

Q.

A

no problem drilling the wells or washouts in the drilling

in process.

0.

wells when they were drilled?

A

compiled for this exhibit was taken from sundry notices eithejf
to USGS or the -- whatever body was involved, and it was not

listed on those notices.

adeguate for the cementinc that has been done.

Page 39

Approximately a 6-3/4, something in that

And then for the 7-inch casing well?

7-inch I'd say an 8-7/2ths, something in
And then for the 5-1/2 inch casing wells?

I'd say 7 to 7-1/4.

Now do you know if there have been any

No, not --
What has the experience been?

In this field generally there has heen

Were cement tops determined on these

The information from the ~- that was

In the cases in this field it was deemed
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1 0 But that was before you were going to
]
2 put a fire in there at 1000 pounds pressure.
3 A Only on our air pressure. We don't anti- ' i
4 cipate producing bottom hole pressures to be much more than
5 they are now. From our research in the literature the fire-
8 flood process does not significantly raise the reservoir
7 pressure. We still anticipate baving to rod pump these
8 wells, which would -- :
® 0 That's in producing? §
o« : . . .
o g 10 A That's in a producing well, yes, sir.
g‘gi; N 0 Could you make an estimate of your cement 1
K 3 7%v 1 tops on these wells that I've mentioned that have less than
> @ik |
B e
=2 3 13 100 sacks of cement on them and send that tc me? ;
3
' " A Yes, sir, we can do that.
s Q There's about 15 or 20, I guess, there.
16 A Basically you're -- less than 100 sacks
7 you would like to see something on that?
18 0. Yeah, those wells that I mentioned that
19
have less than 100 sacks.
20
A Okay.
21
0 I'm sure some of these have lots of cement
22
on them, adequate cement, no guestion, but there are a few
: 23 .
‘) there that were cemented with a minimal amount and I'm kind
24
of concerned about those.
Y]
Now, do you know of any other water sands
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that are in this area besides this 550 to 600 foot sand?

A When we were drilling this water well
back in '71, from what I've been told, they tested every sand
on the way down and this was the first sandvthat they came
to that was not brackish and that would provide a sufficient
volume for drinking water only.

Q This is camp water. This is drinking
water for the camp?

A Yes sir, there's no irrigation in this
section being done from any water sand cut there. The
volume that this sand produces is in the order of less or
approximately 60 gallons'an hour. It's not a very prolific
sand at alil.

0. Now, is there anything abcut this project
that is going to cause any new or unusual and adverse envirqn<
m~ntal effects? Are we going to have clouds of smoke and
steam and hot oil gushing up in the air and spreading over
the countryside, or are we going to have the animal life

and the bird life in the area endangered because of this

flood? Are there going to be any outward effects of this

operation that are not normal outward effects as far as an
oilfield coperation is concerned?

A No, sir. We planned around the environ-

mental aspect of it on, vou krnow, purpose. Calculations that

we've done now, based on some exhaust gas analysis performed

T

1
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in our laboratory tests of in situ combustion, revealed that
a maximum amount that we expect just based on this labcratory
work, is approximately 2 pounds per hour of any sulphur com-~
pounds, which be EPA regulations you do not need a permit
if it's less than 10 pounds per hour or 25 tons per year.

So based on whet we know at this time,
we do not anticipate any kind of noxions gas emissions from
the pipe.

We will, however, do extensive exhaust
gas analysis testing for this reason as well as to Jetermine
alir fuel ratios and such things.

0. Where do these exhaust gases come from,
Mr. Hudson?

A What we plan to do as far as field devel-
opment is all exhaust gases taken off the annulus‘will be
sent to_a central facility for vapor recovery, which we in-
tend to knoqk out any recoverable hydrocarbons in such a
system, a tank system, and then vent whatever will then not
condenge into this system, and the fluids coming off this
vapor recovery will be sent to -- back into our treating
facilities to be treated and sold or re-injected if it's
water.

0 Well, I'm sure someone's going to ask us

what the environmental effects of the project will be.

) We have looked into that as far as the
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permitting required by the EPA, and based on our present
calculations we do not foresee the need for a permit for the
project.

Q. And you'll have check valves on the --
on the wellheads where this air and this methane are going
into the injection well sc if you have a break back up the
line you won't have a backflow from the well out into the
atmosphere. ’

A No, sir, not -- we.definitely.do not want
to do that in the air injection well, and the methane will
only be injected for a week to 10-day period and when that
is being done there will be 24-hour monitoring of the injectid
well during the ignition phase, so -- and then other than
that, the only thing that could backflow would be -~ would be
air, but we plan to have safety devices which would not -~
which would not allow that to happen.

e Okay.

‘MR. NUTTER: Are there any further ques--

MR. CHAVEZ: Yes, sir.

MR. NUTTEP: Yes, sir, Mr. Chavez?

QUESTIONS BY MR. CHAVEZ-
0. Mr Hudson, on your Exhibit Eight you

show a wellbore schematic of a producing well.

n
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A Yes, sir.

1 Yet the No. 48 and the 18 will not be
exactly this way because of the cement they're completed with.
Do you intend to circulate cement, to go in and perforate
above the cement top and circulate cement in those wells?

A At this time -- at this time we did not
plan to do that, no, sir.

0 What type of temperature rises do you get
in a production well just directly from the pilet --

A Based on research, as well as our trip
to Shreveport, Louisiana, that Glen mentioned earlier, for the
life of the project you only see reservoir temperature, and
as your fire approaches your gas rate increasés and you start
seeing an increase in temperatures. At a certain peint, which
we believe to be approximately 250 degrees bettom hcocle temper-
ature, we plan to shut the producing well in so tha' the fire
will not adversely affect the well.

In this pilot we do hope tc see if a fire
burn through these older wells to determine the integrity of
+he cement there. bLut in a normal field operation, you would
not produce the well as the fire burns through it.

0 So in a sense you're testing the 48 and
the 18 to failure?

A, e don't want them to fail but that's

one of the things we definitely want to f£ind out from it, if

1
!




1 Page 45
™
! 1 they do or if they don't.
? 2 The Shreveport test that Cities Service
i
‘ 3 has in the Field, they had some old wells that they
4 burned through several times and 2id not notice any adverse
5 downhole effects other than a little corrosion on the casing.
6 They were able to go back and squeeze off the burned through
7 interval and continue to produce the well. That was with a
8 different gravity oil system and from our literature research
9 every one of these reservoirs acts a little bit different.
«
% 3 10 That's why we propose a pilet instead of a full scale type i
o sg :
e g%g " project.
— O x=3
T e a8 2
— ¥ -Zz3 Q Okay, then as soon as the temperature
a 13 .. R . .
2 8 starts rising to a certain point you will shut the producers :
P .
" ;
in? ‘3
15 . |
A, Yes, sir. Standard cement that was used :
16 in this project is good to approximately 300 degrees before j
v it begar. strength retrogressicn, so -- and that doesn't mean g
1
18 L 5
it completely fails at 300 degrees, it just gets weaker as g
19 ' _ ,
the temperature rises. ]
20 '
But the cooling water should keep the :
21 '1
bottom hole pressure -~- bottom hole temperature, excuse me, . ;
E
2
down to approximateiy 150, 1830. That's what we're planning ‘
) on.
~
24
0. How fast do you expect the flood front ox
% the fire front to advance to the producers from thg g_ir yinjAec:‘l_:,io
1
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A Could I direct that to Glen, please?

0 Yes. Fine.

MR. STROBL: 1It's design to advance ap-
proximately 70 percent of the way if it is a true vertical
piston-like displacement in a 6-month period.

Q. Within 6 months?

MR. STROBL: Yes, that’'s providing we
can obtain the 1/2 million cubic feet a day injection rate.

0 And what effects will the heat generated
in the Lcwer Hospah have on the Upger Hospah? They're only
separated by 20 feet, will there be any thermal --

MR. STROBL: There could be and I can
only see good -- good effects or benefits. The Upper Hospah
is a 12 centipoise viscosity o0il. That should lower the
viscesity. Any heat loss tn the upper should be ---

0. Will you be mbnitoring the Upper Hospah
in that area?

A Yes, we will. We plan on l;ke you said,
taking gas analysis of all these wells, we plan on the cil
production from all these wells and doing some additional
testing, more testing than we dc now on these particular
wells in the pilot and surrounding the pilot area.

Q. Okay, but specifically in the upper, in
the Urper Hospah distinctly, if you're fireflooding the Lower

Hospah, you will be monitoring the Upper Hospah also.

PN
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8 Yes.

0 Ckay, and -- but you don't have any idea
as to hcw much temperature, say, from your fireflood may be
transmitted upward to that?

MR. STROBL: I don't foresee very much
temperature. It's very hsrd, you know, to pin that down.
We plan on locking at some simulation studies, model studies,
while we're‘running this pilot and might be akle to pinpoint
that a little better. It's very hard to do, you know, ana-
lytically; it's easier to do it in a model.

A Rock conducts heat very poorly so we
don't anticipate;major heat loss in a project like this is
in an aguifer and not necessarily surrounding beds by con-
duction; mainly tc an aguifer, which we do have in the Lowe:.

Q S¢ you expect the heat to spread outward

then, more.

)-8 More likely than upward, due to that
fact.

o How about -- you talked about exhaust
gases. Will these exhaust gases be the gases generated by
that actual combustion itself show up in the procducing wells?
How much gas will be, say, carbon dioxide or carbon monoxide?

MR. STROBL: Of course most of the bi-

products of combustion are carbcn monoxide and carben dioxide

and the greatest being nitrogen, because nitrogen is the
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largest component of air.

81 percent of the gas produced will be

nitrogen and 4 percent carbon monoxide and roughly 12 percent

carbon dioxide. I
If we inject 1.5 million cubic feet of
air a day, we're looking at about 1.2 million cubic feet of
nitrogen a day, 2175 Mcf a day of CO,, and about 60 Mcf a
day of carbon monoxide.
Q T-- your Exhibit Nine you showed some
Tesoro wells in Section 1 within the 2—mile radius that had
no cement shown on the long string, nc record of cément. = Was
that because you just couldn't get thcse?
A Information was just unavailable to us.
Q. Okay.
MR. GHOLSON: We probably have that in
our files.
MR. NUTTER: Which well was that?
MR. KEILIAHIN: The Tesoro wells in the
last part of Exhibit Nine,
MR. CHAVEZ: Page 5.
MR. NUTTER: Oh, yeah.
MR. CHAVEZ: Those are all the questions
I have.
MR. NUTTER: Are there any other gquestiong

of the witness? He may ke excused.
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1 Do you have anything furtner, Mr. Kellahinp

2 MR. KELLAHIN: No, sir.

3 MR. NUTTER: Does anyone have anything

4 they wish to offer in Case Mumber 68902 i

5 We'll take the case under advisement, %

:

6 and the hearing is adjourned. 1

| %

? :

8 (Hearing concluded.) :
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STATE OF NEW MEXICO
ENERGY AND MINEBRALS DEPARTMENT
OIL CONSERVATION DIVISION

IN THE MATTER OF THE HEBARING
CALLED BY TRE OIL CONSERVATION
'DIVISION POR THE PURPOSE OF
'CONSIDERING?

CASE NO, 689%0
Order No. R=-61389

" APPLICATION OF TENNECO OIL COMPANY
_FOR A THERMAL ENHANCED RECOVERY
i PROJECT, MCKINLEY COUNTY, NEW MEXICO,

ORDER OF THE DIVISION

- e 'BY THE DIVISION:

i

This cause came on for hearing at 9 a.m. on May 7, 1980,

g e : x!at Santa Fe, New Mexico, before Examiner Daniel 8. Nutter.
- f,,‘ v‘*““”§ 5 ROW, on this 7th day of July, 1980, the Division
R : sDitector, having cornsidered thes tastimony, the record, and the
. ‘recommendations of the Examinex, and being fully advised in the
. 1pramises,
E ' PINDS:

. (1) That due public nctice having been given as required
by law, the Division has jurisdiction of this cause and the
subject matter thereof.

oA - SRS RO ST S4B~

y (2) That the applicant, Tenneco 0il Company, is the owner
;and operator of the South Hospah Unit Area in the Scuth Hospah-
Upper Sand 0il Pool, and of the Hospah Lease in the Scuth Hospah-
Lower Sand Oil Pool, both in Section 12, Township 17 North, Range
9 West, NMPM, McKinley County, New Mexico.

{3) That the applicant proposes to institute a thermal
senhanced tertiary recovery project (fire flocod) on said Hospah
Lease by the underground ignition of hydrocarbons in the South
Hospah-Lower fand 0il Pool in a pilot area comprising some 0.68
acres in Unit G of Section 12, Township 17 North, Range 9 West,
NMPM,

(4) That primary development of the Lower Hospah pool on
the subject leags occurred from 1967 until 1972, at which time
a gas-water injection projact was instituted.
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(5) That said gas-water injection project was continued
" until 1975, when gas injection vas terminated, but water injec~
. tion into the Lower Hospah pool has been continued to date.

(6} That primary production from the Lower Hospah pool
“accounted for approximately 15 percent of the original oil in
- place and secondary recovery under the gas-water injection
. program and watexflood operations should yield an additional
.19 percent of the original oil in place.

* :2 (7) That the 34 percent total production expected underxr i
o ' primary and secondary racovery operations aiiounts to 3,255,000
- barrels, of a total of approximately 9,575,000 barrels of ori-
. ' ginal oil in place, and it is ewpectad that tha proposed thermal
‘ e : ! enhanced tertiary recovery project, if expended to a field-wide
- . operation, would add about 13 percent recovery to the pool, or :
& - i 1'2‘5'000 barrels. |

Lo ﬁ (8) That the applicant proposes to drill an .air injectien §
@ "wall at a point approximately 1474 feet from the North line and i

12725 feet from the East line of the aforesaid Section 12, said *
- point being approximately midway between applicant's Lower i
' Hospah Well No. 48 and its Upper Hospah Unit Well No. 18 (which !
:will be recompleted in the Lower Hcspsh pool) and to also drill ?
two additional wells, Nos. 63 and 66, which would be located :
i immediately North and South of the alir injection well at points
11350 feet from the North line and 2725 feet from the East line,
‘and 1600 feet from the North line and 2725 feet from the Easat
%11no, respactively, thereby creating a 0.68-acre pilot project
area with one air injection well in the center and four pro-
,duointhells. one each to the North, South, East, and West,
athereo .

i (9) That said wellz would be cased thicugh the Lower Hospah
| producing formation and would be cemented with a special high
jtenporatnre—resiltant cement,

(10) That the applicant proposes to inject approximately ;
¢ 500 000 cubic feet of air per day into the Lower Hospah pool
b throuqh the afcoresaid air injection well and to then ignite the
; ‘01l in the reservoir by the injection and ignition of methane
'gas. creating a fire front which would advance through the
'reservoir, sweeping the unburned oil towards the producing wells
by a wall of hot vapors advancing ahead of the fire front.

‘ (11) That the applicant may also attempt to further stimu-
‘late production from the reserveir by a combjnation of such
-forward combustion and water injection.
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(12) That the feasibility of the proposed thermal enhanced
_tertiary recovery process has been proven in other reservoirs
in other states, and should be determined in this State.

(13) That although some small pexcentage of the oil in

. place in the reservoir would be consumed by the advancing fire
./ front, the proposed pilot fire flood, if successful, should re-

. sult in the recovery of a substantial zmount of otherwise

. unrecoverable oil reservas, thereby preveating waste.

{14) That provided the injection and producing wells are

ifcasod and cemented properly, and the injected air, methane and }
'water are confinred to the Lower Hospah producing sand, no impair-
"ment of water quality in any potable water sands should occur. i

(1%} That the propossed enhanced recovery project will not

;Einpuir the correlative rights of any other interest owner in

| the Lower Hospah pocl and should be approved. f

”which will have two strings of casing cemented therein, one
i opsn to the upper pool and one open to the lower pool.

1; (17) That siad injection into the upper pool would be for

(16) That the applicant also proposes to inject air into
: the Upper Hospah pool through the proposed air injection well

| tast purposes only, and no ignition of hydrocarbons is planned
fo: said Upper Hospah pool at this time,

: {(18) That said air injection into the Upper Hospah pool
. will not cause waste nor impair correlative rights and should

‘:bo approved.

. unorthodox locations will neither cause waste nor impair correla-
;‘tiv. rights and should be approved.

(19) That the proposed air injection well and producing i
!011- Nos. 65 and 66 wculd be at unorthodox locations, but such T

{20) That the applicant proposes a2 maximum aurface injectioen g

A;pxeslure for the air injection well of approximately 1000 psi,

i
it

‘.anthotisad to institute a thermal enhanced tertiary racovery
 project in the South Hospah~Lower Sand 0il Pool, McKinley County,

i and this proposed injection pressure will not fracture the con-
tining strata and should be approved.

B é

IT IS THEREFORE ORDERED:

{1) That the applicant, Tenneco 0il Company, is hereby
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- New Mexico, by the injection of air, gas, and water into one
“ injection well to be located 1474 feat from the North line
- and 2725 feet from the East line of Section 12, Township 17
' morth, Range 9 West, MMPM, and by the ignition of hydrocarbons
"Ln situ around the injection well, and by the production of
. hydrooarbons from two sxisting wells, applicant's Well No. 48,
 located 1485 feet from the North line and 2817 feet from the
East line, and Well No. 18, located 1600 feet from the North
© line and 3100 feet from the West line, and from two additional
,evolls to be drilled, applicant's Well No. 65, to be located
1 1350 feet from the North line and 2723 fest from the Rast
| 1ine, and Well No. 66, to be located 1600 feet from the Horth
1iaoxnnd 2725 feet from the Past liao. all in the aforesaid
SQot on 12,

s (2) That the aforesaid wealls to be 4rilled shall be cased
i through the Lower Hospah sand formation and shall be cemented
"w&th high tempsrature-resistant cement, provided hcwever, that
slaid cemant shall be brought back to a point at laast 100 feet

i above the top of the Upper Hospah sand formation.
;a
(3) That allowable restrictions ares heredby removed from
‘uulls in the pilot project aroa for the duration of the combus-
tion and post-combustion life of the project.

i

i

'} (4) That injection of air and methane intc the South
1no¢pnh-hov.: S8and 041 Pocl shall be limited to 1000 psi pressure
i at the wellhead and injection of wataer into said pool shall be
{tli-it.d tc 800 psi pressure at the wellhead; that the Division
g;DLrocto: is authorized to permit higher injection pressures
?
!
f

% upon adequste showing by the cperator that no adverse effects
. would result,

‘ (3) That the injection of air into the Bouth Hospah-
‘099.: Sand Oil Pool through the air injection well herein
‘snppmovcd is hereby authorised, provided however, that such in~
| jJection shall be a: no more than 1000 psi pressure at the

I uullh.wd

(6) That jurisdiction of this cause is retained for the
entry of such further oxders as the Division may deem necassary.

o
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We'll call now Case Nunmber

MR. NUTTER:

Application of Tenneco 0il

MR. PADILLA:

Company for a thermal enhanced recovery proiect, McKinley

County, New Mexico.

MR. KELLAHIN: Tom Kellahin of Santa Fe,

New Maxico, appearing on behalf of the applicant, and I have

two witnesses to be sworn.

(Witnesses SWOYN. )

GLEN C. STROB

being called as a witness and having been duly sworn upon his|

oath, testified as follows, to-wit:

DIRECT EXAMINATION

Would you please state your name?

A Glen C. Strobl.

How do vou spell your last name, Mr.

A §-T-R-0-B-L.

yed and in what capa~

Q Where are you emplo

A Employed in the penver office of Tenneco
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0il Company as a Senior Petroleur Engineer.
0. When and where did you obtain your degree
in engineering?
A I obtained my degree, BS in petroleum

and natural gas engineering, June, 1973, Pennsylvania State
University.

o} Subsequent to vour graduation where have
you been employed and in what capacity?

A For the Shell 0il Company as a production
engineer for a year and a half and then for two years as a
reservoir engineer; I worked with Gulf Research and Develop-
ment as a reservolr engineer. 2And then with Tenneco for a
year and a half as a reservoir cengineer.

Q And as a reservoir engineer for Tenneco
0il Company, what do your duvties include?

A For the past year XI've been working on
enhanced recovery:; in particular this project.

0 But involving the Lower and Upper Hospah
formations in McKinley County, New Mexico?

A Correct.

Q Pursuant to that study, Mr. Strobl, what
if any other in situ combustion projects have you examined
in the United States?

| % I have made field trips to some projects

and done extensive literature research, talked with a number
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of pecple that have worked on projects, who we might consider
experts on the subject, and in relation to this project, also.

Q What are the locations of any existing
projects that you examined?

A The Fireflood in Belleview,
Louisiana, was the one I actually toured.

o Did you or anyone in conjunction with
Tenneco Clil Company examine any firefloods in Célifornia?

A No, we haye not yet. We have discussad
some with people there.

Qo In accordance with your testimony today,
you have done research anéd prepared certain exhibits for
presentation.

A Yes.

MR. XELLAHI!i: We tender Mr. Strobl as an
expert petroleum engineer.
MR. NUTTER: Mr. Strobl is qualified.

0 Mr. Strobl, would you turn to what we've
marked as Exhibit Number One and orient us to where in New
Mexico you propose to commence this pilot in situ combustion
proiject?

A The pilot project is designed for the
Hospah Field, which is in the southern area of San Juan
Basin, the area. It's in McKinley County, and

this exhibit shows the relationship of the field location to

T I O
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the cities of Farmington, Santa Fe, and Albuguerque.

Q All right, sir, let's turn to Ixhibit
Number ™wo. Would you identify this plat for us and tell us
in general terms what is contained on this exhibit?

A This is a plat of the South Hospah area
in McKinley County, and basically it shows the cross hatched
area in the middle, that's Section 12 of 17 Rorth, 9 West,
as our unit, the Hospah Unit. We have 100 percent working
interest in that area, the cross hatched area. It's not
really cross hatched, but it’'s outlined in a dotted line.

Q Okay. You have platted all the Lower
and Upper Hospah Wells in this pool?

A Yes. This map does show all the comple--
tions and the current status of those completions in that
area.

0 The plat also identifies who the operatorg

are in the different sections.

A Right.
0. And what is indicated by the inner circle?
A The inner circle is a half mile radius

immediately around the pilot area, the center of that being
18 and 48 are Hospah wells.
0 Let's take a moment, then, and within

the center of that circle would you locate for us the site

of the proposed injection well for this pilot project?
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A The injection well would be halfway be-
tween our Hospah Nos. 12 and 48 Wells.
G It's not specifically platted on your

exhibit, is it?

A No, because of the scale it would be very
clocse togother and not chow up very waell,

Q But it's going to be halfway between
Wells 48 and 18?

A Yes.

Q Right above the word Hospah on your plat?

A Yes.,

0 All right, we'll come to a later exhibit
in a minute --

A Okay.

2 ~-—- that shows that better.

What is indicated by the outer circle?
A The outer circle is a 2-mile radius.
¢ Would you describe, or refresh the Exa-
miner's memory, as to what the history of production has been
for the Lower and Upper Hospah formations?
MR. NUTTER: Mr. Strobl, bafore you leave
that exhibit.
A Yes, sir.

MR. NUTTER: You mentioned that this was

in the unit and outlined by a dotted line.

e
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A Yes.

MR NUTTER: I think to show that this is
inside the lease and not ncar any other lease line, if you
define what that unit boundary is, so that I can mark it on
my exhibit with a red pen, the dotted line that outlines
this particular unit that would be working.

A Ckay. Actually we're dealing with a unit
in only the Upper Hospah. The Lower Hospah has never been
unitized.

The unit does run along the north line
of Section 12, completely across that section.

MR. NUTTER: Okay.

A And then about I'd say 75 vercent of the
way down the east boundary of that section. As you can see,
then it follows across half way and then continues down --
I'm sorry, it does folldw all the way across that secticn.

MR. NUTTER: It gees all the way across
into Section 11, I think, doesn’t it?

A Into Section 11l. Again that is an Upper
Hospah Unit, and continues up about a quarter or half of the
way, let's say, cuts across to Section 12's boundary line
again and then up to the northern boundary line.

MR. NUTTER: So that's the boundary of
the Upper?

A Yes.
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And the South Hospah Lower

MR. NUTTEP:

sand is not unitized, js that it?

A o, it jsn't.

MR. NUTTER: So it's on & lease. NowW
what is the poundary of the lesase +hat it's on?
£ T'm not mistaken, the M

A 1 beilieve, 1¢
s encompasses that whole section, OT at least the greater

that gection.
at's a rederal lease? \

My basic reason

Q And th

is a Federal lease.

A That
o show that we are the only operator

showing this was t
ve a 120 percent }

for

+ lease and we h2

in that gection on tha

13

working interest.
ear

MR. HUTTER: okay. So this is not n
property that's owned by any other oper-~

any boundary of any
js that it?

r royalty owners,

ator or any othe

A That's correct.
MR. NUTTER: okay . proceed to your next

exhibit.
ro to the

st operator is Teso

0. The close

is that not true?

north in section 1,
| That's true. They also operate on the
—- we did pick this

h

east of that gection in section 7- We
ing wells in between\

em by many produc

rea to isolate th
jne of that section.

pilot 2
There are also

ours and the poundary 1
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1 water injection wells between the pilot area and Tesoro's
2 | property.
3 Q Mr. Strobl, would you sumnmarize for us
~ 4 | what has been the history of the Upper and Lower Hospah
T N 5 || formations? Well, let me go back, and indicate to you that
wﬂzﬁ”i.a ° the application as originally filed requests approval of a
ngf‘;; 7 | pilot project for both the Upper and Lower Hospah formations
Hjlj 8 and as of the date of this hearing, what is Tenneco's inten-
e tion?
§ 5 1o A Our intention now is to only have a pilot
ggzg n in situ combustion project in the Lower Hospah, and at the
i-; ; §§§: 12 same time to do just an injectivity test in the Upper Hospah.
§ Ef 3 0 The proposed injection well will still be
" completed as applied for, I assume.

A Yes.

") and the location of additional wells will
be on the four producing wells included in the application
as opposed to the 8-spot pattern?

| A Correct.
Q All right. Let me have you take ar ex-

hibit out of order, if you will, please.

If you'll turn to Exhibit Number Six and
if you'll demonstrate for the Examiner, using Exhibit Number
-r)@gb’and perhaps Exhibit Number Two, explain to him what vou

propose to do for this pilot project in the Lower liospah.
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A The pilot is designed as an inverted 5-
spot pattern utilizing two wells that already exist in the
field, the Lcwer Hospah No. 48 Well, as shown on the left of
Exhibit Six, and our Upper Hospah No. 18 Well.

We plan on recompleting the 18 Well to

&

e Lower Hospah. That is, it is drilled all the way through
has casing through the Lower Hospah.

We also plan on drilling three additional
walls, the Lower Hospah No. 65 to the north; the Lower Hospah
No. 66 to the south. These will be producing wells, and our
air injection well on the center of this pattern. The air
injection well will, as Mr. Kellahin just previously said,
is a dual injection well.

Qo What is the approximate area invelved in
the pilot project in terms of surface acreage?

A Approximately .68 acres.

Q All right. Would you summarize for Mr.
Nutter what has been the producing history of the Lower
Hospah?

A Basically the field was discovered as an
Upper Hospah Field in 1965. Tenneco purchased the field,
the property, in 1966. We began the production in 1967 in
the Lower Hospah. The field was aggressively developed in

those days, drilling of weills. By 1968 we deemed that water

flooding would be beneficial in the Upper Hospah, started a

g
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waterflood project on the Upper Hospah, By 1972 we decided
to try to enhance the recovery of the Lower Hospah and at-
tempted a gas/water injection project. We did see some re-
and all the benefit waa coming from the waterflccd
waterf’ ods have continued to the present date.

In 1977 and '78 we had an infill drillirg
program in the Lower Hospah, which had inereased our reserves
and recovery from the Lower. At _.his point in time we'rc- in
the lat*er stages of secondary or waterflooding production
and we feel like we've done about all we can to increase
procduction from this reservoir in a secondary phase.

At this point in time we think iti's a
good idea to go to enhanced recovery or tertiary recovery to
optimize production, increase cur recovery from these two
reservoirs.

0 Can you give us an indication and perhaps
some rough numbers or percentages of what you recoverad from
the Lower lospah in the primary phase and then in the secondaj
waterflood phase of the nrcject?

A Primary production was avout 15 percent
of the o0il in place in the Lower :lospah. There was some
water drive and that accounted for some of this production.

The expected secondary recovery should

add up to another 19 pecrcent of tue oil in place.

Y

T T Y
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e
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The expected incremental tertiary oil from

a field-wide project, if it is successful, should add another

———
N

3 | 13 percent recovery to the field.

4 That will give us a total of 47 percent

51 nitimate recovery from the field, from the Lower Hospah

6 reservoir,

7 Q Iet me see what you've got.

s MR. NUTTER: Now, Mr. Strobl, am I reading

9 this correct on this statement here, down at the bottom line,

o«
4 3 10 where you say projected ultimate recovery from the Lowerx
o S§
g ;§§ n under primary and secondary would be 3,255,000? Am I reading
O <=2
-
— g f§§ v that right?
_>_" “:é 13 .
o 3 A Yes, sir.
<
» "
MR. NUTTER: Okay.
15 . .
A That’'s a combination of the two phases.
16 MR. NUPTTER: Okay, thank you, and that
17
would amount to 34 percent?
A Yes, sir.
18
MR. NUTTER: Okay.
20
Q. In general terms, Mr. Strobl, why don't
21
you narrate for us how you propose to make this pilot work;
2
what it's supposed to do and how it does it? Give us an
z
P overview of what we're doing.
24
A Basically what we intend to Jdo is inject
25
air in the air injection well and using some artificial means,
|
;
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and I think we plan on usinc a cas ignitor to heat this air
downhole to a temperature approximately €600 degrees, which
should ignite the 0il. The oil -- not all the o0il will burn.
There is a part of the oil, the heavier ends, called coke,
which settles out on the formation and will supply the fuel.

- e
113

[an

L] a2
1, GISC

| i

The heat from this combustion vaperizes the o
eome of the lighter ends, pushes it away fror the wellbore,
the injection wellbore, leavirg the coke behind.

As this proceeds we have gases cenerated;
we have steam generated; and of course the distillation pro-
ducts. This provides the driving mechanism which pushes the
oil ahead and to the production well, naturally.

¢ What other methods of tertiary racovery
have you examined for the Lower Hospah formation?

R Okay. With the particular crude and re-
servolr properties that we have in the Lower Ilospah we found
that chemical and therma. means would probably be the best,
and in particular polymer caustic, mycellar polymer, caustic
polymer combination, steam, in situ combustion were examined,
and evaluated for application here. Of these we did do some
lab testing on these. Of these, in situ combustion was the
best for most optimum recovery.

o What do you propose to accomplish by the
pilot project?

A, The pilct is designac¢ to answer a number
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guestions.

The first and rmost important, I cuess, is

to verify the enginecring avaluation in our prediction nodel. w
and after that I think we really want to find out what the \
operational aspects of in situ combustion are going to be like
in this particular regarvoir: what type of problems we will 1
have to handle. \
e also want to determine the injectivity
for sizing compression equipment we have to order many meonths H
in advance of getting it in the field.

o} L.et's turn to cuhibit Number Three and
have you jdentify that for me.

2 nwhibit lumber Three ig an induction V
electrical log of Hospah NO. 18. As I indicated previously, R
that is in the pattern area that we're proposing and it is

very typical of the type of gsand development +hat we have

\

in the Upper and Lower Yospah. You <an see the provimity of v
the two sands and the tvpe of development on +his well. 1

0 would you take nxhibits Four ané Five novw
and summarize those 2xhibits for us? *
A This Exhibit Four i3 a oroduction history‘
nf the Upper Hospah Unit. The black curve, selid line curve,!
is barre-s of oil per day. and the upper cuxve, the red

dashed curve, is barrels of water per 4dav. \

As you can see, 7ive indicated when we
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began water injection in JUne of '62 and you can see the
dramatic increase in water -- or water and cil production due
to that water injectior. You can alsoc see that we are in an
established decline and the latter phases of this water in-
jection.

On Exhibit Number Five we show the pro-
duction history of the Lower Hospah. Acain, the black solid
curve is barrels of oil ver day and the ra2d dashed curve is
barrels of water per day.

I've indicated when we started the gas/
water injecticn and when the gas inicotion ceased. You don't
see the dramatic increase from water injection here because
we've always had mobile water. We've always had a water in-
flux from the aquifer in this reserveoir. But I think you do
see that we have more or less by water injection stopped the
decline and leveled out productiorn.

You can also see in '77 where we did the
deepening and perforating of those eleven wells and the in-
crease of production that followed that and the effect: of
the four infiil wells in the Lower Hospah.

0 Subject to the aprroval of the Division,
when would you propose to commence drilling the injection
well?

. g soon as nossible,

o] hen 4o vou pronose to

O T I T L T T T T T

BT T T T I A S
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project operational?

A Very soon after that. It would he a mat-
ter of basically just lining un the compression ecuinment.

I wonld axpect by June, Julv, we should have this qgoing
pratty well.

o Once the pilot preject is operational,
what do you anticipa*te to be the life of the nroject in order
tc answer the questions that you've posed?

A We nlan on running the project for six
months total, six to eight months, I should say., depending
on the injection rates.

MR, KFLLAHIM: I have another witness, Mr.
Nutter, that's going to discuss the method of drilling and
completing the iniection well. He has examined sources for
rotential fresh water in the area. He has analyzed all the
wells within the area to determine tihe casing prooram, the
cquality of cement, and that sort of thing, and is prepared
to answer questions in that regard.

Poth gentlemen, I'm sure, are qualified
to answer all your quastions, but perhaps it micht be easier
to let me complete the testimonv with my second witness and
then have both witnesses available trn answer cquestions.

MR. NUTTER: I think I've only got a

couple of questions for Mr. Strchl at this time.

|
I

{
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CRNOSS EXAMINATION
BY MR. NUTTER:

G Mr. STrobl, now you are going to abandon
the project insofar as the upper sand i3 concerned at tkis
time?

A Yes, sir.

0 But you said you would dually complete
the well, the injection well?

A Yag, sir, we would like to do some air
injectivity tests in the upper sand, again to size our com-
pression equipment so that we can go ahead and order that and
be ready for the field-wide project ir the upper.

0 In the event that you did decide to go
into the upper later?

A Yeg. 1If the lowar proves out, we will Qo
the upper. There's no question of that.

0 You feel like you can evaluate the pro-

cess feasibility by injection into the lower sand only.

A Yes, sir.

0. For six or eicght months?

a. Yes.

4] Okay. 1!Now, in the process of burning

this oil, you mentionad that there would be a certain amount

of it would be coke and that's going tn remain hehind. Have
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any calculations been made as toc the percentage of oil in

. 2 i place that is coke?

L} : 3 A The saturation percentage is around 10
-~ 4 4 percent. The original oil saturation was 65 percent.
5 Q Original oil saturation, 65 percent.
6

Prescnt saturation?
7 R Present saturation volumetric average is

8 | about 49 percent.

b Mow, this coke will not be left behind.
?; 3 10 It will be burned. There will be nothing left in that sand.
gg%g n Q@ That coke eventually is burned?
; if_% 12 A Is burned.
g 5’" 13 ) Okay. HNow what percent of the oil that's
? u there, this 49 percent saturation that you have at the present
b time as coke, can burn?
16 B, That's roughly 1/4th or 1/5th of the oil.
v 0 1/5th to 1/4th of oil in place coked and
1 burned and consumed.
9 A I might add that that will only be in the
2 areas that are swept by the air. Of course the Leat is ccn-
21 ducted from the swept arecas and up to 40 percent of the oil
2 in areas that are not air swept is produced.
= Q. How far from the injection well do you
» get on this 113 feet to the !o. 48 over here, for example.
» 2 Yes, sir.
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0 illow far do You expect the actual con-

bustion to extend and then beyona that simply the vapors

sweeping tirough the reservoir?

A We hope to Propogate the fire front as

far as one of these older wells. We do want to see if we
can handle the heat in these production wells.

Q I see,.

A We plan on Setting up a circulating syste
of cooling water in the wellbore, and we want to see if we

can control this heat to 4 manageable level.

But I expect we will burn out this pilot

to a reasonable econonic air/oil ratio in that six to eight

month period.

0. And you would hope that You could achieve

combustion all the way to the Producing wells out there.

ct

A At the rate of -.-- Yes, I think we can
very easily. That's why we chose such a small pilot area.
s} Uh-huh.

MR. NUTTER: T believe that'sg all for

now. Thank you,.

STEVEN H. HUDSON
being called as a witness and having been duly eworn upon

his oath, testifies as follows, to-wit:
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DIRECT EXAMINATION

BY MR. KELLAHNIN:
0. tlould you please state your name and
occupation?

A Steven H. liudson. I'm a production en-

gineer with Tenneco 0il in Denver.
o Mr. lludson, when ané where did you obtain

your engineering degree?

A I obtained a BS in mechanical engineering

from the University of Texas in December, 1873.

o Subsequent to graduation where have you
been employed and in what capacity?

A I began as a production engineer with
amoco Production Company and since that time, or up to De-
cember of ‘79, and then joined Tenneco in Denverx.

) hat are your responsibilities as a pro-
duction engineer with Tenneco 0il Company?

A Upon employment withh Tenneco I started
on work on this project, specifically working on the productig
vhase of implementing this pilot or full scale fireflcod.
We tender Mr. Hudson as

MR. KELLAHIL:

an expert petroleum engincer.
Mr. Hudsen is qualified.

MP., MUTTLR:

ol I'd like you to begin, Mr. iludson, with
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Lxhibit Nurmber Seven, which is the proposed intection well,
and have you describe how you prorose to drill and complete
this well for injection.

B Pue to our specific case of having twc
sands in close proximity which we wiah to expose to this
fireflood, it became necessary by looking throuch several
designs to attempt alr injectior by two casing strings. We
attempted a single casing strinc¢ with two tubing strings and
packers, or we proposed that, and upon a little bit of in-
tensive study on that we found that downhole equipment as far
as packers and expansion joints and things likz that are not
really developed for the heat that we exupected to be placed
upon these wells.

So we therefor decided to go with a two
casing strings to eliminate the downhcle problems that we
might see with packers or expansion joints.

This diacram of Exhibit Seven then shows
two strings of 4-1/2 inch casing, which would be set to a
total depth of approximately 1715 feet as determined by the
Exhibit Three, which was the log on Well 18, which we have
for depth determination.

Ir that I'cd like to point osut that we
will not be running 1.66 IJ tubing. It will be 2-3/8ths

standard 8-round tubirc to facilitate our ignition process

ornly. The present icniticn sysiers that are availehle on the

o g ek i bt 5 A o
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narket within our time frame, will rot allow us, under +hese
conditions of runnine two sirings of casing, will not allow
us to run a packer system:; therefor.we have not nronosed one.,

The methane systern of ionition would in-
volve running a burner on a slick line downhole and landing
that at the bottom of the tubinco and then ilnjecting air down
the tubing -- @I mean, excuse me, methane down the tubing with
air down the casing under the iqgnition process only, and by
a lab test with the company we vlar to use for this ignition,
you can determine the amowi’ of heat you have to supply to
the reservoir to make sure you have ignition.
a test on offset wells.

Anyway, the methane ignition process
will only encorpass a week to ten days, something in that
area. ¥Ye're not -~ we haven't really decided completely on
that.

hana will be shut off

bl
4
o+
(v
t
cr
"’l
{3
(o

.
[} N
@
3
o}
rf

»

ard only alr will be injected down the casing, as the tubing
will not be -- or the same as if the tubing was not there.
At a later time we might inject water down the tubing string
in a process known as COFCAY, which is a combination of for-
ward combustion and waterflooding.

o, Do you want to s»nell that for us?
C-N-F-C-2-71, and that's -- it's a com-

bination of waterfloodinc and forvar? corbustion where you
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inject water and air sinultancously or water/air/water in
different phases.

The reason ve would injesct downhole in
this system is any time you mix air and water vou're going

T we sought to mini-

oy

to have definite corrosion problerms an
mize these by mixiig the air and water downhole, i€ we go
in a combhination.

¥R, MUTTER: Well now, Mr. Hudson, you're
going to inject air only down the onec sitiring of casing that's
landed at the upper perforationsz, i3 that it?

A No, sir. ©h -~

MR NMUTTLCR: Because you say you don't
have a packer here, so how are vou goincg to have an ignition
in the lower zone and not in the upper zone?

A Okay, if T understand your question cor-
rectly, in one string of casing we will bhe injecting air nlus
the methane and igniting the lower sand.

In the cther string of casing we will be
injecting only air for a pveriod of time that we deem neces-
sary to establish what we feel i3 a cocd injectivity rate
into the upper sand to size our comnraessers.

Ve do not plan tc ignite the upper sand,

at this time.

¥n, NUTTER: How “c vou xeep the ignition

P ERpPUPat I 4

from going from one zone to the othar?
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hi e planned to not have our air injectivity
test in the upper sand until a poeriod of time has clapsed
where the fire has moved away from the wellbores in the lower
sand; therefor, you would onlr have a temperature in the
upper ~-- ox In the lower sand at the sand face of approxi-
mately 80 to 100 degrecs, whatever your Jdischarqge air temper-
ature.

MR, TUTTER: I see, I thought both these
were going to be conducted sinultaneously.

You would go ahead and inject air and
methane at first in the long casing string here, or long
tubing string.

A Yes.

MPL. MUTTEN:  To obtain combustion; wait
until that has moved away from the wellbore, and then start
the air injection into the other sand.

2, Yes, sir, and it would not be an extended
period of time, just what we fesl would be leong enough to
establish a good pressure value 350 we would know lhiow te size
cur compressors. But that would be at a time where we would
not obtain a spontaneous corbustion in ithe upnasr f£rom the
heat from the lower,

Mp, NUTTER: Okay.

A So we looked at that, ves. sir.

Tell re aboui vour cewent progran for tae

".‘)

}

l
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A The cement we've proposed, and you notice
on the righthand side of this Exhibit Seven it says 1450 feet
approximate top of the aluminite cement. Aluminite cement
is a calcium aluminate slurry which is net a standard Portland
cement, which is used by steel industry or whoever for con-
taining a fire, a powsr plant. It's a firebrick compound.
It's been used with very good success by other operators in
firefloods and steam floods, so we definitely want to try this
in our injection well, as well as a couple of our producing
wells. One of our main aims of the pilot was to determine
whether our standard Portland cement in the drilled wells in

the field can withstand the temperatures, but we also want

to test the ~~ how this material works, also.

Above the aluminite cement we plan to runf
Class H with 40 percent silica flour, which is a known high é
temperature cement for oil well cementing; ¢ood to approxi-
mately 650 degrees. That's not listed on this diagram but
that's our cementing program. It would be cement all the way
to the surface with a thermal type cement. |

The firebrick aluminate cement, good to
approximately 1200 degrees.

Q ¥hat kind of surface injection pressures

do you anticipate for the injection of air into the injection
!

well?
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A From ocur reservcir calculations that Mr.
Strobl made, he has indicated that a stabilized injection
pressure into the upper and lower sands should be in the
neighborhood of 4 to 500 pounds surface pressure at a rate
of a million to a million and a half cubic feet per day.
However, since this reservoir has no gas
saturation, it has no gas permeability, and to begin air in-
jection into eithexr sand, we anticipate a possible maximum
pressure of 1000 pounds surface. That, based on your ruling
memo 3-77, issued in August of 1977, exceeds the fracture
gradient limitation of .2 psi plus the hydrostatic head, or
.43. Howewer, based on that, and we have another exhibit
I'1l refer to in a minute, we do not expect to fracture the
formation.
Do you want to go into that?
0 Yeah, let's talk about Exhibit Number
Eleven, Mr. Hudson, and have you tell us why you don't think
you would fracture the confining strata.

A This Exhibit Eleven was prepared a few

years ago for a hearing in which we sought to dually complete

two water injection wells and at the time of this hearing the

ruling for the .2 psi per foot gradient was in effect. It
was Cormisaion Case 5995, Order 5506, as outlined in our

application for this pilot.

At that time this letter was prepared,

i e L
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which indicated from fracture stimulations we had performed
in the Upéer Hospah Sand, that the fracture gradient was on
the average of 1.01 psi per foot with a standard deviation
of .09.

So basically with that data. assuming a
fracture gradient in the area of .22, we would not be frac-
turing the formation at 1000 pounds air pressure at the sur-
face, which an air gradient is negligible. Ycu would assume,
say, 1100 bottom hole pressure at 160G feet. That would stil}
be less than ocur present water sand face injectior pressure,
which in the upper sand are running on the order of 80C psi
plus the hydrostatic head, which would put you at, say, 13 to
1400 psi sand face pressure.

Sc we do not anticipate our air pressure
at the sand face to be as high as what we now are doing under
waterflood, and we are ordering our compressor for the pilot
with a maximum discharge pressure of 1000 pounds, based on
our reservoir calculations for air injectivity.

We do not have any information on the
lower, but -- because no fracture stimulations have ever been
done, but it is the same geological age and it was deposited
only 20 feet lower. So based on those assumptions we assume
that it has a fracture gradient similar.

0. I assunc you're familiar with the water-

flood order that you've just made reference to, and I think
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you'll £ind in the typical pivision waterflood orders they \

indicate that tne injection wells shall be completed with a \
i

method where water injection pressure can be relieved at the \

gurface through some type of pop-off valve.

Is that type of

+o an air injection well?
A In this case we
complete the well with a pop-off at

have a similar type pressure relief

requirement apvlicable

do not feel wa'd need to

the wellhead. We plan to

device at the compYressor.

The reason we don't want to do it at the wellhead under this

specific gituation is that should be pop-off that valve for

a malfunction, OF whatever reason,

well to backflow, possibly. into the wellbore, creating a
high temperature situation, possibly, at the wellbore, or

actual fire in the wellbore if oil flows pack into the -~

{into the well itself.

Wwe will have a

i+ would allow the air

check valve gystem at the

wellhead to prevent any kind of packflow of aiy from this

air injection well.

o Would you turn +o Exhibit Number Eight

for us and describe that?

A Exhibit Eight is a wellbore gchematic of
our proposed producing well. It will be completed with 7 or
g-5/8ths inch casing down to Tp: cermented ir a similar man-

ner to our air injection well, with aluminite cement to about

|
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1450 feet, which is approximately 100 feet above the top of
the Upper Hospah, with Class H and silica flour to surface.

This will ke a rod pump well with gas
being produced up the annulus and the fluid being pumped up
the {‘ubing. Also, we have allowed for cooling water to ke
circulated down the annulus in this case. There could be a
possibility that sufficient gas rates will not allow us to
pump water straight into the annulus and we may have to run
a dual tubing string to TD just to get the water down there,
but research from other operators who have conducted fire-
floods has shown that the cooling water system is essential
to maintain your wellbore integrity on your producing wells,
as well as keep your fiuids cool enough to treat at the sur-
face.

MR. NUTTER: What do you anticipate the
rate of injection of water will be?

A We have some simulation studies from the
literature that I've used and made a model with that esti-
mate a maximum of 100 bairels per day, and that's based on
approximately 100 barrels of oil a day, 500 barrels of water
and 500 Mcf of gas being produced at 800 degrees.

MR. NUTTER: Okay, you ran through those
too fast for me here. You expect to inject a maximum of
100 —-

A Approximately 10C barrels.
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MR. NUTTER: oOkay. ‘

A And that was based on an 0il rate of |
about 500 -- of a 100 barrels per day, & water rate of 500
barrels per day, and a gas rate of 500 Mcf per day, and a
regservolir temperature of 800, and that's -~ that's a maximnum
condition. We don't anticipate that much fiuid, but that

the condition we used to determine the maximum cooling water

amount.
And that was based on a computer model
out of the literature.
Q Mr. Hudson, would you turn to Exhibit

Number Nine and in conjunction with exhibit Number Two, would

you demonstrate what's indicated on Exhibit Number Hine? ;
A Okay. Exhibit Two, the map of the 2-1/2

mile radius: Exhibit Nine, then, liste as per Order 3-77, or

memo 3-77 pertaining to waterfloods, Exhibit Nine is then

a tabulation of all the present completions inside a half

mile radius of our pilot area, 1isting location, casing cement

and producing interval.
Q pid your examination of that 1/2 rile
radius, Mr. Hudson, indicate to you the presence of any well

that poses 2 potential risk as a result of the fireflood

operation?

A No, sir, it doesn't.

2 In your opinion are all those wells ade-

|

Lp
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guately cemented at the present time to confine the Lower
Hospah activities to that formation and not result in contam-
ination to any other source?

A Yes, sir, it does.

Q Would ycu refer to Exhibit Number Ten
and identify that for us?

A Exhibit Ten is another exhibit based on
memo 3-77, pertaining to waterflooding, and is a schematic
of the only plugged and abandoned well inside a half mile
radius. )

This well, our wall No. 37, is shown in
the upper lefthand quarter of Section 2. It would be the
northwest quarter of the northwest guarter, and it's zhown
pPlugged and abandoned.

This well was actually drilled on the
opposite side of a fault which exists in this field and
though it has becn plugged according to 0il Commission rules,
it is also across a fault, which we anticipate being a
sealing fault and therefor will not be in communication
either, any way.

o Would you identify Exhibit lumber Tvelve
for us?

A Exhibit Twelve is a listing of all the
fresh water gsands in the area. This we&s based on the elec-

tric log of Well 18, and it's a -- notes the chlorides con-
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tent calculated from this log combined with a porosity based
on density log. This was in conjunction with determining
what, if any, possible contamination could ke done to any
fresh water sands in the area.

Q All the fresh water sands are at a sub-
stantiaily shallower depth than the proposed project?

A Yes, sir.

0 And is the separation between fresh water
sands and the project one through which the fresh water sands
will remain uncontaminated by the proiect?

A Yes, sir,

0 Would you refer to Exhibit Number Thir-
teen and identify that?

A Exhibit Thirteen is an affidavit prepared
by Mr. Kellahin for us stating that the records of the State
Engineer of New Mexico does not have ~- there are not any
fresh water wells within the surrounding sections of Section
12 or in Section 12.

Q Are you aware of any fresh water wells,
Mr. Hudson?

A In this search it then became apparent
to us that there is a well on this area which is Tenneco's
well, which is for drinking water only. This is located
approximately 2000 feet from the pilot area. If you refer

to the map of -- it's Exhibit Two, it's approximately --
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it's near wWell No. 23, whicih is in a lower portion of the --
or directly south of our pilot, southwest.

This well has not been permitted ac-
cording to these rules. It becare apparent that the permit
was never received by the office or was neglected in the
process. we are in the process right now of filing the cor-
rect permits and having this well documented in the State

Engineer’'s office.

0 When was that well drilled, do you know?
A That well was drilled in Januvary of 1971.
0 And it's still being used by personnel

in the site, Tenneco personnel in the site, for drinking
water?
A Yes, sir.
MR. NUTTER: What depth does that pro-~
duce water from?
AW That well produces from perforations ap-~
proximately 550 to 600 feet.
MR. HUTTER: Thank you.
Q Mr. Hudson, were Exhibits One through
Twelve prepared by you directly or compiled under your
direction and supervision or that of Mr. Strobl?
A Yes, sir, excepting the Exhibit Eleven,
which was the frac pressure gradient exhibit which had been

presented in a prewvious Cormission hearing, as so documented
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earlier.
2 Q Have you re-examined the numbers used in

3 Exhibit Number Eleven and to your own information and belief

4 are those numbers correct and accurate?

(1]

- A Yes, sir.

N o 6 a Do vou concur that the fracture gradient

i . T Y for the Lower Hospah formation is something greater than .92
fé’»;“‘ﬂ.‘g’j;. 8 | psi per foot of depth?
:”%;l;,,- - ? A . Yes, sir. (

- . § 5 10 0. : In your opinion, Mr. Hudson, will approval
gggg " | of this application be in the best interests of conservation,
; . . o ; §§§ 12 the prevention of waste, and the protection of correlative

g if 13 rights?

A Yes, gir.

b Q Now let me direct your attention to one

1 further point, the fact that the two new wells that will be

n drilled as producers, plus the proposed injection well, are

bt unorthodox locations, are they not?
19
A Yes, sir, they are.
20
Q And in the corder approving this pilot ]

would alsoc reguire approval of those particular items as

2 ]
exception to well location. ;
B 3
A Yes, sir.
u 3 .
¢ In your opinion will approval of this
.

pilot project result in the recovery of oil that would other-

}
|
{
I
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wise not be recovered?
A Yes sir.
MR. RELLAHIN: That concludes my examin-
ation of Mr. Hudson.
We'd move the introduction of Exhibits
One thirough Thirteen.
MR. NUTTER: Tenneco's Exhibits One

through Thirteen will be admitted in evidence.

CROSS FXAMINATION

BY MR. NUTTER:

0 Mr. Hudson, looking at your Exhibit Nine
I see 8ix wells on the first page, four wells on the second
page, three wells on the third page, one well on the fourth
page, and one well on the fifth page that have been cemented
with less than 100 sacks of cement on the long string. Wow,
do you think that's going to be adeguate cement to contain
whatever products or by-proucts result from this flooding
operation and keep them from penetrating into some fresh
water sand. We know there's fresh water sand here at 550
to 600 feet?

A Based on our present knowledge of this
fireflooding operation and cementing in general, we believe
they will be adequate for the pilot. That's ocne of our

major considerations or pieces of information that we want

okt ol d it : Bl b ho e e s ne e 4 e

NI T T

ol at
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to find from the pilot, is can we use the existing wellbores
or do we need to redrill the field because of cementing
conditions.

But based on our present knowledge, we

do deein that this is an adecuate cementing job.

Q Okay, let's take this No. 48 Well for
example,

A Okay.

Q I+ was cemented with 125 sacks. It's

one of the wells that's in your project, your irmediate pro-
ject area. Where 1s the top of cement on the long string
in that well? Did we have a schematic diagram of that well?
I don't think we 4id, 4id we?

A No, sir, that's not supplied.

0 Do you know what the top of cement is
on the long string in that well?

A Based con that volume and the hole volune
that would have been drilled for 5-1/2 casing, which is set
in that well, I would estimata it's possibly about 4 to 500
feet above the Uppef Hospah.

Q I notice that most of the wells are com-
pleted with either 4-1/2 or 7-inch casing. There are a few
5-1/2 inch.

A Yes, sir.

Q Now, what size of a hole would you nor-
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mally drill for these 4-1/2 inch cased wells?

k Approximately a 6-3/4, somethinc in that
neighborhood.

o And then for the 7-inch casing well?

B 7-inch I'd say an 8-7/8ths, something in
that neighborhood.

Q And then for the 5-1/2 inch casing wells?
A I'd say 7 to 7-1/4.
G Now do you know if there have been any

prchblems with hole cavings or washouts or anything like this
that would require any abnormal arounts of cement in casing

and cementing these wells?

A No, not --
Q What has the experience been?
A In this field generally there has been

no problem drilling the wells or washouts in the drilling

in process.

-+

Q Vere cement

ops determined on these

wells when thev were drilled?

A The information from the ~— that was

o=

compiled for this exhibit was taken from sundry notices eithej
to USGS or the -- whatever body was involved, and it was not

listed on tihose notices.

In the cases in this field it was deemed

adequate for the cementing that has been done.

.
3
é
4
:
:
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o But that was before you were going to

A Only on our air pressure. Ve don't anti-
cipate producing bottom hole pressures to be much more than
they are now. Fram our research in the literature the fire-~
flood process does not significantly raise tlhie reservoir
pressure. We still anticipate having to rod pump these

wells, which would -~

Q That's in producing?
A That's in a preducing well, yes, sir.
0 Could you make an estimate of your cement

tops on these wells that I've mentioned that have less than

100 sacks of cement on them and send that to me?

A Yes, s8ir, we can do that.
Q There's about 15 or 20, I guess, there.
A, Basically you're -~ less than 100 sacks

you would like to see something on that?

0 Yeah, those wells that I mentioned that
have less than 100 sacks.

A Ckay.

Q. I'm sure some of these have lots of cemenﬁ
o them, adequate cement, no question, but there are a few
there that were cemented witih a minimal amount and I'm kind

of concerneéd about those.

Now, do you know of any other water sandsi
!
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that are in this area besides this 550 to 600 foot sand?

A When we were drilling this water well
back in '71, from what I've been told, they tested every sand
on the way down and this was the first sand that they came
to that was not brackish and that would provide a sufficient
volume for drinking water only.

o This is camp water. This is drinking
water for the camp?

A Yes sir, there's no irrigation in this
section being done from any water sand out there. The
volume that this sand produces is in the order of less or
approximately 60 gallons an hour. It's not a very prolific
sand at all.

0 Now, is there anything about this projec-
that is going to cause any new or unusual and adverse environs
mental effects? Are we goir- o have clcuds of smoke and
steam and hot cil gqushing up in the air and spreading over
the countryside, or are we going to have the animal life
and the bird life in the area endangered because of this
flood? Are there going to he any outward effects of this
operation that are not normal outward effects as far as aﬁ
oilfield operation is concerned?

A No, sir. We planned around the environ-
mental aspect of it on, vou know, purpose. Calculations that

we've done now, based on some exhaust gas analysis performed

N
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1 in our - aboratory tests of in gitu combus,tion. revealed chat \1

1
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6 \ go pased on what we know at rhis time,
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7 we do not anticipate any rind of noxious gas emissions from

|
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Y.
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permitting required by the EPA, and based on our present
calculations we do not foresee the need for a permit for the
proiject.

0 And you’'ll have check valves on the --
on the wellheads where this air and this methan2 are going
into the injection well so if you have a break back up the
line you won't have a backflow from the well out into the
atmosphere.

A No, Bir, not ~- we definitely do not want
to do that in the air injection well, and the methane will

only be injected for a week to 10-day period and when thzt

is being done there will be 24-hour monitoring of the injecti#r
well during the ignition phase, so -- and then other than ‘
that, the only thing that could backflow would be -~ would be
air, but we plan to have safety devices which would not --
which would not allow that to happen.
Q Okay.

MR. NUTTEP: 2Are there any further qgues-
tions of Mr. Hudson?

MR. CHAVEZ: Yes, sir.

MR. NUTTER: Yes, sir, Mr. Chavez?

QUESTIONS BY MR. CHAVEZ:

Q Mr Hudson, on vour Exhibit Dight you

show a wellbore schematic of a vroducing well.

Ml L e s ees
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A Yes, sir.

Q Yet the No. 48 and the 18 will not be
exactly this way because of the cement they're completed with.
Do you intend to circulate cement, to ge in and perforate

above the cament top and circulate cement in thonse wells?

At this time -- at this time we did not

™

plan to do that, no, sir.

o what type of temperature rises do you get
in a production well just directly from the pilot -~

A Based on research, as well as our trip
to Slhreveport, Louisiana, that Glen mentione@ earlier, for the
life of the project you only =ce reservoir temperature, and
as your fire approaches your gas rate incre;ses and you start
Beeing an increase in temperatures. At a certain point, which
we believe to be approximately 250 degrees bottom hole temper-
ature, we plan to shut the producing well in so that the fire
will not adversely affect the well.

In this pilot we do hope to see if a fire
burn through these older wells to determine the integrity of
th2 cement there, but in a normal field operation, you would
not produce the well as the fire burns througl it.

Q So in a sense you're testing the 48 and

the 18 to failure? i

A We don't want them to fail but that's

191
one of the things we definitely want to find out from it, if H
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they do or if they don't.

The Shreveport test that Cities Service l
has in the Field, they had some old wells that they
burned tihrough several times and did not notice any adverse
downhole effecte other than a little corrosion on the casing,
They were able to go back and sgueeze ¢ff the burned through
interval and continue to produce the well. That was with a
different gravity oil system and from our literature research
every ona cf these reservoirs acts a little bit different.
That's why we propose a pilot instead of a full scale type
proiect.

Q Okay, then as soor as the temperature
starts rising to a certain point you will shut the producers
in?

A Yeg, sir. Standard cement that was used
in this project is good to approximately 300 degrees before
it began strewgth retrogression, so -- and that doesn't mean
it completely fails at 300 degrees, it just gets weaker as
the temperature rises.

But the cooling water should keep the
bottom hole pressure -- bottom hole tzmperature, excuse me,
down to approximately 150, 1%0. That's what we're planning
on.

0. How fast do you expect the flood front or

the fire front to advance to the producers from the air injec

|

i

tio
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A Could I direct that to CGlen, please?

Q Yes. Fine.

MR. STROBL: 1It's design to advance ap-
proximately 70 percent of the way if it ia a trua vertical
piston-like displacement in a 6-month period.

0. Within 6 monthsa?

MR. STROBL: Yes, that's providing we
can obtain the 1/2 million cubic feet a day injection rate.

Q And what effects will the heat generated
in the Lower Hospah have on the Upper Hospah? They're only
separated by 20 feet, will there be any thermal --

MR. STROBL: There could be and I can
only see good -- good effects or benefits. The Upper Hospah
is a 12 centipoise viscosity oil. That should lower the
viscosity. Any heat loss to the upper should bz -~

0 Will you be monitoring the Upper lospah
in that area?

A Yes, we will. We plan on like you said,
taking gas analysis of all these wells, we plan on the oil
production frcm all these wells and doing some additional
testing, more testing than we do now on these particular
wells in the pilot and surrounding the pilot area.

o Okay, but specifically in the upper, in
the Upper Hospah distinctly, if yvou're fireflooding the Lower

Hospah, you will be monitoring the Upper Hospah also.
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A Yes.

Q Okay, and -- but you don't have any idea
as to how much temperature, say, from your fireflocd may be
transmitted upward to that?

MR, STROBL: I don't foresee very much
temperature. It's wvery hard, you knbw, to pin that down.
We plan on looking at some simulation studies, model studies,
while we're running this pilot and might be able to pinpoint
that a little better. 1It's very hard to do, you know, ana~
lytically: it's easier to do it in a model.

A Rock conducts heat very poorly sc we
don't anticipate;major heat loss in a project like this is
in an aquifer and not necessarily surrounding beds by con-
duction:; mainly to an aquifer, which we do hava in the Lower.

Q So you expect the heat to spread outward
then, more.

A More likely than upward, due to that
fact.

0 How about ~- you talked about eixhaust
gases. Will these exhaust gases be the gases generaﬁed by
that actual combustion itself show up in the producing walls?
How much gas will be, say, carbon dioxide or carbon monoxide?

MR. STROBL: Of course most of the bi-
products of combustion are carbon monoxide and carbon dioxide

and the greatest being nitrogen, because nitrogen is the
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largest component of air.

81 percent of the gas produced will be
nitrogen and 4 percent carbon monoxide and roughly 12 percent
carbon dioxide.

If we inject 1.5 million cubic feet of
air a day, we're looking at about 1.2 million cubic feet of
nitrogen a day, 2175 Mcf a day of COZ' and akbout 60 Mcf a
day of carbon monoxide.

Q. In your Exhibit Nine you showed some
Tesoro wells in Section 1 within the 2-mile radius that had
no cement shown on the long string, ﬁo reccrd of cement. Was
that because you just couldn't get those?

A Information was just unavailable to us.

o Okay.

MR. GHOLST™: We probably have that in
our files,.

MR. NUTTER: Which well was that?

MR. KELLAHIN: The Tesoro wells in the
last part of Exhibit Nine.

MR. CHAVEZ: Page 5.

MR. NUTTER: Oh, yeah.

MR, CHAVEZ: Those are all the questions

I have.

MR. NUTTER. Are there any other guestions
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Do you have anything further, Mr. Kellahinp

MR. KELLAHIN. No, sir,

MR. NUTTER: Does anyone have anything

they wish to offer in case Number 63902

Vie'll take the case undeyr advisement,

and the hearing ig adjourneq.

(Eearing concluded.)
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CERTIFICATE

I, SALLY W. BOYD, C.S.R., DO HEREBY CERTIFY that
the foregoing Transcript of Hearing before the 01l Conserva-
tion Division was reported by me: that the said transcript
is a full, true, and correct record of the hearing, prepared

by me to the best of my ability.

4 do hereby certify faatt

a complete roori G

™~ i . P
—‘Q‘J»«Cgmervaﬂon Division




] KELLAHIN and KELLAHIN
o . Attorneys at Law
- 500 Don Gaspar Avenue
Post Ofice Box 1769
Santa Fe, New Mexico 87501 Telephone 982-4285
: Area Code 503

Jason Kellahin
W. Thomas Kellahin

Karen Aubrey

) _
[,, »Q@!QD May 14, 1980
/ ‘ ’%'4""1 . T
v ) K '19 | ;
Mr. Dan Nutter - Ruar -
0il Conservation Di&#nié_vbr'

P. 0. Box 2088
Santa Fe, NM - 87501

Re: Tenneco 0il Company
Case No. 6890

Dear Dan:

Please find enclosed the tabulation of the cement tops
you requested at the hearing on May 7, 1980.

Very Trul Yofrs,

\

W. Thomas/ Kellahin

WIK:ym
Encl.
cc: My, Brad Fischer~Tenneco

B e



Tenneco Oil
Exploration and Production

A Tenneco Company

Rocky Mountain Division

Penthouse

720 South Colorado Blvd
Denvar, Coiorado 80222
{303) 758-7130

Mr. W. Thomas Kellahin
Kellahin and Kellahin
Attorneys At Law

500 Don Gaspar Avenue
pP. 0. Box 1769

santa Fe, New Mexico 87501 ,

Re: Tenneco 0Oil Company
in Situ Combustion Project

A IR 05

Dear Tom:

nstructions, the attached tabulation is
bit 9 of Case 6890 heard May 7, 1980,
Santa Fe, New Mexico. This tabulation is a summary of the cement tops
for the long strings of the referenced wells. These values were oOb-
tained either by a volumetric calculation or from the drilling reports.
The top of the Uppber Hospah sand is on the average found at a depth

greater than 1525' from the surface.

Pursuant to Mr. Dan HMutter's i
of fered as an addition to Exhi

AR SRR

Yours very truly,

TENNECO OIL COMPANY

B. W. Fischer
production Engineering
Supervisor

rapr on

BYF vV
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: WELL NO. CEMENT TOP

(Tenneco Hospah) (ft from surf)

1X 850"
2 933"
3 906G
4 926"
5 943"
6 1095
7 675"
8 810"
9 500"
10 275"
11 730"
12 895° . ’ .
13 400°
14 Surtface
16 Surface ; '
17 surface 5 s
18 surface : B
19 240" : T
20 1021" ; SRR
21 980" -
22 1030°'
23 810' 3
24 70" : \
25 Surface H s
26 surface : ‘
27 surface f
28 surface § . :
29 1020° 3 . ’
30 1020’ : ;
31 960" X
22 1065* i
33 : 1080" : ' >
34 1080" N
35 101G’ p
36 1060" *
37X 1020
38 875" : |
39 935"
40 945" : ;
41 ‘ 920" ; |
46 665" ;
47 650" |
43 760" %
49 745" 1
50 585" ;
!
i
E
]
|
i
- |
]



WELL NO.

(Tenneco Hospah)

51
52
53
55
56

cn
~-Q

59
60
61
62
63
64

(Tesoro Hospah)

(SFPRR npn )

72
73
79
80
81
84
87
89

CEMENT TOP

(ft from surf)

625"
580"
760"
785!
825"
Surface
100"
100"
Surface
Surface
Surface
Surface

Surface
1245"
1175°

920"

950"

840"

890"
1075°

ey wr
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ENHANCED OIL RECOVERY PROPOSAL
SOUTH HOSPAH FIELD

Tenneco Oil Company proposes to implement a pilot In Situ Combustion Project
in the South Hospah Field, McKinley County, New Mexico. The purpose of this pilot
is to corroborate preliminary engineering evaluation of the technical feasibility
of this enhanced oil recovery process. The economic viability of a full-field

combustion project will alss be ascertained.

The South Hospah Field is located approximately 100 miles southeast of Farming-
ton, New Mexico (Exhibit 1). The field consists of two separate reservoirs. The
Upper Hospah reservoir was discovered in 1965. Productioﬁ from the Lower Hospah
reservoir began in April, 1967. These two sands are depicted on the log of Hospah

No.18 in Exhibit 3.

Under primary production field recovery from the Upper Hospah sand was 510

MSTB. Primary production from the Lower Hospah was 1465 MSTB.

Waterflooding was initiated in the Upper Hospah sand in 1968. Response to
water injection was very dramatic and has proven highly successful. Ultimate
recovery from primary and secondary production in this sand is projected to be

3029 MSTB.

Gas/water injection was implemented in the Lower Hospah sand in 1972 as a
means of enhancing oil recovery. Gas injection was not beneficial and was dis-
continued in 1976. Waterflooding was continued and has proven successful. During
1977 and 1978 a deepening and infill drilling program further improved Lower Hospah
performence. Projected ultimate rec ery from)the lower Hospah sand under Efifif!

3,255 0600( =
and seccndary recovery is 3255 MSTB.

///”““"’*‘7 /ua?/{gw 1447 BEFORE EXAMINER NUTTER
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Enhanced 0il Recovexry Proposal
South Hespah Field
Page Two.....

Field developmert and production respoiise are depicted on Exhibits 4 and 5.

The South Hospah field is now fully developed and in the latter, declining
years of secondary production. A thorough study of the reservoir and crude
proparties at South Hospah was made to Aetermine the applicability of tertiary
processes to further improve recovery from the field. Steamflooding, in situ
combustion, caustic-polymer flooding, and micellar-polymer flooding were considered

technically appropriate. Based on laboratory tests and engineering calculations,

in situ combustion is the most technically and economically feasible process for

extending the producing life of this field.

The proposed in situ combustion pilot is designed to supplement our studies,

ST R AR,

providing certain additional information. Specifically:

1. Confirm that ignition and sustained combustion can be achieved.

/ 2. Verification of the prediction model (iﬂe., recovery and response vs.

9 time).
h 3. 1Injection rates and pressure for compressor sizing.
4, Lift requirements in producing wells.

D )
}*47 itude of operations problems:

roduction and handling

. Emulsions

c. Corrosion.

6. Effect of heat on standard cement and completions.

The small pattern area (0.68 acres) proposed should facilitate a maximum of

information gained in a minimum amount of time.




Enhanced 0il Recovery Proposal
South Hospah Field
Page Three.....

A dual air injection well will be drilled as presented on Exhibit 7. With

the ignition equipment currently available, a packer cannot be used in this well.

It will be necessary to inject air down the casing for igrnition by either a gas or

electric down-hole heater.
In addition, two new producing

Two existing producing wells will be utilized.
be completed in the Lower

wells will be drilled. These four producing wells will

Ignition and combustion will be attempted in only the Lower Hospah

Hospah sand.
Air injectivity testing in the Upper Bospah sand will be accomplished

sand.
simultaneously through use of the second casing string of the dual air injection

B s

well.
Separate production facilities will be constructed to monitor the combustion

front progress and combustion efficiency, incremental tertiary oil recovery, and

exhaust gas composition.
The information obtained from this pilot test is expected to confirm our

preliminary evaluations and indicate whether fieldwide expansion is warranted.



ENHANCED OIL RECOVERY PROPOSAL
SOUTH HOSPAH FIELD

EXHIBIT #

1. Hospah location map

2. Field map w/all wells w/i 2 mile radius

3. Log of No.18

4. UH decline cuxrve

5. LH decline curve

6. Plat showing proposed pilot (w/dimensions)
7. Schematic - AIW

Bf Schematic prod. well

9. Tabulation of wells w/i 1/2 mile radius

10. Schematic of all PsA wells w/i 1/2 mile radius
11. Frac grad. info
12. Tabulation of fresh water sands encountered.
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TENNECO OIL COMPANY

Upper
Lower
Upper
Upper

Lower

Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah

Hospah

.Hospah

Hospah

Upper Hospah No.1X

No.2

No.3

No.4

No.5

No.6

No.7

No.8

No.9

No.10

No.1ll

No.12

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12~17N~9W

12-317N-9W

12-17N-9W

12-17N-9W

12-17R~-9W

12-17N~9W

EXHIBIT 9

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

1980'FNL&2052'FEL

2310'FNL&2310'FWL

1650'FNL&1392 'FEL

990'FNL&2310'FWL

990'FNL&2712'FEL

330'FNL& 330'FEL

1650'FNL& 330'FEL

1650 FNL&2051 'FET.

330'FNL&2051"'FEL

990' FNL&2300' FWL

1650'FNL&2310' FWL

2160'FNL& 990'FWL

2280'FNL&1620'FWL

T e R, i PRIy AP UC SR

1565"

1637

1603"

1640°"

1645

1710

1750

1709

3945

2827

1774®

1840"

1720t

CMT USED
SURF. CSG. DEPTH & PROD. CSG.
SIZE WEIGHT SET TOP SIZE IGHT
1)
%
7-5/8 (24%) 31 10 sx - 4-1/2 (11.64#)
surface
7 (17#) 31 10 sx - d4-1/2 { 2.5%)
surface
7 (17%#) 31’ 10 sx - 4-1/2 (10.5#)
surface
7 (174) 30! 10 sx - 4-1/2 (10.5#)
surface
7 (17#) 30° 10 sx- 4-1/2 (10.5#)
surface
10-3/4 (32.4%) 45" 50 sx - 7 (23%)
surface
10-3/4 {(32.75%) 45" 75 sx - 7 (20#)
surface
10-3/4 (22.75%) 55¢ 50 sx - 7 {(20#)
surface
10-3/4 (32.75#) 86’ 90 sx - 7 (23&20#)
surface ({7
10-3/4 (32.75#) 85" 150 sx - 7 (20#)
surface
10-3/4 (32.75#) 45°* 50 sx - 7 (20#)
aurface
10-3/4 (32.75) 47" 70 sx - 7 (20#)
surface
7-5/8 (26) 44°' 50 sx - 4-1/2 (10.5#)
surface

SRR T e

DEPTH
SET

1628
1644°
1694"
1713
1687
3933!
2827°
1766°*
1772

1702°

18

25

60
&0

60

iio0

510

320

130

110

150

SX

88X

8X

8X

8X

SX

S
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EXHIBIT 9

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH PROD. OR INJ.
D SIZE WEIGHT SET TOP SIZE WEIGHT SET CMT INTERVAL
ko)
(, \
1980 'FNL&2052'FEL 1565"* 7-5/8 (24#) 31 10 sx ~- 4-1/2 (11.6#) 15051 r:; SX Producer-Upper
surface
2310'PNT.L2310" FWL 1637 7 (174) 31° 10 sx - 4-1/2 ( 9.5#) 1635°* 60 sx producer-uUpper
surtface
1650'FNL&1392°'FEL 16C3' 7 (174) 31t 10 sx - 4-1/2 (10.5#) 1602* 60 sx Producer-~Lower
surface
990'FNL&2310°'FWL 1640* 7 {(17#) 30! 10 sx - 4-1/2 (10.5#) 1628° 60 sx Producer-Upper
surface
990'FNL&2712'FEL 1645" 7 {17#) 30° 10 sx- 4-1/2 (10.5#) 1644° 60 sx Wtr.Inj.-Upper
surface
330'FNL& 330'FEL 1710 10-3/4 (32.4#) 45" 50 sx - 7 (23#) 1694' 75 sx Producer-Lower
surface  —
1650'FNL& 330'FEL 1750' 10-3/4 (32.75#) 45° 75 sx -~ 7 (20#) 1713 130 sx Producer-Locwer
surface
1650'FNL&2051 'FEL 1709' 10-3/4 {(22.75%) 55°¢ 50 sx -~ 7 I (20 1687" 110 sx Producer-Lower
surface
330'FNL&20S51'FEL 3945 10-3/4 (32.75#) 86" 90 sx ~ 7 (23&20#) 3933° 510 sx Producer-Lower
surface (b
990'FNL&2300' FWL 2827' 10-3/4 (32.754%#) 85" 150 sx - 7 (20#) 2827 320 sx Producer-Lower
surface &A- ot
1650'FNL&2310'FWL 1774 10-3/4 (32.75#) 45" 50 sx - 7 (20#) 1766°" 130 sx Producer-Lower
surface
2160'FNL& 990°FwL 1840 10-3/4 (22 _7%) a7° 70 sx - 7 (20#) 1772° 110 sx Producer-Lower
surfaze
2280'FNL&1620'FWL 1720° i~5/8 (26) 44" 50 sx - 4-1/2 {10.5#) 1702° 150 sx Wtr.Inj.-~Upper
surface
BEFORE EXAMINER NUTTER
_ OiL CONSERVATION DIVISION
LE€ANCCQ EXHIBIT N, 9
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IDENTIFICATION

Lower
Upper
Upper

Upper

Hospah No.l4
Hospah No.1l6
Hospah No.l17
Hospah No.18
Hospah No.1l9
Hospah No.20
Hospah No.21
Hospah No.22
Hospah No.23

Hospah No.24

Taowmah WA 285
fyieeter s

'Hospah No. 26

Hospah No.27

TENNECO OIL COMPANY (cont‘'d)

12-17N-9W
12-17N-9W
12-17N-9¥W
12-17N-9W
12-17N-9W
12-17N-9W
12-17N-9W
12-17N-9W
12-17N-9W
12-17N-9W
12-1Mm-ow
12-17N-9W

12-17N-9W

I ok ot N 7 i W e s

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

1700'FNL&130C'FWL

1755 'FNL&2330'FWL

2250°FNL&3000 ' FWL

1475'FNL&3055'FWL

2310'FSL&2712'FEL

2310'FSL&1392'FEL

2310'FSL&2310'FWL

2210°'FSL& 990'FWL

1650'FSL&1800' FWL

330'FNL&2650'FEL

330'FNL&1505'FEL

Q30°'FNL& 380°FEL

1570'FNL& 330'FEL

TD

1790’

1710

1787

1750

1638"

1647

1690

1734

2968"'

1725°

1702

1660

1669'

CMT USED
SURr. CSG. DEPTH & PROD. CSG. DEPTH
SI1ZE WEIGHT SET TOP SIZE WEIGHT SET
7-5/8 (26#) 59' 50 sx - 4-1/2 (10.5%) 1763°
surtace .
7-5/8 (264) 59 50 sx - 4-1/2 (10.5#) 1692°
surface
7-5/8 {26%) 59" 50 sx - 4-1/2 (10.5%) 1691°*
. surface
7-5/8 (26#) 59' 50 sx - 4-1/2 (10.5%) 1729°
surface
7 (17#} 31! 10 =x - 4-1/2 ( 9.5%) 1638*
surface
No surface pipe - 4-1/2 (10.5%) 1647*
7 (17#) 30° 10 sx - 4-1/2 ( €.5%) 1685"
surface
7 (17#) 30" 10 sx -~ 4-1/2 ( 9.5#%) 1734
surface
8-5/8 (20#) 91' 70 sx 4-1/2 (10.5%#) 2940°
surface
8-5/8 (26#) 51! 40 sx - 4-1/2 (10.5%) 1720°*
surface
8-5/8 (364#) 51" 40 sx 4-1/2 ( 9.5%) l683"
surface
8-5/8 (361) 50! 40 sx - 4-1/2 { 9.5%) 1658°
surface
8-5/8 (36#) 50°' 40 sx - 4-1/2 ( 9.5#%) 1652°*
surface

200 s

245

190

240

225

240
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TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

1700'FNL&1300° ' FWL

1755'FNL&2330 ' FWL

2250'FNL&3000"' FWL

1475'FNL&3055 ' FWL

2310'FSL&2712'FEL

2310’'FSL&1392'FEL

2310'FSL&2310"'FWL

2210'FSL& 990'F¥L

1650'FSL&1BO0O’ FWL

330'FNL&2650'FEL

330'FNL&1505'FEL

330'FNL& 380°'FEL

1570'FNL& 230'FEL

1790

1710

1787"

1750°

1638°

1647

1690

1734

2368

1725

1702

1660

1669’

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH PROD. OR INJ.
SIZE WEIGHT SET TOP SIZE WEIGHT SET CMT INTERVAL
7-5/8 (26#) 59! 50 sx - 4-1/2 (10.5#) 1763" 200 sx Producer-Lower
surface
7-5/8 (26#) 59 50 sx - 4-1/2 (10.5#%) l692° 200 sx Producer-uppsr
surface
7-5/8 (26#) 59° 50 sx - 4-1/2 (10.5#) 1691" 200 sx Wtr.Inj.-Upper
. surface
7-5/8 (26#) 59 50 sx - 4-1/2 (10.5#) 1729* 200 sx Producer-Upper
surface -
7 (17#) 31! 10 sx ~ 4-1/2 ( 9.5#%) i638" 60 sx Producer-Upper
surface
No surface pipe - 4-1/2 {10.5#) 1647 60 sx Wtr.Inj.-Upper
7 (17#) 30 10 sx -~ 4-1/2 { 9.5#) 1685° 60 sx Producer~Upper
surface
7 (17#) 30" i0 sx - 4-1/2 ( 9.5#) 1734" 60 sx Producer~Upper
' surface —
8-5/8 (204#) a1 70 sx 4-1/2 (10.5#%) 2940 245 sx Ts&A~Dakota Gas
surface Wtr.Inj.-Upper
8-5/8 (264) 51" 40 sx - 4-1/2  (10.5%) 1720*' 190 sx Producer-Lower
surface .
8-5/8 (368!} 51' 40 sx 4-1/2 { 9.5¢#) i682" 240 sx Producer~-Lower
e~ mE o
8-5/8 (36#) 50°* 40 sx - 4-1/2 ( 9.5#) 1658' 225 sx Producer-Upper
surface
8-5/8 (36#) 50 40 sx - 4-1/2 { 9.5#) 1652' 240 sx Producer-Upper

surface
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TENNECO OIL COMPANY (cont'd)

Upper Hospah No.28 12-17N-9W
Upper Hospah No.29 12-17N-9W
Upper Hospah No. 30 12-178-9W
Upper Hospah No. 3l 12-17N-9W
Lower Hospah No. 32 12~-17N-3W
Lowexr Hospah No. 33 12-17N-9W
Upper &

Lower Hospah #34 12-17N-9W
Lower Hospah No. 35 12-178~9W
Lower Hospah No. 36 12-17N~9W
Lower Hospah No.37X 12-17N-9W
Lower Hospah No.38 12-17N-9W
Upper Hospah No. 39 12-17N-9W
Uppexr Hospah No.40 12-17N-9W

. S

P o

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

933'FNL&1485'FEL
410'FNL&1870'FEL
950'FNL&1980' FEL
330'FNL&2800'FEL
550'FNL&2370'FWL

1340'FNL&1710"'FWL

1820'FNL&1700'FWL
330'FNL& B50' FEL
900'FNL&2630'FEL
12807 FNL&1ZS0 "FWL
660'FNL& 660'FEL

2180'FNL& 660'FEL

2420'FNL&1650'FEL

R e s

1675

1606

i6d5’

1626°*

1647’

1660

1565"

1627

1637

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH
SIZE __ WEIGHT SET TOP SIZE WEIGHT / SET
7,”}/'f
8-5/8 {3G#) sy 40 sx - 4-1/2 //215#) 1658°*
surface
8-5/8 (24%) 75" 70 sx -~ 5-1/2 (15.5#) 1606"
surface
8-5/8 (24#) 71 70 sx -~ 5-1/2 (15.5#) 1605°
surface
8-5/8 (244%) 78" 70 sx - 5~1/2 (15.54) 1626"
surface
10-3/4 (32.75%) 64° 70 sx - 7 {20#%) 1632
surface
10~-3/4 (32.75#) 61’ 70 sx - 7 (204 1647
surface
10-3/4 (32.75%) 67' 70 sx - 7 (20#) 1648’
surface
10~-3/4 (32.75%) 75°* 60 sx - 7 (20#) 1577¢
surface
i0-3/4 (32.75%#) 78" 60 sx -~ 7 (204) 1624
surface
10-3/4  (32.75#4) 72° 40 sx ~ 7 (20#) 1635
surface
8-5/8 (24%) 71 75 sx - 5-1/2 {15.5#) 1565*
surface
8-5/8 (24%) 7 75 sx - 5-1/2 (15.5#) 1627"
surface
8-5/8 (24%) 71? 75 sx - 5-1/2 (15.5#) 1637°
surface

3

240

85

85

125

125

125

125

128

135

83

100 s:

100

100

8:




TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

‘ LOCATION

|

H

1TN-9W 933'FNL&1485' FEL
1 TH-9W 410'FNL§1870' FEL
?17n-9u 950°'FNL&1980' FEL
| T-ow 330'FNL&2800° FEL
H1.79~9% S50'FNL&2370' FWL
1 7M-9W 1340'FNL&1710"FWL
-

b1 7%~9W 1820'FNL&1700'FWL
-1 7R-9W 330°'FNL& 85C' FEL
F170-9W 900' FNL&2630'FEL
L1 7N-9% 1280'FNL&1280'FWL
)1 7N-9W 660'FNLs 660°'FEL
-1 7N-9W 2180'FNL& 660'FEL
{175493 2420'FNL&1650 ' FEL

18

1675

1606

1605°

1626"

1647"

1660

les6l’

1591’

1635

1666'

1565°

1627

1637’

CMT USEL
SURF. CSG. DEPTH & PROD. CSG. DEPTH PROD. OR INJ.
SIZE __ WEIGHT  SET TOP SIZE  WEIGHT , SET CMT INTERVAL
1%
8-5/8 (36#) 51! 40 sx - 4-1/2 9.5#) 1658° 240 sx  Producer-Upper
surface Y
8-5/8 (244%) 75° 70 sx - 5-1/2 (15.5#) 1606' 85 sx  Producer-Upper
surface
8-5/8 (24#) 71! 70 sx - 5-1/ {15.5#) 1605"° 85 sx Producer-~Upper
surface
8-5/8 (244%) 78" 7C sx - 5-¥£3£ (15.5#) 1626° L?B sx  Producer-~-Upper
surface
10-3/4 (32.75#) 64’ 70 sx - 7 (20%) 1632° 125 sx Producer~-lower
surface
10-3/4 (32.75#) 6l’ 70 sx - 7 (20#) 1647* 125 sx Wtr.Iini.-Lower
surface
10-3/4 (32.75#) 67" 70 sx - 7 (20#) 1€48! 125 sx Producer-Dual
surface
10-3/4 (32.75#) 75" 60 sx - 7 (20#) 1577 125 sx Producer-Lower
surface
10-3/4 (32.75#%) 78" 60 sx - 7 (204) 1624"° 125 sx Wtr{Inj.—Lower
surface
10-3/4 (32.75#) 72! 40 sx - 7 {20#) 1635" 135 sx Upper-T&A
surface Producer-Lower
8-5/8 {(24#) 71! 75 sx - 5-1/2 (15.5#) 1565" 100 sx Producer-Lower
surface
8-5/8 (244) ¢ 75 sx - S-1/2 (15.5#) 1627 100 sx Producer-uUpper
cnxvrfara
8-5/8 (24#) 71° 75 sx - 5-1/2 (15.5#) 1637" 100 sx Producer-Upper
surface
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PAGE FOUR..........

WELL
ARENTIFICATION

Upper Hospah No.41
Lower Hospah No.46
Lower Hospah No.47
Lower Hospah No.48
' Lower Hospah No.49
Lower Hospah No.S50
Upper Hospah No.51
Upper Hospah No.52
Lower Hospah No.53
Upper Hospah No.55
Upper Hospah No.56
Uppei'. &
Lower Hospah No.58

Upper &
Lower Hospah No.59

TENNECO OIL COMPANY (cont'd)

12-17N~-9wW

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

L R e e g e

sy TR

LOCATION

S5'FNL&1650'FEL
1700°'FNL& 700°'F
785'FNIR1T775 ' FUL
1485 'FNL&2817 ' FWL
885°'FNL&2117'FEL
950'FNL& 900'FEL
1775'FNL& 620'FWL
720'FNL&1850'FWL
95C'FNL& 330'FEL

1750'FNL&1550'FEL

1100'FNL&1275'FEL

2580'FNL&1640" FWL

2340'FNL&2500'FEL

|3

1593'

1662"

1622’

1578"

1583"

1584"

1679

1657

L

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH

SIZE WEIGHT  SET TOP SIZE  WEIGHT SET

8-5/8 (24#) 71 75 sx - 5-1/2 (15.5#) 1610"*
surface

9-5/8 (36#) 62 40 sx - 7 (20%) 1664°
surface

9-5/8 (36#) 62" 40 sx - 7 (20%) 1647°
surface

8-5/8 (24%) 62" 40 sx - 5~-1/2 (15.5%) 1625"*
surface

8-5/8 (244%) 62" 40 sx - 5«1/2 (15.5#) 1610"
surface

9-5/8 (36#) 71 40 sx ~ 7 {(20%) 1583"
surface

8-5/8 {(244%) 64" 50 sx - 5-1/2 (15.5#) l662"
surface

8-5/8 (244) 74" 50 sx - £-1/2 (15.5#) 1620°*
surface

8-5/8 (24%) 63" 50 sx -~ 7 (20#) 1559¢*
surface

9-5/8 (36#) 100" 90 sx - 7 (20#) 1583
surface

9-5/8 (36#) 102° 90 sx - 7 (20%) 1584°
surface

8-5/8 (244#) 88’ 75 sx - 5-1/2 (15.5#%) 1637¢
surface

8-5/8 (24#) 89 75 sx - 5-1/2 (15.5#) 1657°
surface

B aTAS SR PR
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TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

| CMT USED
SURF. cCsgG. DEPTH & PROD. CsG. DEPTH PROD. OR INJ.
| e oG
LOCATION ™ SIZE WEIGHT SET TOP S1ZE WEIGHT SET CMT INTERVAL
i)
-1 7N-9% 5'FNL&1650'FEL le11 8-5/8 (24#) 71! 75 sx -~ 5-1/2 (15.5#%) 1610 100 sx wtr.Inj.—Dual
; surface Upper-7sa
1 7TN-9W 1700'FNLs 700" FwWL, 1680°" 9-5/8 (36#) 62" 40 sx - 7 (20%) 16641 125 sx Producer-Lower
r surface
IN~-9W 785'FNL&1775'FWL 1780° 9-5/8 (364#) 62" 40 sx -~ 7 (20%) 1647 125 sx Producer-Lower
surface
N-9%W 1485'FNL&2817'FWL l635¢ 8-5/8 (24¢) 62! 40 sx - 5-1/2 (15.54%#) 1625 125 gx Producer-lower
‘ surface
7N-9% 885'FNL&2117'PEL 1639 8-5/8 (24%) 621 40 sx - 5-1/2 (15.5%) 1610 125 gx Producer-Lower
surface
IN-9W 950'FNLs 900'FEL 1593 9-5/8 {36#) 71° 40 sx - 7 (20#4) 1583 125 gx Producer-Lower
. surface
TN~ 1775 'FNLs 620" WL 1662 8-5/8 (244#) 64" 50 sx - 5~-1/2 (15.54#) 1662° 150 sgx Wtr.Inj.-Upper
surface
N-9w 720'FNL&1850'FWL 1622 8-5/8 (244%) 74° 50 sx - 5-1/2 (15.5#) 1620 150 sx Wtr.Inj.—Upper
surface
N-9% 950'FNLS 330'FEL 1578 8-5/8 (244%) 63°' 50 sx - 7 (20#) 1559+ 100 sx Producer-Lower
surface
-OW 1750'FNL&1550'FEL 1583 2-5/8 (36#) 100° 80 sx - 7 (20%) 1823 180 sx Producer-Upper
surface
-OW 1100'?&1&1275'FEL 1584 9~-5/8 (36#) 102° 90 sx - 7 {20#) 1584" f 95 sx Wtr.Inj.—Upper
surface
V- 9w 2580'FNL&1640'FWL 1679* 8-5/8 (244%) 88"’ 75 sx - 5-1/2 (15,.54#) 1637! 350 sx Wtr.Inj.-Dual
surface
i--owW 2340'FNL&2500'FEL 16571 8-5/8 {244#) 89 75 sx - 5-1/2 (15.54#) 1657 225 sx Wtr.Inj.pual
surface
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PAGE FIVE.......... TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

|

J

|

DEPTH I

; CMT USED
5 WELL SURF. CSG. DEPTH & PROD. CSG. ‘
E IDENTIFICATION LOCATION TD S1ZE WEIGHT  SET TOP SIZE WEIGHT SET cMT
i LOCATION b
; TENNECO OIL COMPANY (cont'd) |
Lower Hospah No.60 12-17N-9W 2210'FNL&1300'FEL 1048" 8-5/8 (24%) 88" 75 sx -~ 5-1/2 (15.5#) 1648" 225 sx 5
surface |
Lower Hospah No.6l1 12-17N-9W 1120'FNL&2510'FEL 1715" 9-5/8 (36#) 87" 90 sx - 7 {23#) 1715 375 sx ,
: surface |
Lower Hospah No.62 12-17N-9W 650'FNL&1770'FEL 1710 9-5/8 (36#) 93! 90 sx - 7 (23%) 1710" 375 sx
surface *
Lower Hospah No.63 12-17N-9W 710'FNL&1325'FEL 1695 9-5/8 (36#) 94! 90 sx - 7 {234%) 1690* 375 sx
surface
Lower Hospah No.64 12-17N-9W 1360'FNL& 900'FEL 1685' 9-5/8 (36#) 9o* 90 sx -~ 7 (23#) 1680' 375 sx
surface
TESORO
SFPRR A-~72 1-17N-9W 330'FSL&l250'FEL 1608’ 7 58! 35 sx 4-1/2 le08* 150 sx
SFPRR A~-73 1-17N-9W 330'FSL&2000'FEL 1665" §-5/8 63" 40 sx 4-1/2 1639"* l 75 sx
‘ SFPRR A-79 1-17N-9W 330'FPSL&2300'FEL l624" 8-5/8 58" - 5-1/2 1593*
E SFPRR A~-80 1-17N-9W 1310'FELS 630'FSL 1622* 8-5/8 72! - 7 1612*
| SFPRR A-81 1-17N-9W 580°'FSL&2090°FEL 1655°F 8-/58 73! - 5-1/2 G- T 1543"
SFPRR A-84 1-17N-9W 5'FSL&2950'FEL 1643" 9-5/8 (32.3#) 91° 100 sx 7 1639’ 100 sx
SFPRR A-87 1-178-9W k 5'FSLa 50'FEL 1598" 8-5/8 (244#) 105" 80 sx 5-1/2 (14#) 1585¢* 100 sx
SFPRR A-89 1-17N-9W - - 1769"" - - - - - -
" SRRt e N AN S -




:'d)

}
L2-17TN-9W
P
L2-17N~-9W
12-17N-9W
L2-17N-9W

}2-17N-9W

} 1-17N-9%
1-17N-9W
1-17N-9¥

'1-173—9“

1 __ 1T Ony
AT A trwT FYy

1-17N-9W
1-17N-9%
1-17N-9W

}

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

SURF.

TD SIZE
22]10'FNL&1300*FEL 1648 8-5/8
1120'FNL&2510'FEL 1715 2-5/8

650'FNL&1770'FEL 1710 9-5/8
710'FNL&1325°'FEL 1695 9-5/8
1360'FNL& 90C'FEL 1685 9-5/8
330'FSL&1250'FEL 1608’ 7

330'FSL&2000'FEL 1665' 8-5/8
330'FPSL&2300'FEL le624° 8-5/8
1 °'FELE 630'FSL le622! 8-5/8
5801 FSI.E2090 ' FEL 1655'  R-/58
5'FSL&2950'FEL 1643' 9-5/8
5'FSL& 50'FEL 1598 8-5/8

- - 1769"" -

Wl AT e AR B e

CMT USED
CSG. DEPTH & PROD. CSG. DEPTH PROD. OR INJ.
WEIGHT SET TOP SIZE WETIGHT SET CMT INTERVAL
(24%) 88" 75 sx =~ 5-1/2 (17.5%) 1648"* 225 sx Wtr.Inj.-Lower
surface
(364#) 87" a0 sx - 7 (23#) 1715 375 sx Producer-Lower
surface
(36#) 93" 90 sx -~ 7 (23%#) 1710 375 sx Producer-lover
surface
(36#) 924"* 90 sx - 7 (23#) 1690* 375 sx Producer-Lower
surface
{36#) 90" 90 sx ~ 7 (23#) 1680° 375 sx Producer-Lower
surface
58! 35 sx 4-1/2 1608°* 150 sx  Producer-Lower
63" 40 sx 4-172 1639" ( 75 sx Producer-Lower
58! - 5-1/2 1593* Producer-Upper
72 - 7 1612* Producer~lower
73 - 5-1/2 (14#) 1643" Producer-Lower
(32.34) 91! 100 sx 7 1639' 100 sx Wtr.Inj.-Lower
(244) 105" 80 sx 5-1/2 (14#) 1585"* 100 sx Wtr.Inj.-Lower
- - - - Producer-Lower

Wmdu"
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PLUGGED AND ABANDONED WELLS WITHIN A 1/2 MILE RADIUS

Only one well located within a 1/2 mile radius of the
Hespah In Situ Combustion Project was Plugged and
abandoned. This well is the Tenneco Hospah No. 37,
located 1150' FNL & 1080° FWL of Section 12-17N-9W.

A wellbore schematic is on the following page.

BEFORE EXAMINER NUTTER
OIL CONSERVATION DiVISiON
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D i TENNECO OiL COMPANY

; : CALCULATION SHEET

COMPANY veEpT, * 4

SUBJECT

LOCATION L4 CATE

S WELLBORE SCHEMATIC - HOSPAH 37

‘L— Surface 12 sxs

65 sxs

Circ to =i

surface b~.¢-~_1
£ 9
<

A L 60" 10-3/4", 32.754/ft

Abandoned 12/10/69 515-615"' 40 sys

SRR R W
N

R T

‘° - "o 1720'-1820"' 50 sxs

9-7/8" hole b ____._J 2000' TD

EXHIBIT 10A
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- Tenneco QOil Sutte 1200 ()
£ ATenneco Company tincoin Tower Building ~ et
4 Oenve- Colorado 80203
" {303) 292-9320

* July 27, 1977

Mr. Tom Kellahin BEFORE EXAMINER NUTTER

Kellahin and Fox olL CONSERVATION o

P.D. Box 1769 —-e DIVISION

500 Don Gaspar Avenue ¢

Santa Fe, New Mexico 87501 —AAC 0 EXIBIT NO_//
CASE NO o

Dear Tom:

In response to your telephone reauest 1 am sending you in attachment a list of
calculated Upper Hospah fracture aradients for the Upper Hospah Gallup Sandstone
formation, S. Hospah field, McKinley County, New Mexico. All of these wells are
located in Sec. 12-T17N-R9W. .

In this matter Fracture Gradient was considered to be hvdrostatic pressure plus
initial shut-in pressure divided by the depth to mid-perfcration, or

F.G. = Py* 15IP, psi/ft
Depth

] am also enclosing a copy of actual daily rates and rorth-end pressures for
Upper Hospah injection wells observed during May, 1977. As can be seen average
wellhead pressure is + 750 psig. If you foresee the N.M.0.C.C. rules pertaining
to wellhead pressure adversely affecting our Hospah operations 1 would appreciate
hearing your opinion as soon as possible.

] have no comparable data for the Lower Hospah Sancd and have no explanation as
to why the Upper Hospah F.G. is so high. It is my intention to stay below
fracture pressure in this project. In the case of Mospah #58 or #59, assuming
minimum FG = 0.92 psi/ft and a flow rate of 1000 BMPD, friction loss would
amount to approximately 25 psi and maximum alliowable wellhead pressure would be
804 psia (or about 816 psig),

F.G. = (804 - 25) + 693 = 0.92 psi/ft
1600

Such a pressure weuld fall within the likely operating pressure range for the
Upper Hospah Sand and may require reducing the desired 1000 BWPD rate.

As 1 see it the main problem with high injection wellhead pressure is vertical
fracturing downward into the Lower Hospah Sand, located some 30' below the base
of the Upper Sand.

/ Very truly yours,
‘)\\? e et
;“\ Erad K. Fischer
-. Preduction Enginee
BWF :cam RJED S1 uer 9ineer
Attachments

cc: Millard Carr
EXHIBIT 11
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ATTACHMENT #1

Calculation of Fracture Gradients in the Upper d
South Hospah Field, McKinley County, New Mexico,
well stimulation reports and assuming

F.G. = Py + ISIP, psi/ft
b Il

Depth
Well Py» Psig 1s1P, psig
5 675 800
18 682 800
19 69 800
27 676 800
38 £62 1000
39 696 10C0
41 686 850
A2 76 1200
1.0 psi/ft

v >}
n

0.09 psi/ft

ospah Sand, Sec. 12-17N-GW,

using data collected from

F.G., psi/ft

1475/1560
1482/1575
1494/1602
1476/1562
1662/1528
1696/1605
1536/1580
1916/1650

0.95
0.94
0.93
0.95
1.09
1.06
0.97
1.16

PRSI,

o

SRR R

oy R T

NIy OY Gl Xl B b

o



4 - e

» - L AHpcume~rt Lo
il 7 s Jwedi 13| we @ 7] wel) -_&;ﬁwe,\\’%ﬂ D1 wel 7galoe) @
: W

4

= i
! o | W jw @ “ Wl ﬁw 21w %W o w Wl e
| H|T (W T i 2l | T pH Sl YT
. P r ¢ r ¢ o P v _,-AP r P 'I ¢ ?’ P %
_ ;:‘E—"/i/jt /7,9" 1 | \::
404 /099 }502 o I
| 749 1134] 1749 o “ /45
772§ ¢ 20 1790 c | 0L
7928 lpgall g o | ¥
Zes 1257 1734 _ je b sy
7?3ﬂ )07~ 1799 ‘{ 4
‘L2 jseal 178 o I 177
722 £54 Jeoo| o I lszs
926l | 7e4l /732 | ; c | /20
gezl lg9c 715 H » o Jy5
qr9ll 1zz27 21 9] y [E2E 1. L i 5
ge)  |spez /241 / H 77 2 | e S0
_’ﬂ Iy 2 =) L T ' O 2
Sl T LR Y R B WEd RE R 4 N
R “ - = 2 s N < o
AR " - < 1' -
- U :ll E eI = 2 =
- h“ -v" =2 ‘,Thr 12 H; - 0

X * - e
I - 1T

i
: * il




~-

e PR g R VS T T

IIJI!\ [ p S T S Eain gueere it § —— YIS e T ;A e a-— ‘.1.. e 1; ‘
- — . ¥ | ® 1 T = ——p—————
m .\m \w\llllq \ ﬁ

A

C

:?‘ gy =

-t
——
-

-—

X
s




Listed below are the sands encountered from surface to 1550' in
Sec.12-T17N-RSW, McKinley County, New Mexico which calculate from logs

FRESH WATER SANDS

an equivalent chlorices of less than 10,000 ppm.

Depth

188'-196",

270'-308"
312'-346"
348'-356"
368'~-376'
382'-448"
452'-484"

870'-876"

880°'-886"

908'-920"

Co————

o e o —————

Thickness

BI

38!

34

8!

8!

66"

32

6!

6!

12

Log Porosity

8%

36%

38%

25%

25%

23%

Calculated Total
Chlorides

o

P
1000 é
500
<200

<200

o B Rl B i

<200

R T

<200

6000

[

6000

6000

AR M K 15

CASE NO.

BEFCRE EXAMINER NUTTER
OIL CONSERVATION DIVISION

Tgeceeso EXHIBIT NO. | 2—
L8870

EXHIBIT 12



STATE OF NEW MEXICO
DEPARTMENT OF ENERGY AND MINERALS
OIL CCNSERVATION DIVISION

3 TENNECO OIL COMPANY §
; IN SITU COMBUSTION PILOT § .
L , PROJECT, McKINLEY COUNTY,  § Case No. 6890
- | NEW MEXICO 5
- i

|

| AFFIDAVIT

STATE OF NEW MEXICO )
: SS.

COUNTY OF SANTA FE )

I, W. THOMAS KELLAHIN, being first duly sworn upon
my oath, state:
1. That I am a licensed New Mexico Attorney.
2. On behalf of Tenneco 0il Company on April 28, 1980,
TTWIE I examined the well records in the Office of the State Engineer,
~gf  Santa Fe, New Mexico. é
3. The records of the State Engineer's Office do not ‘

indicate the existence of any fresh water wells drilled in

any of the following sections:

T17N, R9W, NMPM

Sections 1, 2, 11, 12, 13, and 14

T17N, R8W, NMPM

Sections 6, 7, and 18

Affiant further sayeth

Kellahin & Kellahi:

P. 0. Box 1769

Santa Fe, New Mexico 87501
Phone: (595) 982-4285

SUBSCRIBED AND SWORN TO before me on this P~ day

of ‘f)‘}'\ax/?! , 1980. ,
 (seal) 7 ? Yl U.,iibf"LZ"ﬁfLAJ\fk’.{;‘{w

Notary Public/
My commission expires:

1013 -7

BEFORE EXAMINER NUTTER
OIL CONSERVATION Division

—
! €AACQ £yt NO._g& -

| CASE No, 90

—————




WELL
IDENTIEICATION

TENNECO OIL COMPANY

Upper Hospah No.lX

Upper
Lower
Upper

Upper

Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah

Hospah

-Hospah

Hospah

No.2

No.3

No.4

No.5S

No.6

No.7

No.8

No.9

No.1l0

No.1ll

No.12

No.1l3

12~-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N~9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

Mt S N s 2

HIBIT & g ?O

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

1980'FNL&2052 'FEL
2310'FNL&2310"'FWL
1650'FNL&1392'FEL
990'FNL&2310' FWL
990'FNL&2712'FEL
330'FNL& 330'FEL
lGSOfFNL& 330'FEL
1650 FNL&2051 ' FEL
330'FNL&2051'FEL
990'FNL&2300' FWL
1650'FNL&2310'FWL
2160*FNL& 990'FWL

22B0'FNL&1620'FWL

|

1565"

1637"

1603"

1640’

l1645"

1710

175G

1709

3945"

2827

1774°

1840"

1720

CMT USED
SURF, (SG, DEPTH & PROD. CSG. DEPTH
SIZE WEIGHT SET TOP SIZE WEIGHT SET CNT
7-5/8 (24%) 31 10 sx - 4-1/2 (11.6#) 1505° 75 sx
surface
7 (174) 31 10 sx - 4-1/2 ( 9.5#) 1635° 60 sx
surface
7 (17#) 31 10 sx - 4-1/2 (10.5#) 1602° 60 sx
surface
7 (174) 30* 10 sx - 4-1/2 (10.5#%) 1628' 60 sx
surface
7 (17#) 30° 10 sx- 4-1/2 (10.5#) 1644" 60 sx
surface
10-3/4 (32.4%) 45" 50 sx - 7 (23#) 1694°* 75 sx
surface
10-3/4 (32.75#) 45" 75 sx - 7 (20#) 1713 130 sx
surface
10-3/4 (22.75#) 55° 50 sx - 7 (20#%) 1687" 110 sx
surface
10-3/4 (32.75#) 856" 90 sx - 7 (23820#) 3933° 510 sx
surface
10-3/4 (32.754%) 85" 150 sx - 7 (20#%) 2827 320 sx
surface
10-3/4 (32.75%#) 45" 50 sx - 7 {20#) i766" 130 sx
surface
10-3/4 (32.75) 47 70 sx - 7 (204) 1772? 110 sx
surface
7-5/8 (26) 44’ 50 sx - 4-1/2  (10.5#) 1702 150 sx
surface




HIBIT a ¢ ?0 .
TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

} CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH PROD. OR INJ.
LOCATION TD SIZE WEIGHT SET TOP SIZE WEIGHT SET CMT INTERVAL
L7N-~-9W 1980'FNL&2052'FEL 1565 7-5/8 (244) 31! 10 sx - 4-1/2 (11.6#) 1505* 75 sx Producer-Upper
‘ surface
L 7N-OW 2310'FNL&2310'FWL 1637 7 (17#) 31! 10 sx - 4-1/2 ( 9.5#) 1635" 60 sx Producer~Upper
’ surface
}7N—9H 1650'FNL&1392'FEL 1603' 7 (17#) 31’ 10 sx = 4-1/2 {10.5#) l602° 60 sx Producer-Lower
1 surface
f?ﬂ-gw 990'FNL&2310"' FWL 1640° 7 (17#) 30° 10 sx - 4-1/2 (10.5#) 1628" 60 sx Producer~uUpper
surface
}7R—9ﬂ 990'FNL&2712'FEL 1645! 7 (17#) 30! 10 sx- 4-1/2 (10.5#) 1644" 60 sx Wer.Inj.-Upper
surface
L7N-9W 330'FNL& 330'FEL 1710* 10-3/4 (32.4%) 45" 50 sx - 7 (23%) 1694" 75 sx Producer-Lower
surface
| 7N~9W 1650'FNL& 330'FEL 1750' 10-3/4 (32.75#) 45" 75 sx - 7 (20#) 1713 130 sx Producer~Lower
' surface §
F?N—QW 1650'FNL&2051'FEL 1709*' 10-3/4 (22.75#) 55" 50 sx - 7 (20#) 1687' 110 sx Producer-Lower 3
surface ‘
TN~-OW 330'FNL&2051'FEL 3945* 10-3/4 (32.75#) 86" 90 sx - 7 (235204) 3933' 510 sx Producer-Lower
surface
pu-gw 990'FNL&2300'FWL 2827' 10-3/4 (32.75%) 85° 150 sx ~ 7 (20#) 2827 320 sx Producer-Lower
' surface Igh-Dakota |
| 7N-9W 1650'FNL&2310'FWL 1774 10-3/4 (32.75%) 45" 50 sx - 7 {20#) 1766" 130 sx Producer-lower §
). surface %
I N~9W 2160'FNL& 990'FWL 1840' 10-3/4 (32.75) 47’ 70 sx - 7 (20#) 1772° 110 sx Producer~lower :
surface %
TN~-9W 2280‘FNL&1620 ' FWL 1720 7-5/8 (26) 44° 50 sx ~ 4-1/2 (10.5#) 1702° 150 sx Wtr.Inj.-Upper l‘
3 surface ;
1 H
F

A L O e




PAGE TWO.......... TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS
CMT USEL:

WELL SURF. CSG. DEPTH & PROD. CSG. DEPTH
IRENTIFICATION LOCATION D SIZE WEIGHT SET TOP SIZE WEIGHT SET o
TENNECO OIL COMPANY (cont'd)

Lower Hospah No.l4 12-17N-9W 1700'FNL&1300 ' FWL 1790*  7-5/8 (26#) 59°* 50 sx ~ 4-1/2  (10.5%) 1763' 200 sx
Upper Hospah No.16 12-17N-9W 1755'FNL&2330" FWL 1710* 7-5/8 (26#) 59" §3r§i”f 4-1/2  (10.5#) 1692° 200 sx
Upper Hospah No.l7 12-17N-9W 2250'FNL&3000 ' FWL 1787* 7-5/8 {26#) 59° ::rgicf 4-1/2  (10.5#) 1691' 200 sx
Upper Hospah No.18 12-17N-9W 1475'FNL&3055 ' FWL 1750* 7-5/8 (26#) 59° :gr:icf 4-1/2  (10.5#) 1729° 200 s
Upper Hospah No.19 12-17N-9W 2310'FSL&2712'FEL 1638' 7 (17#) 3 igrﬁicf 4-1/2 ( 9.5#) 1638' 60 sX
Upper Hospah Nc.20 12-17N-9W 2310'FSL&1392'FEL 1647' No surface pipe sufface 4-1/2  (10.5#) 1647 60 sx
Upper Hospah No.21 12-17N-9W 2310'FSL&2310'FWL 1690' 7 (17#) 30" 10 sx - 4-1/2 ( 9.5#) 1685 60 sx
Upper Hospah No.22 12-17N-9W 2210'FSL& 990'FWL 1734* 7 (17#) 30° fgrﬁicf 4-1/2  ( 9.5#) 1734 60 sX
" Upper Hospah No.23 12-17N-9¥ 1650'FSL&1800' FWL 2968' 8-5/8 (20#) 91! i%rZZfe 4-1/2  (10.5%) 2940 245 s>
Lower Hospah No.24 12-17N-9W 330'FNL&2650' FEL 1725' 8-5/8 (26#) 51° :gﬁ::?f 4-1/2  (10.5#) 1720' 190 sx
Lower Hospah No.25 12-17N-9W 330'FNL&1505 ' FEL 1702*' 8-5/8 (36#) 51° :grgice 4-1/2  ( 9.5%) 1683' 240 sx
UPpéf Hospah No.26 12-17N-9W 330'FNL& 380'FEL 1660' 8-5/8 (36#) 50" Zgr::cf 4-1/2 { 9.5#) 1658* 225 sx
Hospah No.27 12-17N-9W 1570'FNL& 330'FEL 1669 8-5/8 (36#) 501 jgr::cf 4-1/2  ( 9.5#) 1652' 240 sx
» surface




s s AP L

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

. SURF. CSG. DEPTH CHT&USED PROD. CSG. DEPTH PROD. OR INJ.
LOCATION 1D SIZE WEIGHT SET TOP SIZE  WEIGHT SET CMT INTERVAL

:'d)

L2-158-9W 1700'FNL&1300'FWL 1790 7-5/8 (26#) 59’ 50 sx - 4-1/2 (10.5#) 1763' 200 sx  Producer-Lower
P2—17N—9H 1755'FNL&2330'FWL 1710 7-5/8 (26#) 59! :Brsicf 4-1/2 {10.5#) 1692" 200 sx  Producer-Upper
f2-178-9w 2250'FNL&3000 ' FWL 1787  7-5/8 (26#) 59° ?‘Srﬁicf 4-1/2  (10.5#) 1691' 260 sx Wtr.Inj.-Upper
i2-17Q-9H 1475 'FNL&3055 ' FWL 1750 7-5/8 {z6#) 59" ggrgicf 4-1/2 (10.5#) 1729° 200 sx Producer-Upper
| 2=1 75i-OW 2310'FSL&2712'FEL 1638 7 (17#) 31" igriicf 4-172  ( 9.5#) 1638°" 60 sx Producer-Upper

‘ surface

2-17N-9W 2310'PSL&1392'FEL 1647* No surface pipe - 4-1/2 (10.5#%) 1647° 60 sx Wtr.Inj.-Upper
*2-17N-9W 2310'FSL&2310"FWL 1690* 7 (17#) 30° 10 sx - 4-1/2 ( 9.5%) 1685* 60 sx Producer-iUpper
LZ~17N—9W 2210'FSL& 990'FWL 1734 7 _ (17#) 30! igr:icf 4-1/2 { 9.5#) 1734¢ 60 sx Producer-Upper
}2—17N%9W 1650'FSL&1800" FWL 29687 8-5/8 (20#) 91’ igrii?e 4-1/2 (10.5#) 2940' 245 sx  T&A-Dakota Gas
2-1?“59W 330'FNL&2650'FEL 1725° 8-5/2 (26#) 51! :gr::cf 4-1/2 (10.5#) 1720 190 sx g;éééggifggsgf
2-175—9“ 330'FNL&1505'FEL 1702 8-5/8 (36#) 51! :gI:)a‘ce 4-1/2 { 2.5#) 1683" 240 sx Producer-Lower
}2-17&-9“ 330°'FNL& 380'FEL 1660" 8-5/8 (36#) 50' zgigzzz 4-1/2 { 9.5#) 1658° 225 sx  Producer-Upper
12-17u-9w 1570'FNL& 330'FEL 1669 8-5/8 (36#) 50°' 40 sx - 4-1/2 ( 9.5%) 1652" 240 sx  Producer-Upper

i . surface




T TR,

TENNECO OIL COMPANY (cont'd)

Upper Hospah No.28
Dpper Hospah No.29
Upper Hospah No.30
Hospah No.3l
Hospah No. 32
Hospah No.33

Upper &
Lower Hospah #34

Lower Hospah No. 35
Lower Hospah No.36
Lower Hospah No.37X
Lower Hospah No.38
Upper Hospah No.39

Hospah No.40

- i"‘ Nt

12-17N-9W
12-17N-9W
12-17N-9W
12-178-9w
12-17N-9W

12-17N-SW

12-17N-9W
12-17N-9W
12-17N-9wW
12-17N-9W
12-17N-9W
12-17N~9W

12-17N-9W

et s
s ;ax}%:pihﬁ"!‘ =
S S :

R . a

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIOS

LOCATION

933'FNL&1485'FEL
410'FNL&1870'FEL
950'FNL&1980' FEL
330'FNL&2800'FEL
550 'FNL&2370"' FWL

1340'FNL&1710'FWL

1820'FNL&1700'FWL

330'FNL& B50' FEL

1280°'FNL&1280'FWL
€60'FNL& 660'FEL
2180'FNL& 660°'FEL

2420'FNL&1650'FEL

18

1675"

1606"

1605'

1626

1617

1660°

le6l’

1591

le666'

15€e5°

1627°

1637"

SURF. CSG. DEPTH
SI1ZE WEIGHT _SET
8-5/8 (36#) 51°'
8-5/8 (24%) 75"
8-5/8 (24#) 73!
8-5/8 (24#) 78"

10-3/4 (32.75#) 64"
10-3/4 (32.75#%) 61’
10-3/4 (32.75#) 67"
10-3/4 (32.75#%) 75°
1C-3/4  (32.758) 78"
10-3/4 (32.75#) 72"
8-5/8 (24#) 71"
8-5/8 (24%) 71°
8-5/8 (24#) 71°

CMYT USED

& PROD. CSG. - DEPTH

TOP SIZE WEIGHT SET

40 sx - 4-1/2 ( 9.5#%) 1658*
surface
70 sx -~ 5-1/2 (15.5#) 1606*
surface
70 sx - 5-1/2 (15.5%) 1605*
surface
70 sx - 5-1/2 (15.5#) 1626°
surface
70 sx - 7 (20#) 1632°
surface
70 sx - 7 (z0#) 1647’
surface
70 sx - 7 (20%) le648*
surface
60 sx - 7 (20%) 1577
surface
£0 sx ~ 7 (204) 124t
surface
40 sx - 7 (20#) 1635"
surface
75 sx - 5-1/2 {(15.5#) 1565*
surface
75 sx - 5-1/2 {15.5#) 1627
surface
75 sx - 5-1/2 (15.5%)} 1637°*
surface

240

85
85
g6
125

128

125

100

ROR

"
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TABYLATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

 LOCATION

933'FNL&1485'FEL

410'FNL&1870" FEL

© "950'FNL&1980'FEL

'330'FNL&28B00'FEL

*:“5SO‘FNL&2370'FHL

X340'FNL&1710"F¥L

-~ 3820" FNL§1700' FWL

330'FHNL& 850' FEL

. isoo'mzsao'vu
1280 FRL&1280 ' FWL

660’ PNL& 660'FEL

2180'FHLE 660°FEL

2420' PNLE1€50' FEL

1675

1606"

1605

1626*

1647

1660*

1661"

1591

1635

1666°

1565

1e27

1637

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH PROD. OR INJ.

SIZE WEIGHT _SET TOP SIZE  WEIGHT SET cMT INTERVAL

8-5/8 (36#) 51t 40 sx - 4-1/2 ( 9.5%) 1658"* 240 sx Producer-Upper
surface

8-5/8 {244%) 757 70 sx - 5-1/2 (15.5%) 1606°" 85 sx Producer-Upper
surface

8-5/8 (244#) 71 70 sx - 5-1/2 {(15.5#) 1605 85 sx Producer-Upper
surface

8-5/8 (24#) 78? 70 sx - 5~1/2 (15.5#) 1626° 96 sx Producer-Upper
surface

10-3/4 (32.75#) 64" 70 sx - 7 (20%) 1632°" 125 sx  Producer-Lower
surface

10-3/4 (32.75#%) elL’ 70 sx - 7 {20%) 1647° 125 sx Wtr.Inj.-Lower
surface

10-3/4 (32.75#) 67" 70 sx - 7 {20%) 1648" 125 sx Producer-Dual
surface

10-3/4 (32.75%) 75" 60 sx -~ 7 (204#) 1577 125 sx Producer-Lower
surface

10-3/4 (32.75%#) 78* 60 sx - 7 {204} 1624 125 sx Wtr{Inj.-Lower
surface

10-3/4 (32.75%) 72 40 sx - 7 (20%) 1635" 135 sx  Upper-T&A
surface Producer-Lower

8-5/8 (244) 71 75 sx - S5-1/2  (15.5%) 1565* 100 sx Producer-Lower
surface

8-5/8 (24%) 7%t 75 sx - 5-1/2 (15.5#%) 1627¢ 100 sx Producer-Upper
surface

8-5/8 (24#) 71’ 75 sx - 5-1/2 {15.5%) 1637" 100 sx Producer-Upper
surface

Py A AN I RN TR Rl TN

PN T
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PAGE FOUR......

IPENTIFICATION

TERNECO OIL COMPANY (cont'd)

LR

Upper

Upper

Upper

Upper

Upper

Hospah No.41
Hospah No.46
Hospah No.47
Hospah No.48
Hospah No.49
Hospah No.50
Hospah No.51
Hospah No.52
Hospah No.53
HBospah No.55
Hospah No.56

&

Lower Hospah No.58

&

Lower Hospah No.59

12-17N-9W

12-17N-9%

12-17N-9W

12-178-9w

12-17N=-9W

12-17N-9W

12-178-9W

12-17N-9W

12-17N-9w

12-17N-9W

12-17N-9%

12-17N-9W

12-17N-9W

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RACIUS

LOCATION

S'FNL&1650'FEL
1700'FNL& 700'FWL
785'FNL&1775"'FWL
1485'FNL&2817'FWL
885'FNL&2117'FEL
9S50'FNL& 900'FEL
1775'FNL& 620'FWL
720'FNL&1850'FWL
950*FNL& 330'FEL
1750'FNL&1550 FEL

1100'FNL&1275'FEL

2580°'FNL&1640 ' FWL

2340'FNL&2500'FEL

8

1621’

1680

1780

1635

1639’

1593"

1662"

1578'

1583"

1584"

1679

1657

CMT USED
SURF. CSG. DEPTH & PROD. CSG.

SIZE WEIGHT _SET TOP SIZE  WEIGHT

8-5/¢ (244) 71! 75 sx - 5-1/2 (15.5#%)
surface

9-~5/8 {364) 62' 40 ox - 7 {20#)
surface

9-5/8 (36#) 62' 40 sx - 7 (204)
surface

8-5/8 (24#) 62! 40 sx - 5-1/2 {15.5#%)
surface

8-5/8 (24#) 62" 40 sx - 5-1/2 (15.5%#)
surface

9-5/8 (36#%; 71’ 40 sx - 7 (20#)
surface

8-5/8 (24#) 64" 50 sx - 5-1/2 (15.5#)
surface

8-5/8 (24%) 74" 50 sx - 5-1/2 {(15.5#%)
surface

8-5/8 (24#) 63" 50 sx - 7 {(204#)
surface

9-5/8 (36#) 100 90 sx - 7 {20%)
surface

9-5/8 (36#) 102" 90 sx ~ 7 (20#%)
surface

8-5/8 (24#%) 88’ 75 sx - 5-1/2 {15.5%)
surface

8-5/8 (244) 89! 75 sx - 5-1/2 (15.5%)
surface




.
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TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

5'FNL&1650'FEL
17060'FNL& 700'FWL
785'¥NL&LTT75 ' FWL
1485 ' FNL&2817'FWL
885'FNL&2117 ' FEL
950'FNL& 900'FEL
1775'FNL& 620°FWL
720*FNL&E1850 ' FWL
950'FNL& 330'FEL
1750'FNL&1550FEL

1100'FNL&1275'FEL

2580'FNL&1640° FWL

2340°* FNL&2500'FEL

1611’

1680

17e0*

1635*

1639

1593

1662

1622

1578

1583'

1584"

1679'

1657

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH

SIZE WEIGHT  SET TO: SIZE WEIGHT SET

8-5/8 (24#) 71 75 sx - 5-1/2 (15.5%) 1610’
surface

9-5/8 {36#) 62°' 40 sx - 7 (20#) 1664°
surface

9-5/8 (36#) 62" 40 sx - 7 (20#) 1647
surface

8-5/8 (244%) 62° 40 sx - 5-1/2 (15.5#) 1625"
surface

8-5/8 (24#) 62" 40 sx - 5-1/2 (15.5#) 1610"
surface

9-5/8 (36#) 71! 40 sx ~ 7 {20%) 1583¢
surface

8-5/8 (244#) 64" 50 sx - 5-1/2 (15.5%) 1662"
surface

8-5/8 (24#) 74" 50 sx ~ 5-1/2 (15.5%) 1620’
surface

8-5/8 (244) 63" 50 sx - 7 (20#) 1559*
surface

a9-5/8 {36#) 100° 90 sx - 7 {20#) 1583°
surface

9-5/8 (36#) 102° 90 sx - 7 (20#) 1584°
surface

8-5/8 (24#) 88" 75 sx - 5-1/2 {15.5%) 1637°
surface

8-5/8 (24#%) 89° 75 sx - 5-1/2 (15.5#) 1657*

surface

PROD. OR INJ.

CMT INTERVAL
100 sx Wtr.Inj.-Dual
Upper-T&A
125 sx  Producer-Lower
125 sx Producer-Lower
125 sx  Producer-lLower
125 sx  Producer-Lower
125 sx  Producer-lower
150 sx Wtr.Inj.-Upper
150 sx  Wtr.Inj.-Upper
100 sx  Producer-lower
100 sx Producer-Upper
95 sx Wtr.Inj.-Upper
350 sx Wtr.Inj.-Dual
225 sx  Wtr.Inj.bual

— ey
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PAGE FIVE..... ceeen TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS
CMT USED
WELL SURF. CSG. DEPTH & PROD. CSG. DEPTH
IDENTIFICATION LOCATION ™D SIZE WEIGHT SET TOP SIZE WEIGHT SET cMr

TENNEC) OIL COMPANY (cont'd)

Lower Hospah No.60 12-17N-9W 2210'FNL&1300'FEL le4s8’ 8-5/8 (244#) 88! 75 sx - 5-1/2 {15.5#) 1648° 225 3x
surface

Lower Hospah No.61 12-17N-9W 1120'FNL&2510'FEL 1715 9-5/8 {36#) 87" 90 sx - 7 (23%) 1715¢ 375 sx
surface

Lower Hospah No.62 12-17N-9W 650'FNL&1770' FEL 1710 9-5/8 (36#) 93! 90 sx - 7 (23%) 171a° 375 sx
surface

Lower Hospah No.63 12-17N-9W 710’ FNL&1325'FEL 1695" 9-5/8 (36#) 94? 90 sx - 7 (23#%) 1690°' 375 sx
surface

Lower Hospah No.64 12-17N-9W 1360'FNL& 900'FEL 16851 9-5/8 (36#) 90! 90 sx - 7 (23#) 1680° 375 sx
surface

TESORC

SFPRR A-72 1-17N-9W 330'FSL&1250'FEL 1608" 7 58! 35 sx 4-1/2 1608" 150 sx

SFPRR A-73 1-17N-9W 330'FSL&2000'FEL 1665 8-5/8 63" 40 sx 4-1/2 1639°* 75 sx

SFPRR A-79 1-17N-9W 330'FSL&2309'FEL 1624" 8-5/8 S8!' - 5-1/2 1593*

SFPRR A-80 1-17N-9W 131G*'FEL& ©630'FSL 1622' 8-5/8 72! - 7 1612*

SFPRR A-81 1-17N-9W 580'FSL&2090'FEL 1655" 8--/58 73? - 5-1/2 (144#) 1643°* .

SFPRR A-84 1-17N-9W 5'FSL&2950D'FEL 1643" 9-5/8 (32.3#) 91°* 100 sx 7 1639" 100 sx

SFPRR A-87 1-17N-9W 5'FSL& 50'FEL 1598" 8~5/8 (24#) 1C5¢ 80 sx 5-1/2 (14%) 1585°* 100 sx

. SFPRR A~-89 1-17N-9W - - 1769° - - -

T e e, W RERSIAREIES FENE. )




| 7n-ow
| 78-9W
7N-0W
TN-W
7N-9W
7N-oW

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

2210'FNL&13CO'FEL
1120'FNL&2510"'FEL
650'FNL&1770'FEL
710'FNIL&1325'FEL

1360'FNL& 200'FEL

330'PSL&l250'FEL
330'FSL&2000'FEL
330'FSL&2300"'FEL
1310°'FEL& 630°'FSL
580'FSL&2090° FEL
5'FSL&2950' FEL
5'FSL& 50'FEL

-— —

l648°

1715

1710

16957

1685"

le08*
1665*
1624’
1622
1655°
1643
1598"
1769*

SURF.

SIZE

8-5/8
9~-5/8
9-5/8
9-5/8

9-5/8

8-5/8
3-5/8
8-5/8
8-/58
9-5/8
8-5/8

b

R RIS RIS 1 g ot i

CMT USED
CSG. DEPTH & PROD. CSG. DEPTH PROD. OR INJ.
WEIGHT SET TOP SIZE WEIGHT SET CMT INTERVAL
(244) 88" 75 sx - 5-1/2 (15.5%) 1648' 225 sx  Wtr.Inj.-Lower
surface
{364#) 87" 90 sx - 7 (23#) 1715° 375 sx Producer-Lower
surface
(36#) 931 90 sx - 7 (23#) 1710" 375 sx Producer-Lower
surface
{(36#) 94" 90 sx - 7 (23#) 1690" 375 sx Producer-Lower
surface
(36#) 9qQ" 90 sx - 7 (23#) 1680°' 375 sx Producer-lower
surface
58" 35 sx 4-1/2 l608" 150 sx  Producer-Lower
63! 40 sx 4-1/2 1639" 75 sx  Producer-lLower
58" - 5-1/2 1593"* Producer-Upper
72 - 7 lelzt Producer-~lower
73" - 5-1/2 (144) le43! Producer-Lower
(32.3%#) o91° 100 sx 7 1639° 10Q sx Wtr.Inj.-Lower
(24%) 105° 80 sx 5~1/2 (14#) 1585" 100 sx Wtr.Inj.-Lower

Producer-Lower




PLUGGED AND ABANDONED WELLS WITHIN A 1/2 MILE RADIUS

Only one well located within a 1/2 mile radius of the
Hospah In Situ Combustion Project was plugged and
abandoned. This well is the Tenneco Hospah No. 37,
located 1150' FNL & 1080' FWL of Section 12-17N-9W.
A wellbore schematic is on the following page.

EXHIBIT 10
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; - TENNECO OIL COMPANY
g § CALCULATION SHEET
'l'*ﬁ . ! COMPANY DEPT.
4 - SUBJECY
LOCATION ey DATE

65 sxs

circ to w——y

surface

Abandoned 12/10/69

9-7/8" hole

0
]

EE———

h o

515~

1720

2000’

WELLBORE SCHEMATIC - HOSPAH 37

Surface 12 sxs

' 10-3/4", 32.75#/f¢

35'-85"' 30 sx

615' 40 sxs
-1820' 50 sxs
™D
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A Tenneco Company

s e

i
{
! ur. Tom Kellahin
Kellahin and Fox
% p.0. Box 1769
: i 500 Don Gaspar Avenue
i

santa fe, New MexicO 87501

R Dear Tom:
' ;5'*“ 1n responsé to your telephone reauest
Lt ca]cu1ated Upper Hospah fracture gradi
oo formation, 5. Hospah field, McKinley County,
tocated in Sec. 12-T17N-ROM.
radient W

r Fracture 5
divided by the dep

in this matte
in pressure

initial shut-
1581P, psi/ft

e

actuel c¢ail

to wellhead pressure 3
n as soon as poss1b1e.

F.6. = (804 - 25) + 693 =
1600

Such 8 pressure would fall within
Upper Hospah Sand and may re

As 1 see it the main problem with high
fracturing downward jnto the Lower Hosp
of the upper Sand.

BWF:cam
Attachments

cc: Millard Carr

Sune 1200
Lincoin Jowe! Builging

Denve’ Cowcrzde

(303} 292-9320

1 am sending Yy
ents for the Uppe
Mew Hexico. 1

as considered to b
th to mid

y retes and 1on

wellhead pressureé is *
dversely affec@ing our

quire reducing t

1njection
ah Sand,

PR
(Eun$')
o
AC203

July 27, 1277

+achment 3 1ist of
h Gallup Sandstoné

of these wells are

ou in at
r Hospa
1

e hvdrostatic pressure plus

-perforation, or

v

S £ L

¢ BNIA LT

ressures for

th-end P
seen average

pAs can be

1 am alse enclcsing 2 copy of
Upper Hospah jnjection wells observed during hay, 1e77.
‘¢ + 750 psig. 1f you soresee the N.M.0.C.C. rules pertainﬁng
Hospah operations 1 would appreciate

explanation as

hearing your opinio
1 have no comparab1e data for the Lower Hospah gand and have no
to why the Upper Hospah .G. is sO high. it is my intention 10 stay below
fracture pressure in this project. n the case of Hospah £58 or £59, assuming
minimum 6 = 0.92 psi/ft and & flow rate of 1000 BPD, friction 10sS would
amount 1O approximately 25 psi and maximum allowable wellhead pressure would be
god psia (or about 816 psig)s
0.92 psi/ft

ressure range for the

the 1ikely operating )
1000 B4PD rate.

he desired
wellhead pressure is vertical
located some 30 below the base

Very truly yours,

grad ¥. Fischer
Sr. production Engineer

EXHIBIT il

Case 870




Ca\cu\ation of Fractu
h Field, McKi

X=1.00 psi/ft
s = 0.09 psi/ft

re gradients in
nley County.

Sputh Hospa
tion reports and assuming

ATTACHMENT 1

the upper Hospah sand, Sec- 12-17N-9H,
New MexicO, using data collected from

well stimuia
F.G. = f!Lf,lfli' psi/ft
Depth
well Py PS19 151P, psig F.G., psi/ft
5 675 800 1475/1560 = 0.9°
18 682 800 1482/1575 = 0.94
19 69- 800 149471602 = 0.93
27 676 800 1476/1562 = 0.25
38 662 1000 1662/1528 = 1.03
39 696 1000 1696/1605 = 1.06
8 686 850 1536/1580 = 0.97
42 716 1200 191671650 = 1.16
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Listed below a
Sec.12-T17N8~

an equivalent chlorides

Depth

188'-196"
270'-308"
312'-346"
348'-35¢"
368'-376!
382'-448"
452'-484"
870'-876"
880°'-8g6"

906'-920"

ROW, McKinle

Thickness
—scaness

8'

38!

34’

8!

8!

66'

32

6'

6'

12

FRESH WATER SANDS

re the sands encountered fro
Y County, New Mexico w
of less than 16,000 ppm.

Log Porositz

21%
35%
33%
38%
38%
36%
38%
25%
25%

23%

m surface to 1550' jip
hich calculate from logs

Calculated Total
Chlorides

55¢0
1000
500
<200
<200
<200
<200
6000
6000

6000

EXHIBIT 12
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STATE OF NEW MEXICO
DEPARTMENT OF ENERGY AND MINERALS

QIL CONSERVATION DIVISION

TENNECO OIL COMPANY §
IN SITU COMBUSTION PILOT § Case No. 6890
PROJECT, McKINLEY COUNTY, § ase NO.
NEW MEXICO §
AFFIDAVIT

STATE OF NEW MEXICO )
ss.

COUNTY OF SANTA FE g
1, W. THOMAS KELLAHIN, being first duly sworn upon
my oath, state:
1. That I am a licensed New Mexico Attorney.
2. On behalf of Tenneco 0il Company on April 28, 1980,
I examined the well records in the Office of the State Engineer,
Santa Fe, New Mexico.
3. The records of the State Engineer's Office do not
indicate the existence of any fresh water wells drilled in
any of the following sections:

T17N, R9W, NMPM

Sections 1, 2, 11, 12, 13, and 14

T17N, R8W, NMPM

Sections 6, 7, and 18

Affiant further sayeth

Kellahin & Kellahj

P. 0. Box 1769

Santa Fe, New Mexico 87501
Phone: (595) 982-4285

SUBSCRIBRED AND SWORN TO before me on this éﬂ day

of IV\auA , 1980.
B N 4 —f--
(seal) ? 1 1 Uegn g —RANAELA
Notary Public /
My commission expires:
-~
10-13 -1 o

o R

S 67
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ENBANCED OIL RECOVERY PROPOSAL
SOUTH HOSPAH FIELD

FOrp—were: TELEL SR

Tennecc 0il Company proposes to implement a pilot In Situ Combustion Project

in the South Hospah Field, McKinley County, New Mexico. The purpuse of this pilot
is to corroborate preliminary engineering evaluation of the technical feasibility
of this enhanced oil recovery process. The economic viability of a full-field

combustion project will alsc be ascertained.

The South Hospah Field is located approximately 100 milaes southeast of Farming-
ton, New Mexico (Exhibit 1). The field consists of two separate reservoirs. The
Upper Hospah reservoir was discovered in 1965. Production from the Lower Hospah

reservoir began in April, 1967. These two sands are depicted on the log of Hospah

No.18 in Exhibit 3.

Under primary production field recovery from the Upper Hospah sand was 510

MSTB. Primary production from the Lower Hospah was 1465 MST3.

Waterflooding was initiated in the Upper Hospah sand in 1968. Response to
water injection was very dramatic and has proven highly successful. Ultimate

recovery from primary and secondary production in this sand is projected to be

3029 MSTB.

Gag/water injection was implemented in the Lower Hospah sand in 1972 as a
means of enhancing oil recovery. Gas injection was not beneficial and was dis-
continued in 1976. Waterflooding was continued and has proven successful. During
15877 and 1978 a deepening and infill drilling program further improved Lower Hospah

performance. Projected ultimate recovery from the Lower Hospah sand under primary

and secondary recovery is 3255 MSTB.

Exhibit ©
cese &7




oposal
south Hospah Field

|
,‘
1 Enhanced 0il Rrecovexry Pr
i
page TWO- -+~

t and production response are depicted on Exhibits 4 and 5.

Field developmen

The South Hospab field is nov fully developed and in the 1atter, declining

years of secondary production. A rhorough study of the reservoir and crude

ah was made to determine the applicability of tertiary
in situ

¢ South HOSP
Steamflooding,

properties a
tner improve recovery £rom the field.
r flooding were considered

ocesses to fur
caustic—polymer

pased on

pr

combustion. £1o00ding, and micellar—polyme
technically appropriate. japoratory rests and enqineering calculations,
in situ combustion is the most technically and economically geasible process fox
extending the producing 1ife of this field.
ot is designed to supplement our studies:

~ompbustion pil

e

The proposed in situ
providing certain additional information. Specifically:
l. confirm that jgnition and sustained combustion can be achieved.
of the prediction model (i.€.v recovery and response VS-

Verification

time) -
sure for compressor sizing.

2.

3. Injection rates and pres
4. Lift requirements in producing wells.
\

[PRVEESI TP

£ operations problems:

5. The magnitude ©

n and nandling

a. Gas productio

b. Emulsions

c. Corrosion.
mpletions.

6. Effect of heat on standard cement and €O
area {0.68 acres) proposed should facilitate 2 maximum of

The small pattern

information gained in a
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- ~ Enhanced 0il Recovery Proposal
3 South Hospah Field
E . Page Three.....
A dual air injection well will be drilled as presented on Exhibit 7. With
the ignition equipment currently available, a packer cannot be used in this well.

It will be necessary to inject air down the casing for ignition by either a gas or

electric down-hole heater.

Two existing producing wells will be utilized. In addition, two new producing
wells will be drilled. These four producing wells will be ccmpleted in the Lower
Hospah sand. Ignition and combustion will be attempted in only the Lower Hospah
sand. Air injectivity testing in the Upper Hospah sand will be accomplished
simultaneously through use of the second casing string of the dual air injection

well. ;

Separate production facilities will be constructed to monitor the combustion
front progress and combustion efficiency, incremental tertiary oil recovery, and

exhaust gas composition.

The information obtained from this pilot test is expected to confirm nur

preliminary evaluations and indicate whether fieldwide expansion is warranted. ;




ENHANCED OIL RECOVERY PROPOSAL
SOUTH HOSPAH FIELD

EXHIBIT #

1. Hospah location map

2. Field map w/all wells“w/i 2 mile radius

3. Log of No.l8B

4. UH decline curve

5. LH decline curve

6. Plat showing proposed pilot (w/dimensions)

7. Schematic - AIW

8. schematic pred. well

9. Tabulation of wells w/i 1/2 mile radius

10. Schematic of all psa wells w/i 1/2 mile radius

11. Frac grad. info

Tabulation of fresh water sands encountered.
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PLUGGED AND ABANDONED WELLS WITHIN A 1/2 MILE RADIUS

Only one well located within a 1/2 mile radius of the
Hospah In Situ Combustion Project was plugged and
abandoned. This well is the Tenneco Hospah No. 37,
located 1150' FNL & 1080' FWL of Section 12-17N-9W.

A wellbore schematic is on the following page.

EXHIBIT 10
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TENNECO OIL COMPANY

CALCULATION SHEETY

COMPANY CEPT,
sUBJECT
WOCATION Y DATE

65 sxs

circ to
surface

WELLBORE SCHEMATIC - HOSPAH 37

Abandoned 12/10/69

9-7/8" hole

P s«

J

‘Qa‘

- = ©

.A ‘»‘i’J

) S Surface 12 sxs

B 60' 10-3/4", 32.75#/ft

35'-85' 30 sx

515-615' 40 sxs

1720'=-1820' 50 sxs

R
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© Tenneco Qil Sure 1200 (v

>. h : A Tenneco Company Lincoin Tower Building -~
. Denver Colorado 80203

(303) 292-9320

July 27, 1977

Mr. Tom Kellahin

] Kellahin and Fox

4 P.0. Box 1769

‘ 500 Don Gascar Avenue
Santa Fe, New Mexico 87501

Jear Tom:

In response to your telephone reauest I am sending you in attachment a list of
calculated Upper Hospah fracture oradients for the Upper Hospah Gallup Sandstone
formation, S. Hospah field, McKinley County, New Mexico. All of these wells are
located in Sec. 12-T17N-RO9W. .

in this matter Fracture Gradient was considered to he hvdrostatic pressure plus
initial shut-in pressure divided by the depth to mid-perforation, or

PSR N T

F.G. = Pyt ISIP, psi/ft
Depth

1 am alsc enclosing a copy of actuel daily rates and ronth-end pressures for
Upper Mospah injection wells observed during May, 1977. As can be seen average
wellhead pressure is + 750 psig. If you foresee the N.M.0.(.C. rules pertaining
to wellhead pressure adversely affecting our Hospah operations [ would appreciate
hearing your opinion as soon as possibie.

1 have no comparable data for the Lower Hospah Sand and have no explanation as
to why the Upper Hospah F.G. is so high. It is my intention to stay below
fracture pressure in this project. In the case of Hospah #58 or #59, assuming
minimum FG = 0.92 psi/ft and a flow rate of 1000 B"PD, friction loss would
amount to approximately 25 psi and maximum allowable wellhead pressure would be
£804 psia (or about 816 psig),

F.G. = (804 - 25) + 693 = 0.92 psi/ft
1600

Such a pressure would fall within the likely operating pressure range for the
Upper Hospah Sand and may require reducing the desired 1000 BWPD rate.

: As ] see it the main problem with high injection wellhead pressure is vertical C
R fracturing downward into the Lower Hospah Sand, located some 30' below the base *
S of the Upper Sand.

' Very truly yours,

SO Erad M. Fischer 1
: Sr. Production Engi
BWF:cam l uct ngineer
Attachments
Millard Carr

EXHIBIT 11
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ATTACHMENT #1

and, Sec. 12-17N-9W,

Calculation of Fracture Gradients jn the Upper Hospah S
data collected from

South Hospah Field, McKinley County, New Mexico, using
well stimulation reports and assuming

F.G. = Py + isip, psi/ft
Depth

Py» Psig ISIP, psig F.G., psi/ft

675 80C 1475/1560 = 0.95

582 800 1482/1575 = 0.94

69- 800 1494/1602 = 0.93

676 800 1476/1562 = 0.95 i

662 1000 1662/1528 = 1.09 j

696 1000 1696/1605 = 1.06 E

686 850 1536/1580 = 0.97 i

716 1200 1516/1650 = 1.16 §
X = 1.01 psi/ft i

A AN i,

0.09 psi/ft

wn
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Listed below are the sands encountered from surface to 1550'

FRESH WATER SANDs

Sec.12-T17N-R9W, McKinley County, New Mexico which calculate from logs

an equivalent chlorides of less than 10,000 ppm.

Depth

188'-196"
270'-308"
312'-346"
L~
348'-356"
368'-376"
382'-448"
452'-484"'
B70'-876"
855" -23%"

908'-920"

Thickness

8!

38!

34

8I

66’

32¢

6!

12!

I0g Porosity

Calculated Total
Chlorides

21%

35%

33%

3i8%

38%

36%

38%

25%

25%

23%

5500

1000

500

<200

<200

<200

<200

6000

6000

6000
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STATE OF NEW MEXICO
DEPARTMENT OF ENERGY AND MINERALS
OIL CONSERVATION DIVISION

TENNECO OIL COMPANY §
IN SITU COMBUSTION PILOT § Case No. 6890
PROJECT, McKINLEY COUNTY, § ase No-
NEW MEXICO §

AFFIDAVIT

STATE OF NEW MEXICO )
)} ss.

COUNTY OF SANTA FE )

I, W. THOMAS KELLAHIN, being first duly sworn upon

my oath, state:
1. That I am a licensed New Mexico Attorney.

2. On behalf of Tenneco 0il Company on April 28, 1980,

I examined the well records in the Office of the State Engineer,

Santa Fe, New Mexico.

3. The records of the State Engineer's Office do not

indicate the existence of any fresh water wells drilled in
any of the following sections:

T17N, R9W, NMPM

Sections 1, 2, 11, 12, 13, and 14

T17N, R8W, NMPM

Sections 6, 7, and 18 E
Affiant further sayeth <<}f Q 2 %

] T”OMAS KELLAFIN
Kellahln & Kellahi ;
P. 0. Box 1769 !
Santa Fe, New Mexico 87501 '

Phone: (595) 982-4285
SUBSCRIBED AND SWORN TO before me on this éﬁ day

ot T , 1980, , (

by 5 .4 .
(sel) ~ ’} } ]/l ¥, jl/'y\_/ ’W/U(L/l
Notary Publlc
My commission expires:
_H-13-X0 ExkiG/t 73

CwsSe G¥70

el s
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KELLAHIN and KELLAHIN
Attarneys at Law
Jason Kellahin $00 Don Gaspar Avenue

W. Thomas Kellakin Post Office Box 1769
- a Santa Fe, New Mexico 87501

Karen Aubrey

April 17, 1980

Mr. Joe Ramey
0il Conservation Division
P. 0. Box 2088
Santa Fe, New Mexico 87501

Dear Joe: Cz’

May 7, 1980.
Ve truly yours,
W. Thomas Kellahin
encl.

cc: Mr. Millard Carr
Mr. Brad Fischer
WIK : mmr

Telephone 982-4285
Area Code 50$

re: Tenneco 0il Company { /
In Situ Combustion Project
South Hospah Field,
McKinley County, NM

(%70

Please set the enclosed application for hearing on

) s s s

A e
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STATE OF NEW MEXICO
DEPARTMENT OF ENERGY AND MINERALS
OIL CONSERVATION DIVISION

iN THE MATTER OF THE APPLICATION OF .
FOR APPROVAL OF o

TENNECO OIL COMPANY
COMBUSTION PROJECT,
ING EXCEPTIONS

TION AND FRODUCING WELLS,
SPAH FORMATIONS,

UPPER AND LOWER HO
ELD, McKINLEY COUNTY,

APPLICATION

CMPANY, by and throug
s to the Oil Conservat
of a pilot in situ ¢

rmations nf the South

COMES NOW TENNECO OIL C h its attorneys,

KELLAHIN & KELLAHIN, and applie
Mexico for approval

r and Lower Hospah fo

ion pivision of
ombustion

the State of New
Hospah

project for the Uppe
rt thereof would show:
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two existing Hospah wells:

7. The ¢

Pareiey

(a) Well H-67, 1388 feet from the North line,
the East line;

(b) Well H-68, 1387 feet from the North Line,
the Eest line;

(c) Well H-69, 1575 feet from the North line,
the East line;

(d) Well H-70, 1575 fcet from the North liine;
the East line;

herein.

TR 5 i, evriaavetiingl o~ o

i without a packer and as outlined on the wellbore schematic
5 ' 9 attached as Exhibit "B", which is incorporated by reference herein.
- . : Ignition shall be initiated either by the injection of air, methane,
water, or an electric ignitor or combination thereof.
% 5. It is proposed that the pilot project shall include either
four or eight producing wells in a pattern as shown on Exhibit "C"
attached hereto and incorporated herein by reference. There will
not be any commingling of the Upper and Lower Hospah production.

6. The first alternative of four producing wells will include

(a) Well LH-48, located 1485 feet from the North line and
2817 feet from the East line of Section 12;

(b) Well UH-18, located 1600 feet from the North line and
3100 feet from the West line of Section 1Z;

and two new producing wells to be located as follows:

(a) Well H-65, located 1350 feet from the North line and
2725 feet from the East line of Section 12;

(b) Well H-66. located 1600 feet from the North line and
2725 feet from the East line of Section 12.

Tete wmemm e e~

wells, which in addition to the four wells described above would

include the following four new producing wells in Section 12:

2825 feet from

2637 feet from

2637 feet from

2825 feet from

8. All new producing wells in the pilot project will conform

to the welbore schematic attached as Exhibit '"D" and incorporated
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9. The injection of air, water, or methane into the proposed
injection well will be at pressures below that required to fracture
the confining strata as shown in Exhibit E attached hereto and
incorporated herein by reference.

10. ‘A tabulation of wells within a one-half mile of the injection
well, and schematics of all plugged and abandoned wells within one-~
half mile pursuant to Memo 3-77, are to be found in the case file
for Commission Case 5995, Order R-5506, dated August 9, 1977,
attached hereto as Exhibit "F" and incorporated by reference.

11. The proposed pilot project as outlined in Exhibit "H"
attached hereto and incorporated herein by reference will not present
a risk of contamination of fresh-water sources in the area, will not
impair the correlative rights of others, will be in the best interests
of conservation, will determine the feasibility of an in-uitu
combustion project for these formations, will not cause waste.

WHEREFORE, Applicant seeks approval for this application for
a pilot in situ combustion projisct in the Lower and Upper Hospah
formations of the South Hospah field, McKinley County, including
but not limited to authority to:

(a) to drill and complete the injection well at the proposed
location and method of completion; and,

(b) to approve the drilling and spacing of the proposed
production wells; and,

(¢) such additional authority and approval as may be required
to implement the propcsed project.

TENNECO OIL yﬂ/

W. Thomas Ke
Kellahin & Kell
P. 0. Box 1769
Santa Fe, New Mexico 87501
(505) 982-4285
ATTORNEYS FOR APPLICANT
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WELLBORE SCHEMATIC - AIR INJECTION WELL
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Tenneco Oil Suite 1200 a
< . A Tenneco Company Lincoln Tower Building s
? ‘ Denver, Colorado 80203
- {303) 292-9920
T July 27, 1977

#r. Tom Kellahin

Kellahin and Fox

wl P.0. Box 1769

5 500 Don Gaspar Avenue

> Santa Fe, New Mexico 87501

Dear Tom:

In response to your telephone request I am sending you in attachment a list of
calcutated Upper Hospah fracture gradients for the Upper Hospah Gallup Sandstone
formation, S. Hospah field, McKinley County, Mew Mexico. All of these wells are
iocated in Sec. 12-T17N-ROW. 4

In this matter Fracture Gradient was considered to be hydrostatic pressure plus
initial shut-in pressure divided by the depth to mid-perforation, or

F.G. = Py+ ISIP, psi/ft
Depth

1 am also enclosing a copy of actual daily rates and month-end pressures for
Upper Hospah injection wells observed during May, 1977. As can be seen average
wellhead pressure is + 750 psig. If you foresee the N.M.0.C.C. rules pertaining
to wellhead pressure adversely affecting our Hospah operations I would appreciate

hearing your opirnion as soon as possible.

I nave no comparable data for the lower Hospah Sand and have no explanation as
to why the Upper Hospah F.G. is so high. It is my intention to stay below
fracture pressure in this project. In the case of Hospah #58 or #59, assuming
minimum FG = 0.92 psi/ft and a fiow rate of 1000 BWPD, friction loss would
amount to approximately 25 psi and maximum allowable wellhead pressure would be

804 psia (or about 816 psig),

F.G. = (804 - 25) + 693 = 0.92 psi/ft
1600

Such a pressure would fall within the likely operating pressure range for the
Upper Hospah Sand and may require reducing the desired 1C00 BWPD rate.

As I see it the main problem with high injection wellhead pressure is vertical
fracturing downward into the Lower Hospah Sand, located some 30" below the base
of the Upper Sand.
Very truly yours,
TS

7 TN A G

- - v -
Brad W. Fischer
. Production Engineer
BWF : cam Sr roduction Enginee
Attachments

cc: Millard Carr
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F.G.

ATTACHMENT #1

= Py + ISIP, psi/ft

Depth

PH‘ psig
675
%82
694
676
662
696
686
716

1.01 psi/ft
0.09 psi/ft

ISIP, psig

800
800
800
800
1000
1000
850
1206

F.G., psi/ft

1475/1560
1482/1575
1494/1602
1476/1562
1662/1528
1696/1605
1536/1580
1916/1650

o o O O

Calculation of Fracture Gradients in the Upper Hospah Sand, Sec. 12-17N-9W,
South Hospah Field, McKinley County, New Mexico, using data collected from
well stimulation reports and assuming

.95
.94
.93
.95
.09
.06
.97
.16

A Py - A
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BEFORE THE OIL CONSERVATION COMM._SION
OF THE STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING

CALLED BY THE OIL CONSERVATION

COMMISSION OF NEW MEXICO FOR .
THE PURPOSE OF CONSIDERING:

CASE NO. 5995
Order No. R-5506

APPLICATION CF TENNECO OIL COMPANY

FOR DUAL COMPLETIONS AND WATERFLCOD
EXPANSIONS, McKINLEY COUNTY, NEW MEXICO.

ORDER OF THE COMMISSION

BY THE COMMISSION:

This cause came on for hearing at 9 a.m. on July 20, 1977,
at Santa Fe, New Mexico, before Examiner Richard L. Stamets.

NOW, on this 9th day of August, 1977, the Commission, a
quorum being present, having considered the testimony, the record,
and the recommendations of the Examiner, and being fully advised
in the premises,

FINDS:

“{1) That due public notice having been given as reguired
by law, the Commission has jurisdiction ot this cause and the
subject matter thereof.

(2) That the applicant, Tenneco 0il Company, seeks authority
to expand its South Hospah-~Upper Sand and South Hospah-lower
Sand Waterflood Projects by dually completing its Hospah Unit
Wells Nos. 58 and 592, located in Units F and G, respectively,
of Section 12, Township 17 North, Range 9 West, McKinley County,

New Mpv‘lhn in such a manner as to ht:rrr11- water *nﬂc-ﬁf-ﬁnn intn

mex 20 gt LU Ny Y W LT o -~

each of sald zones through parallel strings of tublng.

(3) That the applicant proposes to complete said Hospah
Unit Wells Nos. 58 and 59 with parallel strings of tubing,
. packers set immediately above the injection intervals, and
provide for testing to determine any leakage of the tubing,
casing or upper packers.

(4) That the mechanics of the proposed dual completions
are feasible and in accordance with gocd conservation practices.

{5) That before injection into either of said wells should
begin, the applicant should consult with the supervisor of the
Commission's district office at Aztec to determine an injection
pressure limitation such as to preclude fracturing of the
confining strata.

f:
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Case No. 59
Order No. R-5506

(6) That the operator should take all steps necessary to
ensurc that the injected water enters only the proposed injection
interval and is not permitted to escape toc other formations or

onto the surface.

(7) That approval of the subject application will prevent
the drilling of unnecessary wells and otherwise prevent waste

and protect correlative rights.

IT IS THEREFORE ORDERED:

(1} That the applicant, Tenneco Dil Company, is hereby
granted authority to expend its South Hospah-Upper Sand and South
Hospah-Lower Sand Waterflood Projects by dually completing its
Hospah Unit Wells Nos. 58 and 59, located in Units F and G,
respectively, of Section 12, Township 17 North, Range 9 West,
NMPM, McKinley County, New Mexico, in such a manner as to permit

water injection into each of said zones.

PROVIDED HOWEVER, that each of said wells shall be equipped
with parallel strings of 2 1/l6-inch tubing, packers set
immediately above each injection zcne, and that the casing-tubing
annulus shall be filled with an inert fluid; and that a pressure
gauge shall be attached to the annuvlus or the annulus shall be
equipped with an approved leak detection device in order to
determine leakage in the casing, tubing, or packer.

(2) That prior to commencing injection into either of the
subject wells, the operator shall consult with the supervisor of

the Commission's district office at Aztec to determine an ianjection

pressure limitation such as to preclude fracturing of the
confining strata in said projects.

(3) That the injection wells or systems suall be cguipped
with pop-off valves or acceptable substitutes which will limit
the wellhead pressure on the injection wells to a pressure no
higher than that determined pursuant to Order No. (2) above.

(4) That jurisdiction of this cause is retained for the

entry of such further orders as the Commission may deem necessary. |

DONE at Santa Fe, New Mexice; on the day and year herein-

above designated.

STATE OF NEW MEXICO
OIL CONSERVATION COMMISSION

ember & Secretary

I




DISCUSSION

FIELD HISTGRY

The South Hospah field is located in McKinley County, New Mexico
(Section 12, T17N-R9W), approximately 120 miles south of Farmington. The
field is in the Chaco Slope region of the San Juan Basin. The Upper Hospah

was discovered in 1965. Tenneco purchased the property in September, 1966 and

began developing the Upper Hospah during 1967. Production of the Lower Hospan

began in April, 1967.
The Upper Hospah reservoir performed as a pressure depletion drive {since

solution gas was negligible). Graph No. 1 depicts the steep production decline

experienced under this drive mechanism. Because of a very low expected
primary recovery, a waterflood was initiated in the reservoir in June, 1968.
The response to water injection can be seen very vividly on Graph No. 1.
Figure No. 1 shows the Upper Hospah Unit, with the current well locations.
The injection scneme devaloraed into a fairly irregular pattern, with an

average well spacing of 10 acres. Currently, the Unit has 20 active producers

and 10 active water injection wells. Production averages 180 BOPD and 4700

BWPD, resulting in a field oil cut of 3.7%. Water injection is about 4700 BPD.

loner Hospah Unit was classified as stripper in September, 1979.

o
e w

The Lower Hospah reservoir has an active aquifer and mobiie water at
original saturations, as exhibited cn Graph No. 2 as very early water production.

The crude from the Lower Hbsbah js fairly viscous, 55 cp. at reservoir temperature,

and contributes to an unfavorable water-oil mobility ratio. An attempt to

improve the mobility ratio and, thereby, increase the recovery was initiated in

September, 1972, when a simultaneous gas-water injection project began. The

basic goal of the process was for the gas to swell the oil and reduce the oil

viscosity, improving the mobility ratio. Water would then be able to displace

R R T SR SN
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#; - { the oil more effectively. Gas injection was expensive due to a number

of operational problems (gas-locking of pumps, emulsion treating, and

venting the casing) and was discontinued for a period of time during 1976.

When no negative production effects were seen, it was decided to terminate

gas injection completely; however, water injecticn has continued to the
present. Figure 2 shows there are 26 active producers and 11 active injectors.

Average production is 720 BOPD and 21,400 BWPD (a field oil cut of 3.25%), with
0

water injection of 21,200 BPD.
As seen on Graph 2, response to water injection in the Lower Hospah was

not as dramatic as that of the Upper Hospah. The waterflood was considered

effective, because of the abatement of the apparent production decline after

g "

1973. The large production increase exhibited in 1977 and 1978 was a result

of the deepening of 11 wells, the drilling of 4 infill wells, and increased

1ift capacity in many of the producers.

C GEOLOGY
The Upper Hospah sand is composed of 3-4 major.stringers separated by
thin shale beds. The type log labeled Figure 3 shows these members. The
Upper Hospah is a marine sand bar deposit with areas of poorer rock type due

to channeling. Directional permeability is oriented along a northeast to

. ,
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southwest line. The productive 1imits are defined by a fault aleng the

norihwest and a decrease in rock permeability to.the east and south (areas

proven as non-productive). fhe structure is fairly simple and flat. The
strucfure map presented as Figure 4 shows the dip is approximately 1°.

The Lower Hespah sand is a blanket sand deposit. Productive limits
are defined by the fault on the horthwest flank and the original oil-water
contact at + 5,375'. The aquifer is active, tilted 25-30 feet and encountered
by every well in the field. The structure is fairly flat, with a dip of

1® (see Figure 5).




ECR_PROCESS DESCRIPTIONS

Becaus2 of the reservoir and fluid factors discussed previously and
the results of laboratory core tests, in situ combustion, steamflicoding, and

micro-emulsion flooding were evaluated for application to the Lower Hospah.

In situ combustion involves the injection of air into the reservoir; the
mechanical, chemical, or spontaneous ignition of the ¢il in the reservoir: and
the continued injection of air and combustion of a fraction of the oil in the
reservoir. The fraction of crude that provides the fuel is called coke, the
heavier ends of the crude deposited on the formation as a result of the heat of
combustion vaporizing the 1ightér ends. The vaporization of the 1lighter ends,
steam generated from formation water, and the gases generated as products of
combustion reduce the o0ii viscosity and provide the driving force to ennance
the 0171 recovery. 0i1 is not only swept from the area immediately chead of
the burn front, but 40% or more of the oii outside of the swept area is
affected by the heét and recovered. Temperatures in the burn front usuaily
are in the » .ye of 700-1200°F. The various regions in the reservoir are
depicted in the cross~sectiqp on Figure 6. The burned region behind the burn
front is 100% air-saturated, leaving no residual oil behind. A large amount of
heat remains in this burned region to eventually dissipate to the base and
cap rock. The efficiency of this system can be imb}bvéd by scavenging this
heat through the injection of water. When water and air are simultaneously or
ilternately injected, the water flashes to steam near the injection well, super-
heatéd steam traverses the burn front, and tnis steam aids in the viscosity
reduction and distillation of oil ahead of the burn front. Optimum "wet

combustion” displaces most of the excess heat from behind the burn front to the

‘
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<T oil bank and results in a two-thirds reduction in air reguirements over dry
combustion and a considerable reduction in fuel consumption. Obviously, both

reductions serve to iumprove the process recovery and economics. Ore such

process that was proven affective is the COFCAW process (combination of Forward

Combustion and vaterflcoding).
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ECONOMIC DEVELOPMENT

Tabtle No. 10 presents the general economic parameters that apply to all
processes. All economic evaluations were performed using only the incremental
tertiary production, the capital expenditures to get that production, and
the O&M expense applicable only to the EOR operation. Incremental tertiary
0il (projected EOR response less the remaining secondary production) enjoys
market incentive prices which wefe $32/B0 at 1/1/80. A 50% excise tax was
imposed resulting in a net price of $24/80. Pattern development was assumed
to begin the second quarter of 1980. As a 5-spot or set of patterns developed,
it was assumed the injection plant would be available for injection in the
completed areas. Recoupment ofia1lowable expenditures occurs in the quarter the
expenditure is made and no recoupment was credifed after October 1,'1981 (when
all cii is assumed decontrolled). |

The DOE has passed a ruling which will allow operators of certain EOR
projects begun after Sepember 30, 1979, to recoup 75% of certain capital
expenditures invelved with that project. The recoupment process involves the
release of enough Lower Tier oil to Upper Tier prices to cover the reccupabile
amount. The allowable recoupment can be taken whether the project is a
success or not. The purpose behind this ruling ié to help operators defray
the larger front-end capital expenditures mandated by most EOR projects; thereby,
making these projects economically attractive so fﬁéfAmore projects will be

initiated and the U.S. dependence on imported crude might be decreased.
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STATE OF NEW MEXICO l 0?‘//0
DEPARTMENT OF ENERGY AND MINERALS ;*"L \fb
OIL CONSERVATION DIVISION

IN THE MATTER OF THE APPLICATION OF
TENNECO OIL COMPANY FOR APPROVAL OF
A PILOT IN SITU COMBUSTION PROJECT,
INCLUDING WELL-SPACING EXCEPTIONS
FOR INJECTION AND PRODUCING WELLS,

UPPER AND LOWER HOSPAH FORMATIONS, , 870
SOUTH HOSPAH FIELD, McKINLEY COUNTY, iy lo
NEW MEXICO. [leas

APPLICATION

COMES NOW TENNECGC OIL COMPANY, by and through its attorneys,
KELLAHIN & KELLAHIN, and applies to the 0il Conservation Division of
the State of New Mexico for approval of a pilot in situ combustion
project for the Upper and Lower Hospah formations of the South Hospah
Field, McKinley County, New Mexico and in support thereof would show:

1. Applicant is the operator in both the Upper and Lower
Hospah formations of the South Hospah field, McKinley County, New
Mexico, including Section 12, T17N, R9W, NMPM.

2. Applicant seeks to initiate a pilot in situ combustion
project in each of the two Bospah formations, at a location in
Section 12, T17N, R9W, NMPM hereinafter set forth.

3. The South Hospah field is now in its later stages of
secondary recovery by waterilood and applicant proposes to determine
by the proposed pilot project the feasibility of a tertiary recovery
project by in situ combustion. Attached as Exhibit "A" is a plat
showing all wells in the area.

4. Applicant proposes to drill a dual injection well at a
depth sufficient to penetrate both the Upper and Lower Hospah formations
at a location 1474 feet from the North line and 2725 feet from the

East Line of Section 12. Said injection well is to be completed




ed on the wellbore schematic

ker and as outlin
ed by reference he

without a pac
rein.

s Exhibit "B,
ated either by th
ination thereof.

1 include either

llcﬂ

which is incorporat

attached a
of air, methane,

n shall be initi
¢ ignitor OT comb

Ignitio e injection
or an electri
posed rhat the
in a patterm &%

water,

5. 1t is pro
producing wells
rated herein by T
Lower Hospah prod
s will include

pilot project shal
shown on Exhibit

four or eight
There will

ereto and incorpo®

‘of the Upper and
four producing well

eference.

attached h
uction.

e any commingling

not b
l1ternative of

6. The first a

.

pah wells:
and

_two existing Hos
Well LH-48, located 1485 feet from the North line
1ine of gection 12;

(a) .
2817 feet from the East
(b) Well UH-18, located 1600 feet from the North line and
3100 feet from the West 1ine of Section 12;

located as follows:
feet from the North 1ine and
from the East l1ine of Section 12;

ocated 1600_feet from the North line and
om the East 1ine of Section

ing wells tO be

and two new produc
iocated 1350

(a) Well H-65,
2725 feet

(b) Well H-66, 1

2725 feet fr
e would be to have eight producing

econd alternativ
descridb

o the four wells
g wells in Sectio
2825 feet from

7. The s
h in addition t ed above would
our new producin

m the North line,

wells, whic
n l1l2:

include the following £

(a) Well H-67, 1388 feet fro
the East line;

(b) Well H-68, 1387 feet from th
the East line;

75 feet from th

e North Line, 2637 feet from

e North line, 2637 feet from

(c) Well B-69, 15
the East line;
(d) Well H-70, 1575 feet from the North line; 2825 feet from

the East line;
conform

wells in the pilot project will

8. All new producing
ipit "'D" and inc

c attached 28 Exh orporated

to the welbore gchemati

herein.



g.

the confin

10.

d

well, an

half mile

for Commi

ed

attach
11.

attached

arx

of conse

ilot

-
[

but not

The injection of air,

injection well will

incorporated herein by T

‘A tabula

isk of contamination of

impair the correla

combustion Pproje

WHEREFORE, AP

formations of the Sout

water, or methane into the proposed

be at pressures below that required to fracture

ing strata as shown in Exhibit E attached hereto and

eference.
crion of wells within a one-half mile of the injection

ed and abandoned wells within one-

schematics of all plugg

mo 3-77, are to be found in the case file

pursuant to Me

ssion Case 5995, Order R-5506, dated August 9, 1977,
hereto as Exhibit "F" and incorporated DY
The proposed pilot project as outlined in Exhibit "H"
in by reference will not present

hereto and incorporated here
e area, will not

fresh-water sources in th

tive rights of others, will be in the best interests

rvation, will determine the feasibility of an in-situ
for these formations,

1 for this application for

will not cause waste.

Sact
o T

plicant seeks approva

ect in the Lower and Upper Hospah

in situ combustion proj
h Hospab field, McKinle

y County, including
ed to authority to:

te the injection

limit
well at the proposed

(a) to drill and comple
jocation and method of completion; and,
(b) to approve the drilling and spacing of the proposed
production wells; and,
(c) such additional authority and approval as may be required
osed project.

to implement the prop

TENNECO OIL }ovﬂ/

. Thomas K
Kellahin & Kellahin

o 0. Box 1769
jco 87501

P U

ganta Fe, New Mex

(505) 982-4285
ATTORNEYS FOR APPLICANT




Gos .
“il Well - Dokoto "A" Zone

o UUkolo

- Well - Dakota "D" Zone

Go: Well - Dokota "D" Zon.

Dokoto "A" Zone

Oil Well - Upper Hospoh Zone

)

Oil Well - Dokolo '"B" Zone

o]

{Kab)

¢

Water Injection Well - Upper Hospoh Zone

.~

\

Dry Hole
Unit Outline

] Ol Well - Lower Hospah 2one

vﬂ Dual O Well - Upper 8 Lower Hospaoh Zones

"ot
D Z injectia
“dr;—c one 3as injeclion well
‘Oy "D" Zone water injection well
D—-wW :

" Pr.63538+-Tr.2

e s
Jof-

Al Fmy. exc U, zowﬁuma\a_ 24
269 llu - _
lllk..ll.w.lllﬁ X 3 Ax%wn%a om " Aooo. .uu*ﬂ 22 _~
A | ~ o) _ o 5 9
Qa Xy D w___m /e ° P& 2 @ﬁmm_o |
moc&. rll_ mvub IQm\ubI O 5 C>:.ﬁ lnuls m
. PA- u%mo " ' i umu 90 Ae e 39 | AH
@v .nOu ql ux o040 , .w\,.\._,%\n.. ¥ 4
h m ._.on ~100 r
lm..wll.ll_m e — l..lnl...l-.l!.l.. l"ll)-ll-.llL..l.'lhll"lJll.l.N .IIAI ‘A-
"o —— = 40.00 [ 3 I'SF m :
NN GY FCHC NG A VAR
N o ' “ H
5 Zj Tenneco Tenneco:-1/2 : 2
Iy 33233 - 171.82 Ac.-H.B.R Tesoro - 1/2 ‘ s
o} 23 Upper Hospah Saad . Fm Only . Pt 32906 0 0
= _ uﬁ P1.46952 . .
M .0- ) All Fmy. eacep! U xouuo: Soad . :
4 (Kdo,b,d , ! .
= o (o] “ v -— .“DI-W "..“Ma.. ]
3 o~ B|g e == llen%oE G e I PR ) il
; o T HE Av. t Tenneco B : _ .Av._.m_..
i Dy 2. _ Pl 46952 o _ o ,w “
3 2 (5] I a0 = Om _
nM w ...n... ” - %I.O|o |
5 3 > | 45 5A -
e “ Oi m 8270 -AY .0. SFPRR
M“ ; - — ] ! l g
f— ae— - w - x - e N
I o ke binaadnnde 4 3 @000 . 2 ' 1} 3980 L m ﬁ
a Tenneco o J(Colled 3988)  Tenneco eft
g PL. 32906 2 §3406 ” T
% = 159.60 Ac. oV
= mkr &_N o: H.B P 1 H
- 0-G '
PO { N D 1LY . n o\

aE o !
> Te ) i ﬁmo n”wm e
I|lll!l.-.Wrnmu|°“.uO.le _ m—,_.. o_ 9
33232 -304.08 Ac.-KB.R 3 al ]
" Uppre Hospeh Soné Fm. Oniy ”/ . :aqmum.w_w K @...qn
| 63588 -344.08 Ac.-Tel-H2.&}, eofppp AN T— m
] Ait Fmy a3\ Io.-v.nn:lmnlan e, 84 L .
.M”h.ﬂhﬂunﬁ- pleiuit :
- Tenneco _
46997 _
cvv: Haspoh Sand Fm Daly
40 Ac. _ 5 ..Tenneco -
H.B.P _ ok
5 3

o..m
(Xdb)

Tesoro

725

23
o

{Keb)

hI|-I|II||I-I|l|.|I---'.




D" Zone gas injection well

YRR Y

Lo-s’
g,

Water Injection Well - Lower Hospah Zone'

td

D" Zone water injection well

-W

SCALE IN FEET

|
B

pns ),-
9’ 59 (o040
§@'5r' 59 TOC 190 %5
- - — - ’—-—-—--IZ--— - —t o ——
o , 40.00
T / & @ G
o~
Tenneco
33233 - 171, 82 ¢.-H.B.P
! & prassss T
’ '¢‘ % All Fms. eztept U, Ho:_ﬁch Send
otlo! (Kae,b,d) ' :
S J‘l: I Tenneco S
o .- Pl 46952 : o
v ! .
| -
2z 45 5-A
°Ns 8270 >
' 1
8 : : ' 40.00 -
] Tenneco
. PL 32906
o
g 24"
D 0 w 0-¢
R o Yo . AT > - -

| 31!
46997 { 00
“Uppar Maspah Soas Fm Only
40 Ac. |
H.8.P. i

e e o - — -

"‘*5 N
Teseve :

{ 33232 -204.08 Ac.-RB.R )
i Uppar Hospen Sens Fm. Oniy I\ .
| 63588 -344.08 Ac.-Tel-H.8.8 SEORR A

. L All Fmy exé. U. Mo3ped Scac

"% Tenneco

‘Pre3ssg-t2 |
Al Fms. exc U Nospph Sang)

8269 (R37-
37 _"@_] X 33

sbqugjw [éf
PA-5549@

{Kdg,b,4, Jm‘ 48

e"
34 HOSPAH

iz

21 '
“{39.73 4—1

k 8 3950 3! 11-SF
v 0] &
i Tenneco: 1/2
8! Tesoro - i/ 2
%% Pt 32906
|

|

—

H.59

L

38.80
{Coilee 39 88) Tenneco
834085
15960 Aac.
oll nBP




T AR S P e

-

H
i
|
i

WELLBORE SCHEMATIC - AIR INJECTION WELL

® ®
- Methane or watex
® ®
- &= (-:38 +— Air
t
? Ground level
A A o0, 13-3/8%, 3-55, el#/ft.
; .
{
I
‘.‘ <
~"1.66" IJ tubing
- i Cs
. L~ : o
; s
i 1450" i |
? Approximate top of luminite cement ! 3
o U s:
¢ 1 !
p T Upper Hospah ; 5
ﬂ ¥ perfs: 1555°'-76°' ; -
o l':- : '
- "
3 ! i
Lower Hospah I } §
perfs 1620'-417 |4
-;i. i
i 1
k 1
- M W 1715', 4-1/2", J-55, 10.5%#/ft. '
P b by o S0 e AL



HosPaH Combus7/on

o,

PireoT

;o

Q. UH*’6S"
7 \

227 AN o
.LH_.:%,...-....._.- D ? CHICK

N

o

/B x 788" = [ Rlecres




W(ﬂ%—: .
~

v e e e N AR & S

W 4 L e s A — ——— e 13 7 -
. .
WELLBORE SCHEMATIC - PRODUCING WELL
Gro\md_Lm&l__.,_
90" " . .
9-5/8", J=55, 36#/ft.
4—— Cooling Water
Produced—-}T l
Gas
_t+-- Rod String
‘4/
R 2-7/8",J-5%5,56.5#/ft.
<
i
1450"
Top of Luminite
Cement
1 Upper or Lower
1 Hospah Perfs '
lo! <
= i
Vo
|
i ;o
'
1715
; -

7" ,J-55,23#/ft.



R T S S

Tenneco Oii I Suile 1200 é t'::["r>

A Tenneco Company Lincoln Tower Building =3
Denver. Colutado 80203
(303) 292 9320

July 27, 1977

Mr. Tom Kellahin

Xellahin and fox

P.0. Box 1769

500 Don Gaspar Avenue
Santa Fe, New Mexico 87501

Dear Tom:

In response to your telephone request I am sending you in attachment a list of
calcuiated Upper Hospah fracture gradients for the Upper Hospah Gallup Sandstone

formation, S. Hospah field, McKinley County, Mew Mexico. All of these wells are
located in Sec. 12-T17N-R9W. .

In this matter Fracture Gradient was considered to be hydrestatic pressure plus
initial shut-in pressure divided by the depth to mid-perforation, or

F.G. = Py+ ISIP, psi/ft
Depth

1 am also enclosing a copy of actual daily rates and mwonth-end pressures for
Upper Hospah injection wells observed during May, 1977. As can be seen average
wellhead pressure is + 750 psig. If you foresee the N.M.0.C.C. rules pertaining
to wellhead pressure adversely affecting our Hospah operations I would appreciate
hearing your opinion as soon as possible.

1 have no comparable data for the Lower Hospah Sand and have no expidnaiion as
to why the Upper Hospah F.G. is so high. It is my intention to stay below
fracture pressure in this project. In the case of Hospah #58 or #59, assuming
minimum FG = 0.92 psi/ft and a flow rate of 1000 BWPD, friction loss would
amount to approximately 25 psi and maximum allowable wellhead pressure would be
804 psia (or about 816 psig),

F.G. = (804 - 25) + 693 = 0.92 psi/ft
1600

Such a pressure wouid fall within the 1ikely operating pressure range for the
Upper Hospah Sand and may require reducing the desired 1000 BWPD rate.

As I see it the main problei with nigh injection wellhead pressure is vertical
fracturing downward into the Lower Hospah Sand, located some 30' below the base
of the Upper Sand.

Very truly yours,
, ST

E}ad ¥. Fischer

Sr. Production Engineer
BWF:cam r - ]
Attachments

cc: Miliard Carr
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0.09 psi/ft

’ °
é ATTACHMENT #1
: calculation of Fracture Gradients in
: South Hospah Field, McKinley County,
Sl ™ well stimulation reports and 3assuming
Sty F.G. = Py + ISIP, psi/ft
“Depth
Py» PS19 1SIP, psig
675 800
682 800
694 800
676 800
662 1000
696 1000
686 850
716 1200
1.01 psi/ft

the Upper Hospah Sanc, Sec. 12-17N-9M,
New Mexico, using data co

F.G., psi/ft

1475/1550 = 0.95
148271575 = 0.94
1494/1602 = 0.93

147671562 = 0.95
1662/1528 = 1.09
1696/1605 = 1.06
1536/1580 = 0.97
1916/1650 = 1.10
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BEFOR]’I‘HE'OIL 'CONSERVATION COMMQSION '
OF THE STATE OF RIW MEXICO

IN THE MATTER OF THE HEARING

CALLED BY THE OlL CONSERVATION

COMMISSION OF NEW MEXICO IOR -
THE PURPOSE OF CONSIDERING:

CASE NO. 5995
Order No. R-5506

APPLICATION OF TENNECO OIL COMPANY

FOR DUAL COMPLETIONS AND WATERFLOOD
EXPANSIONS, McKINLEY COUNTY, NEW MEXICO.

ORDER OF THE COMMISSION

BY THE COMMISSION:

This cause came on for hearing at 9 a.m. on July 20, 1977,
at Santa Fe, New Mexico, before Examiner Richard L. Stamets.

NOW, on this 9th day of August, 1977, the Commission, a
quorum being present, having considered the testimony, the record,
and the recommendations of the Examiner, and being fully advised
in the premises,

FINDS:

(1) That due publ

1
ey Y1 st +ha Onmmiceimn h
~ awrr g —eee LLOINTNAZ T 2t

Py —-—ae

subject matter thereof.

c notice having been given as reguired
a 3
- o

e duriaediction of this cause and the

(2) That the applicant, Tenneco 0il Company, seeks authority
to expand its South Hospah-Upper Sand and South Hospah-Lower
Sand Waterflood Projects by dually completing 1ts Hospah Unit
Wells Nos. 58 and 59, located in Units F and G, respectively, :
of Section 12, Township 17 North, Range 9 West, McKinley County, g
New Mexico, in such a manner as to permit water injection into
each of said zones through parallel strings of tubing.

(3) That the applicant proposes to complete said Hospah
Unit Wells Nos. 58 and 59 with parallel strings of tubing,
packers set immediately above the injection intervals, and
provide for testing to determine any leakage of the tubing,
casing or upper packers.

(4) That the mechanics of the proposed dual completions
are feasible and in accordance with good conservation practices.

(5) That before injection into either of said wells should
begin, the applicant should consult with the supervisor of the
Commission's district office at Aztec to determine an injection
pressure limitation such as to preclude fracturing of the
confining strata.
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Case NO. 59’
R-B506 ' , .

Order WO.

should take all steps necessary to

ter enters only the proposed injection

(6) That the operator
to other formations OF

ensure that the injected wa
interval and is not permitted tO escape

onto the surface.
(7) That approval of the subject application will prevent )
d otherwise prevent waste

the drilling of unnecessary wells an
and protect correlative rights.

IT IS THEREFORE ORDERED:

(1) That the applicant, Tenneco 0il Company. is hereby
ts South Hospah-Upper sand and south

granted authority to expend 1
Hospah-Lower Sand waterflood projects bY dually completind its
Hospah Unit Wells Nos. 58 and 59, jocated in Units F and G,
respectively, of Section 12.; Township 17 North, Range g9 West,
NMPM, McKinley County, New Mexico, in such a manner as toO permit
n of said zones.

water injection into eac
that each of said wells shall be equipped
h tubing. packers set
ijmmediate one, and that the casing—tubing
annulus chall be fil i and that & pressure
gauge shall be attached to the annulus oOT the annulus shall be
equipped with an apprpved leak detection device in oxrder to
determine 1eakage in the tubing, OT packer.
(2) That prior to commencing injection into either of the
ith the supervisor of

subject wells, the operator S
ffice at Aztec to determine ai injectio:

PROVIDED HOWEVER,
with parallel strings

the Commission's district of:>
pressure 1imitation such as to precliude fracturing of the
~onfining strata in said projects.

~+ome shall be equipped

(3) That the injection wells or 3Y3%
pbstitutes which will limit

with pop-off yvalves or a
in ion wells to a pressure no

the wellhead pressure on
£ to Oxder No. (2) above.

higher than that determined pursuan
(4) That jurisdiction of this causé is retained for the
entry of such further orders as the Commission may deerm necessary-
DONE at Santa Fe, New Mexico, on the aay and year herein-~

above designated.

STATE OF NEW MEXICO
O1L CONSERVATION COMM

ISSION




DISCUSSION

FIELD HISTORY

The South Hospah field is located in McKinley County, New Mexice
{Section 12, T17N-R9W), approximately 120 miles south of Farmington.

The
fisld is in the Chaco Slope region of the San Juan Basin.

The Upper Hospah
was discovered in 1965. Tenneco puréhased the property in September, 1966 and
began developing the Upper Hospah during 1967. Production of the Lower Hospah
began in April, 1967.

The Upper Hnspah reservoir performed as a pressure depletion drive {since
solution gas was negligible).

Graph No. 1 depicts the steep production decline
experienced under this drive mechanism. Because of a very low expected

primary recovery, a waterflood was initiated in the reservoir in June, 1968.

The response to water injection can be seen very vividly on Graph No. 1

Figure No. 1 shows the Upper Hospah Unit, with the current well locations.

The injection scheme developed into a fairly irregular pattern, with an
average well spacing of 10 acres.

Currently, the Unit has 20 active producers
and 10 active water injection wells.

Production averages 180 BOPD and 4700
BWPD, resulting in a field vil cut of 3.7%.

Water injection is about 4700 BPD.
The Upper Hospah Unit was classified as stripper in September, 1979.

The Lower Hospah reservoir has an active aquifer and mobile water at

original saturations, as exhibited on Graph No. 2 as very early water production.
The crude from the Lower Hbspah is fairly viscous, 55 cp. at reservoir temperature,
and contributes to an unfavorable water-oil mobility ratio. An attempt to

improve the mobility ratio and, thereby, increase the recovery was initiated in
Septemver, 1972, when a simultaneous gas-water injection project began.

The
basic gcal of the process was for the gas to swell the 0il and reduce the oil

viscosity, improving the mobility ratio. Water would then be able to displace

PehT
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the oil more effectively. Gas injection was expensive due to a number

of operational problems {gas-locking of pumps, emulsion treating, and

venting the casing) and was discontinued for a period of time during 1976.

When no negative production effects were seen, it was decided to terminate

gas injection completely; however, water injection has continued to the
present. Figure 2 shows there are 26 active producers and 11 active injectors.
Average production is 720 BOPD and 21,400 BWPD {a field oil cut of 3.25%), with
water injection of 21,200 BPD.

As seen on Graph 2, response to water injection in the Lower Hospah was
not as dramatic as that of the Upper Hospah. The waterflood was considered
effective, because of the abatement of the apparent production decline after
1973. The large productibn increase exhibited in 1977 and 1978 was a result
of the deepening of 11 wells, the drilling of 4 infill wells, and increased

1ift capacity in many of the producers.

GEOLOGY

The Upper Hospah sand ic composed of 3-4 major stringers separated by
thin shale beds. The type log labeled Figure 3 shows these members. The
Upper Hospah is a marine sand bar deposit with areas of poorer rock type due
to channeling. Directional permeability is oriented along a northeast to
southwest line. The productive 1limits are defined by a fault along the
northwest and a decrease in rock permeability to.the east and south (areas
proven as non-productive). The structure is fairly simple and flat. The
strucfure map presented as Figure 4 shows the dip is approximately 1°.

The Lower Hospah sand is a bianket sand deposit. Productive limits
are defined by the fault on the northwest flank and the original oil-water
contact at + 5,375'. The aquifer is active, tilted 25-30 feet and encountered
by every well in the field. The structure is fairly flat, with a dip of

1% {(see Figure 5).
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EOR PROCESS DESCRIPTIONS

Because of the reservoir and fluid factors discussed previously and
the results of laboratory core tests, in situ combustion, steamflooding, and

micro-emulsion flooding were evaluated for application to the Lower Hospah.

In situ combustion involves the injection of air into the reservoir; the
mechanical, chemical, or spontaneous ignition of the o0il in the reservoir; and
the continued injection of air and combustion of a fraction of the oil in the
reservoir. The fraction of crude that proviades the fuel is called coke, the
heavier ends of the crude deposited on the 7ormation as a result of the heat of
combustion vaporizing the 1ightér ends. The vaporization of the lighter ends,
steam generated from formation water, and the gases generated as products of
combustion reduce the 011 viscosity and provide the driving force to enhance
0i1 is not only swept from the area immediately ahead of

the oil recovery.

the burn frent, but 407 or mare of the 07l cutside of the swept area is

affected by the heat and recovered. Temperatures in the burn front usually
are in the range of 700-1200°F. The various regions in the reservoir are
depicted in the cross—sectiqp on Figure 6. The burned region behind the burn
front is 100% air-saturated, leaving no residual oil behind. A targe amount of
heat remains in this burned region to eventually dissipate to the base and

cap rock. The efficiency of this system can be improved by scavenging this
heat through the injection of water. When water and air are simultaneously or
;thrnmtcly injected, the water flashes to steam near the injection well, super-

beated steam traverses the burn front, and this steam aids in the viscosity

- reduyction and distillation of oil ahead of the burn front. Optimum “wef

combwstion” displaces most of the excess heat frcm behind the burn front to the

ek anm
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011 bank and.results in a two-thirds reduction in air requirements over dry

combustion and a considerable reduction in fuel consumption. Obviously, both

reductions serve to improve the process recovery and economics. One such

process that was proven effective is the COFCAW process (combination of Forward
Combustion and Waterflooding).

. - N e e B e iy R e
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ECONOMIC DEVELOPMENT

Table No. 10 presents the general economic parameters that apply to all

processes. All economic evaluations were performed using orly the incremental

tertiary production, the capital expenditures to get that production, and

the 0&M expense applicable only to the EOR operation. Incremental tertiary

oil {projected EOR response less the remaining secondary production) enjoys

market incentive prices which were $32/B0 at 1/1/80. A 50% excise tax was

imposed resulting in a net price of $24/B0. Pattern development was assumed

to begin the second quarter of 1980. As a 5-spot or set of patterns developed,

it was assumed the injection plant would be available for injection in the

completed areas. Recoupment of allowable expenditures occurs in the quarter the

expenditure is made and no recoupment was credited after October 1, 1981 (when

all oil is assumed decontrolled).

The DOE has passed a ruling which 311 a1}

uw cperators of certain EQCR
projects begun after Sepember 30, 1979, to recoup 75% of certain capital

expenditures involved with that project. The recoupment process involves the

release of enough Lower Tier 01l to Upper Tier prices to cover the recoupable

amount. The allowable recoupment can be taken whether the project is a

success or not. The purpose behind this ruling is to help operators defray

the larger front-end capital expenditures mandated by most EQR projects; thereby,
making these projects economically attractive so that more projects will be

initiated and the U.S. dependence on imported crude might be decreased.
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PRODUCTION WELL
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Schematic diagram of in situ combustion process.
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STATE OF NEW MEXICO
DEPARTMENT OF ENERGY AND MINERALS
OIL CONSERVATION DIVISION

IN THE MATTER OF THE APPLICATION OF ng”f“
TENNECO OIL COMPANY FOR APPROVAL OF o A

A PILOT IN SITU COMBUSTION PROJECT, (/C

INCLUDING WELL-SPACING EXCEPTIONS

FOR INJECTION AND PRODUCING WELLS,

UPPER AND LOWER HOSPAH FORMATIONS

SOUTH :IOSPAH FIELD, McKINLEY COUNTY,

NEW MEXICO.

APPLICATION

COMES NOW TENNECO OIL COMPANY, by and through its attorneys,
KELLAHIN & KELLAHIN, and applies to the 0il Conservation Division of
the State of New Mexico for approval of a pilot in situ combustion
project for the Upper and Lower Hospah formations of the South Hospah
Field, McKinley County, New Mexico and in support thereof would show:

1. Applicant is the operator in both the Uoper and Lower
Hospah formations of the South Hospah field, McKinley County, New
Mexico, including Section 12, T17N, R9W, NMPM.

2. Appliicant seeks to initiate a pilot in situ combustion
project in each of the two Hospah formations, at a location in
Section 12, T17N, R9W, NMPM hereinafter set forth.

3. The South Hospah field is now in its later stages of
secondary recovery by waterflcod and applicant proposes to determine
by the proposed pilot project the feasibility of a tertiary recovery
project by in situ combustion. Attached as Exhibit "A" is a plat
showing all wells in the area.

4. Applicant proposes to drill a dual injection well at a

depth sufficient to penetrate both the Upper and Lower Hospah formations

at a location 1474 feet from the North line and 2725 feet from the

East Line of Section 12. Said injection well is to be completed

i



without a packer and as outlined on the wellbore schematic

attached as Exhibit "B", which is incorporated by reference herein.

Ignition shall be initiated either by the injecticn of air, methane,
. water, Or an electric ignitor or ccmbination thereof.

5. It is proposed that the pilot project shall include either

four or eight producing wells in a pattern as shown on Exhibit "C"
attached hereto and incorporated herein by reference. There will
not be any commingling of the Upper and Lower Hospah production.

6. The first alternative of four producing wells will include:
two existing Hospah wells:

(a) Well LH-48, located 1485 feet from the North line and
2817 feet from the East line of Section 12;

(b) Well UH-18, located 1600 feet from the North line and
3100 feet from the West line of Section 12;

and two new producing wells to be located as follows:

(a) Well H-65, located 1350 feet fron the North line and
2725 feet from the East line of Section 1Z;

{(b) Well H-66, located 1600 feet from the North lin= zand
2725 feet from the Eust line of Section 12.

7. The second alternative would be to have eight producing

wells, which in addition to the four wells described above would
include the following four new producing wells in Section 12:

(a) Well H-67, 1388 feet from the North line, 2825 feet from
the East line;

(b) Well H-68, 1387 feet from the North Line, 2637 feet from
the East line;

(¢) Well H-69, 1575 feet from the North line, 2637 feet from
the East line;

(d) Well H-70, 1575 feet from the North line; 2825 feet from
the East line;

8. All new producing wells in the pilot project will conform

to the welbore schematic attached as Exhibit "D" and incorporated

herein.




9. The injection of air, water, or methane into the proposed
injection well will be at pressures below that required to fracture
the confining strata as shown in Exhibit E attached hereto and
incorporated herein by reference.

10. A tabulation of wells within a one-half mile of the injection
well, and schematics of all plugged and abandoned wells within one-
half mile pursuant to Memo 3-77, are to be found in the case file
for Commission Case 5995, Order R-5506, dated August 9, 1977,
attached hereto as Exhibit "F'" and incorporated by reference.

11. The proposed pilot project as outlined in Exhibit "H"
attached hereto and incorporated herein by reference will not present
a risk of contamination of fresh-water sources in the area, will not
impair the correlative rights of others, will be in the best interests
of conservation, will determine the feasibility of an in-situ
combustion project for these formations, will not cause waste.

WHEREFORE, Applicant seeks approval for this appiication tor
a pilot in situ combustion project in the Lower and Upper Hospah
formations of the South Hospah field, McKinley County, including
but not limited to authority co:

(a) to drill and complete the injection well at the proposed
location and method of completion; and,

(b) to approve the drilling and spacing of the proposed
production wells; and,

{(¢) such additional authority and approval as may be required
tc implement the proposed project.

TENNECO OIL }vﬂ/ Y
Byr) N { ~

W. Thomas Kellgdhin
Kellahin & Kellahin
P. 0. Box 1769
Santa Fe, New Mexico 87501
{505) 982-4285
ATTORNEYS FOR APPLICANT
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Tenneco Oil * Suite 1200 QK"JSCU
ATenneco Compary Lincoln Tower Buriding St

Denver, Colorado 80203
(303) 292.9920

July 27, 1977

Mr. Tom Kellahin

Kellahin and Fox

P.0. Box 1769

500 Don Gaspar Avenye
Santa Fe, New Mexico 87501

Dear Tom:

In response to your telephone request I am sending you in attachment a list of

calculated Upper Hospah fracture gradients for the Upper Hospah Gallup Sandstone

formation, §. Hospah fieid, McKinley County, MNew Mexico. A7 of these wells are
W. .

located in fec. 12-T17N-R9

In this matter Fracture Gradient was considered to be hydrostatic pressure pius
initial shut-in pressure divided by the depth to mid-perforation, or

F.G. = Pyt ISIP, psi/ft
Depth

I am also enclosing a Copy of actual daily rates and month-end pressures for :
Upper Hospah injection wells observed during May, 1977. As can be seen average ;
wellhead pressure is + 750 PsiG. If vou foroses the N.#.0.C.C. rules pertaining :
L5 welllicad pressure adversely affecting our Hospah operations I would appreciate
hearing your opinion as soon as possible.

R M e

I have no comparable data for the Lower Hospah Sand and have no explanation as
to why the Upper Hospah F.G. is so high. It is my intention to stay below
fracture pressure in this project. In the case of Hospah #58 or #59, assuming
minimum FG = (.92 psi/ft and a flow rate of 1000 BlPD, friction loss would
amount to approximately 25 Ps1 and maximum allowable wellhead pressure would be
€04 psia (or about 816 psig),

Vs WA -

F.6. = (804 - 25) + 693 = 0,9 psi/ft
1600

Such a pressure would fall within the Jikely operating pressyre range for the
Upper Hospah Sand and may require reducing the desired 1000 BWPD rate.

As I see it the main problem with high injection wellhead pressyre is vertical
fracturing downward intg the Lower Hospah Sand, tocated some 20' below the base
of the Upper Sand.

Very truly yours,

4 Ve

B;ad V. Fischer

. Production En ineer
BWF: cam ST - J
Attachments

cc: Millard Carr




ATTACHMENT #1

Calculation of Fracture Gradients in the Upper Hospah Sand, Sec. 12-17N-9H,
South Hospah Field, McKinley County, New Mexico, using data collected from
well stimulation reports and assuming

F.G. = Py + ISIP, psi/ft

Well Py» Psig ISIP, psig F.G., psi/ft
5 675 800 1475/1560 = 0.95 :
18 682 800 1482/1575 = 0.94 %
19 694 800 1494/1602 = 0.93 ‘
27 676 800 1476/1562 = 0.95 |
38 662 1000 1662/1528 = 1.09 b
39 696 1000 1696/1605 = 1.06 ; } -;
43 686 850 1536/1580 = 0.97 LT
42 716 1200 1916/1650 = 1.16 5, ﬁ“f
X = 1.01 psi/ft : ~§
S = 0.09 psi/ft Ji-’i
:

.
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BEFORL THE OI1L CONSERVATION COI\‘.MQSION
OF THL STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING

CALLED BY THE OlL CUNSLRVATION

COMMISSION OF NEW MEX1ICO FOR -
THE PURPOSE OF CONSIDERING:

CASE NC. 5995
Order No. R-5506

APPLICATION OF TENNWECO OIL COMPANY

FOR DUAL COMPLETIONS AND WATERFLOOD
EXPANSIONS, McKINLEY COUNTY, NEW MEXICO.

ORDER OF THE COMMISSION

BY THE COMMISSION:

This cause came on for hearing at 9 a.m. on July 20, 1977,
at Santa Fe, New Mexico, before Examiner Richard L. Stamets.

NOW, on this 9th day of Auvgust, 1977, the Commission, a
quorum being present, having considered the testimony, the record,
and the recommnendaticns of the Examiner, and being fully advised
in the premises,

FINDS:

“(l) ‘That duc public notice having been given as reguired
by law, the Commission has jurisdiction of this cause and the
subject matter thereof.

(2) That the applicant, Tenneco 01l Company, seeks authority
to expand its South Hospah-Upper Sand and Scuth BHospah-Lower
Sand Waterflood Projects by dually completing its Hospah Unit
Wells Nos. 58 and 59, located in Units F and G, respectively,
of Secticn 12, Township 17 North, Range 9 West, McKinley County,
New Mexico, in such a manner as to permit water injection into
each of said zones through parallel strings of tubing.

{(3) That the applicant proposes to conplete said Hospah
Unit Wells Nos. 58 and 5% with parallel strings of tubing,
packers set immediately above the injection intervals, and
provide for testing to determine any leakage of the tubing,
casing or upper packers.

(4) That the mechanics of the nroposed dual completions
are feasible and in accordance with good conservation practices.

(5) That before injection into either of said wells should
begin, the applicart should consult with the supervisor of the
Commission's district office at Aztec to determine an injection
pressure limitation such as to preclude fracturing of the
confining strata.

F



Y -2~
[ 4
: Case No. 59 : ’
Order No. R-5506

(6) That the operator should take all steps necessary to
ensure that the injected water enters only the proposed injection
interval and is not permitted to escape to other formations or
= onto the surface.

{7) That approval of the subject application will prevent
the drilling of unnecessary wells and otherwise prevent waste
and protect correlative rights.

IT IS THEREFORE ORDERED:

(1) That the applicant, Tenneco 0il Company, is hereby
granted authority to expend its South Hospah-Upper Sand and South
Hospah-Lower Sand Waterflood Projects by dually completing its
Hospah Unit Wells Nos. 58 and 59, lccated in Units F and G,
respectively, of Section 12, Township 17 North, Range 9 West,
NMPM, McKinley County, New Mexico, in such a manner as to permit
water injection into each of said zones.

PROVIDED HOWEVER, that each of said wells shall be equipped
with parallel strings of 2 1/16-inch tubing, packers set
inmediately above each injaction zone, and that the casing-tubing
annulus shall be filled with an inert fluid; and that a pressure d
gauge shall be attached to the annulus or the annulus shall be
equipped with an approved leak detection device in order to
determine lecakage in the casing, tubing, or packer.

(2) That prior to commencing injection into either of the
subject wells, the operator shall ccnsult with the supervisor of
the Commission's district office at Aztec to determine an injectior
pressure limitation such as tc preclude fracturing of the
confining strata in said projects.

{3) That the injection wells or systems shall be eguipped
with pop-off valves or acceptable substitutes which will limit
the wellhead pressure on the injection wells to a pressure no
higher than that determined pursuant to Order No. (2} above.

(4) That jurisdiction of this cause is retained for the
entry of such further orders as the Commission may deem necessary.

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

STATE OF NEW MEXICO
OIL CONSERVATION COMMISSION
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FIELD HISTORY

The South Hospah field is located in McKinley Ccunty, New Mexico
(Section 12, T17N-R9W), approximately 120 miles south of Farmington. The
field is in the Chaco Slope region of the San Juan Basin. The Upper Hospah
was discovered in 1965. Tenneco purchased the property in September, 1966 and
began developing the Upper Hospah during 1967. Production of the Lower Hospah
began in April, 1957.

The Upper Hospah reservoir perfeormed as a pressure depletion drive {since
solution gas was negligible). Graph No. 1 depicts the steep production decline

experienced under this drive mechanism. Because of a very low expected

primary recovery, a waterflood was initiated in the reservoir in June, 1968.
The response to water injection can be seen very vividly on Graph No. 1.
Figure No. ! shows the Upper Hospah Unit, with the current well locations.
The injection scheme developad into a fairly irregular pattern, with an

average well spacing of 10 acres. Currently, the Unit has 20 active producers

and 10 active water injection wells. Production averages 180 BGPD and 4700
BWPD, resulting in a field oil cut of 3.7%. Water injection is about 4700 BPD.
The Upper Hospah Unit was classified as stripper in September, 1979.

The Lower Hospah reservoir has an active aquifer and mobile water at
original saturations, as exhibited on Graph No. 2 as very carly water production.
The crude from the Louwer Hbspah is fairly viscous, 55 cp. at reservoir temperature,
and contributes to an unfavorable water-oil mobility ratic. An attempt to
improve the mobility ratio and, thereby, increase the recovery was initiated in
September, 1972, when a simultaneous gas-water injection project began. The
basic goal of the process was for the gas to swell the oil and reduce the oil

viscosity, improving the mobility ratiuv. Water would then be able to displace
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the 01l more effectively. Gas injection was expensive due to a number

of operational problems (gas-locking of pumps, emulsion treating, and

venting the casing) and was discontinued for a period of time during 1976.

When no regative production effects were seen, it was decided to terminate

gas injection completely; however, water injection has continued to the
present. Figure 2 shows there are 26 active producers and 11 active injectors.
Average production is 720 BOPD and 21,400 BWPD {a field oil cut of 3.25%), with
water injection of 21,200 BPD.

As seen on Graph 2, response to water injection in the Lower Hospah was
not as dramatic as that of the Upper Hospah. The waterflood was considered
effective, because of the abatement of the apparent production decline after
1973. The large productibn increase exhibited in 1977 and 1978 was a result
of the deepening of 11 wells, the drilling of 4 infill wells, and increased

1ift capacity in many of the producers.

GEQLOGY

The Upper Hospah sand is composed of 3-4 major stringers separated by
thin shale beds. The type log labeled Figure 3 shows these members. The
Upper Hospah is a marine sand bar deposit with areas cf poorer rock type due
to channeling. Directional permeability is oriented along a northeast to
southwest line. The productive 1limits are defined by a fault along the
northwest and a decrease in rock permeability to the east and south {areas
proven as non-productive}. The structure is fairly simple and flat. The

structure map presented as Figure 4 shcws the dip is approximately 10,

The Lower Hospah sand is a blanket sand deposit. Productive limits
are defined by the fault on the northwest flank and the original oil-water
contact at + 5,375'. The aquifer is active, tilted 25-30 feet and encountered

by every well in the field. The structure is fairly flat, with a dip of

1° (see Figure 5).




EOR PROCESS DESCRIPTIONS

Because of the reservoir and fluid factors discussed previously and

the results of laboratory core tests, in situ combustion, steamflooding, and

micro-emulsion flooding were evaluated for application to the Lower Hospah.

In situ combustion involves the injection of air into the reservoir; the
mechanical, chemical, or spontaneous ignition of the oil in the reservoir; anad
the continued injection of air and combustion of a fraction of the oil in the
reservoir. The fraction of crude that provides the fuel is called coke, the
heavier ends of the crude deposited on the formation as a result of the heat of
combustion vaporizing the lightef ends. The vaporization of the lighter ends,
steam generated from formation water, and the gases generated as products of
combustion reduce the o0il viscosity and provide the driving force tt¢ enhance
the 0il recovery. @il is not only swept from the area irmediately ahead of
the burn front, but 40% or more of the oil outside of the swept area is
affected by the heat and recovered. Temperatures in the burn front usually
are in the range of 700-12G0°F. The various regions in the reservoir are
depicted in the cross—sectigp on Figure 6. The burned region behind the burn
front is 100% air-saturated, leaving no residual oil behind. A large amount of
heat remains in this burned region to eventually dissipate to the base and
cap rock. The efficiency of this system can be improved by scavenging this

heat through the injection of water. When water and air are simultaneously or

alternately injected, the water flashes to steam near the injection well, super-

heated steam traverses the burn front, and this steam aids in the viscosity
reduction and distillation of o0ii ahead of the burn front. Optimum "wet

combustion” displaces most of the excess heat from behind the burn front to the
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il bank and results in a twe-thirds reduction in air requirements over dry
combustion and a considerable reduction in fuel consumption. Obviously, both
reductions serve to improve the process recovery and economics. One such
process that was proven effective is the COFCAW process (Combination of Forward

Combustion and Waterflooding).
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ECONOMIC DEVELOPMENT

Tédble No. 10 presents the general economic parameters that apply to all

processes. All economic evaluations were performed using only the incremental

tertiary production, the capital expenditures to get that production, and
the O&M expense applicable only to the EOR operation. Incremental terti
0oil (projected EOR response less the remaining secondary production) enjoys

market incentive prices which were $32/B0 at 1/1/80. A 50% excise tax was

imposed resulting in a net price of $24/B0. Pattern development was assumed

to begin the second quarter of 1980. As a 5-spot or set of patterns developed,

it was assumed tne injection plant would be available for injection in the

completed areas. Recoupment of allowable expenditures occurs in the quarter the

expenditure is made and no recoupment was credited after October 1, 1981 (when

all o1l is assumed decontroliled).
The DOE has passed a ruling which will allcw operators of certain EQR

praojects bequn after Sepember 30, 1979, to recoup 75% of certain capital

expenditures involved with that project. The recoupment process involves the

release of enough Lower Tier oil to Upper Tier prices to cover the recoupable
amount. The allowable recoupment can be taken whether the project is a
success or not. The purpose behind this ruling is toc help operators defray
the larger front-end capital expenditures mandated by most ECR projects; thereby,

making these projects economically attractive so that more projects will be

initiated and the U.S. dependence on imported crude might be decreased.

e e
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Schematic diagram of in sity combustion process.

FIGURE NO. 6 |

(reprinted from Ref, No. 12)}
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Examiuer Hearing ~ Wednesday - May 7, 1980 Docket No, 13-80

(Continued from April 23, 1980, Examiner Hearing)

Application of Maurice L, Brown Co, for compulsory pooling, Lea County, New Mexico.

Applicant, in the above-siyled cause, seeks an order pooling all mineral interests in the Vada-
Pennsylvanian Pool underlying the SH/4 of Section 5, Township 9 South, Range 34 East, to be
dedicated to a well to be drillec¢ at a standard location thereon., Also to be considered will

be the cost of drilling and completing said well and the allocation of the cost theicof as well
as actual operating costs and charges for supervision. Also to be considered will be the desig~
nation of applicant as operator of the well and a charge for risk involved in drilling said well.

Application of Aminoil USA, Inc. for compulsory pooling and an unorthodox location, Eddy County,
New Mexico. Applicant, in the above-styled cause, sceks an order pooling all mineral interests
in the Wolfcamp and Pennsylvanian formations underlying the S/2 of Section 10, Towaship 24 South,
kange 28 East, to be dedicated to a well to be drilled st an unorthedox location 2080 feet from
the South line and 1773 feet from the East line of said Section 10. Also to be considered will
be the cost of drilling and completing said well and the allocation of the cost thereof as well
as actual operating costs and charges for supervision, Also to be considered will be the desig-
nation of applicent as operator of the well and a charge for risk involved in drilling said well.

Application of General Crude Processing for an oil treating plant permit, San Juan County, New
Mexico, Applicant, in the above-styled cause, seeks authority for the construction and operation
of an o0il treating plant for the purpose of treating and reclaiming sediment oil at a site in the
SE/4 SE/4 of Section 21, Township 30 North, Range 12 West.

Application of Conoco Inc., for a non-~tendard gas pr- .tiom unit and an unorthodox gas well loca-
tion, Lea County, New Mexico, Applicant, in the above-styled cause, seeks approval of a 120-acre
non-standard Eumont gas proration unit ccmprising the 5/2 SE/4 and NE/4 SE/4 of Section 12, Town—
ship 19 South, Range 36 East, to be dedi.ated to its State KN~12 Well No, 7 drilled at an unorthodox
location 330 feec from the Sorth line and 1650 feet from the East line of said Section 12,

Application of Be'ro Petroleum Corporation for directional drilling, Eddy County, New Mexico.
Applicant, in the above-styled cause, seeks authority to directiomally drill a well, the surface
location of which is 1980 feet from the North lin: and 920 feet from the West line of Section 36,
Township 22 South, Range 30 East, in such a manner as to bottom it at an unorthodox location
within 100 feet of a point 1320 feet from the North line and 2640 feet from the West line of said
Section 36 in the Morrow formation, the N/2 of said Section 36 to be dedicated to the well,

(Continued from April 23, 1980, Examiner Hearing)

Application of Zia Eaergy, Inc. for pool creation, special pool rules, and an NGPA determination,
Lea County, WHew Mexico. Applicant, in the above-styled cause, seeks the creation of a new San
Andres vil pool for its State "C" Well No. 1 located in Unit F of Section 17, Township 22 South,
Range 37 East, and svecial rules therefor, including a provision for a limiting gas-oil ratio of
10,000 to 1. Applicant further seeks a new onshore reservoir determination for said State "C"
Well No, 1.

. CASE 6890: Application of Tenneco 0il Company for a thermal enhanced recovery project, McKinley County, New
Mexico. Applicant, in the above-styled cause, seeks authority to initiate a pilot in situ com-

bustion enhanced recoverv project in the South Hospah Upper Sand and South Hospah Lower Sand 0il
Pools by the completion of an injection/ignition well at a point 1474 feet from the North line and
2725 feet from the East line of Section 12, Township 17 North, Range 9 West, and by the drilling
of up to six producing wells, all at unorthodox locations in close proximity to the injection/
ignition well, and all located in Units F or G of said Section 12.

T
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Docket Mo, 13-80

Dockets Nos, 14-80 and 15-80 are tentatively set for May 21 and June 4, 1980, Applications for hearing
wmust be filed at lesst 22 days in advance of hearing date,

DOCKET: EXAMINER HEARING - WEDNESDAY - MAY 7, 1980

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

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

CASE 6380: Application of Union Oil Company of California for & unit agreement, Lea County, New Mexico.
Applicant, in the above~styled cause, seeks approval for the West Lynch Deep Unit Area, comprising
1,230 acres, more or less, of fee and federal lands in Township 20 South, Range 34 Eact.

CASE 6857: {Readvertised)

Application of Holly Energy, Inc, for an unorthodox gas well location, Eddy County, New Mexico.
Applicant, in the above-styled cause, seeks approval for the unorthodox iocation of a Wolfcamp-
Pennsylvanian test well to be drilled 660 feet from the South line and 990 feet from the East lime
of Section 14, Township 18 Soutn, Range 28 East, the Ef2 of said Section 14 to be dedicated to the
well,

CASE 6881: Application of Yates Petroleum Corporation for an unorthodox gas well location, Eddy County, New
Mexico. Applicant, in the above-~styled cause, seeks approval for thc unorthodox location of a
Morrow test well to be drilied 1980 feet from the North line and 660 feet from the East line of
Section 30, Township 17 South, Range 26 East, the N/2 of said Section 30 to be dedicated to the
well,

CASE 6843: (Continued from April 9, 1980, Examiner Hearing)

Application of Yates Petroleum Corporation for two compulsory poolings, Eddy County, New Mexico.
Applicant, in the above-styled cause, seeks an order pooling all mineral interasts in the Yeso
formation underlying two 40~acre proration units, the first being the SE/4 SE/4 and the second
being the SW/4 SE/4 of Section 6, Township 19 South, Range 25 East, Penasco Uraw Field, each unit
to be dedicated to a well to be drilled at a standard location thereon, Alsc 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. Also to be considered will be the
designation of applicant as operator of the wells and a charge for risk involved in drilling said
wells,

CASE 6882: Application of Amoco Production Company for compulsory pooling, Eddy County, New Mexico.
Applicant, in the above~styled cause, seeks an order pooling all mineral interests in the Peansyl-
vanian formation underlying the W/2 of Section 1, Township 19 South, Range 25 East, to be dedi-~
cated to a well to be drilled at a standard location thereon. Also to be considered will be the
cost of drilling and completing said well a2nd the allocation of the cost thereof as well as actval
operating costs and charges for supervision., Also to be considered will be the designation of
applicant as operator of the well and a charge for risk involved in drilling said well.

CASE 6883: Application of Amoco Production Company for a waterflood project, Eddy County, New Mexico,
Applicant, in the above~styled cause, seeks authority to institute a waterflood project in the
Indian Draw-Delaware Pool by the injection of water into the Delaware formation through its 0Old
Indian Draw Unit Wells Nos. 4 located in Unit I of Section 18 and 11 located in Unit A of Section
1%, both in Township 22 South, Range 28 East,

CASE 68B4: Application of Supronm Energy Corporation for compulsory pooling and a dual completion, San Juan
County, New Mexico. Applicant, in the above-styled cause, seeks an order pooling all mineral
interests in the Mesaverde and Dakota formations underlying the N/2 of Section 4, Township 30
North, Range 11 West, to be dedicated to a proposed dual completion to be drilled at a standard
location thereon, Also to be considered will be the cost of drilling and completing said well
and the allocation of the cost thereof as well as actual operating costs and charges for super-
vision. Also to be considered will be che designation of applicant as operator of the well and
a charge for risk involved in drilling said well.

CASE 6885: Application of Supron Energy Corporation for compulsory pooling and a dual completion, Rio Arriba
County, New Mexico. Applicant, in the above-styled cause, seeks an order pooling all mineral
interests in the Mesaverde znd Pictured Cliffs formations underlying the Ef2 of Section 8, Town-
ship 25 North, Range 3 West, to be dedicated to a proposed dual completion to be drilled at a
standard location thereon, Also to be considered will be the cost of drilling and completing
anid well and the allocation of the cost thereof as well as actual operating costs and charges
for supervision. Also to he considarcd will he the designation of applicant as operator of the
well and a charge for risk involved in drilling said well,




ENHANCED OIL RECOVERY PROPOSAL
SOUTH HOSPAH FIELD

Tenneco 0Oil Company proposes to implement a pilot In Situ Combusticn Project
in the South Hospah Field, McKinley County, New Mexico. The purpose of this pilot
is to corroborate preliminary engineering evaluation of the technical feasibility
of this enhanced oil recovery process. The economic viability of a full-field

combustion project will also be ascertained.

The South Hospah Field is located approximately 100 miles southeast of Farming-
ton, New Mexico (Exhibit 1). fThe field consists of two separate reservoirs. The
Upper Hospah reservoir was discovered in 1965. Production from the Lower Hospah
reservoir began in April, 1967. These two sands are depicted on the log of Hospah

No.1l8 in Exhibit 3.

Under primary production field recovery from the Upper Hospah sand was 510

MSTB. Primary production from the Lower Hospah was 1465 MSTB.

Waterflooding was initiated in the Upper Hospah sand in 1968. Response to
water injection was very dramatic and has proven highly successful. Ultimate
recovery from primary and secondary production in this sand is projected to be

3029 MSTB.

Gas/water injection was implemented in the Lower Hospah sand in 1972 as a
means of enhancing oil recovery. Gas injection was not beneficial and was dis-
continued in 1976. Waterfloodinc was continued and has proven successful. During
1977 and 1978 a deepening and infill drilling program further improved Lower Hospah
performance. Projected ultimate recovery from the lLower Hospah sand under primary

and secondary recovery is 3255 MSTB.
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Enhanced 0il Recovery Proposal
South Hospah Field
Page Two.....

Field development and production response are depicted on Exhibits 4 and 5.

The South Hospah field is now fully developed and in the latter, declining
years of secondary production. A thorough study of the reservoir and crude
properties at South Hospah was made to determine the applicability of tertiary

processes to further improve recovery from the field. Steamflooding, in situ

technically appropriate. Based on laboratory tests and engineering calculations,
in situ combustion is the most technically and economically feasible process for

extending the producing life of this {ield.

The proposed in situ combustion pilot is designed to supplement our studies,
providing certain additional information. Specifically:
1. Confirm that ignition and sustained combustion can be achieved.

2. Verification of the prediction model (i.e., recovery and response vs.
time).

3. Injection rates and pressure for compressor sizing.
4. Lift reguirements in producing wells.
5. The magnitude of operations problems:

a. Gas production and handling

b. Emulsions

c. Corrcsion.

6. Effect of heat on standard cement and completions.

The small pattern area (0.68 acres) proposed should facilitate a maximum of

information gained in a minimum amount of time.

ien, caustic-polymer fiooding, and micellar-polymer flooding were considered
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Enhanced 0il Recovery Proposal
South Hcospah Field
Page Three.....

A dual air injection well will be drilled as presented on Exhibit 7. With
the ignition equipment currently available, a packer cannot be used in this well.
It will be necessary to inject air down the casing for ignition by either a gas or :

electric down-hole heater.

Two existing producing wells will be utilized. In addition, two new producing
wells will be drilled. These four producing wells will be completad in the Lower
Hospah sand. Ignition and combustion will be attempted in only the Lower Hospah
sand. Air injectivity testing in the Upper Hospah sand will be accompliched
simultaneously through use of the second casing string of the dual air injection

well.

Separate production facilities will be constructed to monitor the combustion
front progress and combustion efficiency, incremental tertiary oil recovery, and

exhaust gas composition.

The information obtained from this pilot test is expected to confirm our

T RN e

preliminary evaluations and indicate whether fieldwide expansion is warranted.
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ENHANCED OIL RECOVERY PROPOSAL
SOUTH HOSPAH FIELD

- EXHIBIT #

1. Hospah location map

2. Field map w/all wells w/i 2 mile radius

3. Log of No.l8

4. UH decline curve

5. LH decline curve

6. Plat showing proposed pilot (w/dimensions)
7. Schematic - AIW

:j 8. Schematic prod. well

» 9. Tabulation of wells w/I 1/2 mile radius
10. Schematic of all P&A wells w/i 1/2 mile radius
Frac grad. info

Tabulation of f-esh water sands encountered.
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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
DIVISION FOR THE PURPOSE OF
CONSIDERING:

CASE NO. 6890
Order No. R- { 259

APPLICATION OF TENNECO QCIL COMPANY C}(ﬂ '
FOR A THERMAL ENHANCED RECOVERY L

e
PROJECT, McKINLEY COUNTY, NEW MEXICO. “

A -
ORDER OF THE DIVISION K N

BY THE DIVISION: e

r

This cause came on for hearing at 9 a.m. on May 7, 1980,
at Santa Fe, New Mexico, before Examiner Daniel S. Nutter.

NOW, on this day of June, 1980, the Division
Director, having considered the testimony, the record, and the
recommendations of the Examiner, and being fully advised in the
prenmises,

FINDS:

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

(2) That the applicant, Tenneco 0il Company, is the owner
and operator of the South Hospah Unit Area in the South Hospah-
Upper Sand 0il Pool, and of the Hospah Lease in the South Hospah-
Lower Sand 0Oil Pool, both in Sec¢tion 12, Township 17 North, Range
ﬁ 9 West, NMPM, McKinlev County,. Ngw Mexico.

| (3) That the applicant propeses to institute a thermal
enhanced tertiary recovery project (fire flood) on said Hospah
Leas~2 by the underground ignition of hydrocarbons in the South
Hospah-Lower Sand 0il Pool in a pilot area comprising some 0.68
k acres in Unit G of Section 12, Township 17 North, Range 9 West,
NMPM.
I (4) That primary development of the Lower Hospah fool on

the subject lease accurred from 1967 until 1972, at which time

a gas-water injection proiject was institueed.
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) Page 2
Case No. 6890

Order No. R-

it

(5) That said gas-water injection project was continued

pm———a R LR

[ ; until 1976, when gas injection was terminated, but water injection
nto the Lower Hospah pool has been continued to date.

(6) That primary production from the Lower Hespah ’ool ac-

counted for approximately 15 percent of the original oil in place .,
*NM

and secondary recovery under waterflood opethlons should yield

an additional 19 percent of the original oil in place.

(7) That the 34 percent total production expected under

primary and secondary recovery operations amounts to 3,255,000

barrels, of a total of approximately 9,575,000 barrels of original

oil in place, and it is expected that the proposed thermal enhanced

tertiary recovery project, if expanded to a field-wide operation,
would add about 13 percent recovery to the pool, or 1,245,000

barrels.

(8) That the applicant proposes to érill an air injection

well at a point approximately 1474 feet from the North line and
2725 feet from the East line of the aforesaid Section 12, and said
point being approximately midway between applicant's Lower Hospah
Well No. 48 and its Upper Hospah Unit Well No. 18 (which will be

recompleted in the Lowerx Hospan.fool) and to also dIlll two

additional wells, Nos. 65 and ‘66, which would be located immediately
North and South of the air 1nject10n well at points 1350 feet from
the North line and 27125 feet from the East line, and 1600 feet

from the North line and 2725 feet from the East line, respectively

thereby creating a 0.68-acre pilot project aeea with one air injecH

tion well in the center and four producing wells, on?éach to the

R ST

} North, South, East, and West, thereof.

RTRY
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(9) That said wells would be cased through the Lower Hospah

producing formation and would pe cemented with a special high

temperature—resistant cement.
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Page 3
Case No. 6890
Order No. R-
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(10) That the applicant proposes to inject approximately

500,000 cubic feet of air per day into the Lower Hospah Pool

[P

! through the aforesaid air injection well and to then ignite the

0il in the reservoir by the injection and ignition of methane gas,

creating a fire front which would advance through the reservoir,
. sweeping the unburned oil towards the producing wells by a wall
of hot vapors advancing in—fremtSof the fiie front.
(11) That the applicant may aiso attempt to further stimulate

production from the reservoir by a combination of such forward

combustion and water injection.

(12) That the feasibility of the proposed thermal enhanced

T el il £ b

tertiary recovery /pxojeet has been proven in other reservoirs in

L X e B A

other states, and should be determined in this State. f

PRI ST

(13) That although some small percentage of the oil in place
in the reservoir would be consumed by the advancing fire front,

ot
the proposed fire flood, if successful, should result in the re-

& A u,bs-’-m-”c..o_ avound ] ,
covery of up—gc—l,JASTDDD-baxxals of otherwise unrecoverable oil

reserves, thereby preventing waste.

e e e e taiar i

P T S T SR

(14) That provided the injection and producing wells are -

cased and cemented properly, and the injected air, methane a..d

PP

water are confined to the Lower Hospah producing sand, no impair- ; 3

ment of water quality in any potable water sands should occur,

(15) That the propesed enhanced recovery project will not

RTINS WS ST

-

impair the correlative rights cf any cther interest owner in the
Lower Hospah rool and should be approved.

(16) That the applicant also proposes to inject air into the

i I TR TR N ey

Upper Hospah fool through the proposed air injection well which

will have two strings of casing cemented therein, one open to the

upper pool and one open to the lower pool.

TR JE. TSI

(17} That said’injectlon into the upper pocl would b& for test i E

purposes only, and no ignition of hydrocarbons is planned for
dppe
said Hospah Aipper Pool at this time.
A ]
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(18) That said air injection into th& Hospah m’ool will

not cause waste nor impair correlative rights and should be approved
(19) That the proposed air injection well and producing

Wells Nos. 65 and 66 would be at unorthodox locations, but such

Jrights and should be approved.

“ (20) That the applicant proposes a maximum surface injection
pressure for thne air injection well of approximately 1000 psi, and
this proposed injection pressure will not fracture the confining
strata and should be approved.

IT IS THEREFCRE ORDERED:

% (1) That the applicant, Tenneco 0Oil Company, is hereby
“authorized to institute a thermal enchanced tertiary recovery pro-
ject in the South Hospah-Lower Sand Q0il Pool, McKinley County, New

Mexico, by the injection of air, gas, and water into one injection

Hwell to be located 1474 feet from the North line and 2725 feet from
the East line of Section 12, Township 17 North, Range 9 West, NMPM,
and by the ignition of hydrocarbons in situ around the injection

iwell, and by the production of hydrocarbons from two existing wells,

applicant's Well No. 48, located 1485 feet from the North line and

2817 feet from the East line, and Well No. 18, located 1600 feet
from the North line and 3100 feet from the West line, and from two
additional wells to be drilled, applicant's Well No. 65, to be
located 1350 feet from the North line and 2725 feet from the East
#1ine, and Well No. 66, to be located 1600 feet from the North line
and 2725 feet from the East line, all ia the aforesaid Section 1l2.

(2) That the aforesaid wells to be drilled shall be cased

through the Lower Hospah sand formation and shall be cemented with
high temperature-resistant cement, provided hcowever, that said
icement shall be broughfback to a point at least 100 feet above the

htop of the Upper Hospah sand formation.

unorthodox locations will neither cause waste nor impair correlativ?

.

oy e R
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(3) That allowable restrictions are heeeby removed from

T wells in the pilot project area for the duration of the combustion

and post-combustion life of the project.

M “——a
////’ (‘y‘s That jurisdiction of this cause is retained for the

entry of such further orders as the Division may deem necessary.

DONE at Santa Fe, New Mexico, on the day and year herein-

above designated.

1y, Thal soyeebion 27 air, ad scellmsce cecto
Zﬁkﬁhzz:%pﬂAQ,” '&‘*}&@’(é&iifdz‘ ”
e Liwnnlbd Lo 1000 i
el teed arl Wéui 7525 ‘




WELL
ILENTIFICATION

TENNECO OIL COMPANY

Upper
Upper

Lower

Upper

Uppex

Lowerx

Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah

Hospah

No.lX

No.2

No.3

No.4

No.S

No.6

No.7

No.8

No.9

No.1l0

No.ll

No.l2

No.13

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9%W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12~-17N-9W

12-17N-9W

12-17R-9W

12-17N-9W

12-17N-9W

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

B

%?%52ﬁ§_%08??15

LOCATICN

1980'FNL&2052'FEL

2310'FNL&2310'FWL

1650'FNL&1392'FEL

990'FNL&2310"FWL

990'FNL&2712'FEL

330'FNL& 330'FEL

1650'FNL& 330'FEL

1650'FNL&2051'FEL

330'FNL&2051'FEL

990' FNL&2300° FWL

1650"'FNL&2310'FWL

2160'FNL& 990'FWL

2280°'FNL&1620'FWL

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH
TD SIZE WEIGHT  SET TOP SI1ZE WEIGHT SET
1565" 7-5/8 (244) 31 10 sx - 4-1/2 {11.6#%) 1505"
surface
1637 7 (17#) 31’ 10 sx - 4-1/2 ( 9.5%) 1635"
surface
1603" 7 {17#) 31° 10 sx - 4-1/2 (10.5#) 1602"
surface
1640° 7 (174#) 30" 10 sx - 4-1/2 (10.5#) 1628"
surface
1645* 7 (1L7#4) 30 10 sx- 4~-1/2 {10.5#) 1644’
surface
1710' 10-3/4 (32.4%) 45 50 sx - 7 (23#%) 1694°*
surface
1750' 10-3/4 (32.75#) 45! 75 sx - 7 (204#) 1713
surface
1709' 10-3/4 (22.75%) 55! 50 sx - 7 (20#) le687°
surface
3245' 10-3/4 (32.75#) 86’ 90 sx - 7 (23520#) 3933!
surface
2827' 10-3/4 (32.75#) 85" 150 sx - 7 (20#) 2827*
surface
1774 10-3/4 (32.75#) 45" 50 sx - 7 (20#) 1766'
surface
1840' 10-3/4 (32.75) 47! 70 sx - 7 (204) 1772¢
surface
1720 7-5/8 (26} 44! 50 sx - 4-1/2 (10.5%) 1702°*
surface
T e e v e




L TN-9W
L7N-9%
bu-ew
}Lm-gw
TN-9W
TN-9W
TN-9W
TN-9W
TN-9W
TN-9W
TN-9W
L 78-0W

L 7N.-9W

Cade Lufo

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

1980'FNL&2052'FEL
2310'FNL&2310'FWL
1650'FNL&1392'FEL
990'FNL&2310'FWL
990'FNL&2712'FEL
330'FNL& 330'FEL
1650'FNL& 330'FEL
1650'FNL&2051'FEL
330'FNL&2G51'FEL
990'FNL&2300' FWL
1650'FNL&2310'FWL

2160'FNL& 990°FWL

2280

'"FPNT.&1620'FWL

™

1565
1637
1603°
1640'
1645"
1710°
1750"
1709’
3945
2827°'
1774"
1840¢"

1720°

CMT USED
?URF. CSG. DEPTH & PROD., CSG. DEPTH
SIZE WEIGHT SET TOP SIZE WEIGHT SET
7-5/8 (24#) 31" 10 sx - 4-1/2 {11.6#) 1505!
surface
7 (17#) 31! 10 sx - 4-1/2 ( 9.5%) 1635"
surface
7 (174#) 31! 10 sx - 4~1/2 (10.5#) 1602"
surface
7 (174#) 30° 10 sx - 4-1/2 (10.5%#) 1628°"
surface
7 (17#) 30! 10 sx- 4-1/2 (10.5#) 1644"
surface
10-3/4 (32.44%) 45" 50 sx -~ 7 (23#%) 1694"'
surface
10-3/4 (32.754#) 45" 75 sx - 7 (20#) 1713
surface
10-3/4 (22.754#) 55! 50 sx -~ 7 (20#) 1687
surface
10-3/4 (32.75%) 86" 90 sx -~ 7 (23520#%) 3933"
surface
10-3/4 (32.75%) 85°* 150 sx ~ 7 {20#) 2827°
surface
10-3/4 (32.75#) 45" 50 sx ~ 7 (20#) 1766°
surface
10-3/4 (32.75) 47°* 70 sx - 7 (204) 1772°
surface
7-5/8 (26) 44"’ 50 sx - 4-1/2 (10.5#) 1702¢
surface

JESTTIIUPS

CMT

PROD. OR INJ.

INTERVAL

75

60

60

60

60

75

130

110

150

S5X
5X
=
SX
SX
sSX
SX
SX
SX
SX
SX
SX

S5X

Producer-Upper
Producer~-uUpper
Froducer-Lower
Producer=-Upper
Wtr.Inj.~-Upper
Producer-Lower
Producer-Lower
Producer-Lower
Producer-Lower
Producer-Lower
A-D t
Producer-Lower

Producer-~-Lower

wtr.Inj.-Upper
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TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

SAMR e ey e T e A e

S S

TR

CMT USED
WELL SURF. CSG.  DEPTH & PROD. CSG. DEPTH
IDENTIFICATION LOCATION TD SIZE WEIGHT _SET TOP SIZE  WEIGHT SET cur
TENNECC OIL COMPANY (cont'd)
Lower Hospah No.1l4 12~-17N-9W 1700'FNL&1300"'FWL 1790 7-5/8 (26#) 59°* 50 sx - 4-1/2 (10.5#%) 1763° 200 sx
surface .
Upper Hospah No.l6 12-17N-9W 1755 *FNL&Z330'FWL 1710° 7-5/8 (26#) 59°* 50 sx - 4-1/2 (10.5#) 1692’ 200 sx
surface
Upper Hospah No.17 12-17N-9W 2250 FNL&3000"'FWL 1787* 7-5/8 (26#) 59° 50 sx - 4-1/2 (10.5#) l691!? 200 sx
surface
Upper Hospah No.18 12-17N-9W 1475 'FNL&3055'FWL 1750 7-5/8 (26#) 59° 50 sx - 4-1/2 (10.5#) 1729° 200 s
surface
Upper Hospah No.1l9 12-17N-9W 2310°'FSL&2712'FEL 1638" 7 (174) 31 10 sx - 4-1/2 ( 9.5#) 1638" 60 sx
surface
Upper Hospah No.20 12-17N-9W 2310'FSL&1392'FEL 1647 No surface pipe - 4-1/2 (10.5#) 1647° 60 sx
Upper Hospah No.Z21 12-17N-9%W 2310'PSL&2310'FWL 1£90°* 7 (174) 30" 10 sx - 4-1/2 ( 9.5%) 1685" 60 sx
surface
Upper Hospah No.22 12-17N-9W 2210'FSL& 990'FWL 1734" 7 (17#) 30" 10 sx - 4-1/2 ( 9.5#) 1734° 60 sx
surface
" Upper Hospah Ne.23 12-17N-9W 1650'FSL&1800O'FWL 2968" 8-5/8 (20#) 91" 7G sx 4-1/2 (10.5#) 2940" 245 sx
surface
Lower Hospah No. 24 12-17N-9W 330'FNL&2550 ' FEL 1725 8-5/8 (26#) 51° 40 sx - 4-1/2 (10.5#) 1720°' 190 sx
surface
Lower Hospah No.25 12-17N-9%W 330'FNL&1505'FEL 1702° 8-5/8 (36#) 51° 40 sx 4-1/2 { 9.5#) 1683° 2430 sx
- surface
Upper Hospah No.Z26 12-17N-9W 330'FNL& 380'FEL 1660° 8-5/8 (36#) 50° 40 sx - 4-1/2 ( 9.5#) 1658" 225 sx
surface
Upper Bospah No.27 12-17N-9W 1570'FNL& 330'FEL 1669° 8-5/8 (36#) 50° 40 sx - 4-1/2 ( 9.5#) 1652°¢ 240 sx
surface




.
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-1 7N-9W
|

[=1TN-9%
~17N-9W
F

- 17N-9W
-1 7N-9W
f—l?N-QW
g-17N-9W

2-17N-9W

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

1700'FNL&1300'FWL

1755'FNL&2330"'FWL

2250'FNL&3000 "' FWL

1475 ' FNL&3055FWL

2310'FSL&2712'FEL

2310'FSL&1392'FEL

2310'FSL&2310'FWL

2210'FSLs 990'FWL

1650'FSL&1800'FWL

330 FNL&2650' FEL

330'FNL&1505'FEL

330'FNL& 3BO'FEL

1570°*FNL& 330'FEL

1790

1710

1787

1750

le38’

1647

1690

1734

2968"

1725

1702

1660’

1669’

S M il I SR o5, P e -

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH PROD. OR INJ.

SIZE WEIGHT SET TOP SIZE WEIGHT SET CMT INTERVAL

7-5/8 {26#) 59! 50 sx - 4-1/2 (10.5#) 1763 200 sx Producer-Lower
surface .

7-5/8 (26#) 59" 50 sx - 4-1/2 (10.5#) 1692° 200 sx Producer-Upper
surface

7-~-5/8 (26#) 59! 50 sx - 4-1/2 (10.5#) 1691° 200 sx Wtr.Inj.-Upper
surface

7-5/8 (26#) 59¢ 50 sx - 4-1/2 {10.5#) 1729 200 sx Producer-Upper
surface

7 (174) 31! 10 sx - 4--1/2 ( 9.54%) 1638° 60 sx Producer~Upper
surface

Mo surface pipe - 4-1/2 (10.5#) 1647° 60 sx Wtr.Inj.-Upper

7 {174) 30° 10 sx - 4-1/2 { 9.5%) 1685" 60 sx  Producer-Upper
surface

7 174 30" 10 sx - 4-1/2 ( 9.5#) 1734" 60 sx Producer-Upper

’ surface

8-5/8 (20#) 91! 70 sx 4-1/2 (10.5#) 2940" 245 sx T&A~-Dakota Gas
surface Wtr.inj.-Upper

8-5/8 (264#) 51° 40 sx - 4-1/2 {10.5%) 1720 190 sx Producer-lower
surface

8~-5/8 (364#) 51 40 sx 4-1/2 ( 9.5#) 1683" 240 sx  Producer-Lower
surface

8-5/8 (36#) 50' 40 sx - 4-1/2 ( 9.5#) 1658" 225 sx Producer-Upper
surface

8-5/8 (36#) 50° 40 sx - 4-1/2 ( 9.5#) 1652" 240 sx Producer-Upper
surface

e e
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TENNECO OIL COMPANY (cont'd)

Upper
Upper

Upper

Upper

Hospah No. 28
Hospah No.29
Hospah No. 30
Hospah No.31l
Hospah No. 32
Hospah No. 33

&

Lower Hospah #34

lower

Upper

Upper

Hospah No.35

Hospah No. 36

Hospah No.37X

_Hospah No.38

Hospah No.39

Hospah No.40

12-17N-9W

12-17R-9W

12-17N-9%

12-17N-9w

12-17N-9%

12-17N-9W

12-17N-9W

12-17N-9%

12-17N-9W

12-17N-9%

12-17N-9W

12-17N-9W

12-17N-9W

TABULATION OF ALL WELLS WITHIN A 1/2

MILE RADIUS

LOCATION

933'FNL&1485'FEL

410'FNL&1870"' FEL

950 'FNL&1980C'FEL

330'FNL&2800'FEL

550'FNL&2370'FWL

1340'FNL&1710"'FWL

1820'FNL&1700 'FWL

330'FNL& 850' FEL

900'FNL&2630 'FEL

1280'FNL&1280"FWL

660'FNL& 660'FEL

2180'FNL& 660'FEL

2420'FNL&1650'FEL

e e b e H i

1675"

1606"

1605"

1626

1647°

1660

1661"'

i591°

1635"

1666"

1565

1627’

1637

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH
SIZE WEIGHT SET TOP S1ZE WEIGHT SET CMT
8-5/8 (364#) 51° 40 sx - 4-1/2 ( 9.5#) 1658 240 sx
surface
8-5/8 (24%) 75" 70 sx -~ 5-1/2 (15.5#%) 1606" 85 sx
surface
8-5/8 (244%) 71 70 sx - 5-1/2 (15.5#) 1605° 85 sx
surface
8-5/8 (244#) 78" 70 sx - 5-1/2 (15.5#) 1626" 96 sx
surface
10-3/4 (32.75#) 64’ 70 sx - 7 (20#) 1€32' i25 sx
surface
10-3/4 {32.75#) el 70 sx - 7 (20#) le47! 125 sx
surface
10-3/4 (22.75#) 67" 70 sx - 7 (20#) 1648° 125 sx
surface
10-3/4 (32.75%) 75" 60 sx - 7 (20#) 1577 125 sx
surface
10-3/4 (32.75#) 78" 60 sx - 7 (20#) 1624° 125 sx
surface
10-3/4 (32.75%#) 72! 40 sx - 7 {20#) 1635* 135 sx
surface
8-5/8 (24#%) 71" 75 sx - 5-1/2 (15.5%#) 1565°' 100 sx
su: face
8-5/8 (244%) 71° 75 5x - 5-1/2 (15.5%) 1627° 100 sx
surface
8-5/8 (244#) 71° 75 sx - 5-1/2 (15.5%) 1537¢ 100 sx

surface
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TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

933'FNL&1485'FEL

410'FNL&1870'FEL

950'FNL&1980 ' FEL

330'FNL&2800'FEL

550 'FNL&2370'FWL

1340'FNL&1710' FWL

1820°'FNL&1700'FWL
330'FNL& 850' FEL
900'FNL&2630 ‘FEL
1280'FNL&1280 ' FWL
660°FNL& 660'FEL
2180'FNL& 660'FEL

2420'FNL&1650 ' FEL

1675"

1606"'

1605

1626

1647’

1660

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH PROD. OR INJ.
S1ZE WEIGHT SET TOP SIZE WEIGHT SET CMT INTERVAL
8-5/8 {36#) 51° 40 sx - 4-1/2 ( 9.5%) 1656" 240 3% Producer-Upper
surface
8-5/8 (244%) 75 70 sx ~ 5-1/2 (15.5%#) 1606 85 sx  Producer-Upper
surface
8-5/8 {24#) 71" 70 sx - 5-1/2 (15.5%#) 1605 85 sx  Producer-Upper
surface
8-5/8 (24%) 78" 70 sx - 5-1/2 (15.5#) l626° 96 sx Producer-Upper
surface
10-3/4 (32.754) 64" 70 sx - 7 (20#) le32" 125 sx Producer-lower
surface
10~3/4 (32.75%#) 61" 70 sx ~ 7 (204#) 1647 125 sx Wtr.Inj.-Lower
surface
10-3/4 (32.75#) 67! 70 sx - 7 (20%) le648"* 125 sx Producer~Dual
surface
10-3/4 (32.75%) 75! 60 sx - 7 {20#) 1577 125 sx  Producer-Lower
surface
10-3/4  (32.75%) 78°* 60 sx ~ 7 (20%) 1624' 125 sx Wtr.Inj.-Lower
surface
10-3/4 (32.75#) 72! 40 sx ~ 7 (20#) 1635° 135 sx  Upper-T&A
surface Producer-Lower
8-5/8 (24#) 71! 75 sx - 5-1/2 {15.5#) 1565" 100 sx Producer-~-Lower
surface
8-5/8 (24%) 71" 78 sx - 5~1/2 (15.5#%) 1627 100 sx  Producer-Upper
surface
8-5/8 (24#) 2% 75 sx - 5-1/2 {15.5#) 1637 100 sx Producer-Upper

surface

v R £ e
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PAGE FOUR.......... TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS
CMT USED
WELL SURF. CSG. DEPTH & PROD. CSG. DEPTH
IDENTIFICATION LOCATION D SIZE WEIGUT  SET TOP SIZE WEIGHT SET

TENNECO OIL COMPANY ({cont'qd)

Upper

Upper

Upper

Lower Hospah No.58

TIrverves v
R R~

Lower Hospah No.59

Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah
Hospah

& S Y

ROSpaL
Hospah
Hospah

&

£

No.4l

No.46

No.47

No.48

No.49

No.50

No.51

No.52

"~ £
WU

No.55

No.5€

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-178-9W

12-17N-9W

12-17N-9W

12-17N-9W

12-17N-99

LBy e

5'FNL&1650°FEL 1611 8-5/8 (24#%) 71" 75 sx - 5-1/2
surface
1700'FNL& 700'FWL 1680" 9-5/8 (36#) 62" 40 sx - 7
surface
785 '"FNL&1775'FWL 1780* 9-5/8 (36#) 62" 40 sx - 7
surface
1485 'FNL&2817'FWL 1635° 8-5/8 (24#) 62" 40 sx - 5-1/2
surface
885'FNL&2117'FEL 1639°* 8-5/8 (244) 62" 40 sx - 5-1/2
surface
950'FNL& S00'FEL 1593" 9-5/8 (36#) 71° 40 sx - 7
surface
1775'FNL& 620'FWL 1662" 8-5/8 {244) 64" 50 sx - 5-1/2
surface
720°FNL&1850'FWL 1622" 8-5/8 (244#) 74" 50 sx - 5-1/2
surface
950'FNL& 330'FEL 1578°* 8-5/8 (244#) 63" 50 sx - 7
surface
1750*FNL&1550'FEL 1583°* 9-5,/8 (364#) 100? %0 sx - 7
surface
1100'FNL&1275'FEL 1584" 9-5/8 (36#) 102° 90 sx - 7
surface
2580'FNL&1640'*'FWL 1679! 8-5/8 (244) 88! 75 sx -~ 5-1/2
surface
2340'FNL&2500'FEL 1657' 8-5/8 (244%) g9° 75 sx - 5~1/2
surface

(15.5#)
(20#)
(20¥)
(15.5#%)
(15.5#)
(20%)
(15.5%)
(15.5#%)
(20#%)
(20#)

(20#)

(15.5#)

{15.5#)

1610Q*

1664"

1647

1625°

1610

1583*

1662'

l620°

1559*

1583¢

1584*

1637°

1657*




TPABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

]

‘ 5'FNL&1650 ' FEL
1700'FNL& 700'FWL

785 FNL51775 ' FWL

' 1485'FNL&2817'FHL

. 885'FNL&2117'FEL

"950'FPNL& 900'FEL
. -377S'FNL& 620'FWL
>720'FN551850'FHL
950° ¥NL& 330'FEL
750° FNL&1550 ' FEL

O0'FNL&1275'FEL

580" FHLE1640" FWL

13

1611°

1680"

1780°

1635

1639°

1593

1662°

1622’

1578"

1583"

1584°

SURF. CSG.  DEPTH
SIZE WEIGHT SET

8-5/8 (244) 71
9-5/8 (36#) 62"
9-5/8 (36#) 62"
8-5/8 (24#) 62'
8-5/8 (24#) €2’
9-5/8 (3e#) 71’
8-5/6 (24#) 64’
8-5/8 (24%) 4"
8-5/8 (24%) 63'
9-5/8 (36#) 100'
9-5/8 {36#) 102’
8-5/8 (24#) 88'
8-5/8 (24#) 89

PROD.

CMT USED
&

TOP SIZE
75 sx - 5-1/2
surface
40 sx - 7
surface
40 sx - 7
surface
40 sx - 5-1/2
surface
40 sx - 5-1/2
surface
40 sx - 7
surface
50 sx - 5-1/2
surface
50 sx - 5-1/2
surface
50 sx -~ 7
surface
90 sx - 7
surface
90 sx - 7
surface
75 sx = 5-1/2
surface
75 sx - 5-1/2

surface

CSG.
WEIGHT

(15.5%)

DEPTH
SET

1610"'
1664"
1647"
1625
1610'
1583"

1662"

100

12%

125

125

125

125

150

100

100

95

SX

SX

sX

SX

sX

SX

sSX

SX

sSX

sX

n

[}
i

SX

PROD. OR INJ.
INTERVAL

Wtr.Inj.—Dual
UEEgr"T&A
producer-Lovwexr
producer-Lower
Producer-Lower
Producer-Lower
Producer-Lower
wtr.Inj.-Upper
wtr.Inj.-Upper
Producer-Lower

Producer-Upper

wtr.Inj.~-Upper

Wtr.Inj.-Dual

wtr.Inj.bual

R A N i

L x]

ST - e T




TENNECO OIL COMPANY (cont'Qd)

lower Hospah No.60
Lower Hospah No.61
Iower Hospah No.62
Lower Hospah No.63

Lower Hospah No.64

TESORO

SFPRR A-72
SFPRR A-73
SFPRR A-79
SFPRR A-80
SFPRR A-81
SFPRR A-84
SFPRR A-87
SFPRR A-89

12-17N-9W
12-17N-9W
12-17N-9W
12-17N-9w

12-17N-9w

1-17N-9W
1-1780-9W
1-17nN-9w
1-17N~-9W
1-17N-9W
1-17N-9W
1-17N-9w
1-17N-9W

PR e

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

LOCATION

2210'FNL&1300'FEL

1120*'FNL&2510'FEL

650°'FNL&1770'FEL

710'FNL&1325°'FEL

1360'FNLs 900'FEL

330'FSL&1250'FEL
330'FSL&2000' FEL
330'FSL&230D'FEL
1310'FELE 630'PEr,
580'FSL&20S0'FEL

5'FSL&2950'FEL

5*FSL& 50'FEL

13

1643"

1715°

1710

1695°

1685

1608*
1665"
1624’

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH

SIZE WEIGHT  SET TOP SIZE WEIGHT SET CMT

8-5/8 (24#) 88" 75 sx - 5-1/2 (15.5#) 1648° 225
surface

S--5/8 (36#) 87" 90 sx - 7 (23#) 1715¢ 375
surface

9-5/8 (36#) 93" 50 sx - 7 {23%) 171Q° 375
surface

9-5/8 (36#) 94" 90 sx - 7 (23#) 1690°* 378
surface

9-5/8 {(36#) 90" 90 sx - 7 (23%) 1680* 375
surface

7 58" 35 sx 4-1/2 1608* 150

8-5/8 63" 40 sx 4-1/2 1639 75

8-5/8 581 - 5-1/2 1593*

8-5/8 72 - 7 1612¢*

8-/58 73! - 5—1/2 (14#) 1643

9-5/8 (32.3%) 91° 100 sx 7 1639° 100

8-~-5/8 (244#) 195! 80 sx S-~1/2 (144#) 1585°* 100




W

Low

TABULATION OF ALL WELLS WITHIN A 1/2 MILE RADIUS

TION

2210'FNL&1300'FEL
1120'FNL&2510'FEL
650'FNL&1770' FEL
710'FNL&1325'FEL

1360'FNL& 90C'FEL

330'FSL&1250'FEL
330'FSL&2000' FEL
330'FSL&2300'FEL
1310'FEL& 630'FSL
580'FSL&2090' FEL

5'FSL&2950'FEL
5'FSL& SO'FEL

|3

1648'

1715

1710"

1695"

1685"

1608'
1665’
1624"
1622"
1655"
1643’
1598°*
1769

CMT USED
SURF. CSG. DEPTH & PROD. CSG. DEPTH

SIZE WEIGHT SET TOP SIZE WEIGHT SET

8-5/8 {24%) 88" 75 sx - 5-1/2 {(15.5#) 1648'
surface

9-5/8 (364#) 87" 90 sx - 7 {23#) 1715
surface

9-5/8 (36#) 93! 90 sx - 7 (23#) 1710
surface

9~-5/8 (36#) 54" 90 sx - 7 (23#) 1690"
surface

9-5/8 (36#) 90! 90 sx - 7 (23#) 1680°
surface

7 58" 35 sx 4-1/2 1608"

8-5/8 63" 40 sx 4-1/2 1639*

8-5/8 S8°* - 5-1/2 1593*

8-5/8 72! - 7 1612°"

8-/58 73! - 5-1/2 (14#) 1643°

9-5/8 (32.3#) 91° 100 sx 7 1639

8-5/8 {244#) 105" 80 sx 5-1/2 (144#) 1585*

e,

PROD. OR INJ.

CMT INTERVAL
225 sx Wtr.Inj.-Lower
375 sx Producer-Lower
375 sx Producer-Lower
375 sx Producer-Lower
375 sx Producer-Lower
15G sx Producer-Lower
75 sx Producer-Lower
Producer-Upper
Producer-Lower
Producer-Lower
100 sx Wtr.Inj.-Lower
100 sx Wtr.Inj.-Lower
- roducer-Lowex
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