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EXEIBITS OF THE CALIFORNIA COMPANY FOR THE APRIL 15, 1952 BEARING ON RANGELY FIELD,
RIO BLAKCO COUNTY, BEF(RE COLORADO OIL & GAS CONSERVATION COMMITIEE

2.y

BEXHIBIT NO. 1 Rangely (Total Field) Production History and Forecast (December,
1950 Enginsering Comittee Meeting) Expressed in Percent by Opera-
tors,

2. Rangely West Unit Production Forecast (December, 1950 Enginsering
Committee Meeting) Expressed in Percent by Operators.

3. Rengely Central Block Production Forecast (December, 1950 Enginger-
ing Conmittee Moeting) Expressed in Percent by Operators. (This
is Central Block used by Committee which is somewhat smaller in
area than Central Unit proposed by The California Compeny in their
January 2, 1952 latter to Rengely Operators; however, the percentages
by. Operators remain essentially constant during the 5 year period in
both cases).

4. Rangely East Block Production Forecast (Decembsr, 1950 Bnginsering
Committee Meeting) Expressed in Percent by Operators. (This 1s East
Block used by Committee which is scmewhat larger in area than the
portion of the field east of the Central Unit proposed by The Cali-
fornia Company in their January 2, 1952 letter to the Rangely
Operators; however, the percentages by Operators remain essentially
constant during the 5 year period in both cases).

5. Rangely Permsability Profile inPllot Gas Injection Program Airea
(Celifornie Fee #65) Showing ths Batural Correction Within the Sand
Which Minimizes Gas Chenneling.

6. Rangely. Pilot Gas Injection Program Msp Showing the Position of the
. Injection Gas Fronts as of February, 1952.

7. Rangely Pilot Gas Injection Tabulation Comparing the Actual Psrfor-
nmanos to February, 1952 with the Theoretical Forecast.
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BEFORE THE OIL AND GAS CONSERVATION COMMISSION OF THE STATE OF COLORADO

IN THE MATTER OF THE INVESTIGATION

TO TAKE MEASURES TO PREVENT WASTE CAUSE NO. 2
OF OIL AND GAS IN THE RANGELY FIELD ORDER NO. 2-1
IN THE STATE OF COLORADO

Upon the application of Union Pacific Railroad Company and The
Texas Company for a rehearing in the above matter, The California Company
suggests the following amendments to Order 2-1 rendered by the Commis-

sion on December 6, 1951:

1. Finding No. 6 should be amended to read as follows:

"6, The Weber Sand Pool is essentially a dissolved gas-
drive reservoir and the appropriate gas-oil ratio for wells producing
therefrom is 1000 cubic feet of gas per barrel of oil produced. Any
well, which produces with a gas—o0il ratio of less than 1000 cubic feet of
gas per barrel of oil produced, is not causing waste as defined by law.

Any well, which produces with a gas-oil ratio in excess of 1000 cubic feet

of gas per barrel of oil produced, is causing waste as defined by law, and
should be restricted in its gas production to 150,000 cubic feet of gas

per day., This limit is the amount of gas that such a well can produce with-
out waste in accordance with sound engineering practices under present con-
ditions, unless the Operator of the well returns to the Weber Sand Pool all

gas produced in excess of this gas limit."

2, Finding No., 7 should be amended to read as follows:
"7, The return of gas to the Weber Sand Pool will retard
the decrease in reservoir 'pressure and will (&w—ﬁ increase the ultimate

recovery of oil,"

3., Finding No. 8 should be omitted and Finding No. 9 should

be renumbered to read Finding No. 8,

L. Rule No. 3 should be amended to read as follows:

Cal-G. 51§
Cm«gq/
oy D

Wy
"RULE 3. GAS-OIL RATIOS, GAS FRODUCTION LIMIT, AND CREDIT FOR
GAS INJECTION.

a, MAny well, which produces with a gas~oil ratio of less than
1000 cubic feet of gas per barrel of oil produced, shall not be restricted
in its production; any well, which produces with a gas-oil ratio in excess
of 1,000 cubic feet of gas per barrel of oil produced, may produce an amount
of gas daily up to but not in excess of 150,000 cubic feet of gas per day;
provided that such a well may produce an amount of gas in excess of 150,000
cubic feet of gas per day if (1) the Operator thereof returns to the Weber
Sand Pool all gas produced in excess of the said 150,000 cubic feet of gas
per day, or (2) the gas production from an input well is transferred to
said well in accordance with the provisions of Paragraph c. following here-
inafter.

b. When credit for gas injection is claimed, the Operator
shall furnish the Commission with all data that is required by it to show

' that the gas was actudlly returned to formation.

c., Whenever any well is used as an input well, the lease
shall, nevertheless, be credited with its gas production under the gas
1limit of 150,000 cubic feet per day .established herein, and such gas limit
may be transferred to and produced from any other well or wells on the same
lease, Before transferring such production, the operator must file a plat
with the Commission showing the location of all wells on the lease, and
designating thereon the \;fell or wells from which the gas limit of the in-
jection well or we_lls is to be produced; and support said plat with a
schedule showing that portion of the gas limit of the injection well or
wells that is to be produced from each such designated producing well. Any
change in the designation of wells to produce the transferred gas limit of
an injection well must be reported to the Commission in the manner set out
above,

d. Gas from two or more contiguous leases may be injected
into one or more injection wells located on one or more of the leases, and
the gas injected may be credited to any well or wells on any of the leases.

Whenever two or more contiguous leases are attributed to a common injection

s
wéll, the operator or operators of such leases shall furnish a plat to the
Commission and to all offset operators showing the location of such leases

and the producing and injection wells located thereon.

e, Credit for injected gas may be cumulative for a period of

sixty (60).days.

f+ No well which produces with a gas-ocil ratio in excess of
1,000 cubic feet of gas per barrel of oil shall produce during any 2h—ﬁour
period more than twice its daily 150,000 cubic feet of gas limit, In rec-
ognition of the difficulty of producing a well to the exact number of cubic
feet of gas per day, the gas production limit for such well may be exceeded
for one month by not in excess of five days' production; provided that any
such excess production or under production (if any) shall be deducted or

made up in the next month's production.
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E. G. KNOWLES,
GENERAL ATTORNEY

— R A - . N
FORM 3510
5-50-1M

UNION PACIFIC RAILROAD COMBANY

LAW DEPARTMENT - COLORADO . ‘,"5

May 19, 1952 2:' \,.\7+ Comzt )

~i'le

The 0il and Gas Conservation
Commission of the State of Colorado
1136 Speer Boulevard

Denver, Colorado

Re: In the Matter of the Investigation
to Take Measures to Prevent Waste of
011 and Gas in the Rangely Field in
the State of Colorado

Gentlemen:

Herewith we deliver to the Commission
geven coples of Texas~Union Pacific Exhibit No,
Lk, being report of investigation of Dakota sand-
stone at Rangely Field as a gas storage reservoir,
dated May 13, 1952, The filing of this exhibit
wag provided for at the time of the rehearing on
Cause No, 2, April 15, 1952,

I, also, send seven coprles of the brief
of The Texas Company and Union Pacific Railroad
Company in said Cause No, 2. Coples of these docu-~
ments have been sent to all of the other operators
by Union Pacific from its Los Angeles office,

Very truly yours,

EGK:pJ

Encls.

L.
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PLATE #3 - Model of Herscher Storage Project - E/W cross-sectional
view at the center of the structure
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APPENDIX IX3

REPORT OF RANGELY ENGINEERING
COMMITTEE ON ALLOCATION OF OIL PRODUCPION FROM
WEBFR RESERVNIR-MARCH,1946

The following rscommendation is made for the allocation
of produetion from the Rangely Weber Reservoir:

The basis for this recommendation 1s an egquitable depletion
of the reaervoir in accordance wilth sound engineering princi-
ples for the greatest ultimate recovery.

An 1deal condition would be s complete knowledge of the
entire reservolr such as to allow the determination of the re-
coverable reserves underlying each trsct. Then each tract
could be glven a percentage of the total fleld outlet which is El
egual to the percentage of the total recoversble oll underly~ ’
ing the tract. However this lnowledgs of the reservoir is not
available now, but there iz still & method of achieving the same
eguitable allocation of production. This is possibls by the use
of the static bottom hole pressure, acreage and gas-oil ratio
as factors in the allecati-m.

Bottom Hole Pressure

If the production from each well is such as to maintain a
uniform reservoir pressure throughout the reservoir there is no
posaibility for the horizontal migration of the reservoir fluids
gerosg lease lines, PMurtherumore, a larger ultimate recovery
will be realized If ths reservolr presasure i1s uniformly maine
tained. This uniform reservoir preassure may be accomplished
by decresasing the production of wells in the low presasure ares
and granting an increase to those in the high presgure areas,
so that after a reasonable amount of time the pressure squalizes,
It 12 neceasary that the reservoir pressure of any one well
dictate the change in the allowable of that well, rather than a
new allowabls entirely independent’ of the 0ld allowsble, This
iz éasily verified as follows:

Suppose the current reservoir pressure determined the
current allowable of any well. Then if the reservoir pressure
became uniform at some stage in its history the allocation to
egch well would be the same and this is o-1ly possible if the
recoverable reserves per scre are the same everywhere in the
field, Iin which case the reservolr pressure need not be used as
an allocatlion factor. It is certaln that the reecoverable re-
serves per acre in Rangely are not the ssme throughout the fleld
and therefore a uniform reservolir pressure could never be
attalned based on a reservoir presaure factor to determine a
new current alloeation. The only way to attain a uniform
pressure 18 therefore to have the current reservolr pressure
distribution determine the change in the old allocation. Vhen

the reservoir pressure hecomea nniform each well will be produe-
ing in proportion tc the recoverable reserves underlying the
tract drained by the well, and the uniform reservoir pressure
will maintain itself. The attached graph indicates thes value

of the incresase or decrease according to the difference between
the well static bottom hole pressure and the areal weighted

Production Incroase = (P = Po)zf, whare P>P,
8000

Production Decrease = (Py = ?)Q%, where P>P
8000

Where P = static bottom hole pressure of well

Py ® areal welighted bottom hole pressure of field.

- The increase or decrease is made small for small differences
of well bottom hole pressures from the arsal weighted rield

pressure, 80 thst inequity due to small errors in pressure measure-

ments 18 neglligihle, However as the difference becomea larger
the data 1s unquestionable and the lncrease or decresse is made
progressively greater in order to bring about a uniform pressure
in & reasonable amount of tims,

Acroage

In order to sccomplish this uniform reservoiy pressure in
a shorter period of time the institution of this allocation plan
should start with the allocation to each well in proportion to
the acreage assigned to the well because to a first approxi-
mation the recoverable resorves underlying a tract ere in pro-
portion to its aereags. Inasmuch &8s this iz not quite correct
the reservolr pressurs wlll reflect thls inascursey and sllow
for its eorrestlion thereafter. Of course there must be some
reasonable maximum acreage assignable to a well, In effect one
rist determine a spaeing program. Since this 1s almost entlirely
an cconomic question this group prefers to avoild this gquestion
and yet not preclude e considerstion of this matter by the oper-
ators, Iterating, the first allocation according to this plan
should grant an allocation in proportion to acreage, recogniz-
ing some maxinmum sereags assignable to any well.

Gas~011 Ratlo

There ia no esvidence of an effective water drive in the
Rangely %Weber reservoir and until such time ae there is such
evidence, the reservoir energy should be serupulously conaserved,.
In particular the productlion of free formation gas should be
reduced to & miniwum. It is now common knowledge that the gas-
drive type of recovery 1s less effilcient than a water-drive
type of recovery and that 1t becomes progressively worse sas
fres gas is produced and not conserved in the formation. The
history of any geas-drive field 1s the contimually inereasing
gas-011 ratio until nesr depletion, and this can be aggravated
and csused to become serious at a much earlier period in the
1ife of the reservoir with resulting lower recovery by unsound
practices, particulsrly the production of free gas from the
gas-CAp..

The allocation of produetion should therefore conslider the
space depleted by free gas equlvalent to that depleted by the
oll and in effect essign to each well a certain amount of re-
ssvoir space to deplete sach day. Of course this would be con-
verted into stock tenk barrels of o1l and pas-oil ratio in the

ol

space to deplete each day. Of course this would be converted
into stock tank barrels of oll and gas-oil ratio in the formal
allocation to each well. This is indicated in the attached
graph and is also glven by ths following formula,

Gas 011 Retio Pactor = _1200
GOR # 700

The basis for this formula is that 1200 standerd cubie

fect of gas oceupy the same smount of reservoir space as doss
one stock tank barrel of oil., The normal gas-oil retio of a
good well 1s of the order of 300 e¢.f./bbl. Becsuss of inher-
ent inaccuracies in field measurements it does not appear wise
to penalize any well with g measured gas-oil ratlio of 500 e.f./
bbl. or leas. Hence the form of the above formula in accordance
with the principle stated in the begimming of this pars;raph,

Productivi Index

The recent bottom-hole pressure survey gave some product-
ivity indices in addition to the ones taken by the Bureau of
¥inss and reflect & variation from 0.2 to 2.0 bbls./day per pai.
drop. This variation aprears to be much more than the varia-
tion in recoversable reserves and might bring about an inequity
if directly applled to allocation of production. The use of a
maximim draw-down of 500 psi, as a limiting factor waes consid-
ered hut after some study it became apparent that its use wonld
possibly not secomplish the objJectives sought. It appears that
the gas-oil ratio faetor suggested in this recommendation will
adjust cases where excessive gas-oll ratios occur se a result
of high draw~down, Therefore; it is not considered advisable
to use the productivity index as a factor in the allecation
formuls,.

Summary

~+ In conelusion, the above recommendation is respectfully
submitted as the mesns of accomplishing an egquitable allocation
of production consistent with good engineering practice and the
greatest ultimate recovery in the Rangely Weber reservoir,
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PLATE #1 - Model of Herscher Storage Area ~ Northwest View
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PLATE #2 - Model of Herscher Storage Area - Southeast View
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Rule 3 as proposed by Texas-Unlon Pacific

RULE 3. GAS-0IL RATIOS, GAS PRODUCTION LIMIT, AND
CREDIT FOR GAS INJECTION

a. The permitted gas-oil ratio for each well in the field
shall be established for each calendar quarter, and this ratio
shall be twice the average fleld-wide ratio for the three-
month period ending sixty (60) days before the beginning of
each said calendar quarter. Any well producing with a ratio
greater than such permitted ratio may producé an amount of gas
daily not in excess of that determined by multiplying the per-
mitted ratio by 150; provided that such a well may produce an
amount of gas in excess of the limit determined as aforesaid,

(1) 1If the operator thereof returns to the formation
from which produced or injects into a suitable stprage reservolir
all gas produced in excess of the limit determined as aforesaid,
or

(2) If the gas credit allowed for an input well is
transferred to said well in accordance with the provisions of
Paragraph b. following hereinafter.

When credit for gas injectlon is claimed, the operator
shall furnish the Commission with all data that is required by
it to show that the gas was actually returned to formation.

b. Whenever any well is used as an input well the operatbr
thereof shall be granted a dally gas credit for said well, which
shall be 150 times the permitted gas-oil ratlio, and saild credit
may be applled to any restricted well or wells on the same lease.
Before applying such credit, the operator must file a plat with
the Commission showing the location of all wells on the lease,
and designating thereon the proposed gas injection well or wells,
and also designating thereon the well or wells to which the gas
AU & 2—

Casvae ¥ »—
#/v (57—

PN —

-1 -

credit of the injection well or wells is to be applied, said
designation to be subject to the approval of the Commission;
and to support said plat with a schedule showing that portion
of the gas credit of the injection well or wells that is to be
produced from each such designated producing well. Any change
in the designation of wells to produce the gas credit of an
injection well must be approved by the Commission in the man-
ner set out above.

c. Upon approval by the Commission, after notice and hear-
ing, gas from two or more leases may be injected into one or
more injection wells located on one or more of the leases, and
the gas injected may be credited to any well or wells on any
of the leases. Whenever two or more leases are attributed to
a common injection well, the operator or operators of such
leases shall furnish a plat to the Commission and to &ll off-
set operators, showing the location of such leases and the pro-
ducing and injection wells located thereon.

d. Credit for injected gas may be cumulative for a period
of sixty (60) days.

e. Any Weber zone well the producing interval of which
extends above an elevation of 330 feet subsea and which 1s pro-
ducing free gas from the interval above the 330 foot subsea
elevation shall be shut in or corrective work performed to ex-

clude such free gas.

Rule U4 as proposed by Texas-Union Paclfic

RULE 4. GAS-0IL RATIO TESTS

a. Tests for gas-oll ratio shall be made monthly on
each well in the field, and the result of each test shall be
made available to the Commission. Each six {6) months one
such test on each well shall be witnessed by a representative
of the Commission or an offset operator. These semi-annual
tests shall be made during the months of March and April and
September and October of each year. The results of the
semi-annual tests shall be reported on the Commission's Form
0GCC-4 which shall be filed on or before June 15 and December
15, respectively. _

b. For a period of not less than seventy-two (72) hours
immediately preceding the making of the semi-annual witnessed
test for gas-oil ratio, each well ghall be produced at its
normal rate of production. The tests shall be of tventy-four
(24) hours duration, and the gas-oil ratios computed on the
basis of the measurement of the oil and gas during thils twenty-
four (24) hour period.

¢. Within fifteen (15) days after any remedlal work is
done on a well, which affects its gas-oil ratio, & test for
gas-oil ratio shall be made and Form 0GCC-4 filed in connection
with the subject well.

d. In the event an operator determines that a gas-oil
ratioc test made in accordance with Paragraph b. above 1is not
representative, he may make another such test and submit the
results to the Commission, provided such test 1s carried out
as spetified in Paragraph b. above.

e. Each producing well shall be so equipped that gas-oil
.r&tio tests may be made in accordance with standard practice.
Al)l gas measurements shall be reported in cubic feet at a base

prassure of 15.025 p.s.i.a. &nd a temperature of 60 degrees

e
4(//5‘// 5&;}—/

Fahrenhelt.
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RIPORT OF INVESTIGATION OF DAKOTA SANDSTONE

AT RANGELY OIL FIELD

AS A GAS STORAGE RESERVOIR

UNION PACIFIC RAILROAD COMPANY

MAY 13, 1952
FOREVWORD

The following analysis of the Dakota formation ss a
gas storage reservoir at Rangely is herewith submitted in
accordance with the April 15, 1952, request of the 0il and Gas
Conservation Commission of Colorado. This analysis consists
of two parts, the first, an analysis of the suitability of
the Dakota for gas storage, and the second part, an economic
analysis of gas storage in the Dakota as well as an economic
study of gas injection into the Weber formation,

We wish to emphasize the probability of a pipe line
outlet being available for Rangely gas within a relatively
short period of time. The unfortunate geographical location
of this field with respect to large centers of population is
the only cause for the delay in obtaining such an outlet,
However, the market demend for natural gas is constantly in-
creasing and serious consideration is now being given %o the
construction of & gas transmission line from Salt Lake City
easterly or southeasterly to the Uinteh Basin, with feeder
lines into fields such as Rangely, Douglas Creek and Piceance.
With full realization of the potentialities of the gas reserves
at Rangely and in the surrounding area it is inevitable that
a pipe line outlet will soon be established.

This analysis indicates that the cost of storing
the gas for the first three~year period, within which time we
feel certain a pipe line will be built, is about what could
reasonably be expected to be its sale value,, Nevertheless,

a storage reservoir for Rangely gas is necessary in the event
of its sale in order to balance constant production with

scasonal demand and, therefore, its value is not a temporary

matter,

In the interests of conservation and cooperation in

the elimination of the flare at Rangely, it is our contention

that the storage of gas in the Dakota should be instituted as

soon as possible,

The conclusions reached as the result of these studies

are summarized below:

(1)

(2)

(3)

()

(5)

(6)

Suitability of the Dakota as a Gas Storage Reservoir

At the depth of the Dakota formation a closed struc-
ture exists, as evidenced by the gas accumulation in
the Dakota, and, therefore, it fulfills one of the
principal requirements of & gas storage reservoir.

The Dakota is a continuous formation throughout the
entire Rangely Field and throughout a large area
surrounding the Field.

The sands within the Dakota formation are very
permeable, as indicated by core analyses and by the
large blow-outs which occurred while drilling through
the Dakota.

It is estimated that there are 10 billion cubic feet
of space in the Dakota reservoir in which hydrocarbons
could be stored, within the lowest closing contour

on the Rangely structure. This is large eunough to
store three times as much as the total estimated
future gas production from the Weber zone,

All of the gas available for storage during the
next two years could be injected into the Dakota
formation with only a small (250 psi) reservoir
pressure increase near the injection wells and an
increase of only 390 acres of the area occupied by
the existing gas bubble.

The Dakota at its outcrop 10 miles north of the
Rangely Field is only 550 feet higher in elevation
than the elevation of the ground at the Rangely Field
and, therefore, may act as a pressure relief valve,
which would make it possible to store all Rangely

gas in the Dakota without increasing the reservoir
pressure more then about 250 psi.

In the event storage of gas in the Dakota did cause
undue pressure increase, the storage could still be
continued indefinitely by removing water from the
Dakota through pressure relief wells located well
outside the area designated for storage.

From the foregoing it is apparent that conditions in

the Dakota formation are favorable for the storage of residual

dry gas from the Rangely Gasoline Plant,
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(1)

(2)

3

(%)

(5)

(6)

Bconomic Analysis of Injecting Residual Gas into the
Dekota and Weber Formations in the Rangely 0il Field

That gas can be economically stored in the Dakota sand
in volumes sufficient to eliminate the present flare:

That gos stored in the Dalto¥a will be available for
sale at some future date;

Tnat gas cannot be stored in the Weber due to the
high percentage of by-passing and losses conseguent
to the processing and compressing of this by-passed
gas;

That cost of injecting into the Weber can only be
justified on the hasis of increaged oil recovery,
which appears to be improbable from the results
of the pilot injection program;

That the cost of injecting $he residual gas into

the Weber will be upwards of $35,000,000 over a
period of 10 yesrs; the cost of storing the residual
gas in the Dakota will be less than $9,000,000 {with
no credit for salvage value of equipment), and there
will be 314,000,000 worth of gas for sale, assuming
a price of $0,07 per Mcf,;

That injection into the Dako%a appears to be true
conservation, in that the stored gas will be
available for sale later while injection into the
Weber (at about four times the cost of injecting
into the Dakota) must be Justified on the very
dubious passibility of increased oil recovery.
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REPORT OF INVESTIGATION OF DAKOTA SANDSTONE AT RANGELY
OIL FIFLD AS A GAS STORAGE RESERVOIR

Approximately 20 million cubic feet per day of residue gas
from the Gasoline Plant is now being flared in the Rangely Field. The
anount will continually increase as the gas-o0il ratio of the field in-
creases, It is estimated that the flared gas rate by the middle of
1954 will be 43 million cubic feet per day and that 25.6 billion cubic
feet will have been flared by that time,

Storage of excess residue gas in the Dakota sand is suggested
as a means of conserving this gas for future sale or for injection into
the Weber sand if experimental injection into the Weber should indicate
that benefits will result therefrom and if the field is unitized as a
single unit so as to permit such an operation,

This is a report of the results of the study of the Dakota
sand which has been made in order to forecast the physical results and
cost of gas storage in the Dakota,

The Dakota consists of sandstone of fair to excellent perme-
ability interbedded with shale, The thickness of the formation is about
106 feet with a net permeable sand thickness of from sbout 20 to 80
fect, The formation is contimuous throughout the drilled portion of
the Rengely Field and throughout a large area surrounding the field,
The depth to the top of the Dakota at the top of the structure is about
2950 feet,

A gas accumulation was found to be present in the Dakota dur-
ing early drilling long before Weber production was developed, Its
presence has been verified by blowouts and tests during drilling of
Weber Zons wells and by analyses of cores taken while drilling through
the Dakota., Exhibit No., 1 is a map showing structural contours on top
of the Dakota sand and the esbtimated linits of the area of gas accuru-
lation. Also shown is the estimated area which will be occupied by gas
after injection of 26,2 billion cubic feet, the amount estinated to be
available for storage during a pericd of slightly more than two years.
The wells from which Dakota gas has been produced and wells whose
Dalota cores have been analyzed are also indicated,

Exhibit No, 2 is a map showing isopachs of the thickness of
net permeable Dakota sand, 4 typical electric log of the Dakota inter-

val with core analysis data is shown on each map,

The estimated area of gas accurmlation of 1625 acres, as shown -
on Bxhidbit No, 1,was arrived at after weighing the factors of core anal-
ysis, drillstem tests and actual gas blow, Within this area 12,3 ¥bit1ion
cubic feet of gas is estinated to be present, This figure was arrived
at on the basis of the following assumptions and averages of neasured
datas ‘

a. Formaﬁio_n pressure of 1550 psi.

b. Porosity of 16,5 per cent,

¢c. OConnate water saturation of 30 per cent and residual oil

saturation of 5 per cent,
The average permeability is about 250 M. and the range of most samples
is between 80 Md., and 1300 M@, These figures are based on core analysis
data from eight wells, which were all that were available to us,

The high permeabilities are verified by the high rate of gas
blow which has been reported for two of the wells. Texas Company's
Enerald No, 1 was reported to have blown at a maximum rate of 83 million
cubic feet per day and was estimated by the operator to have blown an
average of 50 nillion cubid feet per day for 100 days, Texas-Union
Pacific Well No. 1-32 blew out while drilling in the Dakota and blew at
an estinated rate of 50 million cublc feet per day vefore belng brought
under control,

The amount of gas which could be stored if the reservoir pres-
sure were raised to 1800 psi, and the reservoir volumes and areas occu~
pied by the stored gas were computed on the basis of the following assump-
tions:

1. A roughly semi-circular area bounded on the north by the

Dalzota outcrop, on the east by the Wilson Creck Field, on the west
by the town of Vernal, and on the south by the Douglas Creek gas
field was used as the limits of a contimuous, perneable blanket of
Dakota sand, That this is a minirmm area is proven by cores from
the Wilson Oreek, Douglas Croek, and Ashley Valley fields and by
cores frou ezploratory wells in the vicinity. The z/irea thus de-
ternined is about 2500 square miles,

2, That the compressibility of this system in the Dakota sand

is the same as though it contained pure water without any increase
in compressibility due to presence of accwmlations of.oil or gas

within the area or éue %o gas in solution in the water,

-2 -
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3. A pressure gradient of 5 psi, per mile in the Dakota sand-
stone decreasing away fronm the center of injection in the Rangely
Field.

4, That injected gas will displace water from 50 per cent of
the pore space,

These computations show that 26,2 billion cubic feet would be

stored by the tine the pressure in the storage reservoir reached 1800
psi. The reservoir volune of the gas accurmlation would be expanded by
200 million cubic fect and the area by 390 acres, from 1625 acres to
2015 acres,

This would permit storage of the estimated available residual
gas from the plant for the next two years. The actual pressure behavior
is problematical, If there is free comrmunication with the Dakota out-
crop ten miles north of the Rangely Field, the pressure nay remain eon—
stant at some pressure considerably below 1800 psi,, depending on the
pressure gradient in the formation., This would result because the hydro-
static nead at the top of the Dakota at the apex of the Rangely structure
due to the elevation of the outcrop is only about 155C psi,, and after
reaching a balance with this pressure, further injected gas would force
water out at the outcrop without raising the Dakota gas reservoir pressure.

It is also possible that the Dakota water systen within the
2500 square nmile area surrounding Rangely is much more conpressible than
pure water due to the presence of oil and gas fields within the area as
well as 'l;he possible presence of gas in solution in the formation water,
This would nake it possible to store mmch nmore than 2642 billion cubic
feet before building the formation pressure up to 1800 psi,

Actual injection experience will be necessary to determine
definitely what the pressure behavior will be, If excessive pressuré
should be developed, it would be possidle to relieve it and maintain
the desired pressure by drilling several pressure relief wells to the
Dakota beyond the linits of gas accurmlation, Water production from
these wells would furnish a source of water for possidble future water
flooding operations,

Other alternate possibilities for continued storage if forn-
ation pressures in the Dakota failed %o level off as expected are:

1. Storage in the Rangely structure in another suitable

formation such as the Entrada sandstone,

5=
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2, Storage in a neardy gas field.

Channeling of zas or water through well bores or fractures
into fractured zones of the Hancos shale is not bclieved to be
probvable as a result of a 250 psi. increase in formation pressure
because large pressurc differentials already exist between the
Dakota sands and depleted oil zones in the Mancos shale, without
any evidence nf passage of appreciable amounts of gas or water
into the fractured zones of the Mancos, Seme small gas blows
have been encountered in Mancos sinale wells tut these have dimin-
ished to negligible volumes within a year after starting to pro-
duce and no aporeciable quantities of water have ever becn re-
covered from any of the producing wells,

In the areas where lost circulation {indicating fracture
zones) was encountered in the Moncos shale most of the wells have
10-3/4" casing cemented below the Mancos fractured zones (see
Exhikit o, 2) and 1t is believed that mudding of the formation
over a lonz period will afford adequate protection in the other
wells, If individual wells should be found to have gas or water
entering the annulus outside of the 7" casing it would be possible

to repair them by cementing through perforations,

CONCLUSIONS
From the foregoing investigestion the following con—
clusions can be drawn:

(1) At the depth of the Dakota formetion a closed strue—
ture exists, as evidenced by the gas accumulation
in the Dakota, and, thercfore, it fulfills one of
the principal requirements of a gas storage reservoir.

(2) The Dakota is a continuous formation throughout the
entire Rangely Field and throughout a large area
surrounding the Field,

(3) The sands within the Dakonta formation are very
permeable, as indicated by core analyses and by
the large blow-outs which sccurred while drilling
through the Dakota,

(4) 1t is estimated that there are 10 billinn cudbic feet
of space in the Dakota reservoir in which hydrocarbons
could be stored, within the lowest closing contour
on the Rengely structure. This is large emough to
store three times as much as the total estimated
future gas production from the Weber zone.

(5) All of the gas available for storage during the

next twa yesrs could e injected into the Dakota
formation with only a small (250 psi.) reservoir

-5-
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(7

pressure increase nesr the injection wells and
an increase of only 390 acres of the area occupied
by the existing gas bubble.

The Dakota at its outcrop 10 miles north of the
Rangely Field is oanly 550 feet higher in elevation
than the eleveation of the ground at the Rangely
Field and, therefore, may act as a pressure relief
volve which would make it possible to store all
Rangely gas in the Dakota without increasing the
reservoir pressure more than about 250 psi.

In the event storage of gas in the Dakota did
cause undue pressure increase, the storage could
still be continued indefinitely by removing water
from the Dekota through pressure relief wells
located well outside the area desiznated for
storage,

From the foregoinz it is apparent that conditions in

the Dakota formation are favorable for the storage of residual

dry gas from the Rangely Gasoline Plant,

ECONOMIC AWALYSIS OF INJECTING RESIDUAL GAS INTO
THE DAXOTA AND WEBER FORMATIONS
IN THE RANGELY QIL FIELD

From testimony that has been given at various éimes
before the 0il and Gas Conservation Commission of Colorado and
from the preceding section of this analysis, it has been es-
teblished that the Dakota formation constitutes a satisfactory
reservoir for the storage of gas. The economic aspects of the
storage of gas in the Dakota are taken up in this section of the
analysis, togetner with the comparative economic aspects of in-
Jjection of gas into the Weber formation,

This analysis is based on the following assumptions:

(1) 1Injection Pressure and Volume

That the Dakota will take gas at about 1900 1bs,
injection pressure, and at volumes equal to those
injected into the Wever at the same pressure, namely,
3,000,000 cubic feet per day.

(2) Gas Yolumes

Estimates of future gas production were developed
independently by The California Company, Stanolind,
and The Texas Company, and an average production estim-—
ate was taken from the figures so developed, These
estimates were reported in a letter from Mr, Vitter
of The California Company, dated December 12, 1é51.

Prior to the last Owners' Committee Meeling, in
a letter from Mr, J, L. Many of The Californiz Company,
dated February 6, 1952, another curve of estimated
production was transmitted. A comparison of these

figures is shown below:

AVERAGE CURVE CALIFORNIA CO.

YEAR OF 12-12-51 CURVE OF 2-6-52

(Millions of Cubic Feet of Wet Gas per Day)
1952 b2 42
1953 52 52
1954 62 62
1955 7% 70
1956 86 77
1957 97 82
1958 104 85
1959 111 86
1960 114 85
1961 103 8

-1-
(3)

e

(s)

The California Company figures were used in all
of the following computations.

Plant Fuel, Lease Fuel, and Shrinkage

Plant fuel and shrinkage is presently averaging
about 20% of the wet gas processed, while leagse fuel
approximates 7 million cubic feet per day, as a yearly
average., From the volume of gas produced, as shown
under (2) above, there have been deducted plant fuel,
lease fuel, and shrinkage to determine the gas volume
available for injection,

Injection Pressures

When the present pilot injection program started,
injecting all gas into one well, pressures ranged
from 2,100 to 2,400 1bs., with injection volumes of
2.7 to 3.0 million cubic feet per day. These pressures
decreased over a period of time and the latest avail-~
able figures showed pressures of about 1,900 1bs,,
with volumes slightly in excess of 3.0 million cubic
feet per well per day, It has been assumed in the
following computations that pressures for injection
into either the Weber or the Dakota formations will
be about 1,900 1bs.

Compressor Horse~Power Required

The small injection compressor of 300 HP handles
about 3 million cubic feet per day, or about 100 HP
per million feet, for compressing from about 550 lbs.
to 1,900 1bs, The Gasoline Plant operator believes
that those producers injecting gas should be charged
for the cost of compressing from 150 1bs, to about
550 1bs., which will require about 100 additional HP
per million cubic feet, Even though it is realized
that suction to the injection compressors might well
be dwlow 150 lbs,, the figure of 200 HP peor million
cubic feet of gas has been used, to be on the con-

servative side.
same range of structural elevations as the wells sub-
Ject to effects of gas injection and to be far enough
away so as not to be affected themselves,

The average gas-oil ratio for February 1952 of the
westerly line and the middle line (223 cubic feet per
barrel and 364 cubic feet per barrel respectively)
were averaged to obtain the normal ratio for wells sur-
rounding Fee 65. The ratio thus computed was 294
cubic feet per barrel, which is nearly 50 per cent more
than the average of the offsets to Fee 65 before injec—
tion started,

The normal ratio for the area surrounding UP 57-21
was determined by averaging the ratio of the middle line
and that of the easterly line (364 and 569 cubic feet
per barrel respectively). This result is 466 cubic
feet per barrel or about 44 per cént greater than the
pre~injection average of the wells surrounding Up 57-21.

fext, the February 1952 oil production from the
first and secondé-line offsets to each injection well
was multiplied by the normal gas-oil ratio and the
amount thus determined subtracted from the actual
volume of gas produced in February by the groups of
wells, The difference represents injected gas which
is by-passing and being produced along with the normal
production,

Dividing the quantity of by-passed gas by the
amount of gas injected during the same period gives the
percentage of by-passing.

COMPUTATIONS

A. For first two lines of wells surrounding
California Fee 65 - February, 1952:

01l production (barrels) 155,452
Yormal GOR 294
Wormal gas production 45,800 Mecf,
Actual gas production 74,521 Mef.
Injected gas production 28,721 Mecf,
Amount injected 33,706 lMcf,
Per cent by-passed 85%
B, For first two lines of wells surrounding
Up 57-21 - February, 1952:

0il production (barrels) 86,276
Uormal GOR 466
Uormal Gas production 40,200 lKicf.,
Actusl gzas production 68,440 lcf.
Injected gas production 28,200 Mcf,
Amount injected 33,109 Mcf,
Per cent by-passed 85%

For the sake of conservatism, the following data of
injection into the Weber zone assumes a by-pass of 75% of the
injected gas instead of the actual 85% as shown above.

(9) GCost of Injection Welle and Appurtensnces

It is estimated that injection wells to the Dskota
sand will cost $60,000 each, while wells for injection
into the Weber will cost $100,000 each, and that field
piping from the compressors to the wells will cost an
average of $10,000 per well.

Whilelit is realized that existing Weber zone wells
might (after reworking) be used for injection, such
wells might never thereafter be capable of producing

0il, hence the charge of $100,000 per well against the

injection progrem appears to be Justified.

All of the assumptions used herein are believed to be
on the conservative side, For example, the "average" curve of
production mentioned under (2) above shows an estimate of
114,000,000 cubic feet of wet ges being produced per day in 1960,
whereas the figure of 85,000,000 cubic feet per day, as shown on

The California Company curve, was used herein,

Following is an analysis (based on these conservative

assumptions) of the cost of injecting gas for a three year period.

This period has been used because the ever increasing market
demand for natursl gas mskes it inevitable that transportation
facilities from this area will be provided within a raasonable

period of tinme:

DAKOTA WEBER ZONE
ZONE 75% By-Pass
Peak Gas Volume Available for
Injection (lo By-Pess
Hef, per day 49,000 ) 49,000
Peak Gas Volume to be Injected
Hef. per day (Including
By-Fassed Gas) 49,000 113,000
Ratio 1.00 2.33
Injection per Well per
Day, Mef. (l) 3,000 3,000
Humber of Wells Reguired 16 37
Cost per Well $60,000 $100,000
Investment in Wells $960,000 $3,700,000
Compressor HP Required 9,800 22,600
Investment in Compressors 42,450,000 $5,650,000
Cost of Field Fiping $160,000 $370,000
Total Investment $3,570,000 49,720,000

Direct Operating Cost )
per Day at Fenk 4880 $2,030
(Compressor Plant Only -

o Field Expense nor

Indirect Costs Included)

Direct Cost (as avove)
for Three-Year Feriod $725,000 $1,690,000
The following figures show the cost of the injection

program for the first 10 years, in which time the maximum injection

rate and investment costs will have been reached:

Peak Gas Volume Availadle
for Injection (Mo By-Pass)
Mef, per Day

Peak Gas Volume to be
Injected, lief, ver Day
{Including By-Possed Gas)

Ratio

Injection per Well
per Day, Mef.

Number of Wells Required
(Maximun)

Cost per Well
Investment in Wells

Compressor HP Required
(Maximur:)

Investment on
Compressors

Estimated Cost of Field
Piping (810,000 per Well)

Total Investment

Direct Operating Cost
oer Day (Peak)

Direct Operating Cost
for 10-Year Period
(Compressor Plant only -
o Field Labor, no
Indirect Costs)

DAKOTA WERER ZOWE
7003 75% By-Pass
65,000 65,000
45,000 232,000

1.0 3.55

(1) 3,000 3,000
22 78

$60,000 $100,000
$1,320,000 $7,800,000
12,800 45,600
$3,200,000 $11,400,000
$220,000 $780,000

$4, 750,000

$1,150

$3,835,000

$19,980,000

$4,100

413,650,000

(1) Availabvle data indicates that the Dalkota will take gas

at a much higher rate, bul this fugure has been used to

be conservative.
In 2 10-year period there will be injected into the
Dakota about 200 billion cubic feet of gzas which will thereafter
be available for sale.

The cost of storing this gas will be as follows:

Direct Compressor Plant Costs $ 3,835,000
Field Labor (120 months @ $1,000) 120,000
Office Overhead (120 months @ $350) 42,000
Comoressor Write-Off (1) 1,280,000
Field Piping - 40% Salvasze 132,000
Well Cost ~ 50% (2} 660,000

Total Cost $ 6,069,000

Cost per Mcf, $  0.03035

(1) Salvage Value,
12,800 HP ® $75.00  $ 960,000
Cooling Towers, build-
inzs, lines,

etc., @ 50% _960,000
Total Salvage $ 1,920,000
Cost $ 3,200,000
Write-0ff $ 1,280,000

(2) One half of the wells to be used
for withdrawal.

The cost of storing gas in the Dakota, based on
three-year injection, will be about $0,07 per Mecf, However,
sale of gas from Rargely would require a storage reservoir to
balance the fluctuating seasonal demands, Production of oil
from Rangely must be on a steady, continuous basis, whereas
the sale of gas depends upon market demand,  Therefore, the
value of the Dakota as a storagze reservoir would not be confined
to the period prior to the sale of gas but would continue as
long as gas production exceeded seasonal market demand.

The cost of injecting gas into the Weber is prohibvitive
from the standpoint of storage as the losses from processing and
compressing will leave little available gas for sale at some
future date.

Gas tranemission pipe lines are now being laid or
are already in operation in nearly all parts of the United States

and it is inconcelvable that a line will not be extended into
this field before too long. With reserves of upwards of 300

billion cubic feet, a line could be laid for about 200 miles

for a write-off of only about 2¢ per licf.

The Btu. value of the gas is low {about 750 Btu,)

but on a thermal unit basis it should still be worth about 654

to 7¢ ver Mci. compared to Wyoming gas of a higher heating

value,

CONCLUSIONS

The forezning analysis leads to the following con-

clusions:

(1)

(2)

(3)

)

That gas can be economically stored in the
Daknta sand in volumes sufficient to eliminate
the preseat flare.

That gas stored in the Dakota will be available
for sale at some future date;

That gas cannot be stored in the Weder due to
the high percentage of by-passing and losses
consequent to the processing and compressing
of this by-passed gas:

That cost of injecting into the Wedber can only
be justified on the basis of increased oil
recovery, which appears to be improbable from
the results of the pilot injection program;

That the cost of injecting the residual gas

into the Weber will be upwards of $35,000,000
over a period of 10 years; the cost of storing
the residual gas in the Dakota will be less

than $9,000,000, (with no eredit for salvage
value of equipment) and taere will be $1%,000,000
worth of gas for sale, assuming a price of $0.07
per HMef,

That injection into the Daxota appears to be
true conservatisn, in that the stored gas will
bte available for sale later while injection
into the Weber (at about four times the cost

of injecting into the Dakota) must be justified
on the very dubious possibility of increased
0il recovery.



