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Ma'r 1, 1972 /

.

M r. George Parks
i Kerr-McGee Corporation

,

Kerr-McGee Building f

' Oklahoma City, Oklahoma 73102
- ,

\ $Dear Mr. Parks: >
'

i-

a

In response to your request, we are transmitting the results 1

of our engineering study of the Arbuckle reservoir communie.ned to the
Kerr-McGee Corporation No.1 Sequoyah Waste Storage Well. Sequ yah
County, Oklahoma. ',

.

I In summary, our study reveals the reservoir to have five
major layers having a totalpore volume of at least 860 million barrels. k;'

,

'

A reservoir description of the Arbuckle reservoir based on data taken [;
during an injection profile and pressure fall-off test program is detailed (
in the attached report. A ten-year injection well performance is pre-
dicted based on an injection program-furnished by your staff. i

Yours very truly, g

6(hl DW Lfg
. .

H. . Gruy Associates, Inc
'
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I. CONCLUSIONS
Y

;

.

' An accurate detailed description of the Arbuckle reservoir
which is pressure communicated to the Kerr-McGee Corporation No. 1

i Sequoyah Waste Storage wellwas achievedutilieingactual fieldinjection
* test data and a three-dimensional, single-phase numeric reservoir sim-

3 ulation model in ahigh-speed computer. The data analyzed included the
H pressure response resulting from water injection tests of known flow

{L ra te s , injection profile tests incorporating both radioactive tracer and
,,

q temperature surveys, pressure fall-off response during injection shut-
j in periods, electric well logs, core analyses and regional geological

studies.

The model studies indicate that the reservoir is divided into

five significant1ayers totaling a pore volume of atleast 860 million bar-
j, rels (3. 6 x 1010 gallons) and with three of the five layers definitely
} bounded on all sides. The other two layers are bounded top and bottom
j and on three sides, and the arealextent investigated in these relatively

3 low permeability sections was such as to define the minimum distance
! to the boundary on the fourth side. (See discussion in Sections III (A)
; and III (F) and Figure 1. )

Nl Our analysis indicates that there are no significant boundary
j leakages, no vertical interconnections between layers forming the res-

crvoirs and no significant horizontalheterogeneities within each layer.

(See discussion of these items in Sections III (A), III ( G), III (11). )

$

] Our study, utilizing the numerical reservoir simulation model,
8 indicates that the pressure increase at the wellhead over an injection
f period of five years considering the planned injection rate will be 161
J pounds per square inch gauge and that the calculated maximum distance -

:1 of travelof injected fluid from the wellbore in this five-yearperiod will
'

be 900 feet. Thus, for this period of injection, the injected fluids will

;i be confinedwithin Kerr-McGee propertylimits. (See discussion of these
1 items in Section III ( A). )
E

O

b II. INTRODUCTION
4

i

I V/c have performed an engineering study of the Arbuckle res-
h crvoir communicated to the Kerr-McGee Corporation No. 1 Sequoyah

Waste Storage Well, Sequoyah County, Oklahoma. Our study has in-
cluded detailed injection pressure and pressure fall-off testing and
injection profiling through the use of radioactive tracers.

3
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The testing program data have been used to develop a three-
dimensional, single-phase reservoir model compatibic with the injection
profile data and with the analysis performed on the pressure fall-off
data. The numeric model was calibrated to the reservoir system by
adjusting the geometry of the system until the calculatedpressure per- |
formance from the model matched the pressure performance observed g

during the testing program. A predicted ten-year injection performance ;.

Iwas then calculated using the numeric model and an injection schedule
fas furnished by Kerr-McGee Corporation.
I'..

I.'
;
i
I.

III. DISCUSSION 4

I;
I
t
5

r(A) General Approach and Results
1:

Our study reveals the reservoir tohave five major layers
having a total pore volume of at least 860 million barrels. The j

layers exhibit different permeabilities and no effective communi- |
cation between the layers except in the wellbore. Layer 5 (the ;

;bottommost layer) with a permeability of 2,480 millidarcies and a
thickness of 34 feet is calculated to have an area of only about 645 ,I

acres. Layers 1 and 2 having effective permeabilities of 2,469 and j'
2,279 millidarcies, respectively, and thicknesses of 24 and 8 feet ;

are calculated to extend under 8,804 acres. Layers 3 and 4 ex- [
hibiting effective permeabilities of 964 and 1,709 millidarcies, .j
respectively, and having thicknesses of 26 and 24 feetare calculated ,

to extend at least under 19,580 acres and may be even larger. The |
geometry as presented in Figure 1 is based on the calculated dis- :[
tances to the layer boundaries. The direction and orientation of the
b.oundaries cannot be determined from the calculations although ,

certain boundary distances are compatible with faults inferred by [

surface and subsurface geology.

Based on an injection schedule furnished byyour staff, we f
calculate that a wellhead injection pressure of 161 pounds per I

square inch gauge will exist after an injectionperiod of five years. |
The wellhead pressure after aninjection period of ten years is cal- }

culated to be 371 pounds per square inch gauge. The approximate !
|
' maximum distance of injected fluid from the wellbore for the five |

layers studied at the end of the five years is as follows: |

!

i ;

e

5
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!

Injected . Maximum !

Volume Distance !

Layer (barrels) (feet)
I

1 165,200 700 |
i

2 62,700 750
3 440,600 900 ,

4 500,300 900
5 22,600 140

..

The above distances assume no alteration of the reservoir ;
!resulting from chemical reaction between the injected fluids and

the reservoir rock. If cavities are created by the injection, fae

distance that injected fluids will disperse will be less than calcu- i
lated.

i

A reservoir description anda predicted ten-year injection ',

well performance were calculated. The description of the Arbuckle
reservoir was obtained from injection profiles and by analyses of [

pressure fall-off tests conside ring the available injection fluid prop- !

erties, electric log, core and geological data. A testing program
incorporating both injection profiling and pressure fall-off testing
was designed and executed in the well from June 28, 1971 through

~

July 26,1971. The profiling in this program was conducted by the
Well Analysis Company, Inc. (WACO). Radioactive velocity sur-
veys were run at the outset of the program to check for anypossible
communication behind the wellbore casing. Results of these sur-
veys indicate that no communication exists behind pipe. The static
res ervoir pres sure measured prior to injectionwas 1,2'38. 45 pounds
per square inch gauge at a datum of 2,650 feet. Sperry-Sun gauges
were used to record bottom-hole andwellheadpressures during the
program.

The data obtained from the program reveals that the Ar-
buckle reservoir communicated to the test well is a highly complex !

'

layered-permeability system with no effective vertical communi-
cation between layers in the reservoir. Accordingly, the pressure
fall-off test data could not be analyzed with analytical reservoir
models expressing fluid flow through a sing 1c-layer homogeneous
reservoir and itwas necessary to use a three-dimensionalnumeric
model on a high-speed digital computer to obtain a reservoir des-
cription and a projection of injection well performance. The nu-
meric model allowed us to study the effects of reservoir hetero-
geneity in the form of variabic rock properties and boundary dis-
tances in each layer. Data input into the numeric model included

Page 3
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the initial static reservoir pressure, injection rate schedules,

h pressure fall-off time periods, injection fluid properties, fault
boundary distances as indicated by geologicaland pressure fall-off
data, plus values of effective permeability, porosity and thickness

,

y of eachlayer. Boundary distances of each layerwere systematically
altered in the model executions until an acceptable match was ob-
tained between calculatedpressures and pressures measured dur-

h ing the long-term pressure fall-off test period from July 6,1971
through July 12, 1971. Several model runs were required before a
reasonable match was obtained. The best match obtained in this .

%

[ study is presented graphically in Figure 2, a plot of shut-in pres-
sures measured and calculated during the long-term fall-off test
peciod. The standard deviation of this match is t 0.75 pounds perg

square inch. This standard deviation compares with the precision
of pressure measurement of 0. 55 pounds per square inch on the
gauge element used during the fall-off tests.

7
?
si

A description of the reservoir system derived from the
best test data match achieved is presented in Figures 1 and 3. A

p
C summary of the individual layer properties is contained in Figure

3. The depth intervaland thickness of each layer are derived from
the WACO injection profile data. Effective permeabilities are cal-g

11 culated from the early portion r,f the long-term pressure fall-off
test data and the input rate distributions of the injection profiles.
Values of porosity are calculated from electric log and core anal-n

b yses. The areal extent shown for each layer in Figure 3 results
in the best pressure data match of Figure 2. Figure 1 presents an
areal view of each permeability layer and the boundary distances[

<a from the test well which result in the best pressure match. Some
control onhoundary distances is availabic from the measured pres-
sure fall-off data and subsurface geology. An analysis of the early
portion of the long-term pressure fall-off data indicates that thee

nearest boundarywas reficctedin Layer 5 at a distance of approxi-
1 mately 1,164 feet. Subsequent model runs indicated that two bound-

aries are located at equal distances of 1,164 feet from the well ina

Layer 5. The distances from the well to the geological fault bound-
P aries shown in Figure 1 have been altered in seeking the best pres-

sure matchwith the model; however, theyare comparable in mag-
nitude to the approximate distances indicated by a structure map
contoured on top of the Arbuckle. The furthermost boundary in
Figure 1 is a perpendicular truncation of Layers 3 and 4. This

boundary is positionedas near the test well as possible to produce
9 the minimum pore volume from the best pressure match. An ad-
3 ditional study of this boundary position with the numeric model in-

dicated that it could be removed without significantly affecting the
9
e
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pressure match. Therefore, the reservoir area investigated dur-
O ing the injection and pressure fall-off test periods is contained*

within a maximum distance of approximately 30,000 feet from the
test well and any boundary located beyond this distance in Layers,,

'd 3 and 4 remains undetected. The otherlayer boundaries arelocated*
within this distance. These boundaries are reasonably substantiated
by the pressure match, the geology, and the nearest boundary re-,

ficction on the measured pressure profile of the long-term fall-off
test. Therefore, the calculated value of reservoir pore volume in-

p vestigated by the long-term fall-off test is approximately 860 million ~
g barrels. This volume is contained within an average reservoir

area of 11,060 acres and it is considered to be a minimum value
since total closure of reservoir boundaries was not reflected dur-.,

.d ing the long-term pressure fall-off test for Layers 3 and 4.

p
, The reservoir description and the minimum value of porey volume determined in this study were used in the numeric model to

predict a ten-year performance of injection operations. A plot of
the predicted bottom-hole and wellhead pressure performance isu

3 presented in Figure 4. The injection rate schedule used for the

predictions was given by Mr. Foley's le tter of July 29,1971 and it
B

d
consists of an injection rate of 652 barrels par dayfor the first five
years followed by an injection rate of 848 barrels per day for the
remaining period of injection. Calculated wellhead injection pres-

q sures are 161 and 371 pounds per square inch gauge at the end of
b the first five years and ten years of injection, respectively, while

injecting at these rates. The calculated reservoir pressure dis-
y tribution after the first five years ofinjection is presented as Attach-
43 ments 5 through 9 for Layers 1 through 5, respectively. The res-

crvoir area affected by the injected fluidat the end of the first five
years ofinjection is c ross-hatched on each of the pressure distribu-
tion plots. The grid area on each of these plots represents a portion
of the respective layer area. The positions of the injected-fluid

5 front as shownin Figures 5 through 9 range from a minimum of 140
feet from the wellin Layer 5 to a maximum of 900 fect from the well
in Layer 4.,

4

The vohtminous technical details involved in the study are
not included in this report; however, they are available from our

4 files on your request.
e

(B) The Numeric Model

The model used in this study incorporates a finite differ-

f ence solution of the partial differential equation describing single-
phase, three-dimensional flow of a compressible fluid in porousE

Page 5
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'media. Such models havebeen in widespread use by the petroleum (
industry for several years. i

'

-
.

|
The basic equation solved by the model is: [

<

r
r

?

(
d 8 8 d !+\+ (v ) + (v ) + 'q=- | cg x-- (v ) dy y d dt ( B / . f

x z
z

I
!
i '

l
I

whe re: k

Partial derivative [d =

Coordinate directions ix,y,z =

Darcy velocity, defined below fv =

Fluid production rate per unit volume iq =

Time }t =
I

Porosity4 =

B = Fluid formation volume factor, the volume of reser-
5

voir fluid required for a unit surface volume of fluid. !
:! :

'

The Darcy velocity is defined by:
,

dh ) TCk / dP g8 gx
| + 1v =-

; J..i. '-
e

F B ( dx 0x /X
i-
,

|
.?
d-id,;'

where: EH
| !,q -+
.:

Constant for units conversion yC =
a:.

Pe rmeability 1pk =

Viscosity if4=

P Pressure
?{$

=

p Fluid density g,y=

Acceleration of gravity .Jgg =

Height above a horizontal planeh =
Q2,:
, . .

L F
i

! Analytic colutions of equation (1) are not presently possi- ['|
ble for general cases. A finite difference technique is used in this jp/c
model for its solution. In this technique, the reservoir is divided 48,
int o blocks. Equation (1)is writtenin finite difference form for each d(

M
f1TE
<5.
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block, resulting in a system of algebraic equations which mtist be
-"

solved simultaneously. There is one equation in this system for ,

each block in the reservoir system.' Practica1 solution of this largeg
7

system of simultaneous equations requires a high-speed computer
and an efficient solution algorithm. The solution algorithm used in
this model is in widespreaduse. It is called the "Strongly Implicit
Procedure" or SIP and it is published in: Stone, H. L. : "Ite rative
Solution of Implicit Approximations Of Multidimensional Partial
Differential Equations", SIAM J. Numer. Anal. , Vol. 5, No. 3, ,

4
- ;

Septembe r, 1968, p. 530-558. ;
T.
:

1 (C) Model Validity '

*

One verification of validity of the actual model was made
byusing the modelto calculate drawdown pressures for a two layer
system for which analytic solutions from literature are available.|

the permea-
The permeability ratio of the system was 5, that is, The re-

bility in one layer was 'five times that of the other layer. calculations compared to the analytical solution pub-sults of the
| Cobb, William M. : "A Study of Transient Flow in Strati-lished in:
| fled Reservoirs with Commingled Fluid Production", Ph. D. disser-tabulatedI

tation, Stanford University, Stanford, Ca. (1970) are
below:

Cumulative Pressure By Pressure By

Time Analytic Solution Model Solution Pe rcent

Days psi psi Difference

-

0.00 1,000.00 1,000.00

0.82 959.50 959.55 0.005

3.29 935.71 935.89 0.019
0.560

8.23 892.02 892.52

J
32.90 707.08 707.45 0.523

0.509
353.63 353.81

82.30

The excellentagreement between the analytic a:.d numenc
<

model solutions clearly demonstrates the validity and ca.pability of>

the model.
p

An additional check usually made on this type :ncdel is a
The material balance is calcula:ed each timematerial balance.
Exec 11 cut material balances were . aintainedc

step in the model.
in all runs.
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( D) The Reservoir 'Model
1
4 Preliminary examint. tion of test results indicated the pro-

posed storage system was made up of several layers in communi-
Z cation through the wellbore only. Such a system was simulated by
4 having vertical permeabilities of zero millidarcies except in the

wellbore block. In the wellboreblock a veryhigh vertical permea-

3 bility was assigned. In addition. an iterative technique was devel-
% oped to proportion the injected fluid among layers so that the verti-

cal flow potential in the wellbore approached zero.
A
T Five layers were used to represent the reservoir. Each-

layer was divided into 13 blocks in the X-direction and 14 blocks in
,.r-[* the Y-direction. Altogether,910 blocks were used to represent thes*| reservoir system. Variable Xand Y dimensions were used. Large

AX's and AY's were used away from the injection point, and very
small AX's and AY's were used near the injection point. Potentialg- changes and gradients are much greater near the injection point.
The variable grid spacing allows better areal resolution of the

y

potential and hence pressure distributions.

The specific data used in the model are presented in theg
discussion of the best match of model calculated pressures withj'
observed pressures.

7.f

A (E) Calibration of the Reservoir Model

Certain data are required for the numeric model. Some. . .

] of these data can be fairly reliably established, others may vary.
Usually reasonable limits can be established for those data that

er snay vary.
$3

Established data form the foundation for matching per-
formance. Various combinations of data are systematically varied -

g
,y until a "best" match between calculated and observed performance

is obtained. It should be pointed out that although a parameter may
not be well established and may vary in a wide range, the reliability

7

4, of other factors established through history matching may not be
affected. The parameter that can varywithin a wide range may not:

significantly affect the performance of the model.
@g}

There were several data that could be well established
A} initially in this case. Injection profile surveys indicated five major
il layers could be used to represent the system. The net thicknesses
( of these layers at the wellbore were established from electriclogs.
6raa
J.t ;
33

i
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Porosities of eachlayer, again near the wellbore, were established3
'M from core analysis and electric log interpretation. Effective per-

meabilities were calculated analytically from the early portion of
the long-term pressure fall-off test data and the input rate distribu-m

k tions of the injection profiles. The initial pressure was measured
with a Sperry-Sun subsurface pressure recording gauge having aa sensitivity of 0. 55 pounds per square inch gauge. The pressurcy
and measured formation ternperature were used with very reliable
correlations to obtain water viscosity and compressibility.

2
k The geometry of the system was not well defined, but there

was some control. Regional geology indicates the well is locatedv
NI

between two major faults which are essentially parallel. One of
these faults is about one mile southeast of the well and the other
about five miles northwest of the well. In addition, analysis of they fall-off data indicated a nearest bounda ry some 1,164 feet from the

A well.

N} Thus, the main parameters that could be varied inhistory
matching were geometry and rock properties away from the well
site.

s

Nume rou s c ompute r runs were made before a suitable
match between calculated and observed pressure fall-off data werej obtained. It was found during these runs that the complex naturc

*

of backflow in the wellbore sometimes made it ve ry difficult to pre-
dict the direction a parameter should be varied to help match his-

-1 tory. The determination of the quantity of variation was possibleh only through trialwith the model. The effects of some parameters
on the history match are detailed in a later section.

;
.

The best match obtained with the fall-off test data measured
from July 6,1971 to July 12, 1971 is shown in Figure 2, a plot of,

j measured and calculated fall-off pressures during the test.

The model cannot predict the orientation of a system or
even the orientation of each layer relative to the other layers. The
view presented in Figure 1 is consistent with regional surface and
subsurface geology.

( Pn Effects of Volume Distribution and 130undary Changeg

Five computer runs were made in which the X-dimension
in Zones 1 and 2 was changed. In these runs, the total pore volume
of the system was held constant by changing the X-dimension In

Page 9
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Zones 3 and 4 on the X-boundary furthermost from the well location.
til These runs were numbered 16,19, 28, 30 and 32. The calculated
N pressure-time relationship for these runs is shown in Figure 10.

Run 32, the final run, is clearly the best match. H oweve r, the_g sensitivity of calculated pressures to the X-dimension is more
" clearly shown in Figure 11.

m
Q' Figure 11 shows pressure versus the X-dimension of Zones

I and 2 at shut-intimes of approximately 5, 65 and 115 hours. The
,

9 most significant point is the sensitivity of calculated pressures to
hg the X-dimension for X between 12,600 and 14,000 feet. In order to

match either the 65-hour or the 115-hour observed shut-in, the X-

77., dimension must lie in a fairly narrow range of from 12,900 to
p;!,fj 13,300 feet. The latter value was used in the run considered to be

the best fit. The five-hour shut-in time does not vary significantly
37 until the X-dimension is less than 13,300 feet. It is clear from

i.h these figures that holding other properties of the system constant
the X-dimension in Zones 1 and 2 must11e in a narrow range around

7; 13,000 feet.

&
The X-dimension in Zones 3 and 4 is not as well defined.

m,] One run was made in which the X-dimension in these zones was
su arbitrarily increased 850 feet. There was less than O.1 pounds

per square inch change in the calculated pressures. Thus, the X-

y;. dimension could be any value greater than the value used in these
4] zones. We can likewise conclude from this that it is not possible

to detect leakage at the furthermost X-boundary in Zones 3 and 4
by comparison of the model results with observed data.

,s

The sensitivity of computed results to changes in near

T boundaries can be seenby comparing the results of Runs 15 and 16,
plotted in Figure 12. In Run 15, Zones 1 through 5 had common Y-*

direction boundaries at a distance of 3,500 feet from the injection
site. In Run 16, this distance was increased to 4,250 in Zones 1

* through 4 and 1cft unchanged in Zone 5. As can be seen from the
I figure, significant changes in pressure level are noted. Immediately

after shut-in, the results of these runs vary by 2 pounds per square
P' inch, by 5-hou rs shut-in the difference is 1.2 pounds per square

Q.,

inch, and by 15-hours shut-in the difference is only about o. 4 pounds
per square inch.

4

This trend was noted in othe r runs. Changes in near
Y boundaries had greatest effect in the very early shut-in pc riod, with

diminishing effect as shut-in time increased.

3
.I
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The sensitivity of results to volume and boundary change h ,

in Zone 5 was examined by comparing Runs 16'and 17. The volume f
' pif'of Zone s in Run 17 was decreased by moving the north boundary to 1-

This decreaseda distance of 3,500 feet from the injection point. The total d F;j
the Zone 5 volume to 58 percent of its value in Run 16. JG
volume of the system was held constant by adjusting the most dis- j 'I
tant boundaries in Zones 1 through 4. These were small adjustments i !I

'

because less than0.02 percent of the totalpore volume of the system ii if
was in Zone 5 for Run 16.

r- '- c
!! *j-

This small change, when considering the system as a
(; I !,qi.

Initial 'q 4,3
whole, produced significant ' changes in pressure results. || '[
shut-in pressures in Run 17 were 7. 4 pounds per square inch high- !; b
er than those in.16. After 115-hours shut-in, this difference had . jfE
increased to almost 10 pounds per square inch.

;

m

(G) Effects of Heterogenietics Within Layers 1
&

Some attempts were made to investigate the effects of per- fmeability heterogenietics within layers at distances greater than R

This is the distance to the nearest h1,164 feet from the wellbore. The changes made were atbar rier in the ' most permeable zone. L
the west side of Zones 3 and 4 at distances greater than 1,164 feet.
These changes affected about 68 percent of the reservoir volume.

r

The permeabilities in these zones were varied in ratios '

The results areof from 0.19 to 1.44 of their original values.
,

Several conclusions can be reached. First, i
shown in Figure 13.
increasing the permeability over the range studiedhad no significant

,

Second, decreasing the permeability did have significant
-

,

effect.
The largest reduction in permeability produced a uniform ''effe ct.

increase in pressure of about 3. 5 pounds per square inch, but the : ;

genera 1 configuration of the pressure fall-off curve was not changed. f
Third, all changes had the effect of shifting the pressure-time re-
lationship upward or downward almost uniformly over the time in- p
terval studied. This last conclusion climinated permeability hetero- D'
geneities, at least in the zones considered, as a parameter that [
mightbe varied to get abetter matchwith observed data in thelatter f
part of the fall-off period.

Evaluation of Maximum Undetected Possible Leakage
.(II) '

'

Of prime importance in a storage project of this type is
-

Lea
the detection and avoidance of Icahage to other formations.
age could be possible vertically through semi-permeabic over ur

,
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or underburden or horizontally across semi-permeabic barriers.

Vertical leakage was evaluated through the profile testing
and with the reservoir model. All model work and the wellbore
fluid velocity surveys indicated no communication between layers
taking fluid except through the wellbore. If good vertical communi-
cation existed between thelayers, the counterflow as observed and
measured in the wellbore during the testing would not have occur-
red in this exact same manner. No leakage vertically to other ad-
jacent :ormations is indicated. Had such leakage been occurring

3 in the vicinity of the wellbore, it would have affected the observed
|- These pressure data were matched usingpressure fall-off data.

the model with no leakage considerations.
i

The investigation of horiz.ontal Icakage was studied with
the model. Any change in east boundary location influenced the

Runsmatch between the calculated pressure and the field data.
. made with different boundaries on the west side showed that im-

pervious boundaries in Layers 3 and 4would have to.be such great
4} distances from the well that they would notbe significant. The pro-

posed volume of injected effluent to be stored in five years was
small enough that only possibleleakage at the near boundary on the
cast side of all of the layers appears to be significant in affecting
the distribution of the injected fluid.

Leaking boundaries were simulated in the model by con-
sidering a zone oflowered permeability 152 feet wide at the nearest
boundarylocationbeyond which the zone was considered to have the
same properties as the reservoir.

,

Figure 14 presents the calculated pressures from three
computer executions of the modelalong with the observed pressure

runs include, (a) the impermeabic boundarydata. The computer
best fit case, (b) a case for a boundary of blocks having a permea-
bility of 0.1 millidarcies and (c) a case for a boundary of blocks
having a permeability of 0.01 millidarcies. The execution consid-
cring the boundary to have a 0.1 millidarcy permeability showed a
significant difference in the calculated pressures when compared
to the observed pressure data. All calculated points in this case

f
are from 0. 4 to 0. 6 pounds pe r square inch below those calculated
without the Icakage. To the 115-hour shut-in time the standard
deviation of these points from observed data is 10.88 pounds per
square inch. This may be compared to the standard deviation for

4 the best fit impermeable boundary case of 10. 68 pounds per square
inch for the same interval of time. The numeric model calculated

.Page 12
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('
a manimum efflux for this case of approximately 40 barrels per
day. It can be concluded that there are statistically significant,

differences between the calculated and observed pressure data for
even this low permeability. Because the match between the calcu-
lated and the observed pressures for the impermeable boundary
case reflect a statistically significant improvement over the 0. I
millidarcy case, it is felt that any boundary could not have a per-

.

meability as much as 0. I millidarcies.

The 0. 01 millidarcy permeability case resultedin a stand-
ard deviation of i 0. 72 pounds per square inch. Although this fit '

,

to the actual observed data is not as goodas the standard deviation
achieved with the impermeable boundary consideration, it is not felt
to be statistically significant and it is conceivabic that the small
pressure differences ranging from O. I to 0. 3 pounds per square
inch would not be detected. The numeric model execution indicated
the maximum effluxfor this case tobe 4. 4 barrels of fluid per day.
We are of the opinion that the impermeable boundary case still rep-
resents our best match of the observed data, but feel that the 0.01
millidarcy case is a practical limit for the sensitivity of the cal-
culation.

.c
k

There are other observations that should be made. The
best fit calculated deviates most from the observed data during the

'

-

latter part of the test. The calculated pressures are less than ob-
served pressures during this period. Numerous model runs show-
ed that anychanges made to affect this portion of the calculated data
had greater effects on points at earlier times, and such changes
resulted in poorer overall fits with observed data. Any leakage

;would aggravate this match even more. From this standpoint, it
seems unlikely that any leakage occurred during the test period.

It is also important to note that the model results are
sensitive to a small degree of Icakage. As a result, the numeric
model should be an important tool in monitoring for possible leak-
age during storage operations.

Detailed pressure monitoring of the injection wellwill pro-
vide the data necessary to confirm to a higher degree of confidence
the integrity of the reservoir.

Page 13
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If
SUMMARY OF RESERVOIR LAYER PROPERTIES

h.. KERR-MCGEE NO. I SEQUOYAII WASTE STORAGE WELL
-

'* SEQUOYAJI COUNTY, OKLAIIOMA-

.
-

Depth Net Effective
s Layer Interval Thickne ss Porosity Permeability Area

Number (feet) __ (feet) (dec. frac. ) (md) (acres)

1 1,762-1,786 24 0.064 2,469 8,804 -

2 2,416-2,424 8 0.060 2,279 8,804

h' 3 2,620-2,646 26 0.089 964 y19,580*

4 2,711-2,774 24 0.099 1,709 y19,580*

5 2,800-2,860 34 0.058 2,480 645
i

-
!

. * Minimum arca proved by test program
|
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PRESSURE DISTRIBUTION
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TIME = 5 YEARS
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WELL TEST PROGRAM AND DATA

KERP.-McGEE CORPORATION

Although a comprehensive test program had been planned by H. J.
Gruy and Associates in consultation with Kerr-McGee, the Well
Analysis Company. (who would perform all in-hole measurements
except pressure), and the Sperry-Sun Well Surveying Company
(who would provide the precision.in-hole pressure recording
instruments and pressure chart transcription), the plan was
left flexibic so that details of exact flow rates, duration of
flow, duration of pressure fall off, etc. could be worked out~
based on the information received to date. Thus, it was that

,

Phase B uns conceived and run when it was determined that run -
ning temperature decay profiles in the hole during the pressure
decay portion of Phase A would affect the pressure readings of
the Sperry-Sun pressure recorder. And Phase D was conceived
and run to quantify the backflow phenomenon noted in Phase A |
during the pressure fall off portion of the test.

A brief summary of the test phases and schedules as actually
performed is outlined below and a detailed tabulation of the
test data obtained on flow rates, well head pressures, and
timing of test events is presented in the following 24 sheets:

Preinjection Tests
t

1. Checked out injection pumps, flow controls and flow
meter.

2. Checked out water supply to injection pumps and
checked entire inj ection system for Icaks.

3. Checked well head for water pressure. Found static

By time inj ection was started, pr' ground level.
liquid level to be essentially at

essure reading on
well head was 30 psig. Check pressure of fluid in
annulus between injection tubing and casing and
found pressure to be positive. (Pressure was checked
throughout test and it was found that it was affected
by pressure and temperature of fluid in injection
tubing, but not in a manner to indicate leak.)

4. Rigged up wire line and ran dummy instrument into
hole to check that hole was clear all the way to the
bottom and would not entangle or endanger tools.
Checked out zero point of depth gauge on wire line.

5. Made new caliper survey of uncased hole.

,.
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- 6. Made temperature survey which had to be ' discarded
when the calibration of the instrument was found to
be faulty and there was not time to redo before
start of injection.

7. Han static pressure survey of fluid in-hole with
Sperry-Sun pressure recorder. -

8. Set up well head pressure measuring and re' cording
instruments.

Phase A (Part of Phasc~1 in W.A.CO. Report)

1. Started water injection at 05:31, 6/28/71. . Increased '

flow from 50 to 70 to, finally, 90 gpm at 06:34,
6/28/71.

2. Started radioactive tracer surveys using velocity
shot and R.E.V. method at 09:30, 6/28/71. .

I
3. Complet'ed surveys at-17:00, 6/28/71.

4. Injection flow stopped at_ 18:23, 6/28/71 after
Sperry-Sun recorder had been inserted in the hole-

and 1cft at 2900'.

5. Pressure fall off portion of test continued until
20:30, 6/29/71 when in-hole pressure recorders were
removed.

-

Phase B (Part of Phase l'in W.A.CO. Report)
,

1. Water injection started at 20:37, 6/29/71 at 25 gpm.

2. Temperature survey of hole during injection started
at 08:15,.7/1/71. , ,

'

3. Stopped injection at 08:45, 7/1/71 to make temperature
decay surveys in hole.

4. Temperature surveys completed at 16:55, 7/1/71.
~

Phase C (Called Phase 2 in W.A.CO. Report)

1. Started water injection at 17:05, 7/3/71 at flow
rate of 90 gpm.

2. Started radioactive tracer surveys using velocity
shot and R.E.V. methods at 08:00, 7/5/71. ,.

.

3. Completed tracer surveys at 14:15, 7/5/71.
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4. Decreased flow from 90 gpm to 50 gpm at 05:20, 7/6/71,
because of difficulties with water supply.

5. Inserted pressure recorders in hole at 09:00, 7/6/71.

6. Stopped water injection at 09:18, 7/6/71.

7. After removing pressure recorders to change full
charts and replacing recorders in hole, finally re-
moved pressure recorder at end of pressure fall off
test at 15:45, 7/12/71.

Phase D (Called Phase 3 in W.A.CO. Report) *

1. Started wat6r injection at 15:56, 7/12/71. -'

,

2. Ran tracer profile survey using R.E.V. method only
starting at 10:22, 7/13/71.

3. Completed injection profile measureme-its and stopped
water injection at 15:22, 7/13/71 after a total of
834,370 gallons of water had been injected in all
phases of the test.

4. Continued with radioactive tracer surveys during
period after water injection was stopped to investi-
gate quantitatively the backflow in the well bore
from one reservoir layer to another. Surveys com-1

pleted at 20:10, 7/13/71.

5. Test completed with final well head pressure reading
of 96.7 psig at 08:30, 7/14/71.

:
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Exhibit C.

. ..

WELL ANALYSIS COMPANY, INC.
Subsidiary SONICS INTEllNATIONAl.. INC.

, ,_ _

3 .-W
gg*g 563 0331

P. O. Box 16096........o.

Odesso, Texcs 79760

.

Mr. D.J. Foley, tbnager
,,

Project Engineering
. Nuclear-Operation Division
Kerr-McGee Corporation
Kerr-McGee Building
Oklahoma City, Okla. 73102

Dear Mr. Foley;

I
RE: Reservoir Analysis, Sequoyah Facility '

Purpose

To establish feasibility of conc' stent storage of liquid waste materials
into target reservoir without contamination of potable waters and other
useable geologic horizons or endangering surrounding surface environment.

General Conditions for Consideration ,

Target well is completed in the Arbuckle Limestone with 7" completion
string set through a Hunt, Sylan and Simpson and cemented at 1619', '

approximately 260 feet below the top of the arbuckle Limestone. Injection
interval completed uith uniforu 11" open hole extending to the top of the
granite at 3102'. Location is bounded by two major faults, one five miles
to the northwest and one intersected by a third fault, approximately one
mile to the East southeast. Total radial exposure to the nearest fault
plane approximately 120*. Formation displaccment and slippage control de-
rived from scimic data and correlation of two dry hole attempts ( the Smith
#1, tuo miles cast and the liighfield #1, approximately three miles south-
southwest).

Target well is located upon Company controlled land both surface and sub-
surface.

Reservoir evaluation uas to be based primarily upon computer calculations
and reservoir modeling utilizing high accuracy pressure; flow, time, and
injection profile and inhole flow data developed during a well testing
program made up of alternating periods of water injected and zero inflow.
Additional evaluations of the reservoir and of the well casing and packer
and near well bore formation from a leakage stand point were to be made
by standard thermalprofile and radioactive profile techniques.

'.I
9
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H.J. Gruy & Associates, Inc. of Dallas, developed the testing program,
|, evaluated the pressure, flow, time, and injection profile data, performed i

the computer analysis and reservoir modeling, and evaluated the proposed
injection well from an overall stand point. Well Analysis Company, Inc.
of Odessa, Texas, provided downhole wircline services and performed caliper
measurements, all thermal measurements and all radioactive tracer measurements
and calculated the injection pattern and flow characteristics from estab-
lished radioactive profile techniques and provided a progressive temperature
decay analysis. High accuracy downhole and surface pressure recording in-
struments and chart conversion were provided by Sperry-Sun Well Surveying
Company of Oklahoma City, Okla. Water injection, total injection flow, time
measurements and additional surface pressure measurements were made by Kerr-
McGee.

..

Multiple dependent and unpredictabic parameters dictated that,the water
injection and data collection be done in phases, each phase determining the
details of the subsequent test phase and series of data to be collected.

This discussion is primarily concerned with the interpretation and sequence
of the injection profiles and temperature data analysis.

Creater in-depth discussion of the development and application of the
survey methods utilized in this study is provided in the accompanying
techical articles. i

A.P.I. #906-9-E Review of Tracer Surveys.

S.P.E. #1339 Maximum Use of Profile Information.

A.P.I. " Factors Considered in Interpretation".

S.P.U.L.A. " Computers to Increase Value of Temperature Logs".
.

S.P.E. #1752 " Fluid Flow Analysis Techniques".

S.P.E. #2255 " Computerized Temperature Decay".
!

S.P.E. 02685 ' Ti ncrpretation of Injection Profiles".

A.P.l. #906-15-J " practical Field Interpretation of Temperature Surveys".

Other accompanying information:

5 Panel Composite of the Survey Results for Reference during discussion.
Panel 1 and 2 are represenative of Phases One and Two, respectively.
Panel 3 and 4 are Injection and Counterflow tests described during Phase,

5 Three. Panel 5 display the injection profiles of each of the three phases,
i plotted together for comparison. Panel 5 composit results are the qualified'

conclusion of the WACO log analyst. Quantitative results of the surveys
have been modified by qualitative interpretation of both Temperature and
Radioactive Surveys.

|

.
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TECllNIQUES OF PROFILE INVESTIGATION, ,

1. RADIOACTIVITY PROFILES - INJECTION OR PRODUCTION

1. . Tools

Instruments used are two gamma sensitive detectors and a
dispenser of a water solution containing Iodine-131 incorporated
into a single downhole tool. The device is run in the well on a
conductor line to a measured depth and a base radiation activity
of the well bore recorded. A small quantity of the radioactive
lostope solution is then released at a selected interval in the -

well and the path and rate of movement of the shot of liquid
containing the radioactivity within the well bore is charted by
observing the reaction of the detectors at various depths. These
reactions are recorded and the data evaluated, both qualitatively
and quantitatively, to define the pattern and relative volumes of
injection accepted by each of the subsurface intervals.

2. Calculations and Methods

Two methods of data collection are used in the investigations.

a. VELOCITY DETERMINATIONS

Radioactive solution is released upstream of the gamma detectors
and is carried past the detectors by the moving stream of in-
j ec t ion. The transit time over a given interval ( 5' normal
spacing) is measured and corrected for parabolic flow variations
and well bore diameters. The volume of fluid contained in the
measured interval of well bore (5') is calculated; and utilizing
this information along with the transit time, the rate of fluid
movement, expressed in bbl / day, past the interval is derived.
This action is repeated at selected intervals in the well and a
subtraction curve developed. The results are then plotted as
fluid acceptance intervals, or the injection profile.

b. RADIATION EQUIVALENT VOLUMES R.E.V. OR SELF METIIOD

These measurements are accomplished by releasing a given amount
of solution containing a radioactive isotope at a point upstream
of the zone of interest and measuring its relative activity by
recording the reactions of logging tools (radiation detectors)

I during a traverse run through the zone containing the radioactive

| material. The resulting curve (or graph) is triangulated and an
' index number assigned which represents the total amount of radio-

activity in the designated interval of the well bore. As this
volume of fluid moves downstream, repeated timed traverses are
made through the radioactive zone, charting the position and
activity level in each instance. These curves are also triangulated,

'

and their indices assigned.

,

I
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Should a portion or all of the increment of fluid carrying
the isotope leave'the well bore and enter the formation, a

* * proportional amount of radiation will also be diverted, since
the isotope is completely solubic and mixed within the fluid'

stream. (The radioactive material traveling into the formation
quickly becomes non-dectible to the radioactivity instruments).

- The variation of the assigned indices will reficct the radio-
activity and hence, fluid loss at each interval and may be plotted
in relative percentage to the original index. When. vertical dis-
persal of the isotope increases to the point that accurate~

m'easurement becomes difficult, a new increment of isotope is re-
Icased, and assigned the percentage represented by the last
traverse through the original shot or increment. The new shot of
material is then followed downstream by the same logging methods
and the continued reduction of index and hence, loss of fluid into

{ the formation is defined.
,

These techniques are both subject to a possibic 15% error (re-
lated to 100% fluid travel), but the parameters affecting each
are different than those of the other and accuracy control is
effected by comparison of the two results. Additional infor-

,

i mation may be inferred by these comparisons (i.e., vertical
crosion or fracturing adjacent to and connecting with the well
bore). These would aficct the velocity determination, but 1 cave
the radiation equivalent relatively unaffected. Thin zones of
fluid acceptance may be closely defined by velocity techniques
but only averaged over an extended interval by R.E.V. methods.
Caliper logs are essential to velocity calculations but not
needed for R.E.V. velocity calculations usually represent maximum-
flow rate at any given interval- R.E.V. measurements are necessarily#

minimai 2 terminations.
t

Profiles derived from these combined methods can be expected to
exceed 95% accuracy with respect to total. flow.

;

11. TEMPERATURE DECAY SERIES.

1. Tools:

The downhole instruments consist of pulsing oscillator controlled by
a calibrated temperature sensor. The dounhole tool is run into the

,

well by conductor line containing signal wire running back to surf ace
recording equipment and the indingent temperature is monitored at
each depth. The signals are sent back to the surface and recorded
as temperature in degrees F*.

,

2. tiethods and Techniques:
,

Temperature data are collected in ambient temperature only. Variations
expressed as dif ferential, or delta logs, are derived from the basic
co11cceed data. Data may be recorded by station setting, (tool held
stationary at selected depths for a specific recording time) or by a
continuous traverse over the entire interval of interest. Repeated

runs or traverses nade with the smae tools and calibrations reficct the
changing temperatures at all depths with respect to time, and are
termed a " Temperature Decay Series".

- ___ _--__ -____-_ - __
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..

Decay series are recorded with respect to time. A basic temperature
under constant conditions is recorded by either traverse logs, or
station settings. The base, or constant conditions are then altered

*

'and the resultant temperature transients during well bore recovery
are recorded at timed intervals.

3. interpretation:

The data recorded must be considered the temperature of the well bore
only, since the information is collected at the terminal point of an
equilibrium process.

The Temperatures at any point are the net results of all the surround-
ing thermal transfers. The temperature of the surrounding matrix is
the influence for well . bore temperature progression, however, and
bore hole fluid attempts to assume the temperature of the adjacent

-

dominant thermal field.

A depth of investigation may then be inferred by observation of the
. rates of change caused by these adjoining ficids or cells.

Temperature ficids generated by convection thermal transfer differ
in initial recovery rates from fields caused by radiation or conduction
only.

.

Comparison of these varying rates of recovery identifys the zone of
fluid movement thru the formation by reflecting the influence of the
more nearly isothermic conditions extending to a greater radius from
the well bore.

Temperature influence from any matrix surrounding the well bore depends
upon a completely static fluid column, else the reficcted temperature
vill be distorted by vertical in-hole convection thermal transfer.

4. Information:

Properly executed, thermal decay surveys confirm fluid exit or entry
intervals in the well, and define zone thickness or height beyond the
limits of any in-hole rate determination method. Quantitative values
cannot be applied however except under ideal conditions. They may also
be useful in determining leakage from the casing or upward around the
casing an thence into a higher formation.

111. ANALYSIS OF SURVEY RESULTS

The operating requirement of injectivity profiling and single point pressure
fall off are not compatable to simultaneous surveying. A sequence of
operation was scheduled to allow the most valid and efficient collection
of all data.

,

Preinjection Testing:

3. After setting up vell head for entrance of logging tools, dummy
run was made to check hole for obstruction using sinulated in-
strument package.

4

j
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2. Caliper survey of the open hole was made.
.

5. Pressure survey and static bottonhole measurements.*

Phase One Sequence:

1. Well was placed on injection at a selected rate and allowed to
to reach initial relatively stabilized conditions.

2. A Radioactive profile was run using both velocity, and Radiation
Equivilent Volumes for quantitative calculations. A base in-
jcetion temperature run was made at this time.

3. Sperry-Sun pressure equipment and WACO Temperature Tool placed
downhole 0 2900' and Well shut-in (injection stopped) for ,

nonitor of pressure.

4. Sperry-Sun instrument retrieved and well placed back on in-
jection.

5. Injection stabilized and well shut-in for Temperature Decay
Series.

6. Well p1' aced back on injection.

Profile and Temperature Analysis of Phase One determined:
Four gross injection intervals.

A. 1720' to 1820' 30% of injection volume with 24% between 1755'
and 1790'.

B. 2610' to 2655' 38% of injection volume.

C. 2760' to 2780' 12% of injection volunc.

D. 2820' to 2855' 20% of injection volume.

No injection continued below 2860' during the first injection period and,

| no other zones were accepting fluid at the time of the Radioactive Survey.
(See plots of Velocity and R.E.V. calculations on right side of 1st. pancl).

Temperature Decay monitors indicated that a Fifth zone may have opened up
and accepted some small portion of injection during the second injection
period. This is inferred from the definite indication of af ter shut-in

~

counterflou from 2700' upuard into three intervals. The injection zone
"B" 2610'-2655' and two new intervals, 2300'-2305' and 2360'-2365' strong
counterflow exists from 2700' into zone "B" (note isothermic pattern of
temperaturedecaycurvesoverthisinterval)withonly,agidllamountcont-*

inuing upward to the tuo new intervals.

The influence of the additional zone of injection, and the af ter shut-in
counterflow was observed on both the pressure monitor and the station

i setting temperature decay. This evidence of the net injection interval
change with fill up caused phase two to be designed around both short and

! 3cng term pressure decline with an injection profile to determine the
current net injection pattern.

w_ - _ -- ._- .-- _ - - . . _. , . -
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Phase Two. Sequence:

1. Injection resumed after the decay series temperature program was
completed and continued for 112 hours for stabilization.

,

2. Radioactive Tracer (Velocity and R.E.V.) was run to establish
injection pattern.

.

3. Sperry-Sun pressure equipment and L'ACO Temperature Tool run into
hole to flyed position and well shut-in (injection stopped) for
testing.

4. Five hour pressure and Temperature monitor run G 2650', Then tools
removed and replaced with Sperry-Sun pressure instrument only with
recorder set for 72 hour record period.

.

5. Pull and re-run pressure instrument with recorder set for 72 hour
pressure measurement.

6. Analyze first 72 hour pressure chart then remove pressure equip-
ment and resume injection.

Phase Two Profile and Temperature Analysis:

Original gross intervals of injection still exist, but with a significant
change in the fluid distribution into zone "B" 2610'-2655'. The net inter-

val decreased to 25' (2620'-2645') and the volume into zone decreased from
38% (Phase 1) to 11% of total injection. The water originally entering this
zone was diverted into three thin intervals between 2710' and 2810' (see
panel 5). Both zone "A" and "D" decreased in net thickncss with very littic

change in accepted volume.

A small interval just below the small areas ubich the temperature profiles
indicated were accepting counterflow during Phase One, now accepted approxi-
maticy 8% of the diverted injection (2420'-2425').

Reference to the decay series of Phase One indicates that this zonc may
have been accepting injection intermittently during the first tests. (note

,

retarded recovery of first shut-in temperature decay with respect to subse-!

quent runs 1st. panc1).

Erratic velocitics between 2240' and 2370' indicate possibic zone inter-
j ference during injection but R.E.V. calculations show no significant fluid'

3osses thr,ough the interval.
-

.

Phase Two pressure and temperature data again reacted to the after shut-in
! counterflow conditions and Phase Three was projected to chart the magnitude

'
and full cxtent of fluid movement during shut-in.

Phase Three Sequence:
,

1. Injection continued for 24 hours. ,

2. Injection Proffic run using R.E.V. methodu only.

3. Well shut-in and production profile techniques used to determine
counterflow extent.

- -
*-
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Phase Three Results:

the 4 ori inal gross intervalsInjection patterns again changed but B
continued to accept fluid. ~ The lower zones show a marked tendency ,

toward reduced volumes with continued injection, and the diverted
fluids are being accepted by the top interval (increased injection
into zone "A" from 30% to 46% during testing phases).

The counterflow conditions during shut-in were more extensive than
first analysis indicated (see panel 4).

Shots of Radioactive Isotope, placed at indicated depths and traced,
show fluid moving up from' zone "D" past "C" and"B" and a portion
moving to the top of the section into zone "A".

. .

Rate of initial counterflow is approximately 240-280 bbl / day but about
60% of this volume re-enters the formation between 2280' and 2380',one
of the original zones accepting counterflow. The remainder of the fluid
moves up the hole and is lost to zone "A" (1750'-1800').

Zone "B" (2620'-2645') which originally accepted the major portion of
the counterflou ,is presently receiving none, but appears to be contri-
buting a small increment instead.

No fluid is moving at 1700' and none is entering the well bore below
2870'. (see shots #3 0 2865' and #8 G 1675' 4th. pancl).

Lines connecting the average slope centers of each shot of material as
they progress uphole show a visual reference to the relative rates of,

fluid movement.

Zones of fluid acceptance may also be qualified by distortion of the
material distribution patterns. (Sec consistant distortion and intensity
loss G 2300', and runs 10 thru 22).

.

I

O
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~ Con'clusion:

Examination of primary open hole logs shou a net probabic injection
zone thickness of approximately 700' over the open hole section. Of
this, only 175' (approximate) is accepting injection.

'
'

Permeabilitics are layered throughout the entire interval with no
apparent vertical permeabilitics or fractures connecting the zone.
(Hence, the counterflow under shut-in conditions).

Fluid is being accepted well above total depth, (bottom of the hole) and
below the casing point, and there seems to be no problem in containing .

injection well within the vertical limits of the formation at this point
in the resersoir.

From analyzing the thermal profiles and radioactive tracer records,
there are no indication of channels, Icaks, holes, or other mechanical
failure at the casing seat or above and no channel or leak around the
packer.

,

injection zone locations and extent seem rather sensitive to pressure
build up and the amount of fluid injected into new zones could probably
be increased by selective acidizing. The tendency for intermittent
injection seems to bear this inferrence out.

The tendency of the lower zones'to accept progressively smaller volumes
points to the possibilitics of relativity smaller pore volumes of
permeability pinch outs'or local restrictions near the well. Should
the pressure data indicate the latter, selective treatment will al-
leviate this problem.

The opinion of UACO analysts is that not injection interval could be'

increased approximately 200% by proper treatment.

A program of consistant scheduled monitoring should be initiated to
identify and control net volume per foot into cach interval and to guard

|, against shortening the life of injection through ineffecient injection
patterns.

i

| .

All - | f.AAL<d
'

| Billy P. Morris
Vice President |

,

Well Analysis Company, Inc.
|

Midland, Odessa, Texas

..
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Exhibit D
CORE LADORATORIES, INC.

Pctrolcwn Resctroir Dagincering
- - - - .

DALLAS.TcXAS

October 28, 1969 ftEPLY TO
. u. w. .. . .r.

OKL AHOM A C11Y. OKL A.,

-vsua

.

.

.

.

..

Kerr-McGec Corporation
705 Kerr-!!cCcc Building
Oklahoma City, Oklahoma 73102

Attn: fir. Tom C. Danic*

.

-
Subject: Core Analysis

Sequoyah Factory Waste
, Dispo::a1 No. 1 Well

.

Sequoyah County, Oklahoma '
*

.

CLI File No. CP-1-7049 .

Centlemen:
- * .

' The Arbuckle Formation was diamond cored in the subject well
t

at various intervals from 1451 to 3032 feet. The core was
preserved at the well-site and transported to the Oklahoma

TheCity Laboratory for analysis by whole core methods.
-analysis results are presented in tabular form on the ac-
companying page of this report.

Crain Density measurements were requested at scattered
intervals and appear along with the tabular data.

Thank you for this opportunity to be of service.

Yours very truly,

CORE LABORATORIES, INC. -i

/ ,

f ''''A
,

C. Evertson, Jr.
District Manager

i

JCE:sh
Sec: Addresscc

! -

k .-|
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CORE LADOR ATORIES. INC... .
.

Pctsatcum Reservoir Enr.incering Page No. 1- *

D ALL AS. TEX AG

- - - CORG ANALYSIS RESULTS
"

CP-1-7049
Company _.XF,RR-MCCEE CORPOR ATION Formation ARBUCKLE p;te

We!!_SjiQU@*All FACTORY WASTE DISPOSAL #1 Core Type IIIA.MOND Date Report _ _1. 0-28-69

Drilling Fluhl UATER BASE MUD Analysts BOYI,E

Field --

State _._O.jg,yJOM A Elev._$1.9 ' Kil_Locatica__9.27 ' FEL & 32 31' FSLSECTION 21-12N-21C
County _ SEOUOYAll

Lithological Abbreviations

* *;U . ' '.*,"
*~".'*",'.'.'.'.",~eL-. %%.':.*U !'.".'; '' e. U U.'. 'O '.'.'.'.". , "UU'.".T' ".'''M!.*.C C..'. O'.*,'.."/ ".

.....s
. . . . . " .

.

l'."* 27-
..s.. .e.. 5,...... .. ..<.. ... .. ..e ....i, ... .,,....... ...im.......

j.e...
"'.iU it, .7e'v7 er"n c'r 'v e$n'c'

''
'' ..siets oesenievioe,

. .

ronosev y > = = a a ^=s w ete ot es.<
| ;o=ra ='| n . ... oit.-a "" .. .. ...

Ui! OLE CORE ANALYSIS

1 1451.2-52.1 4.0 3.4 9.5 0.0 89.1 Dol, vuggy, vert frac

2 52.1-53.0 0.1 <0.1 7.7 0.0 92.9 Dol, vert frac

3 53.0-54.5 0.1 0.1 9.9 0.0 91.6 Dol, few pp vugs

4 54.5-55.5 ' O.2 0.1 11.2 0.0 89.6 Dol, s1/ vuggy

5 55.5-57.0 0. 3 - 0.1 12.4 0.0 91.5 Dol, pp vugs

6 57.0-58.0 <0.1 <0.1 5.9 0.0 93.3 Dol, s1/ shy, few pp vugs

7 58.0-59.0 <0.1 <0.1 11.0 0.0 92.2 Dol, pp vugs

8 59.0-60.0 0.7 0.6 8.5 0.0 87.8 Dol, few pp vugs

9 60.0-61.2 2.3 1/9 10.7 0.0 90.0 Dol, few pp vugs

10 61.2-62.0 1.2 1.1 12.1 0.0 87.7 Dol, feu pp vugs, s1/ cherty
,

i 1 62.0-63.5 1.5 1.3 13.4 0.0 88.5 Dol, few pp vugs

12 63.5-65.3 0.1 0.1 9.4 0.0 88.9 Dol, few pp vugs

13 65.3-66.8 <0.1 <0.1 5.1 0.0 91.4 Dol, s1/ shy

14 66.8-68.2 <0.1 <0.1 3.7 0.0 89.3 Dol,.s1/ shy

15 68.2-69.5 <0.1 <0.1 3.4 0.0 90.6 Dol, s1/ shy

16 69.5-70.6 <0.1 <D.1 4.4 0.0 93.4 Dol, s1/ shy

17 70.6-71.7 0.1 <0.1 4.9 0.0 91.8 Dol, vuggy

18 71.7-73.3 0.1 <0.1 3.7 0.0 89.2 Dol, vuggy

19 73.3-74.4 0.1 0.1 8.2 0.0 91.5 Dol, few pp vugs

20 74.4-76.0 0.1 <0.1 6.8 0.0 97.2 Dol, shy

| 21 76.0-77.0 <0.1 <0.1 4.9 0.0 85.9 Dol, few pp vugs
Drilled

( 1477.0-1737.0
j 22 1737.0-38.7 <0.1* 3.3 0.0 76.7 Dol, s1/ shy, few pp vugs

1,ost core
38.7-43.0 ,

Drilled,

1743.0-1912.0
23 1912.0-13.0 <0.1 <0.1 2.1 0.0 67.4 Dol, s1/ vuggy

'
'

23 13.0-14.2 <0.1 <0.1 1.9 0.0 33.3 Dol

25 14.2-15.7 <0.1 <0.1 1.4 0.G 50.0 Dol, s1/ cherty

26 15.7-16.7 <0.1 <0.1 1.9 0.0 47.6 Dol

27 16.7-18.3 <0.1 <0.1 2.4 0.0 39.8 ' Dol, s1/ cherty

28 18.3-19.7 <0.1 <0.1 2.4 0.0 34.8 Dol

29 19.7-21.0 <0.1 <0.1 2.3 0.0 33.3 Dol

| 30 21.0-21.7 <0.1 <0.1 0.9 0.0 64.3 Dol, shy,

| 31 21'7-23.3 <0.1 <0.1 3.1 0.0 46.9 Dol
'

32 23.3-24.2 <0.1 <0.1 1.4 0.0 41.9 Dol, s1/ shy
Drilled

1924.2-2294.'O
( 33 2294.0-95.6 101 24 9.8 0.0 64.6 Dol, vuggy, s1/chcrty'

| 34 95.6-96.6 0.1* 9.0 0.0 69.1 Dol, vuggy, vert frac,

| 35 96.6-98.0 768 1.6 9.6 0.0 f7.3 N1, vuggy

36 98.0-99.4 30 0.2 9.2 0.0 69.8 Dol, vuggy, vert frac
whc.nm. and f wh<.se e sefusi.e an.! e<mC.fenisal i $f<

These seaty.et. e,pI. inns ce intet td elethns are I ased e.n ebes = atione a i.f snai. isti sung t.ed tiy the el. erie soof Cor e I . . he.s . t a.s ee s. Inc. (.;l ce s..r s and s.me n u..ee n e s ce p.eJ s ; f **f
this re pe.e t n eas.te. The inte s pe c t ate.mt .ie opene.46s e n g.r ened s e g.e e s.eit the i.est ju.fg enenta...t inake na m art saty 4,r sepsee eitai.wns, at t s the pe rducle.ety, preper opes etm'''r

C &. e I af.ne t..s ees. Int. s euf se s e.fiea re s e .l emi l"re e t, a nue..e sio s e suo. sib.ht ya

Gr 3 tehtettrasst .4 a y c f. sino ce ett.se asimeaal well s.e a.nJ an tunness .m weif which such seport es uuJ i.e salied i.pw i.|
i

J



* 'G CORC LADOR ATORICS. INC.
*

*- .

Pctiolciam Re>cwoir Engineering*

D ALLAG Tt.XAS

File __CP-1 -7049 Page No 2

Wcil_Sequoyah Fae tory Wa.s_Lc__DJspag.5
i

CORE ANALYSIS RESULTS " ' '
""= "c'O' =' " .. .a oc . c. . ....-

.. u o.,,. ...t....<,,, . . . . . . . . '

^~ '"'"^-
~ T-~;"a't''eJ"' ^ g'.? ...c~' -

sc. car,

37 2299.4-01.2 2.0 1.9 9.5 0.0 69.0 Dol, vuggy, vert frac
38 2301.2-02.8 0.8 0.4 6.9 0.0 68.5 Dol, vuggy

39 02.8-03.8 0.1* 5.2 0.0 73.6 Dol, vuggy, vert frac

40, 03.8-05.2 22 0.2 6.7 0.0 75.1 Dol, vuggy, vert frac
41 05.2-06.5 1.1 0.9 4.3 0.0 76.4 Dol, vuggy

42 06.5-07.9 0.6 0.3 6.6 0.0 76.4 Dol, vuggy

43 07.9-09.4 0.2 0.1 3.4 0.0 86.4 Dol, pp vugs, cherty
44 09.4-11.0 1.0 0.9 5.9 0.0 77.2 Dol, pp vugs, s1/ cherty

-

Lost core2311.0-12.0
Drilled2312.0-3021.0

45 3021.0-22.4 0.2 0.1 5.3 0.0 76.4 Sd, dol -

46 22.4-23.2 0.5 0.2 5.2 0.0 78.6 Sd, dol

47 23.2-24.8 0.2 0.1 2.8 0.0 86.4 Sd, dol, sty

48 .24.8-26.6 0.1 0.1 6.1 0.0 67.5 Sd, dol, sty

49 26.6-28.4 0.3 0.1 3.1 0.0 85.4 Sd, dol, sty-

50 28.4-29.7 0.2 0.1 3.7 0.0 80.9 Dol, s1/sdy, vuggy
51 29.7-31.5 0.8 0.7 4.4 0.0 72.6 Dol, vuggy, vert frac

.

Lost core-

3031.5-32.0

( GRAIN DEI'SITY

1452-53 2.808
. 1455-56 2.769

1457-58 2.762
1459-60 2.815 -

1462-63 2.845
1464-65 2.799 -

1466-67 2.798
1469-70 2.793 .-
1471-72 2.833
1474-75 2.840
1476-77 2.837
2294-95 2.817
2298-99 2.818 .

2303-04 2.808

| 2307-08 2.800
2310-11 2.794'

*

3021-22 2.706
3024-25 2.693
3028-29 2.822
3031-31.5 2.827

,

* DENOTES PLUG PERMEAPaILITY

TIIIS IS TIIC FINAL REPORT.,

.
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