
AT1r/AcnMENr
'

>

..
. . . . .,.

khg RIe cy,
'

7

PREPRINT--SCILIECT TO CORRECTION

Eceive w/ter uu_psy 1 0 1972 Paper No. 906-15-J

For release: March 21, 1970

NOTICE TO EDITORS: Permission is hereby granted to reprint this paper on or
after March 21, 1970, provided that the auspices under which it was presented
be conspicuously acknowledged, the author's name and af filiation be stated,-
the original title be used, and that the paper be printed in full. Any devia-
tion f rom this policy shall be approved by the author of the paper. If re-

printed in installments, the foregoing conditions apply to each installment.

PRACTICAL. FIEl.D INTERPRETATION OF TEMPERATl'RE SURVEYS

,
by ,,/ 9 q,

Q Billy P. Morris g

tecy g h WACO 1nc. -
gd M47j gg C#Mc Midland, Texas

,

4Qt ~.
Y5 MAyI G1972 m h i Lt. A. :y Eg N""

.

L. '%e
k ~~000-~ % g\* gfcuar |q !

ccafj[cyjon |+ %

For presentation at the
'" Spring Meeting of the Southwestern District

Division of Production
Inn of the Colden West, Odessa, Texas

March 18-20, 1970

--o0o--

(The statements and opinions expressed herein are
those of the author and should not be construed
as an official action or opinion of the Institute.)

--o0o--

Division of Production ,

American Petroleum Institute
Dallas, Texas

.

c. r' rs ?'f

L512180168 700321
PDR ADOCK 04000027
C PDR

s



F
6

'. .

Paper No. 906-15-J -2-

PRACTICAL FIELD INTERPRETATION OF TEMPERATURE SURVEYS

Billy P. Morris, WACO Inc., Midland, Texas

ABSTRACT

Temperature logs have been used as an evaluation tool since the early 1930's.
The simplicity of operation and expression of data once led the industry to
believe that formation reaction and data interpretation could be stereotyped.

Attempts at quantitat,1ve analysis of the collected data revealed that tempera-
ture information collected in the borehole is the end result of one of the
most complicated energy transfer systems encountered in dounhole survey opera-
tions. Efforts to reconcile these myriad variations have resulted in many
interpretive techniques making useful field interpretation of temperature data
highly controversial and subject to a high degree of error if misapplied.

Some basic characteristics are reflected in each and every temperature curve,
and if properly analyzed, can serve as a useful qualitative tool for evalua-
tion of current downhole conditions.
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I KTRODL'CTION

I
,

i

Downhole temperature surveys have long enjoyed immunity from the more 4

exacting and precise evaluation methods that are applied to other types
They have ret'ined much of their popularity byof well bore surveys. a

virtue of the simplicity of the physical operation and unsophisticated
presentation of data. One recrcly lowers a " thermometer on a string"

| in the well, takes readings at various depths, and records the results ,

'

i as a graph of temperature (f ahrenheit or centegrade) vs. depth.
"

,

;

Conditions are usually' assumed stab!c cnd fairly constant, and the tem- ;

peratures recorded in the well bore are inferred to be the conditions
extending for some distance into the formation.

' All modifying or contingent conditions must be applied by the inter- i
!preter, and every man becomes an " expert" af ter seeing one or two tem-

' '
perature logs.

Temperature logs have been used for all types of investigation; i.e.,

cement top location, production analysis, casing and tubing Icaks, frac
evaluation,. injection zonc defirition, and even attempts to locate uneval-
uated oil bearing sands behind the casing.

The " cook-book" style of interpretation used until recent years produced !
some successful evaluations and many dismal failures, and overexte'nsion
of temperature log capabilities has caused misapplication of technique. |

'
,

Promotional efforts to the contrary, temperature tools of excellent qual- (
ity are available to the entire industry through several suppliers. '

The validity of the information derived depends more upon the~ application
,

and interpretive technique used than the tools themselves.
|

A basic understanding of these tools and their capabilitico is necessary
to properly apply the data they collect.

T001.S
;

The downhole recording tools f all into three classifications: (Figure 1).

1. Absolvtc or normal temperature: A single element tool calibrated
ard aligned to detcet the existing temperature downhole and trans- I

mit this inf ormation to the surface, where it is recorded as actual i

temperature versus depth. !
'|

This tool measures the temperature of the borehole fluids at a single
,

point and is subject to the total of the vertical as well as lateral
I

'
i
:
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effects of temperature transition zone. Sharp definition of tempera-
ture interf aces is improbabic unicss the dif ferential is extreme,
and slight changes often go unnoticed unicss recording sensitivity
is high. Total transition from one temperature to another is usually
averaged over a long vertical interval.

- 2. Temperature Differential: The differential tool utilizes two ele-
monts physically separated by a given distance. Both elements detect
the absolute temperature of the fluids at their respective depths.
These tempcratures are impressed upon a " comparison circuit" and
the difference between them is transmitted to the surface and recorded.
IIenc e , if one element detects 76 degrecs and the other, five feet
above it, registers 75 degrecs, a 1 degree progression for the inter-
val is recorded. As long as this progression remains the same as the
tool is moved downhole, no further deficction is recorded, but should
the rate of change increase to 2 degrees per five feet interval (i.e.
top clement 78 degrees and bottom 80 degrees) an additional one degree
deficction would appear on the recording for the given interval.

The two element tool can be calibrated and used as a "true differen-
tial" indicator by taking stationary readingr. The actual difference
in temperature would be determined by the deficction. During most

logging operations, the progress downhole is usually continuous;
therefore, both the rate and the amount of temperature change affect
the readings, and the log is used as a relative temperature change
indicator. The actual temperature is recorded simultaneously on
a separate circuit. The advantage in this usage is a more prominent
indication of temperature change over a given interval.

3. A-Priori "Dif f erential": This principic simulates the differential
effect by using a singic element and an electronic " memory circuit".
The single element detects the temperature of the well fluids and
sends this information to a memory cell or delay circuit. After a
pre-selected time this temperature impulse is fed back into a "com-
parison circuit" and is impressed with the impulse currently genur-
ated by the temperature element. The difference in temperaturc

detected at the two time-intervals is recorded as differential.'

This tool is not a true differential indicator with respect to depth
since it depends upon movement for its depth spacing. Theoretically,
the spacing is controlled by logging speed, but in actual practice,
the time delay for feed back in milliseconds and normal logging
speeds are not compatibic. No consistent spacing control is possi-
bic without electronic "gateing" keyed to the depth meter. Contin-
uous movement again incurs effect from both the rate and amount of
temperature change, and confines the use of this curve to an inston-
taneous slope change indicator. As with the other differential
tools, the actual temperature is recorded on a separate circuit.
The downhole tool used in the A-priori method is oniv the normal _

'
,
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or absolute temperature sonde. All the delay circuits gre in the
' surface instrumentation.

The only basic data collected by the temperature sende is the absolute
temperature inside the well bore and the depth at which it is recorded.'

The interpretation o'f temperature datn does not depend upon the downholei

f temperature that exists, but rather, the degree and rate of change under ;

controlled conditions. An examination of the conditions involved will'
'

lay the groundwork for more accurate interpretation.

Tt.e normal gradicat entsts beccuse of a temperature equilibrium process-

from the interior of the earth (warmer) to the surface (cooler). llea t
flow is vertical and forms a gradient or constantly decreasing tempera-
ture assit approaches the surface. The' edistence of a hole in the ground
does not change the gradient appreciably (Figure 2-A).

I
temperature be ' hanged by pumping cooler or warmer fluidsShould the c

'
downhole, a dif ferential is formed betwcon th'e well bore and the forma-
tion temperature at .any given depth and a lateral or horizontal " gradient"

'

is formed between the well bore and the ~ formation (Figure 2-B). A pro-
cess of equilibrium is set up, and heat flows from the warmer source to
the cooler point. The coolest point in ;the system is the terminal point
for this equilibrium process and, therefore, is the last point to be
affected by the heat flow. .

The well bore is either the source or terminal point of these heat
exchanges, and any temperature change must be considered the result of,

4 the sequence of heat flow rather than the instantaneous condition of
the reservoir outside the well bore.

Fluid moving inside the well bore not only affects the zone accepting
the fluid, but the formation temperature is changed outside the entire
extent of the hole by conduction (Figure 3). This change is constantly
expanded to some distance until the formation will conduct only the~
amount of heat that is being carried away (or added) by the moving
fluids. " Steady sta'te" heat flow then exists, and unless the tempera-
ture of the fluid moving in the well 10 changed, there will be no addi-
tional change in ' formation temperature immediately around the well bore
with continued f,lutd-movement. When the fluid movement is stopped, the
temperatures in and around the well bore; attempt to recover to norreal,

gradient for each depth. The rate of recovery inside the well bore
(data collection point) depends not only 'upon the zones that have or
have not accepted the fluid, but also upon the ability of each of the
formations to transmit heat to or from the well bore. The formations
not only transmit heat directly backito)the well, (Figure 4-A), but as
one formation warms or cools faster than the adjacent one, local equi-r

librium effects are set up in the formation which slows the rate of
recovery in some zones and speeds that of others, causing a distortion

L |
4 . < 1, I
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of the lateral temperature transfer characteristics of these formations
(Figure 4-B) .

The mechanical arrangement of the well also affects the rate of heat traas-

fer at each depth by increasing or decreasing conductive properties (Figure
5).

Temperature tools have no " Radius of investigation" into the formation
and can only measure the temperature inside the well bore. Recorded

temperatures at any one given time do not detect the many small changes
in the formation that affect the. final well bore temperatures.

A " single run" temperature log run and' interpreted only by the " cooler
or hotter" technique can result in completely erroneous information.

One simple rule of thumb can be applied to "on the spot" interpretations
which will greatly increase the accuracy of field analysis of tempera-
ture logs:

Static well bore fluids always assume the temperature of the
" Dominant Temperature ficid" immediately adjacent to the well
bore.

This obvious'over simplification of conditions can be made applicabic
if the sequence of events that result in a particular " Dominant field"
are examined.

When cooler fluids move thru the well and into the formation " boundary
cooling" is caused around. the hole and above and below the zone taking
fluid. Heat flows back to the well bore from some radius away from the
well. Heat at gradient temperature for cach depth is available for
recovery except in the zones accepting fluid (Figure 6). The heat
source across the zone of injection is approximately the same as the
well bore fluid temperature, therefore, littic or no heat is'availabic
to warm the well fluids opposite these zones. There is no warming
trend after shut in and this area lags behind in its rate of recovery.
The Dominant Temperature Field in the non-injection zone is at normal
gradient for that depth,,but the Dominant field of the injection zone
is approximately the fluid temperature under injection conditions. A
trend to positive slope develops over the non-injection interval but
no slope trend (either positive or negative) is developed through the
zone of injection (Figure 7).

These ideal conditions are relatively easy to identify since they con-

sider only the temperature ficids and unobstructed path of heat flow.

Changing well bore mechanics change both the radius of dominant ffald
and the heat replacement rate. The temperature curve will reflect ~ the
presence of tubing, casing, enlarged hole, squeered zones or any other

a
"
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change f rom continuous borehole configuration by a deficc tion f rom its
established slope or trend.

The -following examples are reproductions of t emperature deca:, curves
run at varying times after shut in. The total pattern of progression
identifies the zones readily, but any single curve of each series might
well be misinterpreted if analyzed fwith no other information available.

Figure 8 - The effect of tubing in continuous cased hole - Deflection
of temperature towards the injection temperature (cooler) at the base
of tubing string.

Figure 9 - Tubing, casing and open hole - Temperature deflections
at each change of hole configuration.

Figure 10 - Tubing set to total depth. Note changing direction of
deflection at base of tubing with time as one dominant temperature
field (annular) space is replaced by secondary field.

Figure 11 - The effects of enlarged hole in non-injection zone.
Additional volume of hole distorts otherwise normal progression

of temperature after shut in and causes cool anomaly on log.

Figure 12 - Enlarged hole between two injection zones. Boundary
cooling above and below combines with increased hole volume (non-
injection zone) to cause coolest anomaly in non-injection zone.

These examples point up the possibic error to be incurred by indiscrim-
inate interpretation of " cold" spots as zone of injection. Study of
the family of curves shows,.however, that the establishcd proportional
rate of recovery developed in the non-injection zones is retarded in
the injection zones by the extended dominant field of nearly. constant
temperature, and rate of change becomes the factor for interpretation.

Selection of intervals of lateral fluid movement must then be made on
a basis of zone temperature atability rather than actual temperature
at any given time. To detect this " stability", it is necessary to
observe a family of curves recording the sequence of temperature pro-
gression after some controlled action.

Many field operations do not. allow time for this accumulation of data.
Interpretation must be made with inferred temperature sequence bascd
on data collected during a shorter time interval, and augmented or
modified by the interpretors knowledge of the physical changes that
have been caused-by some surface initiated action.

Prior information; i.e., established normal gradient for local area,
'well bore mechanics, surface temperature of injected or produced fluids,
compressibic or non-compressible fluids, measured injection or produc-
tion rates, type of fluids (reacting or stabic) etc., must be considered

i
t ',
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when assuming sequence of temperature change.
.. Base logs should be run to establish existing temperature conditions

downhole for comparison to subscquent temperatures.

When a large differential (20 F or more) exists between moving well
fluids and normal downhole temperatures, or prior temperature logs under
the same conditions are availabic, base logs may sometimes be dispensed
with, although interpretation is greatly facilitated by their use. Remem-

ber, prior injection zones, squeeze cementing, liner applications, etc.,
may have generated a dominant formation temperature downhole other than
normal gradient.

Figure 13 - Well "B" has been prepared for recompletion in a lower
zone by squeezing the upper zone and opening a new zone by perforat-
ing.

Lower zone is treated with acid to stimulate production. Examination
of the after treatment log shows heating anomalics exceeding the normal
gradient in both the new zone and the squeezed zone. Assumed condition;
the original zone broke down or acid treatment channelled up to the old

| producing interval. Comparison with the base log shows that the upper
' heating anomaly is the result of the cement squeeze and existed before

treatment.' Since there has been no change in the upper heating indica-
tion the conclusion is that the squeeze held and the- lower zone treated-
properly.

I- In the absence of base log or prior information, it is imperative to
make at 1 cast two or three temperature traverses over the interval af ter
an initiated change to observe the relative sequence and amount of change?

incurred by the action. Injection wells normally involve only one
; induced change (injection to shut in) and the temperature progression

is trom one stabilized condition towards another. Care must be exercised
in gathering prior information, however, lest some change in injection
rates or pressures change downhole conditions and generate new and con-
fusing temperature fields.

Figure 14 - This established low rate injection well was subjected
to step-rate test which ultimately broke out below the logged depth.
The well was then placed back on injection at the previous low rate,
allowed to stabilize, and logged with decay series temperature sur-
vey. The lower _ zone and bottom of the hole had beca cooled below
normal injection temperature by'the step-rate tests,' but the current
injection curve shows no injection past bottom of the-hole. Study
of this sequence shows positive (warming) trend above 2550 feet,
stable temperature at current injection temperature over interval
2550-2600 feet and negative progression below 2600 feet. The domi-
nant temperature ficids are three phase,' cooler on the bottom with "

very slight injection at normal rates. Warmer above, no injection,

- - _ - _ - _ _ _ _ - _ _ _ _ _ _ . - _ _ _ - _ - - - - _ _ - _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ - - _ _ - - - - _ _
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and constant at current injection temperatures through the center
(maximum current injection),

t

This analysis 'could not have been positive without prior information but
,

a base run under injection and a shut in curve after 4-6 hours would
have identified the stabic zone as 2550-2600 feet where no gradient,
cither positive or negative, was generated. The constant temperature4

then. indicates the major injection zone.

'

TREATMENT AND PLS!P IN ANAIXSIS

Intermittent injection or pumping operations never generate " steady state"
heat transfer conditions. These operations are usually very short term.
and the temperature changes induced by them are subsequently shorter lived.
Since the conditions are in a constant state of fluxuation, they are often
changed again, before they recover completely. Relative anomalies are
obliterated by additional action from the surface before another tempera-
ture traverse is made over the interval. Interpretation is made by com-
parison of the temperature curves, and identification of the more nearly
stable zones in relation to the sequence of eve'nts.

The same deminant temperature field principles still apply but are some-
times more difficult to identify. When scanning the 103 for zones of
injection, consider the tecperature anomaly that should be generated by,

the last action taken and identify the partially stablized zone in rela-

) tion to the prior traverse.

A base log of existing temperatures before pumping is an absolute neces-
sity to properly locate the affected interval in recompletions and old
producers.

Figure 15 - Examine well "Y". Open hole completion, tubing set
to point "D" and producing from zone "B". Tubing is pulled and
well readied for retreatment to stimulate additional zones.

i A light single stage frac is pumped away and a frac analysis temperature
log is run:

Run No. 1 - Compared to known normal gradient shows cooling from
casing seat to point "D" with some cooler points opposite all three
major zones. Apparently the well has accepted treatment in all
three zones. '

Run No. 2 - Progression of temperature opposite zone "A" indicates,

no treatment into "A". Zone "B" is accepting treatment in top and
bottom of zone and zone "C" apparently well treated. (Note stable
temperatures at bottom.)

Base Log - Comparison of base log over zone "C" shows that~ stable
anomaly in the lower section of "C" was residual from the effects
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of producing period and only the very top portion of "C" accepted
treatment. The dominant temperature fields are identified in
sequence: Base Log, run No. 1, run No. 2, and have indicated the
need for further treatment or a change of treating procedures.

Figure 16 - A base log and run No. 2 will provide enough interpre-
tive data if the characteristics of the more nearly stable zones
are recognized. Interpret for the zones that indicate no slope either
positive or negative and recognize that any slope, either negative
or positive, indicates a transient temperature exchange.

TREATING FLUIDS

Acids or reacting treating fluids generate heat when they contact the
formation. These reactions must be allowed for in the interpretation
of treatment evaluation temperature curves.

The sequence of operation should agcin be considered and the step by
step analysis applied. Treating with cooler fluids first cools the

formation by contact, but the heat of reaction warms the zones accept-
ing treatment. This produces a two phase temperature reaction.

The temperature of the treating fluids should be adjusted to maintain
all the reactions either positive or negative with respect to normal
downhole temperature.

For example: Cool acid is pumped downhole and arrives in place 14
degrees cooler than the normal temperature. The formation is cooled
14 degrees by contact but the heat of reaction in the formation generates
a 14 degree temperature rise in the zone accepting treatment. The result-
ing well bore temperature would be the same as the normal temperature
and no anomaly would exist. The curve would have no positive interpre-
tive value (Figure 17-A). Should the acid treatment have arrived down-
hole at -20 degrees to the normal temperature, the zone accepting treat-
ment would also show deflection from the normal temperature indicating
that it had been exposed to the treating fluids. Normal progression of
the temperature recovery would then indicate a dominant temperature field
in the treated zone while the untreated zones recover at a higher rate
(Figure.17-B).

Displacement and overflush fluids should be brought to the same surface
temperature as the treating fluids to avoid altering the temperature
indications caused by treatment.

Interpretation should always be made from the absolute temperature curve
rather than from the so-called " differential" curve. The T or differ-
ential curve is not a measurement of temperature, but an indication of '

slope change. Due to boundary cooling and/or heating, the slope of an
absolute curve starts to change at some distance above the actual zone

- _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ - _ _ a
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of injections and the practice of identifying the zones f rom the dif fer-
ential curve alone can Icad to complete taisinterpretation of the results
(Figure 18).

The use of the Delta curve should be confined to identifying the slope
changes of the absolute curves as they enter the zones of " stability".
Slight increases in the rate of slope change from transient to " stable"
temperature conditions may be more closely defined with respect to 1

depth and the actual zone of fluid acceptance identified more specifi-
,

cally.

Fluid movement in the well bore during the time the temperature traverse
is being made destroys all evidence of the anomalies being formed in the

;
- f o rma t ion. The well bore temperatures are constantly being displaced

by the moving fluids, and no temperature other than that of the fluid
stream is detected. Wells on vacuum, counter-flow, or backflow condi- .

tions show only the temperature of -the fluid cad the vertical extent of
its travel as long as the fluid continues to move.

The Dominant Temperature field principle can be used to increase the
accuracy of "on the spot" field interpretations if the heat flow char-
acteristics in the formation are related to the resulting data collected
in the well bore.

RULES FOR Appl.ICATION

1. Determine well bore arrangement.

2. Review prior data or logs, if possible, to determine variations
from normal temperatures.

3. Run base temperature or establish a constant for comparison
from prior data before any action is taken to alter downhole
temperatures.

4. Consider the sequence of action with respect to the temperature
progression.

.

5. Interpret any slope (negative or positive) as an aren af tran-
sient temperature and identify " stable" zones by their approach
towards vertical gradient. (No slope) These are the zones
of near constant temperature over their entire vertical extent.

,

J

_ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _
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CONCLUSIONS

Temperature logs are a valid qualitative field interpretation tool when
properly executed and interpreted.

" Single Kun" temperature logs without modifying data or prior logging
history can casily be misinterpreted.

Interpretation technique must utilize rate and sequence of temperature
progression rathe:: .than " cooler or warmer" principic.

" Dominant Temperature Field" principle applies to all temperature log
analysis and must be considered for consistently accurate interpretation.

" Differential" or Delta-T curves should be used only to more closely
define slope changes in the absolute curve, and must not be construed
as temperature readings.

1
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591 ~ 1399,758 ~ 19:15 6-29-71~

~ ~~ - -~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ " ~~~ ~ ~~

;924 13S9.7 11 ~~~~~

~ ~ " ~ ~~' ;957 ~1399.617 19:26 6-29-71'
~~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ '

990 13b9.617 ^19:20 6c29-71
1 023 1359.617 19:22 6=29-71 ~

~ ~ ~ ~ ' ~ ~ ~ ~ - ~ ~ ~'

' ~ ~ 1j026 13b9.570~~19:24 6 - 2 9 - 7 1 ' ~ ~ ~~' " ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~

1 069
~~ ~

t - - ~ ~ ~ - 15122 ~13a9.570
19: 26 5-29-71 ~~~ ~ ~ -~~ ~ ~ ~ ~ ~ '

13b9.323~ 19:26 6-29-71
1,155-- 1359,S73 19;396-29-71

~

~

li 1M 13b9.570 19:32 |6-29-71 ~ ~ ~ ~ ~ ~ ~ '~~~ ~ - - ~ ~ ~ ~~~~ ~~~ ~

~~'~ ~ ~ 1 221 1359.570 ~19:34 6-29-71~ ~~-" ~ '

1 2b4 13 a 9,37 0"~ 19 : 36-~6-29-71
- - -- ~ ~~ ~ ~~~ ~ ~~~~~~- -"

1 267 13a9.570 ~19:33 ~ 6-29-71 ~~~ ~~~ ~ ~ ~'~ ~~~ ~ ~ ~

1.32G 13b9,570 ~ 19 : 40 6-29-71'
~

.

~~~ 1 353~ 1359,570~ 19:42~~6-29-71 ~ ~~~~ ~ ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ^ ~ '- ~

19 3S6 13b9.$23 ~19:44 6-29-71
~~ ~~~ - ~ ~~ ~

^ ~~ ~~- ~ ~ ~

~ ~ ~ ~ 1. b 51' 1359.523 19:53 6-29-71 -

1 715 ~ 13 59. 617 ~~ 20 : 03 6-29-71
1.G51 ~ 1359.617' 20: 13 6 - 2 9 - 7 1 ~~ ~ ~ ~~~ ~ ~ - ~~~ ~~" ~ ~~ ~~~ ~

~~~~ ~ ~ ~

~ 2 046 13b9.617._.20:23 ~6=29-71 ~~ ~-~
~~~" ~ ~

_ _. _ _ . . . g . .- .g g , g .j 3 _. gj

2.376 1359.758 ~20: 43' 6-29-71~ ~ " ~ ~ ~ ~ - ~
" ' " ~ ~ ~ ~ ~ ~ ~ ' ~~~ ~~ ~ - ~~'

" 2.b41 1359.552 2G:53 ~6-29-71'~
~~"" ~~"- ~ ~

. . _

' ~' ^ ~ ~ 2.7 06" "1399,652 21: 03 6-29-71
~~-~ ~ ~ ~ ' ~ ~ ~ - - ~ ~ ~

- ~ ~ ~ ' ~ ~
~ 2.371~~13b9.993 21:*.3' 6-29 71

~ '~ ~-~ - ~

3 201~ 1359.993 21:32 6 - 2 9 - 71 ~~~~ ~~ - '

3 i b31~130 0,134~~ 21: 52 "~ 6-29-71--' ' ~ ~ ~

~ 3 361' ~ 1350.134 ~~ 22 : 12 6 - 2 9 - 7 1' "~ ~ ~~ ~~ ~~- ~ ~
~ -- ~~ ~~ "~ '

~ ~ ~ " - " -~ ~ ~

4.191' 1330.226 22:32' 6 - 2 9 - 71 ~ ~ ~~ "- '
-- 4;521'~ 1360.223~~22:52~~6-79 71

- ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ '

4.651 1360.369~ 23: 11 ~6-29-71'' - - ~~~ ~ ~ - ~

5 151~ 1360.369~ 23:31 6 - 2 9 - 71 ~~-- ~~ ~ "~~
'~ '-

S.51 1 ~~~~ 1 3 6 0 . 3 6 9 ~ 2 3 : 3 1 6 - 1 9 - 7 1c
l 5.041 136 0. 4 62 ~~ O lli 6-30-71 - - ~' - - ~ ~ - ~ ~ ~ ~ -~~ ~' ~

6.171 1360.509~~ 0:31 6-30-71 ~ ~ ~ ~ ~-" -- ~ ~ ~

' ~~~~ ~~ '-~

n.501 1360.509~~~0:50-'6-30-71
6.631 1 3 6 0 . 5 0 9 ' _~ 1 : 1 0 ~ '.6 - 3 0 - 7 1'~ ~ '~'_~" ~

- -~~~ ~ ~ ~~' ' ~ ~

-
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- ..... -_.... _.. .
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. . _ _ - _ . .. _ . - .
-

....-_ ._
7,161._ 1360,30 ..___ 1;30 _.6-30-71

. . . _ .

9
. - - .

. 7.491 1360,S56 1:50 _ 6 - 3 0 - 7 1 ._- _ _.. . _ . . .
-.m. __ -

_-.. -_ _ -_.- .-7,021. 1360.556.._ 2;10 6-30-71
.. .

.

3.151._1360,556 __2:29__6-30-71
__ _.. ._

9,001 1360.650.. 4: 06 6-30-71___._-__ _ ._. _ _ . . _ . . _ . .

11,451. 1360;603 S:47 6-30-71
.

... _ . 1 3 , 1 0 2'. __. 3 6 0 , 5 5 6 7:26 6=30 71
__.

*

14,7bi. 1360.603. 9:05. 6.30-71[__ _ . . _ . . . _
- . . _ _ . . . _ _ _ . . _ _

16,467 1360,603 10148 6-30-71 . - - .. _
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_ ..

23,067 _1360,321,_ 17:24 6a30-71._ ____.. _._ ..._
__

24.651 1360.321 16:59 6-30-71. __
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-- SPERRY-SUN WELL SURVEYING COMPANY

- -

- PRECIS!0fl SUBSURFACE PRESSURE GAUGE REPORT-- -- - -- - -- - - I|
.

FOR-- - --

__ - . __ _ _ ._. .. _ _ . - - --

-~ - KERR-MCGEE CORPORATION
- .- . . .. - - . . - . .- - ....-.- . - - - - - - -

- ---

. ._ - . .
-

-+.- i'-m %aa 4 J..*

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

-m

- LEASE SEQUOYAH PLANT WELL NO. 1
FIELD - - WC

- LOCATION OKLAHOMA - - ---

m

-- - COUNTY / PARISH SEGUOYAH
--

# STATE OKLAHOMA
- -TYPE TEST PRESSURE DRAWDOWN -JOB NO. SPG-7140 - ----~~ - -- ---

DATE OF TEST JULY 6, 1971
, -

--~. . -. - --. .--- . . - . . - . - - . . . - -
- . - --- - - - - - . - - -

-- REFERENCE ELEV 579. FT. REFERENCE POINT
0. FT. REF. SEA LEVEL - -- ~~~~

- - DATUM' - - -

'

- - NOTE < ALL-REPORTED PRESSURES ARE ADJUSTED TO THE ABOVE DATUM
~

. ~ - . ... .. - .
- --- - ---

m

- RUN GAUGE ' DEPTH DATUM PRESS. TEST CALIBRATION - - --- - - --

NO. NO. CORR. GRAD. TEMP. (DHP= )
(FT.) (PSI) (PSI /FT.)(DEG.F)

. .. _ _ . ._ __ . _.. ,

.

. 1 177 2650. .0 .000 87. 56.296 * EXT - 48.366
- 2 177 2650. .0 .000 87. 56.296 * EXT - 48.366

. . . _ . . COMMENTS < THIS IS FIVE HOUR TEST WITH INJECTION THE FIRST 15 MINUTES -- -

THEN SHUT-IN FOR REMAINER OF THE 5 HOURS
. . -
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LEASE SdUNA5[UT WELL NO. 1'

_31066 _:_ _____ _. _. ._ . . _ . _ _ ____ _ _ _ _ _ . _

. ..-

_ _. DELTA PRESSURE TIME DATE COMMENT -- - -- --~- - - - - - - - - - - - - - - - .- - . -

_ TIME - -- -.

-

j$ . . . - .._. -. -- . -. . . -
_

.262 1273.196 9 <Ois 7- 6-71 ON BOTTOM
- . - . .258 1273.727 9<16 7- 6-71

. _ . . . .253 1273.944 9<16 7- 6-71 _ - - - - - - -- - -- ,

_. - .249 1273.775 9<16 7- 6-71 -

. .245 1273.896 9<16 7- 6-71
.-_-._. .241 1273.896 9<17 7- 6-71. - -- .-- - - - - . -- - - -

._ .237 1273.872 9<17 7- 6-71
.233 1273.823 9<17 7- 6-71 ', !

--- .229 1273.751 9<17 7- 6-71 -

.224 1273.992 9<18 7- 6-71

.220 1273.823 9<10 7- 6-71
-._-_. .216 1273.944 9<18 7- 6-71 ----- --- -- - --

.212 1273.944 9<18 7- 6-71

.200 1273.896 9<19 7- 6-71
. . _ - ._ .204 1273.872 9<19 7- 6-71 - - - - . . - - . . . - _ . - - - - - .

.199 1273.992 9<19 7- 6-71

.195 1273.920 9<19 7- 6-71 -

'

,. - .191 1273.968 9<20 7- 6-71 - - - - - - - - - - . - - - - - - - -- -

.187 1273.896 9<20 7- 6-71

.183 1274.040 9<20 7- 6-71
.-. _.~.179 1273.896 9<20 7- 6-71 - - - - - - - - - - - _ _ - - - . - . - - - - . . - >

.175~ 1273 920 9<21 7- 6-71

.170 1273.944 9<21 7- 6-71
.- _ _ .166 1273.920 9<21 7- 6-71 . . - _ . _ . - _ _ - - - -- .

.162 1273.823 9<21 7- 6-71

.158 1273.896 9<22 7- 6-71
._ .137 1273.896 9<23 7- 6-71 - - - - - - - - - . ,

.116 1273.872 9<24 7- 6-71

.096 1273.872 9<25 7- 6-71
-. . .075 1273.920 9<27 7- 6-71 - . . . .._. . _ - _ - . _ _ _ . -._ . _ - . _ _ .

.054 1273.920 9<28 7- 6-71

.033 1273.847 9<29 7- 6-71
_. . . . .012 1273.847 9<30 7- 6-71 - . - - . . - - - - - . - . - _ . - . _ - - . . . - - . _

000 1273.823 9<30 7- 6-71 END INJECTION

. _ _ . . . _ . . .000 1263.254 9<30 7- 6-71 START FALL OFF - . - . - . ~ _ - _ _ _ - . - - . _ _ -

004 1250.417 9<30 7- 6-71
000 1251.841 9<31 7- 6-71

_-. .. 013 1266.801 9<31 ~7- 6-71 . . - . - - - - . . - - . . . - - - - - . - - - . . . - - - _-

017 1269.818 9<31 7- 6-71
.021 1269.118 9<31 7- 6-71

'
. - _ . . . . _ - .025 1268.852 9<31 7- 6-71 - - - - . --

.029 1268.780 9<32 7- 6-71 -

033 1268.732 9<32 7- 6-71 -

,

- _ -. .._ 0 3 7 1268.732 9<32 7- 6-71 ~ _ - . - . - - - _ - _ _ _ _ . - _ < _ _ _ _ -

.

.... __
. . _ . - - _ _ _ _ _ _ _ . - -

1

- , . ~ . . . ~ . - . . . ..- . - . . . - . - -. - -- ~~- --..n--- . . .

PAGE No. 1 --
. _ - _ . . _ - . _ _ _ . . . _ . _ _ _ . _ _ . . . . . . _ _ - _ . _ _ . -. - - - - - - - - . - - . -- -

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ - _ - _ _ - _ _ _ _ - _ _ _ - _ _ _ _ - _ _ _ _ - __ _ -_-_____ _ __



__- _ _ _ _ ___- - - - _ _ -__. _ _.-_. A -- 2

LEASE',SEQUOYAH PLANT WELL fl0. 1*

31008 .- - - - . - - . . - - . . . . - - . . -

.042 1268.732 9<32 7- 6-71
.- 046 1268.732 9<33 7- 6-71
_ .050 1268.708 9<33 7- 6-71 - . _ . . - - . - - - - _ . - - - - - - - - - --

.054 1268.708 9<33 7- 6-71

.058 1268.684 9<33 7- 6-71
. .___ _ -_- .. . 0 6 2 1268.684 9<34 7- 6-71 - - - - - - . - - - - - - - - - - - - - -

-. 067 1268.659 9<34 7- 6-71
071 1268.635 9<34 7- 6-71

.075 1268.611 9<34. 7- 6-71 - . - - - - - - - - - - - - - - - - - . - - - - -

_- - .079 1268.587 9<35 7- 6-71
- . . - . . .083 1268.563 9<35 7- 6-71

_ _ - - - - - _ 087 1268 539 9<35 7- 6-71 - - - - _ - - - - - - - - - - - - - - - -

-. .091 1268.515 9<35 7- 6-71 -

.096 1268.490 9<36 7- 6-71
-. 100 1268.490 9<36 7- 6-71 .- - - - - - - - - - - - - . - _ - - - - - - - .

_. .104 1268.490 9<36 7- 6-71
.108 1268.466 9<36 7- 6-71

. . _ . . . . . . . 112 1268.466 9<37 7- 6-71 - . - -- - - - - - - - - - - - - - - - - - .

.116 1268.442 9<37 7- 6-71

.121 1268.442 9<37 7- 6-71
- - .12 5 1268.418 9<37 7- 6-71 - - - - - - _ - - . _ - - . _

-

.129 1268.394 9<38 7- 6-71
133 1268.394 9<38 '7- 6-71

- . .137 1268.346 9<38 7- 6-71 - - - - - - - - - - . - - - - - -.

141 1268.346 9<38 7- 6-71
.146 1268 322 9<39 7- 6-71

- - _ . . -.150 1268.322 9<39 7- 6-71 - ---- - - - - _ --. -- - -

.154 1268.297 9<39 7- 6-71

.158 1268.273 9<39 7- 6-71
. - - - . 162 1268.249 9<40 7- 6-71 - - . - . . - - - - - - - - _ - . - - - - . .

.166 1268.225 9<40 7- 6-71

.187 1268.177 9<41 7- 6-71
- . _ 208 1268.104 9<42 7- 6-71 -. ----- - --

. 229 1260.032 9<44 7- 6-71
.249 1267.984 9<45 7- 6-71

_-- _- -._. _.270 1267.911 9<46 7- 6-71 - - . . . . - - . _ - - - - - - - _ - - . _

291 1267.839 9<47 7- 6-71
.312 1267.767 9<49 7- 6-71

--.____ -._, .333 1267.718 9<50 7- 6-71 - - . - - - - -_ _ ._- - - _ - - - -

.353 1267.646 9<51 7- 6-71

.374 1267.598 9<52 7- 6-71
_ _ _-.395 1267.525 9<54 7- 6-71 -- .- --- . - - - - - - - -

416 1267.453 9<55 7- 6-71
. 457 1267.332 9<57 7- 6-71

- _-..-_ .499 1267.260 10<00 7- 6-71 -_ - _ - . - - - - - - - - _ - - -

. 540 1267.163' 10<02 7- 6-71 '
.582 1267.043 10<05 7- 6-71

- - . - - 623 1266.922 10<07 7- 6-71 - - - - .- - - . _ - - . . _ _ . - - - ----

*

665 1266.825 10<10 7- 6-71
.707 1266.753 10<12 7- 6-71

-__.--__.. 748 1266.681 10<15 7- 6-71 -...-. -._.- - --- _ . - _ _ - --

. . - . . - . . . . . . . . - . . . . . - - -. . . _ - .- - -

. - - - - . . - . . - - . - . . . _ - - . -. . . - - - - . . - - ...

PAGE 110. 2-. . . _ - . . . _ . _ _ . _ _ _ _ . . _ _ . - -
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N

1.31010 _ ._. _ _._ . _ _ .. _ _._.._
.

790 1266.608 10<17 7- 6-71
831 1266.536 10<20 7- 6-71

. . _ .. .. 873 1266.464 10<22 7- 6-71 - - - - - . - - - - - - . - - - - - - - - -

914 1266 367 10<25 7- 6-71
956 1266.319 10<27 7- 6-71

__ _.- -. 9 9 8 . 1266.222 10<30 7- 6-71 - - - - - - - - . - - - - _ . . . - - - - - - - - -

1.205 1265.909 10<42 7- 6-71
1.413 1265.571 10<55 7- 6-71

_ _ - . - . 1.621 1265.37.9 11<07 7- 6-71 -. . . _ - _ , - - - _ . - - . _ - . . --

1.829 1265.038 11<20 7- 6-71
2.037 1264.847 11<32 7- 6-71

1264.654 11<45 7- 6-71 - - . - . - . - - . . - - - - - . ..

. . __.
2.244
2.452 1264.485 11<57 7- 6-71 -

2.660 1264.268 12<10 7- 6-71
._ - _2.868 1264.051 12<22 7- 6-71 .-- --~ -- _ . . - . - - - -

3.076 1263.833 12<35 7- 6-71
3.283 1263.689 12<47 7- 6-71

. . _ _.. 3.491 1263.496 12<59 7- 6-71 - - - - - - - _ - - - - - - - - - - -

3.699 1263 302 13<12 7- 6-71
3.907 1263.134 13<24 7- 6-71

. _ _ . - .. 4.115 1262.965 13<37 7- 6-71 - - - - - - - - - - . - - . . . . . - - . - -

4.322 1262.796 13<49 7- 6-71
4.530 1262.627 14<02 7- 6-71

. . - - .4.738 ,1262.458 14<14 7- 6-71 Et4D TEST .- . . - - . - -.

_ . - . . . . . . . . . . _ - . . . . . . _ . . - - - . - - - . . . . . . --.

. . . _ _ . . . _ . . . _.
_ . . . . . . _ . _ . . _

. . . . .
. - - . - . - -. .-. . -

. - . . . . . . . . _ . . - . - . .. . . ... -. . . ... ... - ... --

_

____. _.._._ . _ . . . . . _ . . _. . .. _ . _ . _ . _ . . _ . . _ _ _ _ _ _ _ _ . . . _ .

.

. _ _ _ _ _ . _ . _ _ _ . _ _ _ _ . . . _ . . . - . _ _ . . _ . .- _ _ _ . . . _ . _ _

. - . . . . - - . - . . - . . . _ - - . . . . - . - - _ _ . . - . - - . . . . . . . . . .

. - . . . . - . . _ . - - , --
. . . . - . . 7.---...................-

.

_ . . _ _ . . . . _ _ . . . . _ . - . - . _ . . - .. . _ _ . _ . _ _ . . . . _ _ _ _ _ , _ . ____._

w

- _ . _ . . . . _ . . . . _ _ _ .. . . . _ . . . .._ ._ _ . _ _ . _ . . _ _ . . . . _ _ _ _ _ _ _

- . - . - . - . . . -- - . _.... . .. . . . . . . . . . _ . . . . . . .

PAGE i10. 3 -- . . _ . . . . . _ _ . _ -.. .--
. . . . . _ . _ . _ . . . . _ . . . . .

--
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. .. ,,

. _. .._ _ _

. . . - _ . = - . - - . . - . - - . . - . - ... - w --.-.-_ - -. - - ...-- . . . -..

, . _. . -.. --

. --

_ ...._.. _ _. _ . . . _. _ . _ . --.. ._.. . . _ _ _ . _ _ . _ . - . _ _ _ _ _ . - - _ -.

. . . . ... ._. - ... . . .

e - - .m-

-. _ - _ . _. _. _.. . . .. . _ _ _ _ _ _ _ . . - _ _.__ _

.. . w- - , , - .-. . ..

_ _ _ _ ._ . . SPERRY-SUN WELL SURVEYING COMPANY
. . _ _ _ - _ . _ . . _ . _- . . _.__ - PRECISION SUBSURFACE PRESSURE GAUGE REPORT.__.. _..____ . _ _ _ . . .

-FOR--. . .
-

~

[- .l. . . . _ _ _ _ _ . KERR-MCGEE CORPORATION .._ - _ - . _ . _ . _ .

. ... - . .

. . .

. . _ _ _ . _._ _ . _ _ _ _ . - . _ . , _ . _ __.. . . . _ ..- .. . . .._. .._ -__.___ . ..--

.__ .. L E A S E .~. SEQUOYAH PLANT WELL 110. 1 . _ -. . _ .i '
~

.__. ...

FIELD WC LOCATION OKLAHOMA
COUNTY / PARISH SE0VOYAH

,_.. 5 TATE OKLAHOMA' . . _ . . __ _ _ _ . _ _ ___ . . . - _ _.

TYPE TEST SURFACE RECORDING JOB fl0. SPG-7140
DATE OF TEST JULY 6e 1971

__. .._ - -- - - __ .. _- . .- . .-- - - . . _ . - - . _ - . - - - _ - . . --. . . . - -

.... REFERENCE ELEV 579. FT. REFEREtlCE POINT- ._.___...___.[ . .-

DATUM 0. FT. REF. SEA LEVEL-

_ . tiOTE<.ALL REPORTED PRESSURES ARE ADJUSTED TO THE ABOVE DATUM . . _ ._ ._

. . . . . . . . . . -. .. . . - . _ - . . . -

'RUN GAUGE DEPTH DATUM PRESS. TEST CALIDRATION
_ NO. 40. CORR. GRAD. TEMP. (BHP = } . _

_ _.. . ___ _ . . _ _ _. . . . ( F T . ) _ . (PSI) (PSI /FT. ) (DEG.F) .._. . . . . .. _ _ ._ __. ._ _ _ _ . -. _

1 187 0. .0 .000 90. 14 343 * EXT - 8 384
. _ _ _ . _ _ . COMMENTS < GAUGE USED TO RECORD SURFACE PRESSURE . _ - .._.. __ _ _ . .. . . _ . _ . .._..____ _ __ .. -

_

64- 4 m '4& w WJeD M.6 . 9 dem. * so .'d*- .E..s se em og -a -e4>g_1 _ep- +.Speep @v-- ._ Agh y ye .ag.p

. i. %

e _ ,.__ .

g g ..W - gm a.* M4 edM r%Weu -4 4 h. u 4 . g Q . .- e- ' ese . ~ se p . 4h pegge. gg.
_ -'4-Awg, ed. m.m gwag

, - - . _ . . . .... . . .. ..

amw.-. _i,. + ,,e+- - -

. .. - . .

'A e v **
.

J*-- deSea.ge6 y a #- maJI44'..*4-MJ4 4hk9 Mr*.J4.'g 6.d4.P re 9 e e op em'F..Wi-r-- 's e .--o.$=he., h-b . ge . hem g geg g h . emp 3m,.

le

*.==rimm &> a h ee.gma w..ew.-= S.mm A? m.e==@$ina-am.e s 4 W . d d Jr W. .* e 1ss=1.d---- 8- e.-%. -*, w S.a..ah'.has 4 esh+.eua .mmm.emi am6> m w g M a = 4g- p 4%.

<

. e enma -u e. - -agan>p e e=e. % w = ma '--<a.mgm- **4 va -u .reF - m e.' -+ : e,.s.agae t .N.g e 4 e es.g - . e_e w .ge m.mme, m -.e -. 4.--

|

s.



'

. . _ . . _ _ _ _ _ _ . _ _ _ _ . . . _ _ _ -._ _ . _ ____._.____ _ . _ _ _ . _ _ . _ _ _ _ _ _ _ _ . _

- .

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

. LEASE SEQUOYAH' PLAf4T WELL NO. 1
'

. . . - . . . _ . . . . _ . _ . . - - . . . - . . - -. . _ ..__ _ . -__.._ . - . - . . _ - _ . _ - . . _ ,

, b .._. .

. . .
..

._
DELTA . , + . . , , , . . PRESSURE. . , TIME DATE COMMENT

b. ..p: e+ee h-'
gs .y ...i . . . d -

.._ TIME
- ._ .. _ .. . . .. - . .. . ~ _. _. ... ._ _ - __ . - ._. . _ . . - -.. -

.000 128.663 9<12 7- 6-71 SURFACE GUAGE .

_ _ _ . .004 129 314 9<12 7- 6-71 _ _ .... __ .__ . _ . . . _ _ __.._..__.__ _ __ . __- . . _ ..,

.008 129.320 9<12 7- 6-71

.012 129.449 9<13 7- 6-71
. _ . 016 128.510 9<13 7- 6-71 _ _ .. _ _ _ _ . _ . _. _ . _ . . _ . _ _ . .

.021 127.957 9<13 7- 6-71
025 128.583 9<13 7- 6-71

_ .

029.. 127.072 9<14 7- 6-71 ._..._______ _ _ _ _ . _ . _ _ . . . _ . . ... _ _ .

033 128.135 9<14 7- 6-71.

037 125.739 9<14 7- 6-71.

041 127.146 9<14 7- 6-71 . . _ _ . . _ _ _ . _ _ _ . _ _ _ . _ _ . _ _ _ . _ . _ . . _ . ___. .

045 126.784 9<15 7- 6-71 ..

049 126.888 9<15 7- 6-71.

__.054 126.673 9<15 7- 6-71 . _ _ _ _ __ _ _ _ . . _ _ . . _ , _ . . _ _ _ . ,

058 126.065 9<15 7- 6-71.

062 127.429 9<16 7- 6-71.

066 127.349 9<16 7- 6-71._ . _ _ _ . . . _ _ _ . _ . . _ . . . . _ . . .._._..

070 126.833 9<16 7- 6-71.

074 127.717 9<16 7- 6-71.

_ _ . . .078 129.357 9<17 7- 6-71 _ _ _ _ . . . . . , _ . . . _ _ _ _ _ . . . ..__.

082 128 903 9<17 7- 6-71.

087 128.804 9<17 7- 6-71.

- ~.091 128.749 9<17 7- 6-71
' "' ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

.095 130.144 9<18 7- 6-71

.099 129.001 9<18 7- 6-71
_

,

._ _ 103 129.247 9<18 7- 6-71 _ _ , _ . . _ . _ . _ _ _ _ _ _ . . _ . _ _ _ _ . _ _ , . . _ . . _ _ . . _ .

107 129.886 9<18 7- 6-71.

111 128.473 9<19 7- 6-71.

_ _ . . . _ . . . .. 115 128.829 9419 7- 6-71
. . ._ _ _ _ _ ._ _ _ _ _ _ _ _ __ , _ _ _ _ _ . _

120 129.916 9<19 7- 6-71
. _

.

. 124 128.792 9<19 7- 6-71
128 128.424 9<20 7- 6-71. . _ . _ _ _ .

. 132 130.371 9<20 7- 6-71
- . ._ ,_.. . _.._. _ _ . . _ . __

_

136 130.107 9<20 7- 6-71.

140 129.463 9<20 7- 6-71
. .. .. _ . . _ _ . _ . . . _ _ . _..

. _ _ . , .

144 129.855 9<21 7- 6-71 ..

148 130 039 9<21 7- 6-71.

153 129 560 9<21 7- 6-71
. . . . _ . . .

. 157 129.855 9<21 7- 6-71
. ___._. _ __ . _ _ , . . __...

161 129.204 9<22 7- 6-71.

165 128.817 9<22 7- 6-71 _ ._. _ . ._ . _ _ _ _ . _ _ . _ _ _ _ _ _ . .. _ . _.
169 129.701 9<22 7- 6-71.

173 129.640 9<22 7- 6-71.

. . . 177 129.394 9<23 7- 6-71 ___ __ . _... _. , . . _ . . . . . _ . .

181 130 266 9<23 7- 6-71.

- _ _ _ . . . . ~ . _ _ . _ ._ _ ... .... . . - . . . . . _ PAGE NO. 1-- --
_.. .a._ _ . . _ _ _ _ .,

. _ . _ .__ _ - _ _ -_. _ _ _ - - _ _ . .
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-

. - . . _ . . .

._. . -.

. . - . . _ . . _ . . . . _ - . . - . _ . . _ . _ . . .. - _ _ . . . _ - . - _ . - - - . . . _ - - . . _ . . - . .

~

_. LEASE SEQUOYAH PLAf4T WELL f40. 1
_ . . . _ _ . . _ _ _ . . _ _ _ . . _ . _ .. _ . _ . _ _ . . _ _ _ _ . _ . - . . . . . . - . . .

' . . _ .186 128.786 9<23 7- 6-71
__ ____..__ . 1 9 0 129.603 9<23 7- 6-71 . . _ _ _ _ _ . . . . . . . _ . . . . _ . _ _ . _ . . . . _

. . _ _ . . .194 129.671 9<24 7- 6-71 -

. .198 129.978 9<24 7- 6-71
._ .. _ .. 2 0 2 129.118 9<24 7- 6-71 . - . _ . . . _ _ _ _ . . _ _ . _ _ _ .

.206 129.898 9<24 7- 6-71
z.210 129.179 9<25 7- 6-71 - . . .

__._.214 129 566 9<25 7- 6-71 _ . _ _ _ _ . ....__ -_. _ _.. _ _ _.

_. 219 128.411 9<25 7- 6-71
._. .223 128.798 9<25 7- 6-71

,_ ___ _ _ _ . 2 2 7 .129.302 9<26 7- 6-71 . . . _ . _ _ . . _ . _ . _ . . _ . _ . . . . . _

.231 130.002 9<26 7- 6-71

.235 128.000 9<26 7- 6-71
. ._.. 2 3 9 129.056 9<26 7- 6-71 . . . _.. ._. . _ ..- _ _ -. _ ___ _. _ . . _

_. 243 128.012 9<27 7- 6-71
247 129.511 9<27 7- 6-71

, _ _ . . ... 252 129.671 9<27 7- 6-71 . . _ _ _ . . _ . . _ _ . . . ~ . . . _ . _ . . . _ . . . . . . .

256 128.731 9<27- 7- 6-71-

_ 260 130.021 9<28 7- 6-71
. 264 129.327 9<28 7- 6-71 . . . . . _ . . . _ _ _ _ _ _ . _ _ _ _ . _ . . _ . _ _ . _ _ _

268 129.689 9<28 7- 6-71
272 129.898 9<28 7- 6-71

._. . .276 129.001 9<29 7- 6-71 . _ . . . . _ . . _ . . .. ._ ...

280 129.271 9<29 7- 6-71
285 128.166 9<29 7- 6-71

._ 289 128.405 9<29 7- 6-71 . ._ .

293 128,970 9430 7- 6-71
297 128,909 9<30 7- 6-71

. _ _ 301 129.062 9<30 7- 6-71 . . . _ . . _ _ _ . . . . _ _ . _ . _ _ _ _ _ _

305 128.700 9<30 7- 6-71
_

.309 129.738 9<31 7- 6-71
_ _ . . _.313 - .129.769 9<31 7- 6-71 . . . . . _ . . . . . . . _ . _ . _ . . _ . . . . _ . _ . _ _ _ . _

318 85.849 9<31 7- 6-71
e322 84.910 9<31 7- 6-71

______ .. 326 . 87.920 9<32 7- 6-71 . _ . . _ _ . . _ . . _ . . . _ _ . . . _ . _ _ _ _ _ _ . .

330 90.463 9432 7- 6-71
.334 94.081 9<32 7- 6-71

_._ . 3 3 8 97.938 9<32 7- 6-71 ._ .. . _ _ _ _ _ _ _ . . _ _ . - - _ _ _ _ _ . . . . _

.342 102.097 9<33 7- 6-71

.346 106.126 9<33 7- 6-71
_ ._.. 351 109.861 9<33 7- 6-71 . . _ . . . . . . . . . , . . . .. _ __. ._ _. _ . ___ _ _ ...

. 355 112.594 9<33 7 '6-71
359 116.003 9<34 7- 6-71

. ... 363 118 301 9<34 7- 6-71 . _ _ _ . . . . . . - . _ _ _ . . . . _ _ _. - _ ._ .

.. 367 119.910 9<34 7- 6-71
. .371 120.807 9<34 7- 6-71
...__. .. 375 121.483 9<35 7- 6-71 . . _ . .. . .1 . . . . _ . _ _ _ _ . _ _ _ _ _ . . _ . _

379 121.667 9<35 7- 6-71 .

.384 121.630 9435 7- 6-71
_ __... 388 121 704 9<35 7- 6-71 _ . . . . _ . . . . . - . _ . _ _ _ . . _ . . . _ _ _ _ _ . _ _ . _ . _ . .

392 120.635 9<36 7- 6-71
,

PAGE tio. 2- -- _. . _ _ _ _ _ _ _ _ _ _ _ _ . . . _ _ _ ..--
. - _ . . . . _ . _ _ _ _ . _ . . . _ _ . . - . . . _ . - . . .
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..._.31024 . _ _._ _ _ _. J 2_.__.____.____
- - y . ._

'
_ _.

LEASE '5EQUOYAH PLANT WELL t10. 1
m.____._._ _ _ . . _ _._._._ .- _ _ . . _ . . . . _ _ _ - - . - _ _ _ _ _ _ _ _ _ . _ . _ . - _ ,

~~

. . 396 119.806 9<36 7- 6-71
_ .._ .400 119.210 9<36 7- 6-71 ._. _. . __._ _ _ .. _ _ . . _ - - _ _ _ _ _ . .

404 119.210 9<36 7- 6-71
408 119.167 9<36 7- 6-71

_.. . 412 119.148 9<37 7- 6-71 _ _ _ . . - _ _ _ _ _ _ . . . _ . _ _ _ . .

_ 416 119.130 9<37 7- 6-71
_ 421 119.111 9<37 7- 6-71

_ _. - . 4 2 5 119.087 9<37 7- 6-71 . . _ . . . _ _ . . _ . _ _ _ . . -. _ _ _ _ . ____..___;
_ 429 119.087 9<38 7- 6-71

433 119.038 9<38 7- 6-71
. _ . _ . .._. 437 119.007 9<38 7- 6-71 . _ . . . . _ . . _ . _ _ _ . - - _ . _ _ _ _ _ - - ~ . . .

441 119.001 9<38 7- 6-71
. 445 118.946 9<39 7- 6-71

._._._ .449 118.909 9<39 7- 6-71 . . _ _ _ . . _ . . . . . . . . . _ . _ . . . . . _ _ . _ _

454 118.896 9<39 7- 6-71
458 118.903 9<39 7- 6-71

. _ ... .
,.462 118.872 9<40 7- 6-71 . . . _ _ _ . _ _ _ . . _ . _ . . _ . . __. .____.

466 118 835 9<40 7- 6-71
470 118.792 9<40 7- 6-71

_ 474 118.829 9<40 7- 6-71 ..___ . _ _ _ . . . _ _ . _ _ _

478 118.761 9<41 7- 6-71
482 118.761 9<41 7- 6-71

. _ _ . . 487 118.767 9441' 7- 6-71 . . . . . _ . _ . . _ , _ ..

491 118.761 9<41 7- 6-71
495 118.749 9<42 7- 6-71

_ . 515 118.669 9<43 7- 6-71
_ .. .. ..

536 118.589 9<44 7- 6-71
.557 118.485 9<45 7- 6-71

~
.577 118.399 9<47 7- 6-71

~ ~' ' ' ~ ~ ~ ~ " - ~ ~ ~ ~ ' ~ ~ ~

619 118.276 9<49 7- 6-71
660 118.184 9<52 7- 6-71

__ ._
701 118.061 9<54 7- 6-71 . .. . . _ . _ . _ . . _ . . _ _ . _ , . _ _ . _ . _ , _ _ _ _

742 117.920 9<57 7- o-71
784 117.846 9<59 7- 6-71
825 117.674 10<01 7- 6-71

1.031 117.232 10<14 7- 6-71
_. . _ _ . . _ _ _ . _ _ . _ _ . . _ . .

1.237 116.925 10<26 7- 6-71
_._. __.1.443 116.667 10<39 7- 6-71 , _ _ _ _ . _ . _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ . . _ _ .

1.649 116.433 10<51 7- 6-71
,

1.856 116.255 11<03 7- 6-71
2.062 116.102 11<16 7- 6-71 . _ _ . . . _ _ _ _ _ _ . , _ _ . . . _ _ .

2.268 115.862 11<28 7- 6-71 '

2.474 115.451 11<40 7- 6-71
_ . . _ 2.680 115.027 11<53 7- 6-71

.. _ . . . _ . __ _ _ . _ . . _ _ _ _ . _ _ .

2.887 114.695 12<05 7- 6-71
3.093 114.388 12<18 7- 6-71

_ _

_. 3.299 114 124 12<30 7- 6-71 ._. _ _ _ . . . ..

3.bo5 113.841 12<42 7- 6-71
3.711 113.540 12<55 7- 6-71
3.918 113.307 13<07 7- 6-71
4.124 113.061 13<19 7- 6-71

. . . . . _ . , . . .

._.._ . _ . . . . _ . . . _ . _ _ _ . _
PAGE fl0. 3-- --

. . . . . . . , _ _ , , _ _ . . _ .
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_31025 _ .
. _ . . . . . . . _ ..

- - - - . . .-. .. .
. . . - .- - -

LEASE SEQUOYAH PLANT WELL T10. 1
- - - - _ . . . . _ . . . .

. . . . . . . , - . . - - . .-- .-

4.330 112.963 13<32 7- 6-71
_ _ _ _ 4.536 .112.815 13<44 7- 6-71 . ..~. . . .. ._ . . . _ _ _ . __ __

4.742 112.064 13<57 7- 6-71
_ 4.000 112.864 14<00 7- 6-71 END TEST

-.. . - . . ._. ,
. .. ... .-

.._.

- -- ,, . . _ -
. -. . . . . . . - - . - - . . . . . . -

. - . . - -
. . - . - . . .

. _._.. . _ . _ .. .
. . . . ... . ._ _
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._. _ _ _ _ . . . ,_ ,.. . .. ... _. ,. __ , ____



. b 4 _ . ._ . . _ _._._ . .. _ . . -_. ,. . . _ _ _ _ _ _ . . _._ - _ . . . - . . . _ - _ _ _ . . _._.. . . _ . _
, ,

. . _ _ . . _ . . . _ . . . _ . . - . . . _ _ _ . _ _ _ _ _ _ . . . . _ _ . . . _ _ . . . . _ _ . - . - - . - _ _ _ . _ _ . _

__ ._ .

.

_ _ . . . . . . . _ _ _ _ . . . . , .. _ _ _ . . ' ' 'SPERRY-SUN WELL SURVCYING COMPANY
' ~~~- - - - ~ ' ^ ~~ ~

PRECISION SUBSURFACE PRESSURE GAUGE REPORT
pon_.---

..
. _ . . . _ . . . _ _ . . . . - . _ . _ . . _ . - - . _ . . . _ _ _ . _ . - . . -

'

KERR-MCGEE CORPORATION
~

, , _

.. ... - . . . - . . - -. . . - . . . . - . - ...- - . -- - - -. ..

. . + - . . .

.W

. .____..._.. . _ _ .. ._. _. . . . . . - . . .. . - - _ _ _ . _ . . . _ . . . . . _ _ - . . . .. _ .

LEASE SE0VOYAH PLANT WELL NO. 1
FIELD WC LOCATION OKLAHOMA

~~ COUNTY / PARISH SEQUOYAH
~~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~'

STATE OKLAHOMA
TYPE TEST 72-HR. DRAWDOWN -JOB NO. SPG-7140

~ DATE OF TEST JULY 9, 1971
~~ ~ ~~~'~ ~ ~~ '' '

. _ . . . . - _ . . _ .. . . . _ . ..... .._ _ . _ . . . _ _ _ _

REFERENCE ELEV 579. FT. REFERENCE POINT

.... .. . .-0. FT. REF. SEA LEVELDATUM
. .- ..- . . . . - . - . . . . . . . _ . . - - . . -

NOTE < ALL REPORTED PRESSURES ARE ADJUSTED TO THE ABOVE DATUM
.- .. . . . . . .. - -. . - - . - - - . . - .

RUN GAUGE DEPTH DATUM PRESS. TEST CALIBRATION
11 0 NO. CORR. GRAD. TEMP. (BHP = )

' ~ ~

(FT.) (PSI) (PS!/FT.)(DEG.F)

l'~' 177 2650. .0 .000 81. 56.296 n CXT ~~48 366'~
~

. . , - - . . . _ . . ~ . - . . . ~ . . - - - - . . . . . - .. .. .. . - . . . . - _ . . . . - . .

GRADIENT STOPS

_ .. ... ._ ..'' ~

DEPTH INTERVAL PRESSURE DIFF. GRADIEllT
~ ~ ~ " ~'

(FT.) (PSI) (PSI /FT.)
. . . _ . . . _ . _ . . . . . . . .. . _ . 1650. TO 1850. 91.97 4600' '" ~ ' ' - ' ~

.

46801850. TO 2050. 93 65 .

46902050. TO 2250. 93.72 .
-._ _ . . . . . ... . _ . _ . ' 2250. TO 2450. 92.70 ~ ~' 4640~ ~ ~ ~ ~~ ~ ~ ~ ' - ' - '

.

47002450. TO 2650. 94.02 .

_ .._. _ _ . - - . . _ . _ _ _ . _ . . . _ . - . . . - . . . . . _ . _ . . _ . . . . . .

COMMENTS < THIS IS A 72 HR. TEST FOR PRESSURE FALL OFF
- - ~ ~ GUAGE SET IN 4 MIN. MODE ON JULY 6, 1971 Uf4TIL JULY 9,'1971' ~ ~

_ . _ . . . ~ _ . . _ . . . . .-.._

e u %- .a .mp.g gg m 44 .,aesp. ..e e . t . 31 . .g.4,..M., . at e. tg e a .qum ee

____I_I*M-..2M.f*** N***'_U"'''"**'.a+.,.-4..i._6_p=__e._7m_e 4 e_ * h 4_y y-re f D .. e et t rw.h.b_.m+M_e e si.en_ _m..e- _-_O'e.e.-hm.4.=-.a e__+-_4_e e _f. s u . _p e..*..__ e._-._-A_w.. '__ _ ' _ ,*
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30935
. CASE SEQUOYAH PLANT WELL NO. 1

~ ~ ~ ~~ ~~~ ~~~ ' ~

L

. - . . . - . - - . .-
. - .. . - .-. . . . .

DELTA PRES 5URE TIME DATE COMMENT
TIME

_ _ _,, _ _ _ _ _ _ _,

~ ~ ' '

000 1259.973 15<05 7- 6-71 START FALL OFF
~~~~ ~~ ~ ~~~~~ -~

067 1261.686 15<09 7- 6-71

'~~ ~
e134 1261.686 15<13 7- 6-71

_ _ _ _ .__ _ , _ _

e201 1261.662 15<17 7- 6-71
269 1261.638 15<21 7- 6-71
336 1261.613 15<25 7- 6-71

~

e403 1261.565 15<29 7- 6-71
~ ~ ~ ~ - - ~ ~ ~ ~ - ~ ~ ~

e470 1261. 65 15<33 7- 6-71

~ ~ ~
e537 1261.517 15<37 7- 6-71

__ . _ _ _ _ _ _ ,

e604 1261.469 15<41 7- 6-71
e672 1261.444 15<45 7- 6-71,

o739 1261.420 15<49 7- 6-71
"

~ ' ~ ~ ~ '

o806 1261.396 15<53 7- 6-71
o873 1261.396 15<57 7- 6-71
o940 1261.348 16<01 7- 6-71

~

1.007 1261.227 16<05 7- 6-71
~ ~ ~ - ' ~ ~

1.075 1261.179 16<09 7- 6-71
1.142 1261.155 16<14 7- 6-71

~ ~ ' '^ ~ ~

1.209 1261.155 16<18 7- 6-71
1.276 1261.155 16<22 7- 6-71
1.343 1261.131 16<26 7- 6-71
1.410 1261.083 16<30 7- 6-71
1.478 1261.034 16<34 7- 6-71
1.545 1261.034 16<38 7- 6-71
1,612 1260.986 16<42 7- 6-71
1.881 1260.938 16<58 7- 6-71
2.149 1260.769 17<14 7- 6-71
2.418 1260.721 17<30 7- 6-71
2.687 1260.648 17<46 7- 6-71
2.955 1260.552 18<02 7- 6-71

-

3.224 1260.479 18<18 7- 6-71
~ "" ~ "

3.493 1260.359 18<35 7- 6-71
3o761 1260.206 18<51 7- 6-71

~

4.030 1260.214 19<07 7- 6-71
~ ~ ~ ~ ~ ~ ~

4.299 1260.141 19<23 7- 6-71
4.567 1260.069 19<39 7- 6-71

~ ~ ~ ' ~

4.836 1259.997 19<55 7- 6-71
~

5.104 1259.900 20<11 7- 6-71.

5.373 1259.852 20<27 7- 6-71
'' ~ ~ ~ ~

5.642 1259.755 20<44 7- 6-71
5.910 1259.603 21<00 7- 6-71
6.179 1259.635 21<16 7- 6-71
6.448 1259.514 21<32 7- 6-71

~~ ' - ' ~ ~ ~ ~~~ ~ ~ ' ~ ~

6o716 1259.442 21<48 7- 6-71
6o985 1259.369 22<04 7- 6-71

_ . _.

. ..-

4 4 9 emik m mh& & 1 M- -96's

-, .
. .. -._ - .,PAGE NO. _1_ ,_,_.

. . __ , _,_ , .,_ ,m .- _



3093/
~ LEASE .5EQUOYAH PLANT WELL No. 1

.

. .

~

70254 1259.273 22<20 7- 6-71
70522 1259.200 22<36 7- 6-71
70791 1259.152 22<52 7- 6-71

~ ~ ~ ~ 80060 1259.080 23<09 7- 6-71
_ __

8 328 1259.007 23<25 7- 6-710

90403 1258.742 0<29 7- 7-71
~ 10 0478 1258.573 1<34 7- 7-71

_ _ _ _.

11o552 1258.356 2<38 7- 7-71
12o627 1258.090 3<43 7- 7-71

__ _

13e701 1257.897 4<47 7- 7-71
14o776 1257.728 5<52 7- 7-71
150851 1257.535 6<56 7- 7-71

. _ _ _ ._ __ __ _ _,_. __

16 925 1257.318 8<01 7- 7-710

18o000 12b7.149 9<05 7- 7-71
19 075 1256.932 10<09 7- 7-713

20ol49 1256.715 11<14 7- 7-71
__ __

21o224 1256.570 12<18 7- 7-71
22o298 1256.377 13<23 7- 7-71

___ _

23o373 1256.281 14<27 7- 7-71
24o448 1256.136 15<32 7- 7-71
25.522 1256.038 16<36 7- 7-71
26oS97 1255.943 17<41 7- 7-71
27o672 1255.846 18<45 7- 7-71
28o746 1255.726 19<50 7- 7-71

. _ _ _ _

29o021 1255.605 20<54 7- 7-71
30o895 1255.436 21<59 7- 7-71
310970 1255.315 23<03 7- 7-71
33.045 1255.171 0<00 7- 8-71
34o119 1255.050 1<12 7- 8-71
35o194 1254.929 2<17 7- 0-71
37o343 1254.712 4<26 7- 0-71
39c492 1254.543 6<35 7- 8-71
41o642 1254.326 8<44 7- 8-71
430791 1254.109 10<52 7- 8-71
45o940 1253.916 13<01 7- 8-71
400089 1253.675 15<10 7- 8-71
500239 1253.554 17<19 7- 0-71
52o388 1253.457 19<28 7- 8-71
54o537 1253.288 21<37 7- 8-71
56o686 1253.144 23<46 7- 8-71
58 836 1252.951 1<55 7- 9-710

600985 1252.758 4<04 7- 9-71
~

630134 1252.637 6<13 7- 9-71
65o204 1252.516 8<22 7- 9-71
67o433 1252.372 10<31 7- 9-71

_ _

690582 1252.154 12<40 7- 9-71
710731 12bl.905 14<49 7- 9-71
710798 1251.985 14<53 7- 9-71

_ _ _. .

710866 1251.961 14<57 7- 9-71
710933 1251.961 15<01 7- 9-71

-- 72e000 1251.985 15<05 7- 9-71 END TEST
._. _

. _

. . - - PAGE_No. _2,__ _ . , , _ __ _ _ ,_. .. . . _ _ . _ . _ _ . _ . _ _ . . _ _ . . . - . . . . . .
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- -

aw -- -

~~ ' ^ '

SPERRY-SUf4 WELL SURVEYING COMPANY
PRECISIOf4 SUBSURFACE PRESSURE GAUGE REPORT

._. _. _ _ . . . . _.
--FOR-- . _ . . ... ._ . . .. _.

KERR-MCGEE CORPORATION
~

. _ _ . .

.. . . . . .. . _ - _ . ..
-. - . . _ .-

LEASE SECUOYAH PLAf4T WELL f40. 1
FIELD WC LOCATION OKLAHOMA ___ .

COUflTY/ PARISH SEGUOYAH
STATE OKLAHOMA
TYPE 1EST SURFACE RECORD!t4G J00 f40. SPG-7140

_
_ _

DATE.0F TEST JULY 6 TO 9, 19T1

- . . .-

REFERENCE ELEV 579. FT. REFEREf4CE P0lt4T
0. FT. REF. SEA LEVEL . .DATUM -

140TE< ALL REPORTED PRESSURES ARE ADJUSTED TO THE ABOVE DATUM
.

nuti GAUGE , DEPTH DATUM PRESS. TEST CALIBRATION
14 0 14 0 . CORR. GRAD. TEMP. (OHP= )

(FT.) (PSI) (PSI /FT.)(DEG.F)

1 107 0. .0 .000 90. 14.343 * EXT - 8.384
COMMEt4TS< THIS 15 RESULTS OF SURFACE PRESSURE WITH SPEHRY-Suf4 GAUSE

. ._
._ _ . .

- , . .

e
= w 4 w.

I

n .. . ... . . . - .

I
_

l

|

|

|

)
_

.--+e=~. . . --a > .,a .s. .a ~. ..n - - n. m. .x-n-.s.. e+ ...,m.n.. n.s <_...e .. .. . - - . . .-. _ - _ _ _ _ _ ,



dUSab
. LEASE SEQUOYAH PLAflY WELL N00 1

-

..

. DELTA PRESSURE TIME DATE COMMENT ._

TIME

~~ ~' 000 113.608 15<05 7- 6-71 START SURFACEo
0067 103.753 15<09 7- 6-71
0134 96.732 15<13 7- 6-71 .

o201 96.689 15<17 7- 6-71
o260 96.517 15<21 7- 6-71
0335 96.474 15<25 7- 6-71 _ _ _ _ _ . . . _ . . .

e402 96.425 15<29 7- 6-71
0469 96.308 15<33 7- 6-71
0536 96.314 15<37 7- 6-71
e603 96.246 15<41 7- 6-71
e670 96.197 15<45 7- 6-71

. o737 94.242 15<49 7- 6-71 .

0004 93.646 15<53 7- 6-71
0872 94.095 15<57 7- 6-71

. . o939 95.072 16<01 7- 6-71
1 10006 96.394 16<05 7- 6-71
'

10073 97.722 16<09 7- 6-71
10140 90.619 16<13 7- 6-71
lo207 99.308 16<17 7- 6-71
Lo274 99.394 16<21 7- 6-71
le341 99.253 16<25 7- 6-71
10408 99.037 16<29 7- 6-71
lo475 90 105 16<33 7- 6-71
1o542 95.767 16<30 7- 6-71
lo609 96.142 16<42 7- 6-71
1o676 95.976 16<46 7- 6-71
lo743 95.920 16<50 7- 6-71
1o810 95.041 16<54 7- 6-71
le877 95.779 16<58 7- 6-71
,10944 95.711 17<02 7- 6-71
20011 95.644 17<06 7- 6-71
2o070 95.545 17<10 7- 6-71
2o145 95.447 17<14 7- 6-71
20212 95 324 17<10 7- 6-71
20279 95.213 17<22 7- 6-71
20547 94.069 17<38 7- 6-71 .

2o016 94.642 17<54 7- 6-71
30004 94.488 10<10 7- 6-71
3o352 94.402 18<26 7- 6-71
3e620 94.297 18<42 7- 6-71
3o008 94.033 18<58 7- 6-71
4o156 93.658 19<14 7- 6-71 .,

4 425 93.160 19<30 7- 6-710
4 693 92.022 19<47 7- 6-710

40961 92.674 20<03 7- 6-71

-__ . _. . ._
_ ....-.. ? AGE.H.O.,_1,

. _ _ .. _ , , .
--

-



! ._ .3 0 9.3 7 . _ _

. WELL No. 1
. _ . _ _ _ ._ . _ _ ._

| LEASE SEQUOYAH PLANT
1 ~
!

~~ 5.229 92.453 20<19 7- 6-71
5.497 92.201 20<35 7- 6-71

[_. 5.765 91.795 20<51 7- 6-71 . . _ _ .. _. ._ . _ .

i 6.034 91.353 21<07 7- 6-71
l 8.179 88.475 23<16 7- 6-71
| 10.324 86.428 1<24 7- 7-71 _ . ._.._. ._.. . . _ _ . _ . ~. _. _ _ _ . .

| 12.469 84 350 3<33 7- 7-71
i 14.615 82.469 5<42 7- 7-71

|.. 16.760 80.871 7<51 7- 7-71 . _ . . ._ . .. _. ._ ._._ .

! 18.905 80.047 9<59 7- 7-71
| 21.050 79 002 12<00 7- 7-71
L._.23.196 78.086 14<17 7- 7-71 . _ . . . _ _ _ _ _ _ . _ _ . . . . . _ . . _ .

25.341 77.477 16<25 7- 7-71
27.486 76 395 18<34 7- 7-71 '

| ... 29.631
74.729 20<43 7- 7-71 _ _ _ _ . . .. _.. .____

31.777 72.533 22<52 7- 7-71
33.922 71.182 1<00 7- 8-71

._.36.067 69.841 3<09 7- 8-71 _ _ . _ . __ .._ __ .__. . _ _ . .

30.212 68.809 5<18 7- 8-71
40.358 67.806 7<26 7- 8-71

. 42.503 67.474 9<35 7- 8-71 . . _. .._ -... _ _ .

44.648 67.290 11<44 7- 8-71
46.793 66.710 13<53 7- 8-71

,._. 48.939 66.454 16<01 7- 8-71 . . ._.. _.. . _ . . . . .

| 51.084 65.962 18<10 7- 0-71

| 53.229 64.966 20<19 7- 8-71
1 55.374 63.583 22<27 7- 0-71 . _..

| 57.520 62.728 0<36 7- 9-71
l 59.665 61.911 2<45 7- 9-71

61.810 61.068 4<54 7- 9-71
63.955 60.540 7<02 7- 9-71
66.101 60.300 9<11 7- 9-71
6h.246 60.515 11<20 7- 9-71 . _

70.391 60.275 13<28 7- 9-71
71.464 59.501 14<33 7- 9-71

... 71o732 59.365 14<49 7- 9-11 . . .. , _ . . _ _ .... _

72.000 $9.267 15<05 7- 9-71 END TEST

|
. . . .. ._ -. . -.

.. _ . . . . . . ._ . . _- . ... .

,

. ..-. .. . . . .~ . . . .._. . . .... .- .

. _ . . . . . . . . .- . .- . ..... . . - . -.... .... .. .

.

...
. . . . .

>
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SPERRY-SUN WELL SURVEYING COMPANY
PRECISION SUBSURFACE PRESSURE GAUGE REPORT

~ 7 --FOR--
.- ..e- - - - - - - - - - - - - -.-.. -

.- -. . .. ... ..-.-.-. . - . . ,

w a

~ [. '[ ~ " ~
~ ~

''KERR-MCGEE CORPORAT10fl _

.

.- . ..
.. -._....- - -.- - - - -- - - - - ----- -. - - . -

.

-

. . _

--- . . . -. - - - . - . . . . - .. - - . - - - - - - - - - --~ - - - - '

LEASE SEQUOYAH PLANT WELL NO. 1
.. FIELD WC

_ _
LOCATION OKLAHOMA _. . . _ _ . . , _ . __ ___.._._

COUNTY / PARISH SE0VOYAH
STATE OKLAHOMA'

TYPE TEST PRESSURE FALL'0FF JOB NO. SPG-7140._ ..__ ._.._.. _ _ . . _ _ _. .

_DATE OF TEST JULY 9. TO 12 1971

- - . -.. . -. -. - - _ . .- - - - - - - -- - - - . - ---

REFERENCE ELEV 579. FT. REFERENCE POINT
_ DATUM ___._ _

-0. FT. REF. SEA LEVEL . - _ .,_._ _ . - _ .__. ... .-. ___ .. ._ __

NOTE < ALL REPORTED PRESSURES ARE ADJUSTED TO THE ADOVE DATUM
... .._ _ .- _

RUN GAUGE DEPTH DATUM PRESS. TEST CALIBRATION .. _ _ _

NO. NO. CORR. GRAD. TEMP. (UHP: )
(FT.) (PSI) (PSI /FT.)(DEG.F)

._ . . . _ -

.~ 2650. 0 .000 81. b6.296 * LXT - 48.366 ~ ~ ~.

COMMENTS < THIS IS 72 HR. PRESSURE FALL OFF TEST
, _ - . . - . . . ..-.M-- -. - .- - . . . - - . . ..~ - . - . - . - _ . . . . - . . .-...

9
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_ _ _

.3D971 ~ ' ~~
.

LEASE SEQUOYAH PLANT WELL NO. 1

*

-- .

..__ DELTA PRESSURE. Tit 1E DATE COMMENT .. . . . ._.

TIME

.. _ . . . . . . _ _ . . _ ._

~~ '' 000' 1252.999 15<45 7- 9-71 START FALL OFF
067 1253.192 15<49 7- 9-71

_ _ _ o133 1253.313 15<53 7- 9-71 __ .. _ .

o200 1253 385 15<57 7- 9-71
o267 12b3.457 16<01 7- 9-71

._ _ e333 1253.457 16<05 7- 9-71 . _ . _ . . _ . _ _ _ _ _ . . . . . . ~ . _ . . . . _ .

400 1253.457 16<09 7- 9-71
e467 1253 457 16<13 7- 9-71

._ __. 533 1253.457 16<17 7- 9-71 .. . _ _ _ _ _ . ...

e600 1253.457 16<21 7- 9-71
e667 1253 457 16<25 7- 9-71

.__ o733 1253.b06 16<29 7- 9-71 _ _ . _ . _ . . _ _

800 1253.506 16<33 7- 9-71
o867 1253 506 16<37 7- 9-71

933 1253 506 16<41 7- 9-71 . . . . . _ . .

..

1.000 1253.506 16<45 7- 9-71
1.067 1253.506 16<49 7- 9-71

..... 1.133 1253.506 16<53 7- 9-71 .. _ _ _. ..

1.200 1253.506 16<57 7- 9-71
1.267 1253 530 17<01 7- 9-71
1.333 1253.530 17<05 7- 9-71 .

1.400 1253.b30 17<09 7- 9-71
1.467 1253.506 17<13 7- 9-71
1.533 12$3.530 17<17 7- 9-71
1.600 1253.554 17<21 7- 9-71
1.867 1253.578 17<37 7- 9-71

_
2.133 1253.5T8 17<53 7- 9-71 .

2.400 1253.578 18<09 7- 9-71
2.667 1253 578 18<25 7- 9-71
2.933 12b3.602 18<41 7- 9-71 .. _. . _ . . _ . _ _ . -

3o200 1253.578 18<57 7- 9-71
3.467 1253.602 19<13 7- 9-71
3.733 1253.602 19<29 7- 9-71 _ . _.

.

4.000 1253.602 19<45 7- 9-71
4o267 12b3 602 20<01 7- 9-71
6.400 1253.530 22<09 7- 9-71 . .. . . . . . . .

, BoS33 1253.457 0<17 7-10-71
10.667 1253.337 2<25 7-10-71

._.12o800 12b3.240 4<33 7-10-71 ... _ . . . . . . _ . . . _ . _ _.

14.933 1253.192 6<41 7-10-71 |

.17e067 1253 120 De49 7-10-71
19.200 1252.999 10<57 7-10-71
21o333 12b2.854 13<05 7-10-71

_ . . . . _. ._. .. ._2_... -

23o467 1252.758 15<13 7-10-71
'

25 600 1252.709 17<21 7-10-71 .

-
.. ,

/

,..,-...$ . . . - - > - . - . . . . . . . . = . += == - * * * - ~ - * * = ' ' * * - - "*"- * * ** * * * ' " * * " ' ' ' ' ' ('e ......m , _



3Q973 ~ ~ ~'

" LEASE 'SEQUOYAH' PLAf4T
~

WELL fl0e 1

.

27o733 1252.661 19<29 7-10-71
29e867 1252.685 21<37 7-10-71

_. 32.000 1252.589 23<45 7-10-71 . _ _ . . . ___ _

34.133 1252.444 1<53 7-11-71
36o267 1252.372 4<01 7-11-71
38.400 1252 347 6<09 7-11-71 _ _ _ _ _ . _ . _ _ . _ _ . .

40.533 12b2.275 8<17 7-11-71
42.667 1252.203 10<25 7-11-71

._ 44.800 1252.058 12<33 7-11-71 ._ . . _ _ _ _ . _.

46.933 1251.937 14<41 7-11-71
49.067 1251.841 16<49 7-11-71
51o200 1251.817 18<57 7-11-71 . ._ _ _ . . . _ _ _ . . . . _ . . . . - . _ . _ . . _ _

, _ . .

53.333 1251 817 21<05 7-11-71
55.467 1251.744 23<13 7-11-71

. . _ 57.600 1251.672 1<21 7-12-71 . . _ . . . _ . . _ .. ._

59.733 1251.575 3<29 7-12-71
61.867 1251.503 5<37 7-12-71

_ 64o000 1251.455 7<45 7-12-71 . . _ . _ _ . . . _ . . _ .

66o133 1251.382 9<53 7-12-71
68.267 1251.286 12<01 7-12-71

_ 70.400 1251.165 14<09 7-12-71 . . . _ . . . _ _ _ -

71o467 1251.093 15<13 7-12-71
71.533 1251.093 15<17 7-12-71

, . 71o600 1251.093 15<21 7-12-71 __. . . _ _ . _ . _ . . . _ . .

71.667 1251.093 15<25 7-12-71
71o733 1251.093 15<29 7-12-71
71o800 1251.068 15<33 7-12-71 . . _. .

71.867 1251.093 15<37 7-12-71
71.933 1251.093 15<41 7-12-71

_ 72o000 1251.093 15<45 7-12-71 EtlD TEST

.- ..- . . . .

- -

, .... . .
. . . - . . _ ..

. . _ . .
. . _ . _ . - . .

..- . . . .
. . - . - . . - .

.. .. -. . -
. . . . - . - - . . - . . .

.

_. . -. .- -
. . . - - . . . . . . . . . . . . . . _ . .

. __
. _ . _ _ ._

. . .
. ,, . .

,

. . .

1
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SPERRY-SUN WELL SURVEYitlG COMPAf4Y
~ ~ ~ ~ ~

PRECISION SUBSURFACE PRESSURE GAUGE REPORT
--FOR--

] KERR-MCGEE CORPORATIOil
__..- - . - .. -- - ._

__ _ _

*

- . . . . . . . . . . . . . .
. - - . - . . - . - - . . - - - - - - - . . --

.

LEASE SEQUOYAH PLANT WELL f40. 1
F! ELD WC LOCAT10t4 OKLAHOMA
COUNTY / PARISH SECVOYAH

~ ~ ~ ~ ~ ~

STATE OKLAHOMA
TYPE TEST PRESSURE DRAWD0uti JOB fl0. SPG-7140

J'DATE OF TEST JULY 9, TO 12, 1971
~ ' ~~ ~ ~

_
_ _ . - . . . ...

* REFERENCE ELEV 579. FT. REFEREf4CE POIt4T
DATUM -0. FT. REF. SEA LEVEL

. . _ . . .__ _,

tt0TE< ALL REPORTED PRESSURES ARE ADJUSTED TO THE ABOVE DATUM
. ._

, . -

RutJ GAUGE DEPTH DATUM PRESS. TEST CALIBRAT!0?!
tio. NO. CORR. GRAD. TEMP. (OHPs ) *

(FT.) (PSI) (PSI /FT.)(DEG.F)
-

1 187 0. .0 .000 90. 14 343 * EXT - 8.304
COMMENTS < THIS IS SURFACE GAUGE SET FOR 72 HR. TLST

I
. .. .. . . . . . >

,, ,

.. . .. \
- -

1 *

n . . _ - - . . . . . . . . . . ... ---

!

- , .-
. . . .-. .. - t

.

9
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. _
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' LEASE 'SEOUOYAH PLAf4T WELL 110o 1

DELTA PRESSURE Tif1E DATE COMMLilT
TIME

e000 53.791 14<10 7- 9-71 ST AR T F At*.t--OF F Gu,'A'
~'

0065 45 026 14<14 7- 9-71
o131 47.268 14<18 7- 9-71

196 45.542 14<22 7- 9-71
e261 45 548 14<26 7- 9-71
o327 44 154 14<30 7- 9-71 ._.

o392 51.519 14<34 7- 9-71
c457 40.668 14<37 7- 9-71
oS23 48.564 14<41 7- 9-71
e588 40.742 14<45 7- 9-71
e653 40.957 14<49 7- 9-71
719 40.926 14<53 7- 9-710

o784 48.748 14<b7 7- 9-71
049 40.478 15<01 7- 9-710

o915 45.259 15<05 7- 9-71
o980 36.776 15<09 7- 9-71

1o045 45.689 15<13 7- 9-71
1o111 45.659 15<17 7- 9-71 _

lo176 45.708 15<21 7- 9-71
1.241 51.242 15<24 7- 9-71
lo307 45.603 15<20 7- 9-71
lo372 52 600 15<32 7- 9-71
1.437 57.192 15<36 7- 9-71
loSO3 59.972 15<40 7- 9-71
loS68 64.314 15<44 7- 9-71
lo633 62.052 15<48 7- 9-71
lo699 59.079 15<b2 7- 9-71
1.764 59.017 15<56 7- 9-71
lob 29 59.787 16<00 7- 9-71
1o095 59.793 16<04 7- 9-71
lo960 59.799 16<00 7- 9-71
2o025 59.011 16<12 7- 9-71
2.091 59.054 16<15 7- 9-71
2o352 59.916 16<31 7- 9-71
2e613 60.014 16<47 7- 9-71
2.875 59.971 17<02 7- 9-71
30 136 59.762 17<10 7- 9-71
30397 59.443 17<34 7- 9-71
3c659 59.344 17<50 7- 9-71

_

3o920 59.357 18<05 7- 9-71
i

4o181 59.363 18<21 7- 9-71 -

ho443 59.160 18<37 7- 9-71
4 704 50.810 18<52 7- 9-710

4e966 50.681 19<00 7- 9-71
So227 58.533 19<24 7- 9-71

t - -

_ _ _ _ _ - _ . ._ f A G E fl0'. , 1, __, ,, _

*" --
. . . _ . __ . _ . . _ . . . . _. _.. . . .

_ - - - - - . - -- - - - - - - -- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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LEASE SEQUOYAH PLANT
._.

WELL NO. 1

~
'

~ ~ ~ ~ ~ ~ ~

5.488 58.429 19<39 7- 9-71
5.750 58.325 19<55 7- 9-71
6.011 58.202 20<11' 7- 9-71

'~~ ~ 6.272 57.974 20<26 7- 9-71
_ _ _ . .. __._ ._..._ _ _ _ _ _ ___

6.534 57.772 20<42 7- 9-71
Bo624 57.299 22<47 7- 9-71 _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10,715 56.715 0<53 7-10-71
12.806 56.267 2<58 7-10-71
14o897 55.229 5<04 7-10-71 _.._ _ _ . , __ __ . _ _ __ ..

16.987 55.751 7<09 7-10-71
19.078 56.248 9<15 7-10-71 )

21.169 56.218 11<20 7-10-71
. . . _ _ . _ _ _ _ . _ _ _ _ _ _ . _ . .. _ _ .

23.260 56.218 13<26 7-10-71
25.350 56.040 15<31 7-10-71
27.441 54.897 17<36 7-10-71 __ .._ . .._. . . . . __

.

29.532 54.228 19<42 7-10-71
31.622 53.552 21<47 7-10-71

_
33o713 53.067 23<53 7-10-71 . __. _ _ _ _ _ _ . ____

35.004 52.698 1<50 7-11-71
37.895 52.372 4<04 7-11-71
39.985 52.256 6<09 7-11-71 ._ . _ . __.. c_ . _ . .._ _. . _. _ _ .

_

42.076 53.017 8<15 7-11-71
44o167 53.103 10<20 7-11-71
46.258 53.232 12<25 7-11-71 _._____.. _ _____ _ _

48o348 53.110 14<31 7-11-71
50.439 53.196 16<36 7-11-71
52.530 52.508 18<42 7-11-71 _ . .

54o621 51.623 20<47 7-11-71
56.711 bl.095 22<53 7-11-71
58.802 50.530 0<58 7-12-71 _

60,893 50.229 3<04 7-12-71
62.984 49.952 5<09 7-12-71

'

65.074 50.628 7<14 7-12-71 . _

67o165 51.162 9<20 7-12-71
69.256 51.169 11<25 7-12-71
71.347 51.414 13<31 7-12-71 . , _ . . _. .__ . _ __ _ _

71o412 51.439 13<35 7-12-71
71o477 51.469 13<39 7-12-71
71.543 51.469 13<43 7-12-71 . _, ., . . _., .. _ .._

71.608 51.439 13<46 7-12-71
71.673 51.469 13<50 7-12-71
71.739 bl.463 13<54 7-12-71 ~ ~~~ ~ ~ ~ ~~~ ~~ ~

71o804 51.420 13<58 7-12-71
71o869 bl.390 14<02 7-12-71
71o935 $1.328 14<06 7-12-71 ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~

72o000 51.298 14<10 7-12-71 END OF' TEST

. _ _ . . . .
_ _ . . . ._. . _ . . _ _ _ . . . __. _ . . _
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v
X x y
'Th oyah' conversion plant must accomplish both the purification,

and the' conversion to uranium hexafluoride of uranium received as

an impure concentrate, so-called "yellowcake". In the vast majority

of cases, the received uranium compound is an ammonium diurante;

but, in some instances, the received "yellowcake" is another compound,

e.g. sodium diuranate. In the Sequoyah plant, these concentrates

are dissolved in aqueous nitric acid and the resulting nitrate

solution processed through a tributyl phosphate solvent extraction

system. In this solvent extration operation, all impurities pre-

sent with the uranium in the received yellowcake are rejected to an

aqueous waste or raffinate while the uranium is recovered essentially

quantitatively as pure uranyl nitrate solution.

Typically, the processing of one short ton of uranium will result

in the production of some 1200-1400 gallons of raffinate. " Major"

constituents present in the raffinate from processing of one short

ton of uranium conprise the following:

a. Approximately 800 pounds of " nitric acid" (actually

present predominantly as nitrate salts, e.g. ammonium

nitrate).

b. Approximately 130 pounds of " ammonia" (ac tually preseny
!"'/ h\\

as ammonium nitrate). L' /g

( re{i e sg///. ,,,.it ' / j/p ' '
J / / 'l o
f /c. Approximately two pounds of natural uranium

PJ
,

6 /97ing a 0.1% loss). Ip i: , _
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In addition, the raffinate will contain all impurities present

with uranium in the received yellowcake. These impurities will

include all radioactive daughters of U-238 and U-235 which were

not removed at the uranium mill plus those daughters which may

have grown back in the time intervening between mill processing

and'Sequoyah processing.
}}

,

.As an alternative to injection of this aqueous solution into a

suitable underground site, a substantial study has been made of

the possibilities for fixing the radionuclides in a refractory

storabic solid. In tiiid connection, note the followingi

a. Were it possibic to entirely recover the " nitric

acid" content (ca 800 pounds) of each 1200-1400

gallons of raffinate in usabic form (?40 w/o llNO3
free of chloride and other halides), this recovered

nitric acid could be recycled to Sequoyah operations.

At present purchase costs, a maximum cost " savings"

of ca~$18 per ton of uranium or ca 1.54 per gallon

of raffinate could be achieved.

b. Were it possible to entirely recover the " ammonia"
,

'

content (ca 130 pounds)'of each 1200-1400 gallons

of raffinate in usabic form (anhydrous ammonia), tbc-

recovered ammonia could' b'c.' recycled to Sequoyah
,

cperations. At present purchdce costs, a maximum
4 i t7 , .

cost "saving" of ca,$2.70 pcY ton of uranium or ca

j 0.24 per gallon of raffinato could be achieved.<

[,, , ..)'
,

>w-
?)

L
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Proceeding from the simpler to more complex approaches for con-

verting the raffinate solution to a storable solid, the following
conclusions are obtained:

1. Thermal evaporation of the water from the raffinate
solution would produce a salt cake amounting to ca

750 pounds per ton of U in the case of ammonium

diuranate yellowcakes and ca 1100 pounds per ton of

U in the case of sodium diuranate yellowcakes. With

prior neutralization of excess acid present in the
raffinate and reasonabic investment in de-entrain-
ment facilities, an innocuous evaporator overhead

(water) could be achieved. Exclusive of capital

investment, the heat cost is estimated at ca $3.50

per ton of uranium or ca 0.274 per gallon of neutra-

lized raffinate.

2. In the case of ammonium diuranate yellowcakes,

thermal decomposition of the received yellowcake

prior to dissolution would allow U 0s to be fed to3

the dissolution step. With suitabic de-entrainment

and scrubbing, the ammonia content could be dis-

carded to the atmosphere as nitrogen. With such a

step preceding dissolution, the excess nitric acid

added in dissolution would be present in the raffi-

nate as free nitric acid, ostensibly recoverabic by

distillation. Ilowever, quantitative recovery lof

this nitric acid would require addition of sulfuric-

ac'id to " spring" the nitric acid and would result

.

J

.*

)
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in a contaminated sulfuric acid solution to bc |

I

stored. Likewise, such an operation would require )
|

exhaustive fractional distillation of the distilled

nitric acid to separate it from the halides normally

present in yellowcake and the halide fraction would

constitute an additional waste. Finally, prior

experience would indicate that the decomposition of

ammonium diuranate yellowcakes would result in pro-

duction of refractory uranium compounds (silicates,

etc.) which would not dissolve in nitric acid.
Thus, uranium losses would be increased and the

uranium content of the ultimate waste increased.

Finally, when it is considered that such processing

would not be feasible with non-decomposabic raffi-

nates such as sodium diurantes, the conventional

acid distillation approaches for recovering nitric

acid from typical Sequoyah raffinates is considered

exorbitant in cost.

3. The technique of " springing" nitric acid from

ammonium nitrate or sodium nitrate raffinates by

addition of excess sulfuric acid is likewise con-

sidered exorbitant in cost. With adequate frac-

tionation of the vapor, a halide-free and, there-

fore, reusabic nitric acid fraction would be

obtained. However, the nitriate salts would be

converted to acid sulfates (NH HSO4 and NaHSO )4 4

and the bulk of solids requiring storage would be

actually increased.
,

~~~
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4. In final analysis, the conversion of the raffinate

solution to a suitably compact and stable solid

amenable to economic long-term storage appears

possible only via total destruction of the nitrate

content. Neutralization of the initial ammonium

nitrate solution with an excess of a strong base

would allow ammonia to be recovered as an aqueous

solution adequately free of radionuclides. Depend-

ing on the base used, evaporation of the resultant

strongly alkaline solution and high temperature

ignition of the solids would allow the nitrate to

be decomposed to solid nitrite or to gaseous nitrogen

oxides. Given adequate NO absorption capability,x

reusable nitric acid could be recovered in the latter
~

case. If the decomposition yie1ds solid nitrite then

contact with ammonia would allow initial nitrate and

ammonia to be decomposed to nitrogen per the reaction:

NH + + NO 'N (8) + 2H 0(t)4 2 2 2
'

Various recycle schemes can be envisioned whereby a

fraction of the base can be reused and a suitably

compact storable solid matrix generated to contain

the residual radionuclides.

Substantial development effort is foreseen to achieve safe destruc-

tion particularly of the ammonium nitrate and other salts now con-

tained in Sequoyah raffinate and its reduction to a suitable solid

% '

.
*

U
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form. Thus, it is considered unlikely that a true waste manage- i

|
ment approach ohich would not generate additional potential ,

1

|

gaseous or liquid effluents could be implemented in less than

five years time. While there is a possibility that at least a
|

portion of the nitrate content of the raffinate can be recovered I

and reused at Sequoyah, it is extremely unlikely that cost sav-

ings so achieved will justify more than a modest fraction of the

total capital investment required to reduce the present waste to

a compact storable solid. Bench scale work to develop a suitabic

process is projected for 1972.

-,

_ - - - _. _ . . )



..

. .

N

. .



/1
,

Exhibit F |
*

q4\gyjjps#h,s> Regulatory File Cy.
'' *'

...,.. ,. - |,

TE [[N [$o 40' N
M[ MAY l 61972 *GEOLOGY AND GE0IIYDROLOGY STUDY T/Jk wfu,, om MAY * n 107>

'

Q- r_
w-

Strtictural':,G'cology/
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'

e st area is located on the southwest flank of the Ozark
Up i t. Regional dip is 2-3 southwest, except in the vicinity
of faults. The Carlile School fault, one mile cast of the
storage well, was mapped on the surface with the aid of aerial
photographs and confirmed by core holes. The core hole cross-
section (Attachment 1) illustrates the contrast in the strati-
graphic section on either side of the fault. There are other :

faults in the general area as shown on the regional structural
map (Attachment 2). The location of these faults was -determined
from published maps and subsurface data. (Miser, 1954, Geologic
Map of Oklahoma. Ilu f fman , 1958, Oklahoma Geological Survey
Bulletin #77). According to lluffman in Bulletin #77, the fault-
ing is the result of tensional forces created during the uplift
of the Ozark gcanticline. This relatively mild tectonic activ-
ity ended by Middle De'Moinesian time and the region has been
structurally stable since then.

Stratigraphy

The' youngest rocks exposed locally consist of a sandstone and
shale sequence of the Lower Atoka. The outcropping Atoka rocks
are approximately 100' thick and they are capped by a 15' thick
terrace gravel in the immediate area of the plant site. Attach-
ment 3.is a map of the Sequoyah Plant Site Arca showing topo-
graphy and approximate distribution of surface material. Out-
crops are very poor, so it was necessary to rely primarily on

'

core hole data in constructing the surface geological map.

The complete stratigraphic section (Attachment 4) penetrated in
the storage well is as follows:

'

Formation Thickness Lithology Character

Pennsylvanian 395' Shale and sandstone Non-porous,
Atoka except for the

,

basal Spiro
'sandstone from

342 to 373',
,

Contains salt-
water.

- Mor 170' Limestone and shalc Non-porous. !

q))332d(rowes !
!r$'f( ippian 185' Limestone and shale Non-porous.I

R(p\u. Nw, ;
,,
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Formation Thickness Lithology Character

Siluro-Devonian 240' Dense limestone Non-porous.
Hunton

Ordovician

Sylvan 40' Shale Non-porous.

Viola 50' Dense limestone Non-porous.

Simpson 250' Sandstone and Sandstone is
interbedded dense porous-in part,
limestone contains salt-

water.
'

Cambro-Ordovician 1620' Dolomite Dense to very
Arbuckle porous. Contains

saltwater.

Reagan 145' Dolomitic sand- Impermeabic.
stone and sandy
dolomite

Cross-sections A-A' (Attachment 5) and B-B' (Attachment 6) show
that there is very good lateral continuity of all subsurface
units with the exception of the Atoka series. Electrical log
correlations are very good for the pre-Atoka beds covering a
broad area of Oklahoma and surrounding states. All of the sub-
surface units thicken to the south and southwest and reach a
maximum thickness in the general area of the Arbuckle Mountains
in south central Oklahoma. In a northeasterly direction, ap-
proaching the crest of the Ozark Uplift, all stratigraphic units
thin by onlap and truncation. For a detailed regional discus-
sion, refer to Huffman, G. G., 1959, " Pre-De Moinesian Isopachous
and Paleogelogic Studies in the Central Mid-Continent Region,"
AAPG Bulletin, Volume 43, pages.2541-2574.

Arbuckle Group - Proposed Injection Horizon

The Arbuckle is.a carbonate sequence, dominantly dolomite, with
minor shale and chert. It is 1765' thick at the well site,
including the basal Reagan sandstone, and reaches a maximum
thickness of 7000' in the Arbuckle Mountains.- Northeast of the
well site, the Arbuckle thins to about 180' at the outcrop of
the Cotter dolomite (uppermost Arbuckle) near Spavinaw, Delaware
County, Oklahoma (Huffman 1958). The distribution of the Arbuckle
group is very wide-spread, being recognized throughout the Mid-
Continent region (Huffman 1959).

Rocks of the Arbuckle group vary in character from dense and
impermeabic to very. porous.and permeabic. In general, the upper
part of.the Arbuckle is essentially non-porous, the Middle j

i

~ ~ ' ' '
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Arbuckle is characterized by alternating beds of porous and non-
porous dolomite and the lower one-third of the section is
characterized by thick zones of high order porosity. Measured
porosity value's of Arbuckle dolomite range from less than 2% to
as_high as 20%. Permeability ranges from less than 0.1 milli-:

! darcy to a high of 768 millidarcies. Porosity-permeability
relationships indicate that porosities less than 3% are non-

;
' effective. Correlations of the zones of good porosity develop-

ment are reasonably good throughout the area (see electric log
i cross-sections, Attachments 5 and 6). Porosity values for the.

Arbuckle formation were established by a foot-by-foot analysis
j of the Schlumberger Formation Density Log (Attachment 7) and,

from the core analysis (Attachment 8). The depths of the five
intervals with the highest permeability were derived from the,

injectivity test data. See Figure 3, Exhibit A. Average poro-
sity values were assigned to each layer and the thickness of
the. net effective porosity was determined by using a minimum

; value of 3% as a cut-off. The average porosity ranges frca a
low of 5.8% for layer #5 to a high of 9.9% for layer #4. Thed

total net effective porosity for the five permeabic layers'is
1- 116 feet.

-

It should be noted that both the density log and the Neutron
4

] Porosity Log were calibrated for a limestone formation with an
1 assumed constant grain density of 2.71 grams /cc. Since the

Arbuckle. formation is in fact made up of alternate layers of
porous and dense dolomite with a measured average grain density
of 2.81, it i's necessary to apply a correction to the density

,

curve before computing porosity values. Since the logs were-

calibrated for limestone, the porosity scale printed on the
Neutron Porosity Log cannot be used with accuracy. The error .

in the apparent porosity resulting from the limestone calibra-
tion ranges from two to as high as eight percentage points.

I The chemical and physical characteristics of the Arbuckle forma-
tion water is given in the water analysis submitted by the
Halliburton Company (Attachment 9) . Specific gravity is 1.104

2at 75*F, pH is 7.0 and resistivity is 0.093 ohms /M /M. Total
diss 'ved solids are 142,000 ppm and the' chloride content is
88,30c vpm . Reservoir temperature is 126*F as reported by

,

Schlumberger and the reservoir fluid pressure is 1238.45 psi at
an elevation of 2071 ft. below sea level. The lithostatic pres-
sure at the base of the Arbuckle (3100')'is calculated to be'

3490 psi by using a mean density of 2.60 for the overlying rock
column. Fracture pressure is estimated by Halliburton Services

,

|
at 70% of lithostatic or 2440 psi. ,

The confining bed underlying the Arbuckle consists of impermeabic
granite. The confining beds above the proposed injection horizon

~

; consist of 170' of dense shaley Arbuckle dolomite and 110' of
i dense Arbuckle limestone. This Arbuckle " caprock" is in turn ,

overlain by a 1300' thick sequence of dense shale, siltstone, ;i

i

lj.
. i
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sandstone and limestone. These non-porous beds will effectively
prevent the vertical migration of injected fluid.

Groundwater Geohydrology

Information on the geohydrology of'the fresh water aquifers at
the Sequoyah plant site and vicinity has been taken primarily
from:

Oklahoma Geological Survey Hydrologic Atlas #1 - 1969
"The Water Resources of the Ft. Smith Quadrangle, by
M. V. Marcher.

Marcher states that, in general, the Atoka formation is a very
poor aquifer. Water quality is poor and yicids range from a
fraction of a gallon per' minute to a few gallons per minute.
The best water well in the plant site area is located in the NW
NW/4 of Section 27 12N 21E. Depth of the hole is 84', static
water level is 29' and yield is 1 gpm. Water quality of this
well is better than average for the Atoka formation, with total
dissolved solids of approximately 460 ppm. The erratic occur-
rence of fresh water locally is the result of meteoric water
being trapped in fractured shale and constitutes a " perched"
water table at an elevation approximately 40' above the water
level of the alluvial aquifer of the Arkansas River.

The Arkansas River alluvium is a good aquifer with reported
yicids as high as 900 gpm. The water is "hard to very hard"
(Marcher 1969) , but is suitabic for irrigation. A typical
alluvium water well is located in the SE SE/4 of Section 19 12N
21E. Marcher reports a depth of 44', static water level at 4'
and a yield of 400 gpm.

Mineral Resources

The only mineral resource in the immediate area of the well site
is a limited amount of terrace gravel. Sandstone has been quar-
ried at two locations approximately one mile north of the well
site and sand has been dredged from the flood plain of the
Illinois River two miles to the north. Sand has also been
dredged from the Arkansas River two miles west of the plant.
Nearest gas production is 14 miles west, at the town of Warner.
Coal is being mined from a depth of 1400' at Stigler in Haskell
County, 18 miles south of the well site. Nearest coal deposits
are located about 32 miles southeast of the plant site, but the
mines are currently inactive.

Seismicity

As previously stated, Huffman (1958) considers the area under
discussion to have been tectonically stable since Middle De
Moinesian time. This conclusion is supported by the Coast and

;
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and Geogetic Sarvey Report 41-1 (revised) " Earthquake IIistory of
the United States". The report lists minor to moderate scismic
activity in the El Reno area, west of Oklahoma City, the Tulsa
area and in the Ouachita Mountains of southeastern Oklahoma and
west central Arkansas. The earthquake epicenter nearest the well
site is near Poteau, Oklahoma, 40 miles to the south. This
earthquake of April 27, 1961,.is listed at intensity V on the
Modified Mercalli scale (very minor denage to dishes and windows).
All of the listed earthquakes appear to be associated with struc-
tural features outside of the southwest Ozark tectonic province
(Tectonic Map of United States, USGS aml AAPG 1961). It is con-
cluded that carthquakes do not constitute a significant hazard at
the Sequoyah well site.

,

J
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CORE I.ADOR ATORICS, INC.
l'citolctwo Rest s t'Oir 5:stgiticcrittg - - _ _ . _ . . _ . _ _ _ _

D/sLLAG. TcX AG

October 28, 1969 , , , . , , , ,

. . w. m . .r.
ONL ANCM A C11Y. OKL A.*

.

7311d

lavs w/t . rea 93Y 101972

Kerr-McGee Corporation
705 Kerr-!!cGee Building
Oklahoma City, Oklahoma 73102

Attn: !!r. Tom C. Danic

Subject: Core Analysis
Sequoyah Factory Waste
Disposal No. 1 Well
Sequoyah County, Oklahora
CLI File No. CP-1-7049 .

-

Gentlemen:

The Arbuckle Formation was diamond cored in the subject well
at various intervals from 1451 to 3032 feet. The core was
preserved at the well-site and transported to the Oklahoma
City Laboratory for analysis by whole core methods. The
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 .,ou for this opportunity to be of service.

Yours very truly,

CORE LABORATORIES, INC.

. J ,o |f
J G. Evertson, Jr.
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CORE LADORATORIES. INC.
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Pctrolcum Roersvir Engineering page No. I* .

DALLAS. TEXAS

- - - - CORE ANALYSIS RGSULTS
CP-1-7049

Gmpany_.lElll3.-fjCCEE CO'IP03 ATION Formation AllllUCKLE File

Well SE0EQYNI I' ACTO'lY WAS.TE DISPOS AL R1 Core Type ._J11ApoNI) D3te report-_J o-28-69 |

Drilling Fluid _ ___ U A'ElllASE MUD Analysts 110VI.E

Field SCCTION 21-12_N-21E
State _OE_1&L0tt3_E!cv.._579' Kil._Locatioa_997 ' FEL & 32 31' FSle

.__

County SEOUOYMi

Lithological Abbreviations

. n=. . . . . -:==. .n. . . . ::::= ::::.=... := = "- ==: ~ :==.=:: :r.te c/, "
: c-:::c..: .... ..... ...... .. . . . . . . . . . . . . . . . . . ............. ......... ..... ........ ... .

.....

EcIN ""IU U'la"EI ' "~

'. f
''

Ea 'ItI 'n.... .. ... o,'

til10LE 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 0.2 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, few pp vugs, s1/ cherty

( 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, si/ 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 <0.1 4.4 0.0 93.4 Dol, 81/ 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
Drilled1477.0-1737.0

22 1737.0-38.7 <0.1* 3.3 0.0 76.7 Dc,1, s1/ shy, f ew pp vuge
Lost core38.7-43.0
Drilled*

1743.0-1912.0
23 1912.0-13.0 <0.1 <0.1 2.1 0.0 67.4 Dol, st/ vuggy
23 13.0-14.2 <0.1 <0.1 1.9 0.0 33.3 Dol j

25 14.2-15.7 <0.1 <0.1 1.4 0.0 50.0 Lol, s1/ cherty j

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 'O.0 39.8 Dol, s1/ cherty 1

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 i
I

1924.2-2294.0 Drilled

{ 33- 2294.0 95.6 101 24 9.8 0.0 64.6 Dol, vuggy, al/ cherty i

f34. 95.6-96.6 0.1* 9.0 0.0 69.1 Dol, vuggy, vert frac

35 96.6-98.0 768 1.8 9.6 0.0 /7.3 Dol, vuggy ;

36 98.0-99.4 30 0.2 9.2 0.0 69.8 Dol, vuggy , ' vert. frac j

75!'| ***''.7t:?d"E.*' N,"!.."Ud." ./'Jni'"A |"i.1'!I','$|:.f.T E''I|i'i J||!.'.'/d If ?!./Y"l,1...I.','7"'sfl.# /ld 7.h|.'! ||?'TA./"|'.'%.'.I*,'N's 7I; f'' "

.

. t;",'..''h,t::::'t,';;.y ::t ;",':"L't.:.':.' :.D;;; ?::7:.":.::::::3 :xM;t,'" .;"". .L" '::ut:%" '" '"'"** "'"' ''" c" "''"'*"~ i.
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CORC L ADOtt ATORIEb. INC.
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', l'crioleum Rescwoir finrinceringi ''
DALLAO.TLXAU'

File C.p-1-20fd ..Page No

Well Se_quinMtl'.ichiryJ1MLCJllIPMA'i

CORG ANALYSIS RESULTS " * *
"";r.Y",'.'',' Ya'." " . ~ u .. . c . . . . . o -

... . o.,,- . . . . . , < , , , . . . . , , *

= anaa"
j ;=,3g.;''a^g'> .m c . , o,,.m ,u,

37 2299.4-01.2 2.0 1.9 9.5 0.0 69.0 Dol, vuggy, vert frac

38 2391.2-02.8 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

~

IAst core2311.0-12.0
Drilled2312.0-30:'1.0

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, del

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

.

3031.5-32.0 - Lost core

GRAIN DENSITY

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

i

*DEHOTES PLUG PERMEABILITY

Tills IS Tilt FINAL REPORT.,

(
.
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HALLIGURTON CCMPANY
fil1D LAD O f4 ATu f4 t C G M AI NTAI N CD AT \'. .;4 4 0 U ;: i<.; NT.7 .. . *TH C D i t. Fi t t.D G

L A n f' R V- '- " "'A 7 '' ^'''*13/.9;c't
.

Date...JPV''::+'.I'fZ.Il.!.i.. .EE7.. . .

,

nepg7g go,}.q-11ff,
To.. E YT-D.r. c c .b g, ,

,,

,,, ,

..
..0.10 ghom.'...Q.i.i4...G:10. hoc.a..

. . . . . .
.Date Receivec'.1! v :.5cr 12,1959,,, ,

Submitted 13y.. u '.:[ w "
. ,, ,. C .! A

I ..E.iY ". .Fcnuation.. " t..givcn , ,

Well Nosh.3.".fE9N..f. .C$ lit 7.. Depth..Y. " , , , *r*
Sep:pi cotnty

Location.Pl.OOS . ..Section.. . . . . Town ship.. . . Ran:;e.. . . ..

. .

..l..ld:' O. 71.2. . ... 10 MSpecific Gravity . .

r. . e v: % .a_ -

3,II . 7,o. . .n. ..... . . . . . . - .
.

Total Dissolved Solids ..lSLO99.. . .. Parts per M4!!on'

[ \1J|/m
/.

/ / 9N
'

Calcium (Ca) ..Mi!0.. . . .- .. Pan .5 per Mi!! ion

Magnesitun (Mg) .2:a ft?.9.. .. . . .. Parts per Mi!! ion k c:E
~ . .~

C

Chlorides (Cl) 83.J.'.I? . . Parts per Million q !d;}y16 Jg7g ,,,
'n

.

j.._... ., e

b
Sulfates (505) ..).M.. . . . . .. Parts per Million 1

'

. . _ . . . .. Parts per Million c', 'i .Carbonates (CO3) .iL . O

llicarbonates (IICO') .169... . .... Parts per Million

Total Iron (Fe) .2.2. . . ..Pc.rts per Mil'. ion.

~:: ' -. .. Parts per Minion @ wSodium (Na) ..,4,'/co.. .. . . .

'

Remarks: Pg. 0.0% 0 75 F. . ch:ca/:: # r-

f

%.___%2_\G % & 10 % ? ??|a%"WL sen
sua sma,

,

e

WW
' Parts per mi!! ion, by v.cight, uncorrected br Specific Gr.tvity.

Ilespactfully sul,mitted,cc: Mr. D. C. Mor.<nrty .
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L@mT I@ 40- MA
PREINJECTION TREATMENT PROGRAM

Raffinate Treatment

Solvent extraction raffinate treatment facilities are provided.
The raffinate treatment facilities include a raffinate decanter,
raffinate holding tanks and associated pumps and lines.

The primary purpose of the solvent extraction raffinate treatment
system is to prepare the raffinate for injection into the waste
storage well system. Reasonable effort is made to minimize the
radioactivity contained in the raffinate effluent which is re-
leased to the unrestricted area via deep well disposal.

The raw raffinate contains a considerable volume of the organic
solvent tributyl phosphate (TBP) and may contain more than a
desirable amount of uranium. The TBP is removed since it is
detrimental to the lining material on the disposal well tubing.
The excess uranium is removed for. economic reasons and to rea-
sonably control the radioactivity releases.

To remove the TBP, the raffinate is scrubbed with hexane in a
decanter. In this operation, an average of about 435 pounds per
day of TBP is recovered and re-used. After the TBP is removed,
the scrubbed raffinate flows to one of two 5,000 gallon hold

I tanks where it is held until a laboratory analysis is performed
to determine the residual uranium content. If the uranium con-
tent is within the economical recovery limits, the.raffinate is
released to the well surge tank for injection to the disposal
well. Provisions exist for recycling raffinate to a pump decan-
ter. In case the raffinate is high in uranium content, the,

raffinate is recycled to solvent extraction and the excess uranium
- is removed.

.

Raffinate wastes generated to date have been neutralized with
either Ca(Oll)2 or Nii40ll prior to storage in ponds. It is planned
that these stored wastes would be mixed with fresh, acidic
raffinate and injected into the underground storage also. These
neutralized raffinate have undergone some precipitation of chemi-
cal and radioactive contaminants and as a result would be somewhat
more pure in radioactive contents and chemicals than fresh raffi-
nate with the exception of the Ca and Nils added for neutralization.
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\ "., WELL'fLOCATION, DESIGN AND TESTING PROCEDURES D _.'

28
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h/ '/g' .WellT c'ti t ion
'

' ' "

from tic'~] /
- - --

The Kerr-h!cGac Sequoyah Disposal Well is located 309:1'
south line, 2482' from the east line, Section 21 12N 21E,
Sequoyah County, Oklahoma. This location is approximately two
miles southeast of Gore, Oklahoma. See the Site Plan and Area
h!ap included as Enclosure 1 which shows the relationship of the
well to the Facility and general vicinity. Ground elevation is,

563' and rotary drive bushing elevation was 579'. All depth
measurements cited were made from the top of the drive bushing
(Kelley Bushing or K.B.).

Enclosure 2 is a Structure Contour h!ap of SE Gore Area, Sequoyah
County, Oklahoma, which depicts the following:

1) plant site location jgg y,p pgy
2) location of disposal well

' ,.,

N-
3) culture

~ '

4) drainage
5) Kerr-h!cGee property boundary
6) near surface structure of a marker bed in the

Atoka formation
7) location of core holes, water wells and the only

plugged and abandoned oil and gas test well
within two miles of the disposal well

8) the surface trace of the Carlile School fault and
the location of the fault monitor well drilled
by Kerr-htcGee.

Status of Dry lloles in Area

The Leonard #1 Smith, located SW NW SE/4 of Section 23 12N 21E,
is two miles cast of the Kerr-51cGee storage well. The #1 Smith
was drilled to a total depth of 2354' in 1955 and was plugged
and abandoned as a dry hole. Formations penetrated are:

Pennsylvanian Atoka shale at the surface
Lower Pennsylvanian Wapanucka limestone------------1115'
Mississippian limestone----------------------------1300'
Siluro-Devonian llunton limestone-------------------1470'
Upper Ordovician Sylvan shnic----------------------1740'
Viola limestone------------------------------------1775'
h!iddle Ordovician Simpson sandstune and limestone--1830'
Lower Ordovician Arbuck'.c limestone and dolomite---2080'

The Simpson sandstone was drill steam tested from 1940-SJ' with
a recovery of 10' of nud. A drill s t e a ,. test from 1951-2002-
recovered 66' of saltwater cut mud. 5-1/2" casing was set at
2144' with 80 sacks of cement. The Simpson sandstone was perforated
frem 1946-56' and afte" fracture treatment operetor swabbed salt-

,2C( ."
.

_ _ _ _ _ . _ _ _ _ .
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water end reported "a hole full of saltwater". The well was
plugged as follows:

1717' of 5-1/2" casing was pulled. The 10-3/4"
surface casing, set at 70' with 70 sacks of cement,
was Icft in the hole. The hole was filled with
heavy mud and a cement plug was placed in the top
of the 10-3/4" casing. .

The Carter #1 liighfill, located NE SE NE Section 5 11N 21E, is
three miles south of the Kerr-McGee storage well. This dry hole
is shown on the Regional Structure Map (Attachment 2 to Exhibit
F) along with all other dry holes and producing wells in a 16-
township area around the storage well. The Carter well was
drilled to a depth of 4706' and plugged and abandoned November 1,
1954. Formations penetrated are:

Atoka at the surface
Wapanucka--------------1910'
Mississippian----------2100'
ilunton-----------------2330'
Sylvan-----------------2560'
Viola------------------2600'
Simpson----------------2650'
Arbuckle (estimated)---2915'
Granite----------------4660'

Casing was set as follows:

10-3/4" at 120' with 50 sacks
5-1/2" at 4040' (amount of cement not reported)
4-1/2" liner from 3838' to 4675' (amount of cement not

reported)

The hole was plugged back to 4500' with cement and the Arbuckle
was perforated from 4464-70'. Operator reported a show of gas
and "a heavy flow of water". The well was plugged and abandoned
by pulling 807' of the liner and 3000' of the 5-1/2" casing. The
hole was filled with heavy mud and a 10-sack cement plug was
placed in the top of the surface casing.

In addition to the two wells nearest the Kerr-McGee plant site,
all availabic Oklahoma Corporation Commission plugging reports
were examined for the dry holes within a radius of eight milesJ

of the storage well. The records reficct that all of the dry
holes were abandoned by 1 caving the surface casing in the hole
and placing one or more cement plugs in the hole. Copics of the ;

plugging record for the two nearest wells are included as |

Enclosures 3 and 4.
!

Drilling and' Testing '
,

A geological report by Peter L. Scott, a consulting geologist, !

is attached as Enclosure 5. The Kerr-McGee Sequoyah Storage

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ - _ _ _ _ - _ _ - _ _ - _ - _ - _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ - -
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Well was drilled with rotary tools to a total depth of 3122' in
granite. The following intervals of the Arbuckle formation
were diamond cored:

Core #1 1452 - 77'
Core #2 1737 - 43'
Core #3 1912 - 25'
Core #4 2294 - 2312' i

Core #5 3021 - 32'

The following logs were run by Schlumberger: ,

Induction-clectrical survey from 133-3121' (Enclosure 6)
Compensated Formation Density from 498-3128' (See
Attachment 7, Exhibit F)

Sidewall Neutron Porosity from 298-3126' (Enclosurc 7)

After running logs, the 7" casing was cemented at 1619', 300'
below the top of the Arbuckle. The 7" casing was pressure
tested a.t 1000 psi for 30 minutes with no pressure decline. The
drilling mud in the well was displaced with fresh water and the
Arbuckle formation was swab tested through 2-7/8" tubing set at
3089'. Saltwater was swabbed for eight hours at a rate of 79
barrels of water per hour. The fluid Icyc1 during swabbing re-
mainted fairly constant at a~ depth of 250' below ground Icycl. A
sampic of the formation water was retained for analysis. Twelve
hours after swabbing was terminated, the fluid level was at 50'
below ground Icycl.

The initial injection test with fresh water had the following
results:

Rate Volume Pumped Pump Press Instant Shut Down Pressure

2 BPM 120 Bbls 500# 200#
3 " 180 750 200"

4 " 240 900 150"

5 " 220 1100 100"

The open hole section of the Arbuckle was then treated with 6000 i

gallons of iia 111 burton 7-1/2% MCA acid. The well was swabbed to
cican up af ter the acid treatment and the second injection test
was run: r

PSI TBG Pump PSI SI Casing
; Rate Volume Pumped Pressure Pressure ,

;

2 BPM 120 Bbls 0 50 i
3 " 180 0 50 |

"

240" "4 100 75'
>

'
5 " 300 " 200 100 ,

;

!
!

_ _ _ _ _ _ _ - _ _ - _ - - _ _ - _ _ _ _ _ _ - _ _ . _ _ - _ - _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ - - _ _ - _ - _ _ _ - . - _ _ _ - _ _ _ _ - _ - _ _ _ _ _ - _ _ _ _ _ _ _ - _ - _ _ _ _ - _ _ _ _ - _ _ _ _ - .
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Compatibility with Subsurface Fluids

Laboratory permeability tests were conducted by Core Laboratories,
Inc., Dallas, Texas. The tests demonstrated that the inJccted
waste fluids and formation water are essentially compatibic. No
serious reduction in permeability was measured after flushing the
formation core with synthetic raffinate fluids. In fact, the
laboratory indicates that the waste fluids will generally slightly
increase the permeability. .The results of the laboratory permea-
bility tests are shown in Enclosure 8. (The porosity and permen-
bility values for these cores, principally obtained in the upper
portions of the Arbuckle and useful for density log calibration
are not representative of the more porous zones which will take
injection, but are thought to be reasonably representative of the
injection zones from a chemical reactivity standpoint.)

Casing and Cement

Enclosurc 9 is a sketch of the waste storage well. The well was
cased as follows (all depths measured from rotary drive bushing):

Casing Size Weight Grade Type Depth Cement

16" 0.D. 55# 11 4 0 STGC 135' 200 sacks regular
with 2% CaCl and 1/4#
Flocele per sack.
Cement circulated to
surface.

10-3/4" 0.D. 32.75# 11 4 0 STGC 498' 350 sacks llLC with
2% CaC1. Cement
circulated to surface.

7" O.D. 20# J 55 STGC 1619' 400 sacks llLC with 10#
Gilsonite per sack
plus 100 sacks 50-50
Fozmix with 9% CRF-Z
and 10% CaC1. Cement
circulated to surface.

Subsurface Equipment

The bottom two joints of 7" casing are Carpenter 20 alloy steel
with a llowco guide shoc on the bottom and a float collar at the
top of the second joint. The bottom joint is equipped with two
centralizers and six Genoco Coilflex wall cicaners. Two central-
izers were also run on the third, fifth and seventh joints and
15 additional centralizers were spaced at 90' intervals above
the seventh joint. The bottom seven joints of 7" casing are-
Ruff-Coted.

Tubing and Well. Ilead Eiuipmentt

The injection string is 3-1/2" 0.D., 9.3#, J 55, EUE tubing
internally coated with Plasticap 600 PVC. The tubing is set in
a Haker Model A tension packer set at a depth of 1611'. The
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packer is internally and externally coated with Plasticap 600 PVC.
The casing-tubing annulus is filled with 45 barrels of fresh water
treated with 10 gallons of Aquaness Cronox 609. The well head
equipment consists of a tubing hanger and a 2000# working pressure
Cameron flange type 3" plug valve. The tubing head is internally

; coated with polypropylene. Enclosure 10 is a drawing of the well
head assembly and description of equipment items.'

,
.

'
Surface Equipment

General Description of System and Location

Chemical waste from all sources is collected in a surge tank
located at the west end (inside) of the solvent extraction build-
ing. From there, the waste is continuously pumped to the storage

.
well. Liquid 1cyc1 in the surge tank is maintained by means of
control valves downstream of the pump which recycles the flow as'

necessary back to the surge tank. The general location of the
equipment is shown on the General Plot Plan, drawing 110-C-152
(Enclosure 11). The system is shown schematically on Figure
No. 1. -

.s

Details

lloiding Tanks and Flow Lines
*

The surge tank has a nominal capacity of 2500 gallons. It is
made of fiberglass-reinforced plastic with a 20 mil coating

!of'cpoxy (trade name "C-Vall") over the inside surface.

The following pipe line materials were used:

: Location Specl h!aterial

i4

Feed lines to surge tank CLIN Schedule 40, Type I ,

and lines between surgo polyvinyl chloride (PVC)
tank and disposal pumps. pipe, plain end with

.

socket type solvent |
cement weld fittings. *

Lines from disposal DWW Schedule 40 carbon steel
pumps to well, pipe coated on the in-

side with 30 mil of PVC |

i(plasticap 600 as supplied
by Plastic Applicators,
llous ton) . .

'

Branch lines from main DPW (Same as Cl!N above) ,|

disposal line (DWW) to ,

settling basins.

Injection tubing from (None) 3-1/2" diameter well tub-
well head to injection ing with 30 mil coating
zonc, of PVC.

1

ISee Figure No. 1. ;

,
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The valves used in the various lines are described below:

Valve Mark
Line Spec Numberl Valve Description

CllW 381 Ball valve, PVC normal impact
type, double lip teflon seats,
socket ends. *

CllW 382 Ball valve, PVC normal impact
type, teflon seal, flanged ends.

DWW 402 300# plug valve, polypropylene
lined cast steel, bolted bonnet,
teflon bearing rings, teflon
"V-Type" packing, locked in
plastic liner, flanged ends.

1This mark number is shown by each valve in Figure No. 1.

Filters

There are no filters in the system.
1

Pumps

Two centrifugal waste disposal pumps are provided, one of which
is an installed spare. Both are Sundyne Pump Model LMV-311
manufactured by Sundstrand-Denver. Each is capabic of 125 gpm
at 400 psi. The wetted surfaces of the pumps are made of
llastelloy "C". The pumps are driven by 75 hp Louis Allis motors.

Flow and Pressure Monitoring Devices

,

' Flow to the well in gallons is totalized on an instrument loca-
ted in the control room (FQ 694 on Figure 1). The sensing cic-
ment (FE 694) in the line is a magnetic type instrument with
0.125" Saran liner and llastelloy "C" electrode.

Pressure in the waste line is sensed at the discharge of both
pumps and downstream of FE 694. At the pump discharge, the
instruments are simpic Bourdon type pressure indicators with
llastelloy "C" body material and tantalum diaphragm material.

The downstream sensing device consists of two Bourdon type pres-
one high pressure and one low pressure - bothsure switches -

llastelloy "C" wetted parts. On either high or low line pressurc,
an alarm signal will be displayed in the control room.

In addition to the devices shown on Figure 1, prior to the start
of a vaste injection program, it is planned that we would add
the following additional instruments:
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1. Flow indicator and recorder utilizing the existing
magnetic flow sensing element to supplement the ,

'flow information availabic now from the existing
flow totalizer. i

'

2. Well head injection pressure indicator and recorder
utilizing a sensitive pressure sensor mounted at '

the well head with signal transmitted to tbc control
room.

3. Well head injection temperature indicator and
recorder utilizing a sensitive temperature sensor ;

mounted at the well head with signal transmitted ,

to the control room. L

!
!4. Well head tubing-casing annulus pressure indicator
l,

and recorder utilizing a sensitive pressure sensor
mounted at the well head with signal transmitted to
the control room. ;

!

Sampler :

!

An automatic sampler takes a sample of the chemien1 waste Icaving [
the surge tank every 30 minutes. Approximately one gallon of ;

sample is collected every cight hours for testing in the labora- |
tory. The sampler is made of !!astelloy "C". ,

'
:

t

[
i
,

'

!

!

-

|

F

b

_ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ __ _ __
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PliTliR I.. SCOTT*

morn NorNT Cl 01OQVr
oktAlloM4 C11Y. OgLAHOM A 7,4 32

- - - - - - - -.- ----._._ .

Spud: 9-27-69 Logged: 10-27-69-

.

Cont rac tor: Unit Drilling Company ,

Elevations: K.B. 579 '
G.L. 563

.

Total Depth: 3122 Logger
3118 Driller

Cores: //l - 1452-77 Dolo . f r por.no vis perm
//2 - 1737-43 Rec. 20" Dolo W/Sh Part ings
//3 - 1912-25 Rec .12' 2"
//4 - 2294-2312 Rec 16'8" Dolo,14 xin U/gd por,vun
//5 - 3021-32, Rec. 10'6" Dolomite, Sandy Dolomite

& Dolomitic Sand.'

DST: flone

Logs: Schlumberger I ES 133-3121
FDC 498-3128

.
Silp 498-3126

t .

Bits Usedi- 32

FORitATION TOPS

Forrnat ion Lon Tops sub-Sea

Spiro. 342 + 237-
_ ,,,

Vapanucka 392_ + 187
Mississippian 537 + 42

171Chatanooga 750 -

182Itunton 761 -

Sylvan 998 - 419
Viola 10311 455

Sirnpson 1090 - 511
Arbuckle 1337' - 758
Granitc 3102~ -2523

Sampics vicre examined f rom 40' to total depth and a 2}" = 100' sample log
vias raade through this interval .

No shows of hydrocarbons vicre noted in the samples although several zones
of porosity viere drilled in the Siinpson and Arbuckle.
.;
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| KERR-McCEE CORPORATION
| SEQUOYAH WASTE DISPOSAL WELL

Subject: Results of laboratory tests conducted by Core Laboratories, Inc.
to determine the effects of permeability damage using-the formation

j core and formation water as a reference and flushing the formation
! - core with synthetic waste fluids.

I Results

, ,

Fluid Permeability , ed. (1)
,
g

Air Formation Formation g
Sample Depth Perm. % Water Neut. Diluted Diluted Water a '

No. (ft) md Porosity (initial) Raffinate Raffinate HF (final) Q
I : <ml
j 4 1456 0.18 13.3 0.068 0.07 0.065 Q

5 1456 0.17 13.8 0.26* 0.09 0.09;

; 7 1462 1.7 13.4 0.52 0.54 0.40 M
16 1471 0.02 6.7 0.0017 0.002 0.0012 @'

IS 2301 0.02 7.4 0.0019 0.001 0.0011 o !

|
74 3023 0.18 6.0 0.022 0.025 0.015 44

! D
(1) Volume of fluid used in determining permeability was approximately 10 pore val, g,

questionable value. q*

! Composition of Synthetic Raffinate (grams per liter) : D,

V025 0.05 As 0.2 15.
,

i PO4 0.4 Fe 0.7 (s y 4

! C1 0.3 NH NO3 60 ..s~ '

4

kc3 ,; i,5Mo 0.3 HNO3 50 ,(,) v
g{5 4/ }"a10 Na2SiO3 1 /OSO4

'

s
s ;,c 2 <gm s~ .- 4 .

,,

v 3 ;0 - A' P-U .

. . .

-: -

;-- .yj , ,

k, f. , . 34 NO ' R$1

2 0 oer D s
-

cbf;; su C'7 -=w
.

m ~~ E
' " '

V
' b

.

, :, .
8

i

*

i
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Exhibit I g,

EENT R30-ar0A1 3'm
SURFACE AND SilALLOW SUBSURFACE

MONITORING PROGRAM Lgo g,, g g ,g

A monitoring program of surface and shallow subsurface liquids
from nearby streams, run off collection ponds, and shallow wells
will be carried out to confirm that the deep well reservoir
contained fluid and injected wastes are being confined at the
lower levels as planned. In the unlikely event that some type
of loss of confirnment occurred which was not detected by other
means as planned, the monitoring program will provide early
warning so that environmental effects will be avoided or mini-
mized through the appropriate action.

The monitoring program of sampling and analyses shown in the
attached tabic, will detect the presence of either waste fluids
or insitn formation waters which are very high in calcium,
sodium, chlorides, and briarbonates. !

To provide base line valves for the four constituents mentioned
in the paragraph above, a series of base line sampics and
analyses should be made for one month prior to the start of
waste inj ection.

Base line valves for the other constituents are aircady availabic.

W s
4 Gs

J,

Y 97 g u662- -

73a 4Ns 3
_..

: so

k2 $ ho!S [$
[+ cly' * ''

g,/,
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-

G

_ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ . _ _ _ _



-- - .- --_ - - _. ~ _ . - _ __- - - -- , _ _ . - _ - __. _ -- . - . . . _ _ _ _ _ _ _ - . _ _ _ __ -

s . ,

Sample Senpling Frequency Sample Analyseo Performed
B U F N Ra Ca Na C1 ' HCd3Sample Source Volume Collection Analysis a

1. Rivers and Creeks

a) Arkansas River-Upstream 1 gal Weekly Monthly X X X X X X (Qtrly) X X X X

" " "
b) Arkansas River-Downstream 1 gal X X X X X X X X X X

" " "
c) Illinois River-Upstream 1 gal X X X X X X X X X X

" " "
d) Illinois River-Downstream 1 gal X X X X X X X X X X

" " "
e) Salt Fork Creek 1 gal X X X X X X X X X X >

t
'" " "

f) Vian Creek 1 gal X X X X X X X X X X

" " " '
g) Dirty Creek 1 gal X X X X X X X X X X

h) K-M South Creek
" " "(Terrell Branch) I gal X X X X X X X X X X

L

2. Lakes and Ponds

a) Tenkiller Lake (7 miles
" " "*

North of Facility) 1 gal X X X X X X X X X X

b) Sourface Pond (1/4 mile
" " "

South of Facility) I gal X X X X X X X X X X

c) Surface Pond (1/2 mile " " "
East of Facility) I gal X X X X X X X X X X

d) Surface Pond (1/4 mile
" " "

Southeast of Facility) 1 gal X X X X X X X X X X

e) Surface Pond (1/2 mile
" " "

Southeast of Facility) I gal X X X X X X X X X X

Page 1 of 2
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t .a

Snaple Seepling Frequency Sceple Analysos Parfarend _-
S U F N Ra Ca Na Cl HCO3:Sample Source Volume- Collection Analysis a

3. Shallow Wells

a) K-M Monitor Well (3/4 mile
,

East-Southeast of Facility) 1 gal Weekly Monthly X X X X X X (Qtrly) X X X X'

-
i

b) Carlisle School Well -(1
mile East-Northeast of

" " "
Facility) I gal X X X X X X X X X X

c) Domestic Well (1/4 mile ' "
South of, Facility)- 1 gal X X X X X X X X X X" "

d) Residence Well (1/2 mile.
" " "

Northeast of Facility) 1 gal X X X X X X X X X X

.

I

s~

|

_
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