October 11, 2017
Hearing on Proposed Orders
SDWA 06-2017-1110, SDWA 06-2017-1111 and SDWA-06-2017-1112
Tulsa County Courthouse
Room 119
500 South Denver, Avenue
‘Tulsa, Oklahoma 74103-3844 -

9:15-10:45:  Jireh Resources, LLC

10:45-12:15: Warren American Qil Company, LLC
12:15-1:15: Lunch

1:15 ~ 2:45; Novy Oil and Gas, Inc.

2:45 — 3:45: Public comments
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OPENING STATEMENT OF WARREN AMERICAN OIL COMPANY, LLC
EPA hearing, Wednesday, October 11, 2017
Gentlemen:

My name is Doug Norton, speaking today on behalf of Warren American Oil
Company, LLC in Docket No. SDWA-06-2017-1111 concerning the Bird Creek salinity
issues being investigated by the Environmental Protection Agency (“EPA”). Warren
American is grateful to the EPA for this opportunity to place into the record written
expert reports and evidence which we believe conclusively exonerates Warren American
from the allegations that it has “failed to confine injected fluids to the authorized
injection zone” resulting in the contamination observed in Bird Creek.

Warren American has been in business for over seventy-five (75) years and
enjoys an excellent reputation both inside and outside of the oil and gas community. This
is the first time in Warren American’s history where it has been involved in an EPA
Hearing. Warren American is deeply committed to protecting the environment of Osage
County while producing oil and gas for our own benefit and for the benefit of the Osage
Nation.

Warren American has owned the Chapman. lease since December, 2013, when it
was acquired from Link Oil Company. Warren American has fully cooperated with the
EPA in cvc;ry aspect of this invest-igation from August, 2016 until the present date. We
have turned over to the EPA all of our files and records pertaining to our injection wells
and our production wells. We have devoted hundreds of man hours, internally
investigating our own operations, in an attempt to arrive at an answer to this dilemma.

We have periodically shut down our operations, conducted numerous diagnostic tests on
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injection wells and producers, and monitored salinity and temperatures at various spots
along Bird Creek over time. We have spent numerous hours discussing both the facts and
theories with representatives of the EPA and representatives of the surface owners. We
deeply value the input and efforts that the general public and the EPA have made with
respect to this problem and pledge to continue to work with the agency and surface
owners in the future.

With respect to the proposed Order that was sent to Warren American by the EPA
on July 29, 2017, it is Warren American’s opinion that the conclusions reached in the
proposed Order as to Warren American’s operations arc factually and scientifically
incorrect, and the data does not support the EPA’s theory that the Mississippi Chat
formation is over-pressured.

Warren American’s opinion is based on the following observations:

1. The Mississippi Chat formation is not over-pressured. As a preliminary matter,

we would note that of the three (3) injection wells operated by Warren American on the
Chapman Lease, two of the wells (B-8 and B-9) are taking water on a vacuum and the
third is operating at a very low injection pressure. It is difficult to understand how the
EPA could arrive at the conclusion that injection wells that take water on a vacuum could
lead to, or contribute to, the over-pressuring of the Mississippi Chat formation. In the
aggregate, Warren American’s producing operations bring both water and oil to the
surface, separates the oil from the water, and then reinjects the water back into the same
producing formation without adding any “make-up” water to replace the oil volume
produced. This concept (or recycling operation) has been going on with respect to the

Mississippi Chat reservoir at this location for more than 50 years. The result is that the



reservoir pressure in this Mississippi Chat formation is now less than the bottom-hole
pressurc was 50 years ago. Since the pressure within the Mississippi Chat has
continuously declined over time, there is no scientific or factual basis for the conclusion
that the Mississippi Chat has been or is “over-pressured”. As a professionally registered
petroleum engineer with forty years of experience, I can attest that it would be classified
as a normally pressured reservoir.

To study this finding of the EPA, Warren American has engaged the services of
Cobb and Associates Petroleum Engineers. Under Cobb’s guidance, Warren American
recently obtained measured bottom-hole injection pressures for all three of its injectors on
the Chapman lease. A copy of the Cobb and Associates report is submitted along with
this statement which concludes (A) the Mississippi Chat is not over-pressured; (B) that
the Warren American injection wells are not injecting water in volumes, or at pressures,
anywhere close to the fracture gradient of the Mississippi Chat formation; and, (C) that
thcr;: is approximately 2400 feet of vertical clevation between the top of the Mississippi
Chat formation and the bottom of Bird Creek at Monitoring Station No. 6; and (D) that
90 percent of the pressure drop (from the injection wells to the producers) occurs within
10 feet of the injectors and therefore there is insufficient reservoir pressure (even while
water injection is occurring) to lift a column of fluid from the Mississippi Chat into the
bottom of Bird Creek (as long as the water entering our jnjection wells at the surface
actually enters the Mississippi Chat formation and does not channel up the backside of
the casing).

2, Warren American’s injected water is confined solely to the Mississippi Chat

formation. Also submitted along with this statement is the Affidavit of our Vice-



President of Operations, Mr. John Burroughs. As Mr. Burroughs affidavit describes,
Warren American has taken additional steps to conclusively prove that the water it is
injecting into its injection wells is not escaping somewhere between the surface and the
Mississippi Chat formation. This is evidenced primarily by three radioactive injection
profile tests which Warren American recently caused to be run by Associated Wircline
Service, Inc. of Healdton, Oklahoma. These tests, results of which are attached to Mr.
Burroughs affidavit, conclusively show that all waters injected into the Warren American
wells enter the Mississippi Chat formation and do not escape between the surface and the
Mississippi Chat or channel up the outside of the wellbores. The Cobb Report,
referenced previously, also concludes, based on these injection profiles, that the injected
water is confined solély to the Mississippi Chat formation.

3. Warren American injection wells have not “recently” failed MIT tests. There has

been insinuation that Warren American’s injection wells have “recently” failed MIT tests.
This was alluded to in the public comments. Mr. Burroughs affidavit corrects the record

with respect to these facts. A summary of Mr. Burroughs affidavit regarding these issues

is as follows:

A) The Warren American C-W4 well (sometimes referred to as the C-1 well)
did fail an MIT test on November 18, 2014 at which time all injection of
fluids was discontinued. The well was subsequently plugged in 2016 as
witnessed by the EPA.

B) The Warren American B-9 well failed an MIT on August 11, 2015. All

injection was discontinued at that time. As Mr. Burroughs affidavit

shows, efforts were made to repair the B-9 well which were ultimately



successful. Injection was re-commenced after the well successfully passed
an MIT test on December 30, 2016. The B-9 well is currently taking
water on a vacuum and injecting approximately 900 BWPD.
In summary, neither of these wells could have contributed to the pollution of Bird Creek
which occurred in August, 2016 as neither had been in operation for a full year prior to
the discovery at Monitoring Station No. 2. Also, neither had the type of failure that
would permit injection into a shallow horizon.
Concurrent with our conclusion that Warren American is not responsible for the
Bird Creek contamination, a separate likelihood has also been determined: that the
contamination was a one-time event and there is no ongoing pollution into the creek.
This topic is addressed in a second report, authored by Dr. Kerry Sublette, distinguished
Professor of Environmental Engineering at the Univefsity of Tulsa. In addition to
studying data provided by the EPA, Dr. Sublette walked the creek and supervised the
measuring of salinity and temperaturc at several spots (beyond the EPA sondes) over
time. Dr. Sublette’s report is also being offered into the record today to support Warren
American’s observation that the salinity levels present in Bird Creek have declined over
time, and are continuing to decline. This finding strongly supports the position that there
is no ongoing pollution into the creek. In particular, the salinity levels at Monitoring
Station No. 2, where initial reports found 80,000 parts per million of chlorides, have now
fallen to below 1,000 parts per million-and continue to decline. Salinity also continues to
fall at Monitoring Station No. 6, although the salinity measurements remain high in the

deepest part of that pool. However, salinity readings 6” from the surface at Station No. 6
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decrease rapidly to the 1500 ppm range. Dr. Sublette concludes that all observations of
increased salinity can be explained by stratified flow and pool to pool transport of salts.

Another significant finding by Dr. Sublette is that the temperaturc anomalies
observed at various depths of Bird Creek could readily be explained by solar heating of
the dense saline layers. Therefore, communication with the creck and a deeper stratum
would not be necessary to explain elevated temperatures at deeper, high salinity
locations.

So that the record is clear, Warren American was requested to voluntarily shut-in
all three of its injection wells on at least two occasions. The first time was from June 9 —
June 16, in conjunction with the shut-in‘of all three of the operators® wells, at the EPA’s
request. The second shut-in began on August 9, to cooperate with the EPA’s Proposed
Administrative Order. From that date, for approximately thirty (30) days, Warren
American’s production facilitics were completely shut down. As should be noted for the
record, Warren American has no alternative source to take produced water off of the
Chapman lease. Also, Warren American has been told by EPA personnel that no new
permits, to drill a disposal well further to the north or to dispose of our produced water
into different formations, will be approved. Without disposal wells, Warren American
cannot produce the Chapman lease.

As a consequence of the foregoing, and in an effort to continue to gather scientific
data, Warren American decided to reactivate its operations following the thirty (30) day
shut-in. The reactivation occurred on September 8, 2017. From that date, Warrcn
American has obtained readings from both Monitoring Station No. 2 and Monitoring

Station No. 6 with the consent of the surface owner and with the knowledge of the EPA.



Dr. Sublette addresses those readings in his report. The bottom line is that the salinity
levels continue to decline or remain steady, even after the Warren American’s wells have
been re-activated. This certainly suggests that the Warren American wells have not, and
do not, contribute to the salt water that entered Bird Creek in August, 2016, nor does it
appear that there is any current inflow of saltwater from any source.

In conclusion, it is Warren American’s position that it, at all times, operated its
wells in compliance with the terms of its underlying permits. We believe that the initial
photographic evidence of oil and oil sheens in the creek in August, 2016, and the absence
of any reported oil sheens subsequent to August, 2016, strongly substantiate that this was
a one (1) time event. The gradual decline of the salinity of the water remaining in the
creck also supports our conclusion that the pollution is not currently reoccurring. This is
particularly true with respect to Warren American’s wells which were voluntarily shut-in
for an extended period of time. The evidence shows that prior to the Warren American
shut-in, during the shut-in, and after injection activities were resumed, salinity levels
within Bird Creck all continued a gradual and steady decline.

Warren American concurs with the recommendation in Dr. Sublette’s Report, that
the high salinity water in Monitoring Station No. 6 be drained; two or three times, if
necessary. The salinity at that Station should continue to be monitored during this
process. .

Further, Warren American believes that the EPA’s proposed order to permanently
discontinue disposing of produced water into the Mississippi Chat is arbitrary and
capricious, and is not supported by the data. As noted above, such an order would likely

lead to an inability to produce the Chapman lease. Other alternatives are available, at



least on an interim basis, to monitor the situation. These would include: (1) lowering the
allowed maximum injection pressure on the Warren American injection wells; (2)
requiring an annual or biannual MIT test on Warren American injection wells; (3)
conducting weekly monitoring and reporting of casing pressure, in addition to the current
tubing pressure; and (4) requiring weekly monitoring of the salinity levels within Bird
Creck for an extended period of time.

Warren American has not yet received all of the documents that it has requested
from the EPA through various Freedom of Information Act requests. We respectfully
request that we be provided adequate time to review and respond to this information once
it is received.

Warren American is of the firm belief that its activities were not the cause of the
observed pollution. Our expert reports show that the proposed order, as directed to
Warren American, is not supported by scientific evidence and represents a finding of
“guilt by association™ that is not warranted. We honor our reputation for honesty and
integrity in all matters pertaining to our operations and the proposed order deprives us of
the ability to prove our innocence. We would strongly urge the EPA not to go forward
with the proposed Administrative Order while data is indicating that no further

contamination is occurring.

Attachments:
1) Report of Cobb & Associates
2) Report of Dr. Kerry Sublette

3) Affidavit of John D. Burroughs, P.E.
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WILLIAM M. COBB & ASSOCIATES, INC.

Worldwide Petroleum Consultants

(972) 385-0354
Fax: (972) 788-5165
E-Mail: office@wmcobb.com

12770 Coit Road, Suite 807
Dallas, Texas 75251

October 6, 2017

Mr. Doug Norton
Warren American Oil Company
6585 South Yale, Suite 800

Tulsa, Oklahoma 74136

Re:  Miss Chat Reservoir
Osage County, Oklahoma

Dear Mr. Norton:

At your request, | have reviewed two technical reports and various data items associated with
waterflood operations in the Miss Chat reservoir in Osage County Oklahoma. My study
addresses allegations that operators of water injection wells in the Miss Chat reservoir have
failed to contain the water to the injection interval resulting in brine contamination at the surface,
specifically in Bird Creek. The two technical reports which I have reviewed are:

I. “Bird Creek Investigation and Injection Well Response  Action Plan”,
August 4, 2017, prepared by the US EPA Dallas office

2. “Comment Letter on Administrative Orders: SDWA-06-217-11 10 (Jirch Resources,
LLC); SDWA-06-2017-1112 (Novy Oil and Gas, Inc. (Grayhorse Operating,
LLC)), and SDWA-06-2017-1111 (Warren American Company, LLC), September
I, 2017, prepared by Bill Biehl, PG, EH&S Manager, BEPCO, L.P. (on behalf of
Osage Land & Cattle Co.)

Field History

The Miss Chat reservoir, also known as the “Blackland Pool” was discovered in 1922, according
to a memo ‘and technical data compiled by Mr. David Roberts', a petroleum engineering
consultant. Very few wells were drilled until field wide development commenced in 1953,
From 1953 to 1966, all produced water was disposed of into the Layton sand. A ficld-wide
cooperative waterflood was implemented in 1966 by Texaco, Sun, and K-M 0il Co. This
cooperative unit covered nine quarter sections, and produced water was re-injected into the Miss
Chat reservoir. There is no evidence that makeup water was ever used on the Chapman lease.

" Memo dated October 3, 2017, by David Roberts.



Mr. Doug Norton
October 6, 2017
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This appears to be corroborated in a 1976 report by Keplinger and Associates, Inc.” which states
that reservoir withdrawals have exceeded water injection.

Oil production for the specific Warren American Oil Company (WAOC) Chapman lease is
unknown. However, the combined Jireh McComb and WAQC Chapman leases have produced
about 4.1 million barrels of oil. Produced and injected water volumes are unknown. What is
known, however, is that total water injection is less than total water production.,

WAOC purchased the Chapman lease properties in December, 2013, from Link Oil & Gas. As
shown on Exhibit 1, the Chapman lease borders the Jireh McComb lease on the east and south.
Grayhorse operates another Miss Chat property about a mile southeast of the Chapman lease.

Current Reservoir Pressure

We know that only a portion of the produced volumes have been returned to the Miss Chat
reservoir. which should have resulted in gradual pressure depletion over time. Current
measurements of bottom-hole pressure (BHP) confirm this fact.

There are no early BHP readings available for the Miss Chat reservoir. However, original BHP
(BHP,) can be estimated using the following equation:

BHP, = Avg. Depth * 0.433 psi/ft. (normal pressure gradient)

BHP,
BHP,

2500 ft. * 0.433 psi/ft.

1082 psi

WAOC has conducted recent BHP surveys in producing and injection wells, as shown in Exhibit
2. This test program indicates that the current pressure in the Miss Chat reservoir is between 900
and 950 psi, which is lower than original BHP. Significantly, this pressure is not sufficient to
bring a column of brine water to the surface. In fact, the standing fluid levels measured in these
tests ranged from 500 feet to 737 feet below the surface. Neither the EPA report nor the Osage
Land and Cattle report dispute this finding. However, the EPA claims that injection operations
could force water to the surface (page 2. bullet 4).

In Mr. Biehl’s report, he spends considerable time and text showing what allowable injection
surface pressures are and what the calculated downhole pressure would be, IF the maximum
allowed surface pressures were used (sce Reservoir Engineering — Allowable Injection Pressure
section, page 10). This is irrelevant to the WAOC wells, which are operated with surface
pressures as shown from recent tests:

I. Well B7 > Injecting 1146 BWPD with 135 psi surface pressure. Measured BHP
while injecting was 1285 psig at 2517 feet (0.511 psi/ft.). When shut-in, the surface
went on a vacuum in 20 seconds. BHP dropped from 1285 psig to 1086 psig in
|5 minutes and was still dropping when the gauges were pulled.

* An Evaluation of Interests Owned by K-M Qil Company, Blackland Pool, Osage County, Oklahoma as of
July 1, 1976.
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2. Well B8 > injecting 858 BWPD with 27" vacuum at the surface. Measured BHP
while injecting was 1149 psig at 2546 feet (0.451 psi/ft.).

3. Well B9 > injecting 1168 BWPD with 277 vacuum at the surface. Measured BHP
while injecting was 1160 psig at 2557 feet (0.454 psi/ft.).

The tests shown above clearly show that bottom hole injection pressures are not excessive. In
fact. this is one of the most “gentle™ waterfloods, in terms of bottom-hole injection pressure
gradient, that [ have seen in my 35+ year career.

The average injection pressure gradient in the WAOC wells is 0.472 psi/ft. This is sufficient to
bring brine water close to the surface IF there is a high conductivity breach, right at the
wellbore. However, WAOC has run mechanical integrity tests (MIT’s) and injection profile
surveys which do not indicate any such breach. Therefore, in order for injected brine to reach
the surface, it must first travel through the reservoir to a nearby well with compromised integrity
to find a path to the surface. In doing so, the injected water loses most of its energy (pressure)
within a few feet of the injection well, leaving it incapable of lifting a column of water to the
surface. Exhibit 3 is cartoon diagram of the theoretical pressure distribution in an oil reservoir
from an injection well to a producing well. I have placed actual pressure values on this diagram;
however. the shape of the pressure trend near the wells is implied from theory.

To further illustrate this point, | have made a calculation of the pressure drop from an injector to
a point 660 feet away (10 acre well spacing) for a reservoir with a permeability value of 50 md.
Results of this calculation are shown graphically in Exhibit 4. Note on Exhibit 4, that more than
90 percent of the pressure drop from the injector to the producer occurs within 10 feet of the
injection well. Again, this indicates that any pathway more than a few feet from the injection
well cannot deliver water with sufficient pressure to bring it close to the surface.

Miss Chat Frac Gradient

In the Osage Land and & Cattle Co. report, Mr. Biehl speculates that the frac gradient for the
Miss Chat reservoir will likely be low, perhaps around 0.5 psi/foot due to the rock being a “soft ,
weathered chert™. In my experience this 0.5 psi/foot frac gradient is too low. In fact, a 1967 frac
treatment report for the K-M Chapman F-1 well shows a frac gradient of about 0.70 psi/foot,
which [ find to be quite normal. Using that value, the surface pressure required to frac the Miss
Chat reservoir would be calculated as follows:

Frac Pressure (FP) = BHP= SURFP + HP — FP_(Biehl equation, page 10)

Rearranging this equation to solve for the surface pressure (Max SURFP) at which the Miss Chat
will frac:

Max SURFP = BHP (frac pressure) — HP + FP
Max SURFP = (0.70*2500) — (2500*0.433*1.07) + 49
Max SURFP = 641 psi
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As shown in the previous section, WAOC well B7 is injecting with 135 psi surface pressure,
while the B8 and B9 wells take water on a vacuum. Clearly, none of the WAOC injection wells
are injecting at or above the frac gradient. Conversely, all three wells are injecting well under
the frac gradient.

Fluctuations in TDS Measurements

On page 6 of the EPA report, in bullet 4, the EPA contends that fluctuations in the TDS readings
are due to injection pump cycling. This contention is technically flawed in at least two ways:

I Injection pumps cycling would send pressure pulses through the reservoir. Note
that these pressure pulses diffuse with distance from the injector and are almost
imperceptible a short distance from the injector.

2. Injection pump cycling would have no impact on the chemical composition of the
water being produced at a distant location.

It is very likely that the fluctuating TDS values cited by the EPA are due to temperature
fluctuations when the samples were taken. Exhibit 5 is a graph of TDS and temperature
measurements from MP6. Note the cyclic behavior of both temperature and TDS. The dark blue
border on Exhibit 5 shows the time period when field injection operations were shut down.
Exhibit 6 shows this same data with the time scale focused on the period when injection
operations were shut-in. Note that the temperature and TDS values cycle on a 24-hour period.
This is simply the effect of daytime heating and nighttime cooling on the constant composition
water in the pool at MP6. This data provides no evidence of any link between injection well
operations and surface water quality in Bird Creek.

Exhibit 7 presents TDS data for stations 2 and 6 obtained by the EPA, Bureau of Indian Affairs
(BIA). and WAOC. Cumulative rainfall is also displayed on this graph. This graph shows that
with passing time and periodic rainfall, the TDS readings at both stations 2 and 6 are declining.
Upstream station 2 has returned to normal conditions. Downstream station 6, which is deeper
than station 2. shows a declining TDS trend. This graph clearly shows that there is no ongoing
release of Miss Chat water into Bird Creek.

Conclusions

I Analysis of available data indicates that the release of brine water into Bird Creek in
August of 2016 was a one-time event.

2. The Miss Chat reservoir has been gradually voided over time, causing a gradual reduction

in pressure, from an original value of about 1082 psi to a current value of about 925 psi.

The current average Miss Chat reservoir pressure is not sufficient to bring reservoir fluids

to the surface.

4. Current reservoir pressure can bring a column of brine water no higher than about

500 feet from the surface. This is corroborated by recent BHP and fluid level

measurements.

The three WAOC injection wells have passed MIT tests and all have had injection profile

surveys run, indicating that injected fluids are not escaping the reservoir at these wells.

led

wh
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6. Current bottom-hole injection pressures at the WAOC wells are well below the Miss Chat

frac gradient of about 0.70 psi/foot.
7. If fluids are escaping the reservoir any distance from the injection wells, there will be

insufficient pressure to bring fluids higher than about 500 feet from surface.

8. Fluctuations (noise) in the TDS and temperature readings cited by the EPA are simply
cyclic events associated with temperature variations over each 24 hour period. These are
normal and to be expected, and are not an indication of communication from injection

wells to the surface.
[ appreciate the opportunity to assist Warren American Oil Company in this matter. Should you
have any questions regarding the subject report or conclusions, please do not hesitate to contact
me.
Sincerely,

WILLIAM M. COBB & ASSOCIATES;, INC.
Texas Registered Engineering Firm F-84

Frank J\arck, P.E.
President

FIM ar
Attachmenis
M/Warren America/Miss chat Reservoir 100617



EXHIBITS



Y S Sesnin "
POLA . A
< “ /rfiz, " “F
I /_ !
] e Yl
! < 2 ¥IUY NYWIYHD
<hL % 1
e 1 YWOHYIHO 'ALNNOD 39VSO
L = 18
. 1.
“ s @ oo e®tao 9, c" ) @ Mllllllllllllillllll ANYJWOD 10 NYDIYIWY NIHHYM
| Jepp———— —-——
<+ m.Av. o e Od.nJ @ .W & o o h.” ..l_“ ] F u._nm—.—xm
mU f—
“ 2 G ® &..o. ® © @ < 8 Q\/o“
1 © e @ V 1
i 4 & effe @ @ U g2 © “
o -] = < | L 5
“Iinllu.m||||;_a o ege e o om . ) £l
S el e o e o o ¢ °| e
i ) ]
"@ e @ e ) “ o
! ° 1
s astoyheis . = W
¥3 <
° lo o o if o« cuoneis® S— ==
oo o o oo oo - - -—— - . -
U=t - ,_‘. < !
— % | @ e e @ © 2 ' I
= g uopeisi® ,1.1./ i -
/,/ o e 3 __ aouelIonad ;
]
! t
\ Cor N | _
! @ t
uo 2 Y - .
o ¢ sy a S lifzsczoaanth *
- s o v o S o o S A5 e e S ..l.- AV._
v ¢ v ! 5 :
1
. ! i
t asea] uewdeyd 1
o “ ‘09 [10 UBdUBWY uauep u/ "
! 1
L “ o e (] L] L] L R, Il..lll..llll_
1 Q|w.1 T e e
S _/ > ) 5 #%ie ﬁ v @ ©]|®© |
i i if!
] ol J " 1 . & & = 1
" [enedeyn " i 4 | i v e o " "
1
e | '
“ o4 ! r/f. T v ° " o v “
! 1 ] | 1 | |
[ G I
| « @ 0 i « gijle & ° e; e ¢ ;
1 | - _
t
| & o ! 1 e o o o @ . ‘
! 1 1H v o “
" -] ! . o " le @ (] % 1
: e o“ " - "
i - o =
1 '
“ ‘ 1 1H @ as5007 QUIODIW "
1
| % e o o : .o..._ "...l..lmmh.m_w..urlsllnlil..ln_




Z Haiyxg U SHVOSSY P 440.) W WO

£v6 = "BAY dHg aulpam
LT6 = 93eJaAe ||eJdn0
Z19 = ‘BAY
“1'4213snode 00s v/N 588 L6VE LT/L0/60 J9anpoud €3
adned auljaam 90s [44" €L6 L6YT LT/L0/60 19onpoud €3
adned aulaiim 8L €11 v06 95S¢ LT/L0/60 10303/u 69
“1'4 213snode LEL V/N T8 95S¢ LT/TE/80 10323[uy 69
agned auljaiim 6§ L0T €56 9vST LT/L0/60 10323[ul 84
“1°4 d1asnaode 06§ Y/N €6 9vS¢ LT/T€/80 10123(ut 84d
“1'4 213snode 1€9 V/N 868 L1ST LT/T€/80 10323/ul L9
1591 jJo adA) *}INS wouy "y 1H9 8isd ‘dHg d0OdIN aieq adA) oM
[9A3] pInyy l1em

v dJHG 25027 uvuidoy?) juadaYy

dunduio)) po worwy us.Liv 4

B B B B B BN BB BN N BN OGN O O O AN N N 0N



¢ HYylyx4

JUF "SIIDIQOSS Y YqU ) G UM
Bisd g2z ¢
il T dHg abeiaae mmmﬂ 0€6 _._
(Buioeds a10e Q)
) 1@8} 099 \

A2INPOLJ 0F L0§22[U] — UOINQLIISI(] dANSSIAJ [VI1J2409Y |



v HqIyxg i QU[ ‘SADIVOSSY P 4407 A v

doap ainssaud |03 jo aSejuaasad

"} - 10393[ul Wouty due)SIP

0001 00T ot 1
%0 ?
!
%07 -——————————— e -
%0Z - m e —im
%0E 4——— — . -
%0t - _

%08

%09

%0L

%08

%06

%00T

] i I \
i i i
i i '
1 |
|
'
e o S E— T e S —
] ]
I
] [ ' i
[
11 |
; - 7 - e T . K St Ut (. NS S o SR SRR S 1 -
[ i ]
b ] 7
I i f
i 0 | I
P ' )
i | I
SR — — I T— — - —e i O — S
[

-

- -

- ey N

@

doip ainssaid Jo 9% - o — 10323[u) wouy 22uelsip je ainssald —o—

‘PW OG = "Widd YIIM JIOAIDSAY JIOAIBSIY |10

00s

009

004

008

006

0001

00T°T

002T

00€‘T

00T

00S‘T

Isd - aunssaid




SUJ ‘STIVIDOSSY B GO P “ivijjifi

S Hqiyxsg

5/26/2017 7:45

5/31/2017 15:45

6/5/2017 23:45

6/11/2017 7:45

6/16/2017 15:45

6/21/2017 23:45

6/27/2017 7:45

7/2/2017 15:45

7/7/2017 23:45

7/13/2017 7:45

7/18/2017 15:45

7/23/2017 23:45

7/29/2017 7:45

8/3/2017 15:45

8/8/2017 23:45

8/14/2017 7:45

8/19/2017 15:45

Temperature (F)
= =
= & 3 o 3 @ S
=
‘%\\\
p Y
L ::
oy
=,
- ®
=
=
L))
I 7
- o
S
™
==y
-~
=
3
— éz
n\
o P o w N w o)}
o o o e e e
] ] 3 8 ] 8
o o [=] o o o
(1/3w) saL

SQL g9 = o LD | GO e

99dIAl - SluawWaINseaAl Sal




TDS Measurements - MIP6B

06/09/2017 - 06/14/2017

e GB Temp F - =====6B TDS

F {

lb’>

(

) ( |
N |
\_/ -
) ( |
\

[ ( |
(\\ '
$ 1\

o |\ N -
 EAE

S ] ( |
q‘(\ ,
HEY.

00:0 £T0Z/ST/9

00:9T L10Z/¥1/9

00:8 LT0Z/VT/9

00:0 £L10Z/¥1/9

00:9T LTOZ/€T/9

00:8 LT0Z/€T/9

00:0 £T0Z/€1/9

00:9T £T02/2T/9

00:8 £10Z/Z1/9

00:0 £T0Z/2T/9

00:9T £L10Z/T1/9

00:8 LT0Z/T1/9

00:0 £10Z/11/9

00:9T £10Z/01/9

00:8 £LT0Z/0T/9

00:0 £LT0Z/01/9

00:9T £102/6/9

00:8 LT02/6/9

00:0 LT0T/6/9

Exhibit 6

William M. Cobb & Associates, Inc.
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UNITED STATES
ENVIRONMENTAL PROTECTION AGENCY, REGION 6

DALLAS, TEXAS

§
In the matter of: § Docket No. SDWA-06-2017-1111

§
Warren American Oil Company, LLC § RESPONDENT’S ANSWER TO

: § PROPOSED ADMINISTRATIVE ORDER

RESPONDENT § AND REQUEST FOR HEARING

§

§

AFFIDAVIT OF JOHN D. BURROUGHS

STATE OF OKLAHOMA )

) ss.
COUNTY OF TULSA )

COMES NOW John D. Burroughs, upon his oath and being duly sworn alleges and states
as follows:

1 That I am a resident of Tulsa County, Oklahoma, am over the age of 21 years and
I have personal knowledge of the facts set forth in this Affidavit.

2. That I am a practicing petroleum engineer with over 37 years of experience in the

opcration and production of oil and gas properties in Oklahoma.

3. That I currently serve as the Vice-President, Operations, of Warren American Oil
Co. ("WAOC").
4. That I, or employees of WAOC working under my supervision and control, have

caused salinity ‘readings to be made on “Bird Creek” on Scptc.mbcr 18, 2017 and on October 4,
2017. The results of these readings are contained on Exhibit “A” attached hereto and made a
part hereof. These readings were taken by WAOC after reactivating its disposal wells on the

Chapman leasc on or about September 8, 2017.

Vi




5. That in my capacity as Vice-President of Operations, I retained Associated
Wireline Service, Inc. to run injection profiles on Warren American’s B-7, B-8 and B-9 disposal
wells located on the Chapman leasc on September 12, 2017 and October 2, 2017. The results of
these injection profiles (attached hereto as Exhibit B-1, B-2 and B-3) show that the fluid going
into the subject well is going into the perforations of said wells and into the Mississippi Chat
formation. None of the injection profiles indicate that any fluid is channeling upwards behind
pike.

6. That in my capacity as Vice-President of Operations, employees of WAOC under
my supervision and control, witnessed the failure of a Mechanical Integrity Test (MIT) on the
Chapman C-W4 and the Chapman B9 wells. The C-W4 failed its test on November 18, 2014 at
which time the well was injecting approximately 600 BWPD with pressure ranging from 207
vacuum to 50 PSIG. Injection was immediately stopped. Subsequent wellwork on the well
found a hole in a joint of tubing. After pressure testing the tubing and replacing scveral joints
the packer and tubing was re-run into the well but again the well failed its MIT. The well was
temporarily abandoned and fluid level monitoring occurred as per EPA regulations. A decision
to plug the well was made in November 2016 and the well was plugged per EPA instructions and
witnessed by EPA personnel. The B9 well failed its MIT on August 11, 2015 and injection was
discontinued. The tubing was pulled and several leaks in the threads were discovered which
were, then replaced. The casing was tested from 900’ to the surface and held pressure but the
well again failed to pass its MIT as the casing pressure slowly bled off more than the allowable
amount when the entire casing was pressure tested. The well was temporarily abandoned and

fluid level monitoring occurred. The well was then re-worked and passed its MIT in December



2016 and injection began on December 30, 2016. The well is presently taking water at

approximately 900 BWPD on a vacuum.

FURTHER AFFIANT SAYETH NOT. \

John D. Burroughs

Subscribed and sworn to before me this (g*¥day of October, 2017.

N ublic
My Commission Expires:
CHERYL DIXON
shoma
IS cqri:li:gon #00011152
Expires: Aligust 22, 2020

L1063 38 Affidavit
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Exhibit “B-1"

ASSOCIATED WIRELINE SERVICE. Inc

580-229-0731 - Box 906 + Healdton. Oklahoma 7343

FRING NO. COMPANY WARREN AMERICAN OIL CO., LLC
WELL CHAPMAN #B-9
FIELD, N/A
COUNTY. OSAGE STATE OK.
LOCATION TYPE SERVICES:
INJECTION
PROFILE
s 1 we2ZIN _ pge _TE
PERMANENT DATUM ELEV. ELEV KB
LOG MEASURED FROM FT ABOYE PERM DATLNS D.F.
D FROM GL
DATE 9/12/2017
TYPELOG INJIECTION F‘ROFIL? PRESSURE
DEPTH-DAWLER 2586 PBID RATE 877 BL
DEPTH-LOGGED 2588 FLUID WATEI
BOTTOM LOGGED INTERVAL] 2588 ISOTOPE 1-13
TOP LOGGED WTERVAL 2400 § DAY HALF LIFE
TYPE FLLKO IN HOLE WATER CASING AND TUBING RECORD
'_'E!EL [ SIZE war TYPE FROM m
| RECORDING SPEED 25 MIN 512" 0 260
TOOL SIZE 1" 4 12" 11.6# 0 251
RECORDED BY COX 2 3/8" ST. 0 250
WITNESSEC BY
PERFORATIONS 2560-67
REMARKS: SEE NOTE BELOW.

Exhibit “B-1”
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PERCENT OF INPUT

GAMMA LOG

R/A FOLLOW UP TRACER

___9 RADIO ACTIVITY INCREASES

El PERFORATIONS FROM CUSTOMERS RECORDS

_| SLOTS

ECHANNEL

PERCENT PER FOOT

WARREN AMERICAN OIL CO., LLC
CHAPMAN #B-9

N/AFIELD

OSAGE CO., OK.

9/12/2017

Sta. Num. |- Rate Bbls. Day

Depth. Interval | Percent of Fluid | Percent of Fluid Press P.S.L

Going Below Lost in Interval

Base
of Interval
877 100% FLUID MDVING BELOW T|D. - 0
NOTE: NO LEAKS OR|CHANNELS INDICATED UNDER EXISTING

INJECTION CONDITIONS.




ASSOCIATED WIRELINE SERVICE! Inc!!

580-229-0731 - Box 906 - Healdton. Oklahoma 73438

FILING NO. COMPANY WARREN AMERICAN OIL CO., LLC
WELL _CHAPMAN #B-8
FIELD, N/A
H R A E OK I
Exhibit “B-2” counTy S ks -f

TYPE SERVACES:

LOCATION ;
INJECTION i
PROFILE ’
sec_ 1 yw2IN_ pge _TE
PERMANENT DATUM. ELEV. - ELEV K.B
LOG MEASURED FROM FT ABCOVE PERM DATUM OF
{__DFLLING MEASURED FROM GL
il 9/12/2017
RUN NO. ONE HNJECTION |
TYPE LOG INJECTION PROFIL S 0.
DEPTH-DAILLER 2675 PRTD RATE 885 BD
| OEPTH-LOGGED 2540 : A WATER
BOTTOM LOGGED INTERVALY 2540 ISOTOPE 1-131
8 DAY HALF LIFE

TOP LOGGED INTERVAL 2350

CASING AND TUBMNG RECORD

TYPE FLUID IN HOLE WATER

LEVEL F— SuZE wart TYPE FROM o
RECOROING SPEED 25 /AN 542" 0 2591
TOOL SIZE 1" 412" 11054 1] 2512
RECORDED BY COX 2 3/8" ST 4] 2478
WITNESSED BY

PERFORATIONS 2540-572

REMARKS: SEE NOTE BELOW,

Exhibit “B-2”
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PERCENT OF INPUT

GAMMA LOG

R/A FOLLOW UP TRACER

__H RADIO ACTIVITY INCREASES

E] PERFORATIONS FROM CUSTOMERS RECORDS

_.] SLOTS

E CHANNEL

PERCENT PER FOOT

WARREN AMERICAN OIL CO,, LLC

CHAPMAN #B-8
N/A FIELD
OSAGE CO.,, OK.
9/12/2017

Sta. Num.

Rate Bbls. Day

Depth. Interval

Base

Percent of Fluid
Going Below

of Interval

Percent of Fluid
Lost in Interval

Press P.S.I.

885

100% FLUID M

OVING BELOW T|D.

NOTE:

NO LEAKS OR

CHANNELS INDI

CATED UNDER EXISTING

INJECTION CQ

NDITIONS.




ASSOCIATED WIRELINE SERVICE. Inc

580-229-0731 : Box 906 * Healdton. Oklahoma 7343

FILING NO. COMPANY WARREN AMERICAN OIL CO., LLGC
WELL CHAPMAN #B-7
FIELD, N/A
COUNTY. OSAGE STATE OK.
H {1 ”
Exhibit “B-3 LOCATION TYPE SERVICES:
APl #35-113-34148 INJECTION
PROFILE
SEC .__..._1_.___._ we2/N_ pee 7E )
PERMANENT DATUM, ELEV. ELEV. Xx.B
LOG MEASURED FROM 8 FT ABOVE PERM DATUN OF .
DATE 107212017
RUN NO. QNE NJEGTION
TYPE LOG INJECTION PROFI PRESSURE 1204
DEPTH-DANLLER 2551 RATE 1138 BD.
DEPTH-LOGGED 2580 FLuiD WATER
BOTTOM LOGGED INTERVAL] 2550 ISOTOPE 1-131
TOP LOGGED WTERVAL 2300 8 DAY HALF LIFE
TYPE FLUIO IN HOLE WATER ~ CASING AND TUSING RECORD
LEVEL FULL SIZE waTt TYPE FROM 10
RECORDING SPEED 25 MIN 512" 14+ 0 2551
TOOL SIZE 1" 23/8" S.T. 0 2414
RECORDED BY COX 4 1/2" 0 2460
WITNESSED B8Y
PERFORATIONS 2503-26
REMARKS' SEE NOTE BELOW.

Exhibit “B-3"
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5{0

100

PERCENT OF INPUT

2

I

0

3

4

0 0 5

PERCENT PER FOOT

GAMMA LOG WARREN AMERICAN OIL CO., LLC
A FOLL CHAPMAN #B-7
_________ R/A-FOLLOW UP TRACER A i
—— RADIO ACTIVITY INCREASES OSAGE CO., OK.
10/2/2017
H PERFORATIONS FROM CUSTOMERS RECORDS
] —] stoTs
2 CHANNEL
Sta. Num. Rate Bbls. Day | Depth. Interval | Percent of Fluid | Percentof Fluid | PressP.S.1
Going Below | Lost in Interval
Base
of Interval
1 1138 2414-2533 100 0 120
2 2533-2543 0 100 g
NOTE: SURVEY INDICATES FLUID LOSS BELOW REPORTED
PERFORATIONS @ 2533-2543. NO OTHER LEAKS OR
CHANNELS INI

DICATED.




Comments submitted by
Kerry L. Sublette
Sarkeys Professor of Environmental Engineering
University of Tulsa
October 9, 2017

I have been asked to comment on certain assertions and findings referenced in the EPA Interim
Final report titled “Bird Creek Investigation and Injection Well Response Action Plan” dated
August 4, 2017. Each of these assertions or findings are given below followed by my comments.

Cation/anion analysis of injected fluids and high TDS waters show a match with the
Mississippi Chat Formation (which is used for both oil production and an injection
dispersal zone).

Stiff diagrams as visual represcntations of water composition are ambiguous when strongly
dominated by one cation/anion pair such as Na* and CI". Stiff diagrams can rcadily demonstrate
that fresh water has been impacted with a produced water. It is much more difficult to
demonstrate that fresh water has been impacted by a particular produced water. Definitive
identification of a particular produced water requires analysis of minor components (As, Se, Cr,
radioisotopes, etc) and/or isotopic analysis of §'%0, §*H, and *7/%¢Sr. Isotopic analysis is the
current state of the art for forensic analysis of produced water impacts. Thus with the available
data it can concluded that the Bird Creek tributary was impacted by produced water but the
source of that water remains unknown.

Surface water concentrations at the originally reported location (Monitoring Station 2,
MS2) have declined steadily and significantly since the Jireh Resources Well 18 (0S6320)
was repaired in September 2016 following an MIT failure.

Further declines at the original location (MS2) also occurred immediately after the shut-in
of the Novy/Greyhorse disposal well (S5258) due to MIT failure.

High TDS remains at MS6, ¥ mile downstream of the original location.

In the absence of significant turbulence introduction of saline waters into fresh water streams or
rivers produces a stratified condition with the denser saline waters near the bottom and the fresh
water above. If the depth of the stream is uniform the saline waters and the fresh water will flow
more or less together in a stratificd flow. If the stratified flow encounters a deep pool the denser
saline waters will accumulated in the pools. Under ordinary flow conditions transport of salts
out of the deeper layers of these pools occurs through diffusion and convective currents that
operate near the boundary of the saline waters and fresh water in what can be considered a
mixing or transition zone. Under normal flow conditions these mechanism will only slowly

EXHIBIT
Whrres ﬂ?wcfrmd
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transport salts downstream. Therefore, it has been observed that these stratified pools are often
persistent over a long period of time. It is also well established that significant transport of salts
out of a stratified pool requires turbulent mixing of the pools to scour saline waters out of the
pool to mix with fresh water to be transported downstream. This type of turbulence results from
significant rain events. The efficiency of any rain event to scour salts from the pools depends on
the rain intensity, the depth of the pool and the geometry of the pool especially the slope of the
downgradient wall of the pool. Following such an event it is not uncommon for salts transported
downstream to collect in another pool and reform stratified layers of water based on density.
Therefore, following large rain events significant fractions of the salts can be transported pool to
pool. Cumulative rainfall is far less significant in determining salt transport from these pools.

Another consequence of the formation and persistence of these stratified pools is the formation
of a temperature gradient where higher temperatures are measured in the dense saline layer at the
bottom of the pool. Solar infrared radiation is absorbed by the bottom of the pool which heats
the saline layer. The fresh water above acts as an insulator slowing the dissipation of the heat
vertically. There arc many examples.of natural lakes of various depths, for example, with saline
inputs that have resulted in stratified layers based on salt concentration and density where the
dense saline layers are heated by the sun relative to the fresh water above.

Two pools in the tributary to Bird Creek were referenced extensively in the cited referenced
interim final report, the pool at MS2 and the much deeper pool at MS6. The salinity and
temperature data collected to date are consistent with a single release of produced water at or
near MS2 in August 2016. All observations of increased or persistent salinity and elevated deep
pool temperatures downstream of MS2 can be explained by stratified flow and pool to pool
transport of salts as described above. Specifically the steady decline in bottom TDS in MS2 is
consistent with the repeated scouring during significant rain events such as those shown below
based on Foraker mesonet daily rainfall totals. Only rain events exceeding 1 inch are shown.

) | Date Rainfall (in)
September 9, 2016 1.75
January 15, 2017 1.89
March 29, 2017 1.35
April 16, 2017 2.37
April 17, 2017 1.83

| April 21, 2017 1.27
April 25. 2017 1.00
April 29, 2017 3.78
May 3, 2017 1.88
May 11,2017 1.53
August 5, 2017 3.89
August 6, 2017 1.64
September 26, 2017 1.51




Given the expected behavior of stratified saline/fresh water pools during these types of rain
events and the turbulence they would have created it is no surprise that the TDS in the pool at
MS2 has decreased over this time period. Further the TDS in the pool at MS6 would be
expected to increase and then decrease over the same time interval as has been observed. In the
intervening periods between large rain events when rainfalls were low any salt-laden pools like
that at MS6 would stratify and solar heating of the dense saline layer would be evident. In
summary, with a reasonable degree of scientific certainty this is expected behavior consistent
with a single discharge event in August 2016 at or near MS2. The TDS data alone cannot prove
a cause-effect relationship between the TDS in the tributary and either the repair of the Jireh well
in September 2016 or the shut in of the Novy/Greyhorse well on May 9, 2017 (note the large rain
event two days later).

Monitoring at some locations indicates that despite repairs to the Jireh Well 18W (0S6320)
and shut-in (termination) of the Novy/Grayhorse well, injection operations appeared to
affect in-stream water quality (TDS) before and after the coordinated shut-in event, but
amplitude (degree of variability) of short term concentration fluctuations at some stations
diminished during the shut-in period. This indicates ongoing impacts from the injection
operations unrelated to the mechanical integrity failures of thesc two wells.

First of all, the expected pool-to-pool transport of salt in the stratified tributary and the depth of
the pool at MS6 fully accounts for the appearance of salt contamination in the pool at MS6 and
its long-term persistence as a dense, high-TDS layer in this deep pool. The much greater depth
of this pool explains why this pool has not been as completely scoured as the more shallow pool
at MS2.

The reference to variability in TDS seems to primarily refer to the difference in variability in
TDS measurements at depth in the pool at MS6 prior to and after July 1, 2017. From the plot of
TDS vs. time in the EPA report titled “In-Stream Monitoring Project at the Tributary of North
Bird Creek Area” it appears that the increasc in the amplitude of these variations followed
removal of the sensor from the water (note TDS goes to zero) for cleaning, maintenance, or
calibration. It is only after replacing the probe does the amplitude of these variations show a
significant increase. The field technician could not be sure the sensor was replaced in the same
spot. Most importantly the ficld technician could not be sure that the sensor was replaced at the
same depth given the likely slope of the bottom of the pool. If the sensor was placed at a
location higher in the dense saline layer closer to the transition zone between the dense saline
layer and the fresh water above then the variability in the TDS could possibly be explained by
the daily solar heating pattern. The TDS in the transition zone would be expected to be more
sensitive to convective currents produced by heating during the day. In other words small
variations in TDS were produced daily due to heat-induced differences in density and the
resulting small-scale circulation of the water. At night, without solar heating some of thesc
convective currents would be expected to relax.




In summary, the change in the amplitude of the TDS variations occurring immediately after the
sensor was removed and replaced makes the cause of the charge highly suspect. It is plausible
that replacement of the sensor at a different vertical depth resulted in the change.

Recommendations

A major question that the above cited interim final report seeks to address is whether there is
ongoing salt input to the Bird Creek tributary. The persistence of a high TDS saline layer in the
pool at MS6 secms to be of most concern with regard to this question. As outlined above it is
my opinion that all observations to date are consistent with a one-time event resulting in a large
influx of produced water (and oil) into the tributary at or near MS2 in August 2016. - However,
there is a simple experiment that can be conducted to provide further evidence to support either
position. The dense salinelayer in the pool at MS6 could be pumped out for disposal allowing
fresh water to return to the deeper regions of the pool. The TDS of the pool could then be
monitored over time. If the TDS increases again then there is an ongoing input to the pool. In
my opinion, the pumping and disposal process should be carried out in 2-3 stages. The removal
process will result in some vertical mixing with some salt escaping removal in the first effort
requiring a 2™ or 3" trial (after re-stratifying) to fully remove the salt. Also given the age of the
dense saline layer it is expected that salts will have diffused into the sediments. The time period
between repeated withdrawals will allow the sediments to r¢-equilibrate with the water.
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MESONET RAINFALL RECORDS

FORAKER, OKLAHOMA

March 23, 2017 to August 1, 2017
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