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Ref: SENE-UFO December 16. 2010

CERTIFIED MAIL and EMAIL
RETURN RECEIPT REQUESTED

The Corporation Company

For Murphy L&P Company

124 W. Capitol Avenue, Ste 1900
Little Rock, Arkansas 72201-3717

(1" Corporation System

For Pioneer Natural Resources USA Ince.

P.O. Box 7054. Suite 1650
Billings. Montana 39103-7054

Prentice-11all Corporation

For Samson Hydrocarbons Company
211 L. 7" Street. Suite 620

Austin, Texas 78701-3218

Re:

Fort Peck East Poplar Oil Field
Safe Drinking Water Act Emergency Administrative
Order Docket No. SDWA-08-201 | - 0006

[Dcar Respondents in the above-referenced matter:

Enclosed please find your copy of a final Safe Drinking Water Act Cmergency
Administrative (order). This order’s effective date is December 21. 2010. 1f you should have
any questions about this matter. pleasc feel free to contact Nathan Wiser of my staff. at (303)
312-6211. or Jim Eppers. Attorney. at (303) 312-6895.

tnclosure

Sincerciy.
f
ny

Sandra A. Stavnes. Director
UIC/FIFRA/OPA Technical Enforcement Programs



ces with enclosures:

Sid Campbell

Murphy Exploration & Production Company
16290 Katy Freeway, Sunte 600

Houston. Texas 77094

Mark Dalton

The Samson Companics
Two West Second Street
Tulsa, Oklahoma 74103

Heidi Tanner, Operations Manager
Pioneer Natural Resources USA, Inc.
1401 17" Street. Suite 1200

Denver, Colorado 80202

A.T. "Rusty” Stafne, Chairman
Assiniboine & Sioux Tribes
P.O. Box 1027

Poplar, Montana 59255

Deb Madison. Manager. Office of Environmental Programs
Assiniboine & Sicux Tribes

P.O. Box 1027

Poplar. Montana 59255

Linda Christiansen, City Clerk
City of Poplar

P.C. Box 630

Poplar, Montana 59255

Jon Diliard, Chief

Public Water Supply Burean

Montana Department of Environmental Quality
1520 E. Sixth Ave., P.O. Box 200901

Helena, Montana 59620-0901



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 8
2B10DEC 16 P 2: L0

[n the matter of":
Murphy tixploration & Production Co.. o4 PR
Emergency Administrative Order
Pionecer Natural Resources USAL Inc.. and
Samson Hydrocarbons Co. Docket No. SDWA-08-201 10006
Respondents.

East Poplar Oil Field

Fort Peck Indian Reservation
Montana

Proceedings under Section 1431(a) of the
Safe Drinking Water Act,
42 11.S.C. 83001a)
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STATUTORY AUTHORITY
I, The following tindings are made and order issucd under the authority vested in
the Administrator of the U.S. Environmental Protection Agency (EPA) by Section
1431 (a) of the Safe Drinking Water Act (the Act), 42 U.S.C, §300i(a). The
authorty to take this action has been properly delegated to the undersigned EPA

officials,

!J

Violation of any term ol this order may subject Respondents to a civil penalty of
up to $16.300 tor each day in which such violation occurs or failure to comply
continues, pursuant to §1431(b) of the Act. 42 U.S.C. §300i(b). [n addition.
actions or omissions which violate any requirements of the SDWA or its

implementing regulations may subject Respondents 10 a civil penalry of not more
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than $32.500 per day per violation pursuant to §1423 of the Act, 42 U.S.C.
§300h-2.

Within 72 hours after receiving this order. cach Respondent shall notily EPA in

L)

writing whether it intends 10 comply with this order. Such notification shall be
made 10 Nathan Wiser at the address identified in paragraph 100 of this order and
to Mr. Wiser's ematl address: wiser.nathaniepa.gov.

LOCATION

4. This matter relates 1o lands within the exterior boundary of the Fort Peck Indian
Reservation in Roosevelt County. Montana. and addresses groundwater
contamination in and around the East Poplar oilfield. which tield is approximaiely
five miles northeast of the City of Poplar. Montana.

DESCRIPTION OF RESPONDENTS

5. Murphy Exploration & Production Company {Murphy) is a Delawarce corporation
doing business in the State of Montana and therefore is a "person” within the
meaning ol 40 C.F.R. §141.2 and §144.2 and Section 1401(12) of the Act. 42
U.S.C. §3001(12).

6. Pioneer Natural Resources USA. Inc. (Pioneer) 1s a Delaware corporation and
therefore is a "person” within the meaning of 40 C.F.R. §141.2 and §144.2 and
Section [401{12) ol the Act, 42 U.S.C. §3004(12). Pioneer acquired the asscts of
Mesa Petroleum Co. Mesa Petroleum Co. did business in the State of Montana.

7. Samson Investment Company is a Nevada corporation and therefore a "person”
within the meaning of 40 C.F.R. §141.2 and §144.2 and Scction 1401(12) of the

Act, 42 U.S.C, §5004(12). Samson Hydrocarbons Company (Samson). a
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subsidiary of Samson [nvestment Company. is a Delaware corporation and
thercfore is a "person” within the meaning of 40 CFR §141.2 and §144.2 and
Section 1401(12) of the Safe Drinking Water Act, 42 U.S.C. §300f(12). By 1961.
C.C. Thomas. an original o1l operator on the East Poplar Oil Field. translerred the
lease 1o produce ol [rom the “Huber™ property to Emile A. Polumbus. Emile A.
Polumbus later tormed the Polumbus Petroleum Corporation ("Polumbus™).
Polumbus did business in the Stale of Momana. Polumbus later merged with
W.R, Grace & Co. (a Connccticut corporation) 1o become Grace Petroleum
Corperation in 1976, Grace Petroleum Corporation did business in the state of
Montana. On or about January 21. 1995, Samson [nvestment Company acquired
all issucd and outstanding stock of Grace Petroleum Corparation and became that
company s successor in interest. On or about that same day. Samson Investment
Company changed the name of Grace Petroleum Corpuration to Samson Natural
Gas Company. Samson Natural Gas Company changed t1s name to SNG
Production Company on or about April 19. 1993. On or about December 28.
1994, SNG Production Company changed its name to Samson.

Respondents did own and/or operate o1l and gas production facilities. including
but not limited 1o oil or gas preduction wells. produced brine disposal wells.
sceondary recevery injection wells. drilled and sbandoned dry holes. production
and waste pils. storage tanks, otl/water separators, and distribution pipelines and
pumping facilitics. in the East Poplar Oil Field located within the following
locations: Township 28 North, Range 31 Last: Township 29 North. Range 50

East: Township 29 North. Range 31 East. on the Fort Peck Indian Reservation tn
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Roosevelt County in the State of Montana.
USGS STUDY BACKGROUND

9. This arca in and around the East Poplar oil field has been studied by the United
States Geological Survey (USGS), and its findings have been documented in peer-
reviewed studies published by the USGS.' Groundwater in the arca has been
determiined by the USGS 10 be contaminated with produced brine. In its 1997
publication. the USGS mapped approximately 12.4 square miles of groundwater
contamination within its 21.6 square mile study arca. Since then. recognizing the
need to exiend the study area. the USGS has been mapping this groundwarter
contamination over an area greater than 100 square miles. The final report of this
lurger area study is not yet available. butl some provisional aspects of the report
have been made available.

10. The USGS in 2009 and 2010 analyzed strontium isotopes and trace clements at its
laboratory.

1. Generally. provisional information is considered by the USGS to be subject 1o
revision becausc the data or data interpretation has not been subjected to the
LSGS's normal and customary peer-review process. The USGS does not
consider the 2009 or 2010 sirontium 1sotope and trace element laboratory data to
be provisional. but it has not yet published its conclusions regarding the
interpretation of the data.

[2. Of the approximately 150 groundwater monitoring well sites located among 58

" Thamke, J.. and Craigg, S.. 1997, Saline-Water Contamination in Quaternary Deposits and the Poplar
River, East Poplar Oil Field, Northeastern Montana, U.S.G.S. Water-Resources Investigation Report 97-
400,

Thamke. JN., and Midtlyng, K.S., 2003, Ground-Water Quality for T'wo Areas in the Fort Peck Indian
Reservation. Northeastern Montana. 1993-2000. U.S.G.S. Water-Resources [nvestigation Report 034214,
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squarc-mile sections in the area. the USGS provisionally considers 44 of them 10
be considerably contaminated (1otal dissolved solids above 9.640 mg/l and
chloride above 3.200 myg/l) and an additional 45 of them to be moderately
contaminaied {1otal dissolved solids above 1.170 mg/l and chloride above 330
myg/1).

13, This order is 1ssued with EPA"s understanding that the USGS plans to publish two
additional rcports: one on its arca-wide groundwater contaminalion mapping
effort covering more than 100 square miles. and one with its conclusions from its
2009 and 2010 strontium isotope and trace element analysis

14. Because EPA concludes the data shows an imminent and substantial
endangerment to the City of Poplar’s public water supply and to area residents
drawing water from the aquifer it is issuing this order without waiting for the
LUSGS o complete its publication process. 1t the published USGS reports lead 1o
ditlerent conclusions. EPA will consider them at that time.

13, FPA also issues this order at this time to allow Respondents more time to plan
how 1o comply with the drinking water treatment and/or alternative water supply
requirements ol paragraphs 79 through 83. which may be more cost cffective for
said Respondents compared 10 1ssuing an order later requining drinking water
treatment and/or altemative water to be immediately supplied.

EPA ADMINSTRATIVE ORDER BACKGROUND

16. EPA has issued four previous Emergency Administrative Orders under §1431 of

the Act for matters in and around the East Poplar oilfield. as described below.

17. On September 30. 1999, EPA issued an order to several Respondents. including
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19.

Respondents Murphy and Pioneer. This order was amended on November 3.
1999. and November 30. 1999. As amended, the order required the provision of
botiled drinking water to area residences and the production of records. This
order bears docket number SDWA-8-99-68 (the current numbering convention for
this docket would be SDWA-08-1999-0068) and was appealed to the U.S. Tenth

Circuit Court of Appeals.

. On Aggust 16. 2001, EPA issued an order to Respendent Pioneer. This order

required Pioneer 1o properly plug and abandon a leaking oil well for which it had
acquired liability. known as the Bicere #1-22 well. which was known to be a
source of on-going groundwater contamination. The order also required Pioneer
to monitor near the Bicre #1-22 well 0 determine whether the plugging and
abandonment was successful. This order bears docket number SDWA-08-2001-
(027 and was not appealed.

On Sepiember 20. 2001, EPA issued an order to several Respondents including
Murphy. Pioneer and Samson. This order was amended on October 3. 2001.
This order ¢cited documentation of spills and past practices in the Fast Poplar oil
held. particularly the management of produced brine. which caused groundwater
contamination. As amended. this order required Respondents to provide an
alternate. whole-house supply of water 1o area residences and to monitor near the
City of Poplar to detect the leading edge of the groundwater plume 1o determine
the risk to the City of Poplar Montana’s public drinking water supply wells. This
order bears docket number SDWA-08-2001-0033 and was appealed to the (J.S.

Tenth Circuit Courl of Appeals.
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20. On July 20, 2004, EPA issued a consensual order bearing docket number SDWA-
08-2004-0055. still in effect. to Respondents Murphy. Pioneer and Samson. This
consensual order terminated those orders on appeal 1o the Tenth Circuit Court of
Appeals and required those Respondents to (&) construct a drinking water pipeline
to several residences in the area. (b) monitor certain private water wells. {¢) hold
and participate in a public meeting, (d) continue to provide bottled drinking water
te identificd homesites until the newly-required drinking water pipceline delivers
drinking water to those homesites, (¢) report monitering information 10 1:PA as it
i1s collected. and (f) submit documents to EPA. The consensual order also
requires Respondents to monitor 11 groundwater monitoring wells for the purpose
ol detecting contaminated groundwater getting close to the City of Poplar’s public
water supply wells. This groundwater monitoring program is referred to as the
“Poplar Well Threat Study.”™

21 EPAs previous emergency orders expressed EPA s concern that this
contaminated groundwater may move in the direction ol the City of Poplar’s
drinking water wells.

22. Respondents have been conducting the required sampling at the 11 groundwater
monitoring wells in the Poplar Well Threat Study. The annual reponts ot Poplar
Well Threat Study have identified that contamination in the groundwater is
maving in the general direction of the City of Poplar. but the conclusions reached

in cach Poplar Well Threat Study report do not indicate that the City is affected.

1~
"

. There is now mixing ot contamination into the City of Poplar’s public water

supply wells, which suggest the Poplar Well Threat Study failed 1o fulfill its
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objective of intercepting groundwater contamination before it reached the City's
wells, EPA suggests this failure is caused by an inadequate monitoring well
network and the type of monitoring being conducted to detect contamination.
EPA also suggests that the groundwater movement berween the contaminated
groundwater plumes and the Ciiv of Poplar’s public warter supply wells is
complex.

24, The Poplar Well Threat Study monitoring program did not use strontium isotopes,
a method [ZPA now understands to be more sensitive for detecting this type of
groundwater contamination.

FINDINGS OF FACT

. There exists groundwater contamination in the area alluvium and glacial till from

-J
L

historic management of produced brine in and around the East Poplar oilficld.
EPA™S previous emergency administrative orders describe how this contamination
oceurred. [n summary. the groundwater contamination resulted from
Respondents managing produced brine in unlined pits. Respondents’ various
spills of produced brine and crude oil. and produced brinc ard crude oil Jeaking at
Respondent Pioneer’s improperly plugged oil well.

26. The glacial ull and Irivcr valley alluvium constitute the only available source of
drinking water in the general area. and the three public water supply wells that
service the City of Peplar’s approximately 2,900 residents as well as area
restidents using private water wells derive their water from the same groundwater
that is contaminated fturther up-gradient.

27. The peer-reviewed studies by the USGS described in paragraph 9 include its

¢
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findings of groundwater contamination from oil licld activities.

28. There exists a 13 square mile area generally following the Poplar River which is
located such that there are confirmed contaminated groundwater plumes present
or up-gradient. while the City's wells are down-gradient. placing this arca
generally between the sources of contamination and the City’s wells. This area is
not presently fully characterized with regard (0 the presence of groundwater
conlamination. There are residents living in this same 13 square mile area
drawing walter from the same alluvium and glacial till aquifer via their private
water wells, The 15 square mile arca is described as follows. starting trom north
10 south:

In Township 29 North. Range 31 East:
Section 31
Section 32

In Township 28 North. Range 31 East:
Section 4 (W/2 and NE/4)
Section 5 (E/2 and SW/4)
Section 8
Section 9 (W/2)
Section 17
Section 18 (E/2)
Section 19
Scetion 20 (W/2)
Scetion 29
Section 30
Scetion 51
Section 52

In Township 28 North, Range 50 East:
Section 23 (SE/4)
Section 36 (E/2)

in Township 27 North, Range 50 East:
Section | (8/2 and NE/4)

in Township 27 North. Range 51 East:
Section 6.

29. Groundwater in the East Popiar oiifield area was shown in 1999 and 2000 at
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several locations to have benzenc conlamination. Replicate water well samples
collected by the Fort Peck Office of Environmental Protection {OEP) at one home
site durtng this time span had respective benzene concentrations of 0.058 and
0.078 mg/l (38 and 78 micrograms/liter). while samples taken by the USGS at
tive other locations in the field had benzene concentrations between 0.0016 and
0.0051 mg/l (1.6 to 5.1 micrograms/liter).

30. Groundwater in the Cast Poplar oilfield area was shown in 1999 and 2000 to have
I.4-dichlorobenzene contamination. Samples collected by the OEP and the
consulting firm MSE-HKM. Inc. during this time at cight different locations in the
ficld had [.4-dichlorobenzene concentrations berween 0.00056 and 0.00083 mg/I
(0.36 10 0.83 micrograms/liter).

31. Groundwater in the East Poplar oilfield area was shown in 1999 and 2000 10 have
roluene contamination. Samples collected by the OEP and the consulung tirm
MSE-HKM. Inc. during this time at five locations in the field had toluene
concentrations between 0.00008 and 0.0028 mg/1 (0.08 to 2.8 micrograms/liter).

32. Groundwaler in the East Poplar oilfield areca was shown between 1982 and 2000
1o have clevated total dissolved solids concentration. Samples collected by the
USGS, OLP. and the consulting firm MSE-1IKM. Inc. during this tume at 63
locations in the field had total dissolved solids concentrations above the
secondary maximum contaminant level (MCL)® (500 mg/l) including 22 above
10.000 mg/ and the highest at 67.000 my/1.

. Groundwater in the East Poplar oilfield area was shown between 1982 and 2000

w2
(P

to have elevated chloride concentration. Samples collected by the USGS. OFEP.

* See Title 40 of the Code of Federal Regulations Part 143
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and the consulting firm MSE-HKM. Inc. during this time at 41 locations in the
tield had chioride concentrations above the seccondary MCL (250 myg/l) including
23 above 5.000 mg/l and the highest at 67.000 mg/l.

34. Groundwater in the Last Poplar oilficld area was shown between 1982 and 2000
to have elevated sodium concentration. Samples collected by the USGS. OEP.
and the consulting Irm MSE-11KM. Inc. during this time at 36 locations in the
lield had sodium concentrations above 250 mg/l including 14 above 5.000 my/l

and the highest at 43.000 mg/l.

L
L

- Groundwater in the Cast Poplar oilfield area was shown between 1982 and 2000
to have elevated sulfate concentration. Samples collected by the USGS. OEP. and
the consulting iirm MSE-HKM. Inc. during this time at 52 locations in the field
had sullate concentrations above the secondary MCL (230 mg/1) including 12
above 1.000 mg/l and the highest at 1.910 mg/l. Samples collecied by the
consulting irm PBS&J as recently as 2008 show sullate concentration as high us
2150 mg/l.

36. Manganese is found in the groundwater throughout the East Poplar oilfield area.

Its concentration in the sampled produced brine is between 0.062 and 0.130 mg/L.

Manganese in drinking water above 0.30 mg/| has adverse human health affects as

described in paragraph 533. When the brine is in the presence of aquifer materials,

such as shown in samples collected at monitoring wells showing high
concentrations of dissolved solids. manganese values increasc significantly. In

201, the USGS collected a sample showing a mangancse concentration of 5.12

mz [ ut monitoring well USGS 09-06. located within a groundwater
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contamination plume. In 1982, the USGS collected a sample showing manganese
concentration of 14 mg/l at monitoring well W-16 (since renamed monitoring
well USGS 92-11). also within a groundwalter contamination plume. Manganese
in the eroundwater at concentrations above 0.30 mg/] has been found at 33
different locations in the [ield since 1982, This pattern is due 0 an increasc in
water-rock interaction occurting i the presence of the high ionic strength brine in
which the produced brine contamination creates the secondary effect ol dissolving
manganesc into the groundwater, In samples collected in 2010 and analyzed at
the USGS Yucca Mountain Branch Laboratory. manganese concentrations
eatering the three public water supply wells for the City of Poplar ranged trom
0.507 10 0.890 my/l. Under current conditions. the City of Poplar’s drinking
waler ircatment system elfectively removes manganese 10 below an endangering
concentration. but 1t is unknown whether such treatment would remain effective if
the manganese concentration entenng the City’s wells were o rise as high as 14
my/l. a value observed in contaminated groundwater.

37. There have been three different efforts made 10 estimate the time lapse before the
groundwater contamination plumes in the East Poplar oilfield reach the City of
Poplar public supply welis. in March 2002, the Montana Department of
Eovironmental Quality estimated a groundwalter travel ime of approximately 5
years (arriving in 2003) for 4 contamination plume to influence the source water
for at least one of the Poplar public water supply wells. In March 2003, the
consuliing firm Land and Water Consulting, Inc., whose name later changed to

PB3S&J. under the direction of the Respondents Murphy, Samson and Pioneer.
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estimated a travel time of 109 vears (armving in 2112) for contamination influence
on the Poptar public water supply wells. In Scptember 2008. the consulting firm
S.S. Papadopuios & Associates. [nc.. under the direction of the OFEP. conducted a
modeling elfon yielding several contaminant travel time estimates based on
different assumptions. The two flowpaths assumed included (1) contaminants
flowing dircctly with groundwater movement 10 the Ciry's wells, and {2)
contaminants flowing first into the Poplar River and then re-cntering the
groundwater and arriving at the City’s wells. Using various inputs into the model.
these two flowpaths resulted in a range of 3.5 years 1o more than 200 years in the
groundwater-oniy scenario. and a range of 1.65 years to 49.5 vears in the scenario

with contaminants moving into the Poplar River and then to the City’s wells.

R
7]

. Water samples Irom the City of Poplar's Well #3 (COP-3) were collected by the
OLP on March 3. 2009 and May 28. 2009. These sample results showed chlornde
concentration increased at the COP-3 from 439 mg/t on March 3. 2009 to 782
my/l on May 28, 2009, an increase of 78%.

39. To determine 1f the chleride in COP-3 originated trom a contaminated

groundwater plume. OEP convencd a technical workgroup comprised of

representatives from OEP. Respondents. EPA. the Montana Department of

Environmemal Quality and the USGS, and the workgroup agreed 1o the use of

isotopic ratios and trace elements, The results of the trace element and isotopic

investigation show that produced brine is found in the City of Poplar’s public
water supply. which accounts for the increase in chloride. total dissolved solids

and mangancse concentration in COP-3.
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40. Sampics collected in May. June and August 2009, and in July 2010. by the OEP
and the USGS were analyzed at the USGS Yucca Mountain Project Branch
laboratory tn Lukewood. Colorado. The samples were collected from all three of
the City of Poplar’s public water supply weils. as well as 14 groundwater
monitoring wells Trom the glacial (I} and alluvium. one groundwater supply well
Irom the Judith River Formation. two surlace water samples from the Poplar
River. and two salt water disposal wells in the East Poplar oilfield. disposing of
produced brine. The analyses included tests for trace metals in the samples
collected July 2010 and strontium isotepes in all the samples collected in 2009
and 2010, The results of these sample analyses are summarized in Tables 1 and 2.

41. Strontium (Sr) is an alkaline-earth element that behaves. in geochemical and
biclogical eycles observed in nature. in a manner similar to calcium. Sris
composed of four stable (nonradicactive) isotopes-->Sr, **Sr. *'Sr. and **Sr. Ior
all practical purposes. the relative abundance of *Sr. **Sr. and **Sr are constant in
nature, whercas some of the ¥Sr is created from the radioactive decay of
rubidium-87 (¥Rb) with a hall-life of 48.8 billion years.

42. In the past 20 years. strontium isotope ratios. expressed as *'Sr/**Sr. have been
successfully used as natural tracers” 1o study groundwater mixing. Because
natural fractionation of Sr is nenexistent or exceedingly smail in the hydrelogic
environment, ' Sr/*Sr values of dissolved Srare nol being aflected by

lemperature. pressure. or changes of water into steam or ice. [lowever.

" Shand. P.. Darbyshire, D.P.F., Love, A.J., and Cdmunds, W.M., 2009, Sr isotopes in natural waters:
Applications 10 source characterization and water-rock interactions in contrasting landscapes: Applied
Geochemistry, v. 24, p. 374-586.

Banner, Jay L.. 2004, Radiogenic isotopes: systematic and applications to eanh surface processes and
chemical stratigraphy: Carth-Science Reviews, v. 65, p. 141-194,
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groundwater *'St/*Sr values and $r concentrations can be changed by mixing
with other groundwater. The use of Srisotopes in conjunction with dissolved
major and minor ions and trace metals is a way to understand and quantify the
elfects of mixing where there-are different groundwaters having chemically and
isotopically distinct signatures, referred to as groundwater “end members.”

43. In the Last Poplar oillield, oil is produced mairly from the Charles Formation oll‘
the Mississipplan-aged Madison Group, The Mississippian geologic time period
was between 318 and 359 million years ago.  From oldest to youngest. the
Madison Group is composed of the Lodgepole Formation, the Mission Canyon
IFormation, and the Charles Formation. The Mission Canyon and Charles
Formations are thick limestone and dolomite rock formations. These rocks were
formed at the bottom of an ancient ocean. There have been different ocean Sr
isotope ratios dating back into geologic time.” Using a well-understood curve of
the ocean Srisotope ratio values through geologic time, the ocean water
incorporated during the deposition and burial of the sediments that later became
the Madison group. would likely have had Sr isotope ratios between 0.7080 and
0.7083.

44. Tive samples were collected in 2009 at locations later repeated in 2010 and were
analyzcd for Sr concentrations and *'St/**Sr only: COP-1. COP-3. M-71. Huber
5D.and USGS06-11. T'wenty-three samples collected in July 2010 from East
Poplar oilheld included samples from 14 monitor wells, brine from two disposal

wells and one water make-up well. two from the Poplar River. and four samples

" McArihur, .M., llowarth. R.).. Bailey, T.R., 2001, "Strontium Isotope Stratigraphy: LOWESS Version 3:
Best Fit 1o the Marine Se-1sotope Curve for 0-309 Ma and Accompanying l.ook-up Table for Deriving
Numerical Age™, in Journal of Geclogy, vol. 109, p. 133-170,

of 45
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from the COP public water supply wells. These samples were analyzed by the
USGS tor total dissolved solids. major and minor disselved ions. trace metals. and
St isotopes. The results of the 2010 analyses are shown in Table 1. TFigure | isa
map compiled by the USGS showing the sample locations. The map also shows
other monitor well locations in the area. The colors on the map differentiate
amang highly contaminated groundwater (red). moderately contanunated

groundwater (vellow). and uncontaminated groundwater {blue).

I
L

. FFigure 2 is a representation of the total dissolved solids and strontium values from
the 2010 data. ploned at each samplc location. The y-axis is logarithmic because
of the large ditferences in measured values. There is a high correlation between
these total disselved sulids and strontium (the correlation coctficient for the
results 15 0.9825). As a resull. for plotting purposcs. strontium can be used as a
surregate lor lotal dissolved solids.

40. Figure 3 is a representation of 2010 data, plotting the reciprocal of the strontium

concentration on the x-axis (in 1/mg) against *’St/**Sr values on the y-axis. This

type of plot demonstrates a linear mixing relationship between end members.” [n

Figure 3. high levels of groundwater contamination and the correlative increase in

concentration of strontium plet (o the lefl. Simple mixing between two

vroundwater end members appears on this plot as a straight line between each end
member.

47. Spider diagrams® can be used for comparing major and trace element

* Gaure. Funter, and Mensing. Teresa M.. 2003, Isotopes: Principles and Applications, 3
16.
" Wilson, Marjorie.1989, lgncous Petrogenesis—A Global Tectonic Approach: Unwin Hyman, lLonden, p

¢ edition, Chapter
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composiitons of any material including ground water. Because of the large

- difference 1n concentrations of the different elements. ratios of the concentrations
are usually displayed on a logarithmic plot. Figure 4 compares the ratios of key
clements in COP-3 and COP-2 with those in COP-1. COP-1 and COP-2 are very
similar in their concentrations of elements so the plot of their loci of ratios
approximales o straight line at a y-lvaiue of 1. In contrast. COP-3 is depleted 1n
sullate but enriched in other major 1ons, especially chloride. bromide. and iodide.
Such a pattern would develop by adding produced brine 1o water represented by
COP-1 and COP-2. because most produced brine 15 enriched in chloride. bromide,
and iodide. but relatively depleied in suifate.” Figure 4 also compares in similar
fashion the highly contaminated groundwater from monitoring well MOC-11 w
COP-1. and a similar pattern is displayed, especially showing the relative
depletion in sulfate in the MOC-11 water compared to the chloride. bromide and
1odide.

48. On November 19, 2010, the OEP collected samples from the City of Poplar’s
public watcr supply. and the samples were analyzed at the EPA Region 8
laboratory for metals. anions. volatile organic compounds. total dissolved solids.
alkalinity. pll. and elecincal conductance using analytical methods presenibed for
drinking water samples.® Samples collected at the same time and at each sample
point were also sent to the USGS Yucca Mountain Project Branch laboratory in
[.akewood. Colorado. The EPA Region 8 sample results are shown in Table 3.

At the time the samples were collected. the pump at the COP-3 was broken. so

" Breil. George N.. and Skinner, Chris. 2002, Produced waters database: U.S. Deparunent of the Interior,
U.5. Geelogical Survey Oct 2006 modifed
¥ See Title 40 of the Code of Federal Regulations, Part 141
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samples were collected solely from COP-1 and COP-2, both betore and afier
drinking water treatment, and samples were also collected {rom the point at which
the blended public water supply enters the water distribution system for the City
of Poplar. Another sample was collected trom within the distribution system (i.e.
trom a tap receiving its water frem the City ot Poplar’s public water). At cach
location sampled. s replicate sumple was also collected and analyzed.

49, Poplar’s Verne E. Gibbs Health Cenler has a unit for administering dialysis o
patients having renal problems. To function properly. this dialysis method
requires water containing a limited amount of dissoived solids. Patients requiring
dialysis trcatment have compromised kidneys and need the treatment o prevent
build-up of uric acid in their bloodstream. Unabated. uric acid build-up in human
bloodstream can lead to death. The Health Center relies on the City of Poplar
public water supply for operation and uses a reverse 0smosis water treatment
system 1o purity the water used for dialysis. On Julv 27. 2009. during a period
when COP-1 was taken off-line and with the City supplying public water using an
unusually high amount fraction from COP-3 containing its relatively higher
concentration of dissolved solids. the purification capabilities of the reverse
osmosis system were overwhelmed. This led e the shut down of the dialysis unit.

50. The Tribal Water Resources Office (WRO) 1ssues groundwater use permits on the
Fort Peck Indian Reservation. The presence of the groundwater contamination in
and around the Last Poplar oil field has effeciively prevented the Tribal WRO
from issuing at least two such permits in the last three years. including onc permit

that would have supported a new public water supply {(PWS).
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HEALTH EFFECTS OF CONTAMINANTS

51. Benzene is a known human carcinogen. A causal relationship between benzene
exposurc and leukemia has becn clearly established. EPA. in s consensus
position on toxicological effects, the Integrated Risk Information System
("IRIS™). uses human occupational data 1o estimate the added risk of contracting
cancer from exposure 10 benzene, Epidemiologic studies and case studies provide
clear evidence of a causal association between exposure to benzene and acute
nonlymphocytic leukemia and also suggest evidence for chronic noniymphocytic
leukemia and chronic lymphocytic leukemia. Other neoplastic conditions that arc
associated with an increased risk in humans are hematologic ncoplasms. blood
disorders such as preleukemia and aplastic anermia. Hodgkin's lymphoma. and
myelodysplastic svndrome. These human data are supported by animal studies
which indicate that exposure 1 benzene increases the risk of cancer in multipic
species at multiple organ sites (hematopoietic. oral and nasal. liver, forestomach.
preputial gland. lung. ovary. and mammary gland). According to IRI1S. dated
January 2000, the consumption of drinking water containing 0.078 mg/l benzene
is associated with an added risk of cancer of between | in 10.000 people and 1 in

100.000 people.

L
I~2

n 1999, TP A toxicologist Dr. Robert Benson stated that water with a DS
concentration in excess of 1.000 to 2,000 mg/l is unpalatable and will not be
voluntarily consumed by individuals. It an individual has no other source of
water and is forced 1o consume water with TDS levels over 10.000 mg/l. the

adverse health cfTects include severe osmotic diarrhea and severe dehydration.
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Continued consumption atier the onset of the above conditions may result in

death.

. There is a lifetime health advisory for manganese ol 0.3 mg/l and is based on

LA
(¥

prevention of ncurological damage which can lead 10 lethargy. increased muscle
tonus. tremor und mental disturbances. Death has been anributed 10 humans
consuming drinking water with manganese at levels as high as 28 my/I.

54. The primary drinking water MCI. for toluene is 1 mg/l.. Tolucne has adverse
eftects on the nervous system. the liver, and the kidney. The health effects of

toluene are summarnized at hie: www.epa. ooy ncew ins.

. The primary drinking water MCL for ethylbenzene is 0.7 mg/L. Lthylbenzene

L
L

has adverse effects on the liver and kidney. The health effects of cihylbenzenc
are summarized at hip:/ wwiaw epa.gov/nee/iris.
36. The primary drinking water MCL for xylenes is 10 mg/L. Xylencs have adverse

effects on the nervous system. The health effects of xylenes are summarized at

IMMINENT AND SUBSTANTIAL ENDANGERMENT FINDING

Section 1431 ol the Act allows EPA 10 take action. “upon receipt of information

wh
ot |

that a contaminant which is present in or likely to enter a public water system or
an underground source ol drinzing water...may present an imminent and
substantial endangerment to the health of persons.”™ ‘The action EPA may take
“may include (but shall not be limited to). .. tssuing such orders as may be
necessary to protect the health of persons who are or may be users of such system

(including travelers). including orders requiring the provision of alternate water
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supplics by persons who caused or coniributed 10 the endangerment...”

58. Respondents contaminated groundwater in and around the East Poplar oilfield
from their past practices managing produced brine in unlined pits. various spilis
ol preduced brine and crude oil. and from produced brine and crude oil leaking at
Respondent Pioneer’s improperly plugeed oil well.

39. The groundwater contamingtion in and around the East Poplar oilfield is located
up-gradient of the City ol Poplar’s public water supply wells and has been shown
10 contain total disselved solids at levels up 1o 91,100 my/l. chioride at levels up
to 38.000 mg/l. sodium at levels up to 43.000 mg/l. suifate at levels up to 2.130
myg/l. manganese at levels up to 14 mg/l, benzene at levels up to 0.078 mg/l.
ethylbenzene at levels up to 0.0052 mg/l. (oluene at levels up to 0.0028 mg/l. and
xytenes at levels up o 0.0021 mg/l.

60. Every estimate of the movement ol the Fast Poplar otlfield groundwater
contamination plume(s) has concluded that such plume(s) will reach the City of
Poplar’s public water supply wells.

61. The 2009 and 2010 UISGS Sr.i:sulope and trace element data as plotted in Figure 3
ilustrates the loflowing conclusions:

a A nearly horizonal array of data points (the main trend) displays
mixing between samples uninfluenced by contamination on the right
(colored blue) and highly contaminated samples on the left (colored red).
and

b. The samples from the COP wells plot at intermediate positions on the

main trend. Also. there is a distinct difference between the COP-3 and the
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66.

67.

Cast P

other two COP wells (COP-1 and COP-2). This means the COP well
water is a mixture between the groundwater end members and is
influenced by contamination, especially COP-3 which plots further 1o the
left,

. T'he spider diagram figure 4 showing relative concentrations of trace elements is
further evidence that produced brine is mixing particularly into the COR-3 well.

. The data expressed in Figures 1 - 4 indicates that the City of Poplar’s water
supply is now mixing with produced brine found in groundwater contamination
arcas in and around the East Poplar oilfield,

. Because the up-gradient contamination is now mixing with the City’s wells, the
contamination may be flowing through a 15 square mile area located in an
intermediate position where residents are drawing their drinking water from the
same alluvium and glacial till aquifer. and the contamination may be entering
these residents™ private water wells.

. Humans who drink water containing the constituents at the concentrations

described in paragraph 59 will suffer adverse health effects that could lead to

death.

The eniry ol produced brine into the City of Poplar’s water supply represents an

imminent and substantial endangerment to the people drinking the water.

[he entry of produced brine into the City of Poplar’s water supply during a period

when COP-3 was contnbuting relatively higher amounts ot supplied water caused

the water purification svstem at the Vern L. Gibbs lHealth Center dialysis center 10

cease functioning and led to the shut down ot dialysis treatment.
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68.

The Tribes™ inability o issue groundwater use permits duc to the presence of the
groundwater contamination in and around the Easi Poplar oil field. including one
permit that would have supported a new PWS. has effectively precluded the use

of this aquifer as a drinking water resource.

69. No other appropriate governmental agency has taken the actions necessary to

70.

protect the health of persons whose source of drinking water is the contaminated
aquiler.
EPA has determined that this action is necessary to proteet the health of persons.

ORDER

. Based on these findings and pursuant to the authoriry of Scction 143 1(a) of the

Act. 42 U.S.C. § 3001{a). EPA orders that Respondents. in summary. take the
following actions. Respondents shall (a) collect monthly samples at the City of
Paplar’s public water supply tor analysis to detect impending contamination. (b)
upon homeowner’s request. collect monthly samples from homeowner’s private
water wells to detect impending contamination. (¢) if triggered by an action level.
provide treated or alternate drinking water to the City ol Poplar. (d) if triggered by
an action level. provide bottled water to affected homeowners. and (¢) submit 1o
EPA a plan for studying aquifer remediation options. The detailed acuons are set
forth below.,

Sample and Analyze the Poplar Public Water Supply

. On or after the effecuve date of this order. Respondents shall arrange to collect

samples from the Citv of Poplar’s public drinking water supply. Samples shall

be collected. at a minimum. at the frequency shown in Table 4 and shall be
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analyzed. at a minimum, for the parameters displayed in Table 4. T'or the
purposes of this paragraph. samples shall consist of a raw water from each public
water well and a sumple taken at the point of entry into the public watcer
distribution system. The first sample collection shall occur before the end of
December, 2010.

73. Table 4 lists the required analytical methods applicabie to the samples collected.
For the required strontium isotope analysis, the laboratory musl calibrate its
reporied data against the EN-1 standard. commonly used in laboratories analyzing
samples for Srisotopes.

74. EPA or its representative may obtain split samples during any sampling event. lt
shall be EPA’s responsibility to have sample bottles ready and available. and w
coordinate with the designated sampling team lor timing and logistics purposcs.

75. Respondents shall alert EPA at least seven (7) davs prior to cach sampling cvent.
to allow EPA or its representative to colleet split samples if desired.

76. Respondents shall pay for the sample collection efforts and sample analysis
dirceted in this order. Respondents shall not charge the City of Poplar or its arca
citizens for any such sampling or analysis.

77. Respondents shall design the analysis work done by chosen laboratorics in a
manner to maximize repeatability and minimize any inter-laboratory vanability in
sample results. Samples shall be analyzed using drinking water methods. if one
exists. at a laboratory certified 10 conduct drinking water methods.”

78. Respondents shall design the sample schedule 1o meet the fregquency described in

Table 4 with samples collecied at approximately the same point within the sample

" See Title 40 of the Code of Federal Regulations, Section 141.28
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collection interval,
Provide Safe Public Drinking Water if Needed

79. Respondents shall, if any of the monitored water quality parameters ftom water
supply wells ts confirmed to exceed a threshold value shown in Table 5, supply
safe drinking water to the point of entry into the distribution network currently
used by the City of Poplar to distribute its public water. Respondents shall bear
the cost of providing such water. Paragraphs 80 through 83 describe the details
for this process.

80. [ results from the City of Poplar pubic water supply point-of-entry sample show
an exceedance of the any of constituents listed in [able 5, Respondents shall,
within 72 hours of any Respondent learning of the exceedance. sample again for
cach constituent excecding the value shown in Table 5. Each re-sampled
constituent found 10 be above the threshold value in Table 5 shall be deemed a
confirmed excecdance.

81. Samples collected for confirming an exceedance shall be analyzed at the same
laboratory that produced the original exceedance value. Only if the original
laboralory is incapable of analyzing the re-sample shall an alternate laboratory be
considered. and only afier consultation with the alternate laboratory to ensure it
employs the same analytical methods as those used at the original laboratory.

82. The threshold values shown in Table 5 for these constituents are basced on the
lollowing rationale: the groundwater contamination plumes in the area have
considerably higher concentrations of constituents named in Table 5 than are

presently found in the City of Poplar’s public water supply. At the concentrations
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feund in the more contaminated areas of the groundwater plume. the water would
be rendered dangerous to drink and may not be useable for other domestic
purposes. The contamination has moved and is now entering the City of Poplar’s
public water supply. The concentrations of the constituents listed in Table 5 are
Hikely 1o increase and may do so abrupily with (he arrival of the bulk of one or
more of the groundwater contamination plumes. The threshold values represent
an “early warning” ol an impending condition whereby the public water wells are
rendered unusable. The “early warning™ is chosen to allow Respondents adequate
time (o react 1o new information to install the requisite treatment or alternate
supply of public drinking water for the City of Poplar.

83. Upon a confirmed exceedance of one or more of the parameters in Table 5 in the
City of Poplar’s water, as described in paragraph 80. Respondents shall within
seven days provide a safe supply of drinking water to the City of Poplar. The safe
supply of drinking water shall meet all primary drinking water standards at the
point ot entry into the City’s public water system. shall meet secendary drinking
watcr standards such that the aesthetic characteristics of the water are cqual 1o or
better than those measured by EPA s November 19, 2010, sample results, and
shall meet the current volumetric demand for consumptive uses in the homes of
peeple served by the City's public water system, Respondents shall assure there
are trained drinking water personnel operating the pubiic water supply sysiem. as
the water supply is amended through Respondents’ complying actions. This
responsibility for ensuring there are trained operators at the public water supply

shall include reasonable financial assistance 1o the City for its existing public
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walter supply system operator if one now exists. or. if trained personnel are not
now present. Respondents shall provide the necessary means to obtain trained
personnge.

Sample and Analyze the Private Water Wells

84. On or after the effective date ot this order. and upon a request by any homeowner
residing within the |3 square mile srea described in paragraph 28. Respondents
shall collect monthly samples lor analysis of the constituents tound in Table 4
Irom such homeowner's private water well used lor human consumption. [f the
residence employs any water treatment, the minimum number of samples
collected shall include both a raw and [inished water sample. [f there 1s no water
treatment employed. the minimum number of samples collected shall be one raw
water sumple.

85, EPA or ils representative may obtain split sumples during any sampling event. it
shall be EPAs responsibility to have sample botties ready and available and to
coordinate with the designated sampling team for timing and logistics purposes.

86. Respondents shall alert EPA at teast seven (7) days prior 1o cach sampling event,
1o allow EPA or its representative 1o collect split samples if desired.

87. Respondents shall pay for the sample collection efforts and sample analysis
directed in this order. Respondents shall rot charge the homeowner for any such
sampling or analysis.

88 [Homeowners within this 13 square mile arca whose waier supply is currently via
one or more private wells may request to have their well water sampled and

analyzed. Homeowners may contact either EPA or OFEP. using the respective
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contact information found in paragraph 100, EPA and OEP will communicate
about homeowner well water sampling requests.

89. EPA will transmit to Respondents. via email. the information about homeowner
well water sampling requests.

90. Upon receipt by Respondents of the home()\slvncrs wishing their water sampled:
Respondents shall add these homes 10 a monthly sampling schedule. Unless there
are [ewer than 7 days prior to the next scheduled sampling event at the City of
Poplar. newly added sample locations at private residences shall be collected
during the City of Poplar sampling. Tor those timing siuations where {ewer than
7 days exist betore the City of Poplar sampling is scheduled. the newly added
sample locations at private n:sidences shall be collected at the next monthly
sampling event of the City of Poplar’s public water.

91. Within seven days afler Respondent receives the residential water sample results
from the laboratory. the Jaboratory resutts shall be sent to each individual
homeowner, and copies shall be submitted to the addresses in paragraph 100,

Provide Bottled Drinking Water to Area Residents Using Private Wells if Needed

92. If any of the monitored water quality parameters from a private homeowner’s
waler well is confirmed to exceed a threshold value shown in Table 5.
Respondents shall supply bottled drinking water to such private homeowner.
Respondents shall bear the cost of providing such bottled water. Paragraphs 93
through 96 describe the dqtails for this process.

93. Il resulls from any private homeowner's well water show an exceedance ol the

any ol constituents listed in Tahle 5. Respondents shall, within 72 hours of any
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Respondent learning of the excecdance, sample again tor each constituent
exceeding the value shown in Table 5. Each re-sampled constituent found to be
above the threshold value in Table 5 shall be deemed a confirmed exceedance.

94. Samples collected for confirming an exceedance shall be analyzed at the same
laboratory that produced the original exceedance value. Only if the original
laboratory 1s incapable of analyzing the re-sample shall an alternate laboratory be
considered, and only after consultation with the alternate laboratory to ensure it
employs the same analytical methods as those used at the original laboratory.

95. The threshold values shown in Table 3 for these constituents are based on the
[ollowing rationale: the groundwater contamination plumes in the area have high
coneentrations of constituents named in ‘Iable 5, such that the contaminants upon
arriving at a private homeowner’s well. would render said water dangerous to
drink and may not be uscable {or other domestic purposes. The contamination has
moved and 1s now entering the City of Poplar’s public water supply. The
aroundwater movement is complex and the contaminated groundwater may
invade the area listed in paragraph 28. The concentrations of the constituents
listed in Table S are likely to increase if the contaminated groundwater arrives
abruptly with the bulk of one or more of the groundwater contamination plumes.
The threshold values were chosen to represent an “early warning”™ of an
impending condition whereby one or more homeowner's privale water well is
rendered unusable. The “early warning™ is chosen to allow Respondents adequate
nme o react 1o new information to provide bottled water to such homeowners.

96. Upon a confirmed exceedence of one or more of the parameters in Table 5 in any
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homeowner’s private well water, as described in paragraph 93. Respondents shall
within seven days provide bottled water such homeowner. The bottled drinking
water shall meet all primary drinking water standards at the point of entry into the
City’s public water system, shall meet secondary drinking water standards such
that the aesthetic characteristics of the water are equal Lo or better than those
measured by EPA’s November 19. 2010, sample results. The quantity of hottled
water to be delivered upon a confirmed exceedance shall. at a minimum. be
calculated as 2 liters per day per resident, unless this quantity is deemed by the
homeowner to exceed their need.

SUBMIT A PLANTO EPA TO PROVIDE AQUIFER REMEDIATION OPTIONS

97. Within 90 days ol the eflective date ol this order. Respondents shall submit to

LPA Tor approval. 4 plan describing how Respondents intend to identify options
for ¢leaning, capturing or otherwise removing the groundwater contamination
cndangerment to the alluvium and glacial tll. The ptan shall include the
following components.

A. Areview of available data relevant for characterizing the groundwater
contamination and associated hydro-geologic setting.

B. ldentify gaps in the data necessary 1o characterize the groundwater
contamination and associaled hydro-geologic setting. and describe how
such gaps would be filled,

C. Identify options for cleaning. capturing or otherwise removing the
groundwater contamination,

D. Descriptions of efficacy testing and/or modeling to fully evaluate the
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options in subparagraph C above, and a time estimate for conducting
efficacy testing and/or modeling,
E. A time estimate to fully evaluate and recommend a preferred remedial
option.
OTHER REQUIREMENTS

98. Respondents shall diligently seek any necessary approvals for complying with any
requirerents in this order.

99. Respondents shall continue (o meet requircments in paragraphs 79 through 83
until the earlier of: (1) the City of Poplar’s PWS is served by the Dry Prairie / ort
Peck Rural Water System. being built by the U.S. Bureau of Reclamation and said
water system has been operaling without exceeding any MCLs tor a period of one
month. or (2) EPA releases Respondents [rom these paragraphs.

100. Reporting:

Any reporting required under this Order shall be directed to recipients as lollows:
Nathan Wiser
Mailing address: 1595 Wynkoop Street, Denver CO 80202 (SENF-UFO)

IEmail address: wiser.pathanepa.gov
Phone number (303) 312-6211:

For City of Poplar,

Linda Chnistiansen.

Mailing address: P.O. Box 630. Poplar M 59255.
Street address: 406 2™ Ave West, Poplar MT 59253,
FEmail address: ciivohoplurwnemontel.net

Phone number {(406) 768-3483;

I‘'or Montana DEQ.

Jon Diiliard

Mailing address: 1520 E. Sixth Ave.. P.O. Box 200901, Helena, MT 59620-0901
Email address: jdilliard@mt.gov

Phone number: (406) 444-2409; and
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or Fort Peck Tribes Office of Environmental Protection:
Deb Madison

Mailing address: P.O. Box 1027, Poplar MT 59255
Street address:

Limail address: 2horsesidnemontel.net

Phone number: (406) 768-2389.

101. The provisions of this Order shall apply to and be binding upon
Respondents. their officers, directors. agents, successors and assigns. Notice of
this Order shall be given (o any successors in interest contemporaneous with
succession. Action or inaction of any persons. firms. contractors, employces.
agents. or corporations acting under. through or for Respondents, shall not excuse
any failure ol Respondents to fully perform their obligations under this Order.

102. This Order does not constituie a waiver. suspension. or modification ¢of the
requirements of any federal statute, regulation, or condition ol any permit issucd
thereunder. including the requirements of the Sale Drinking Water Act. which
remain in full force and effect. Issuance of this Order is not a waiver by EPA 1o
lorege any additional administrative, civil, or criminal action{s} otherwise

authorized under the Act.

103. This Emergency Administrative Order is a [inal agency action by EPA.
[04. This Emergency Administrative Order is binding on all Respondents.
[05. Unless otherwise indicated. all days reterred to in this Order are

considered to be calendar days.
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106. The effective date of this Order shall be three (3) days from the date of

issuance. not including the day of issuance.

R
[ssued this /é day of b gﬁb&& L2010,

A

Sandra A. Stavnes. Director

UIC/TTFRA/OPA Technical Enforcement Program

Office of Enforcement. Compliance. and Environmental Justice
United States Environmental Protection Agency. Region §

. . .
Tteehonel> @%W

Michael T. Risner, Director

Legal Enforcement Program

Office of Enforcement. Compliance, and Environmental Justice
United States Environmental Protection Agency. Region 8

L]
[N
(W]
o
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e
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Table 1a. 2009 ard 2010 Sample Locatiors and Descriptions

Sample Source Description

COP-1 City of Poplar Public Water Supply Well 1

COP-2 City of Poplar Public Water Supply Well £2

COP-3 City of Poplar Public Water Supply Well #3

DS-1 City of Poplar distributed system water, collected at point of eniry into distribution system
DS-2 City of Poplar distributed system water. collected at point within the distribution system
EPU 1-D Salt Water Disposal Well

EPU 4-G Groundwater Well - Use unknown

Huber 3-D
LAW-MO4
[.AW-MO7
M-3

M-71
MOC-11
MQOC-4
PNR-27
PR-R-PR-009
PR-R-PR-042
USGS 06-11
USUS 06-8
USGS 09-2
USGS 09-6
USGS 09-7
USGS 92-11
LISSG 09-3

m

Salt Water Disposal Well
Groundwater Monitoring Well
Groundwater Monitoring Well
Groundwater Preduction Weli
Groundwater Production Well
Groundwater Monitoring Well
Groundwater Monitoring Well
Groundwater Monitoring Well
Surface Waiter - Poplar River
Surface Water - Poplar River
Groundwater Monitoring Well
Groundwater Monitoring Well
Ciroundwater Monitoring Well
Groundwater Monitoring Well
Groundwater Monitoring Well
Groundwater Monitoring Well

Groundwater Monitoring Well

ast Poplar oil field matter
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Table 1b. USGS July 2010 Sample Results: Inorganic Constituents

Sample

LAW-MO4
COP-1
Cop-2
COP-3
COP-3
EPU1-D
EPU 4-G
Huber 5-D
LAW-MO7
M-3

M-71
MOC-11
MOC-4
PNR-27

Charge
Balance

percent

0.2
-0.1
0.3

0.1

-0.2
-1.4
-0.3
-1.2
0.3
-0.9
-0.5
-0.9
0.6
-0.8

PR-R-PR-009 0.7
PR-R-PR-042 0.8
USGS 06-11 0.0

USGS 06-8 -0}
USGS 09-2 -0.7
USGS 09-6 -1.3
USGS 08-7 -1.0
USGS 92-11 -1
US5G 09-3 -0.8

Lab
pH

7.4
7.6
1.7
74
7.4
7.0
6.5
7.0
7.3
7.6
7.4
1.0
72
6.7
8.8
8.7
1.6
1.7
7.6
6.3
7.4
3.1
7.7

Lab
5C
psicm
4640
1926
1934
3230
3280
150000
18490
16400
1211
3130
24238
24990
8690
34900
1499
1779
1246
166
2388
19810
3480
6330
2147

Easi Poplar oil fieid mattar

Na
mg/L,
556
337
338
518
524

42800

4190

32200

223
773
364
5180
1200
5160
297
331
239
248
445
2310
718
1400
374

Mg
mg/L
153
32.6
336
56.0
54.3
213
19.5
143
224
138
49.4
274
282
1320
40.0
50.3
20.9
12.5
26.2
778
174
12.7
34.1

K
mg/L
12.6
5.87
5.94
8.20
8.17
691
9.56
438
4.57
12.7
6.55
26.0
17.3
61.9
8.33
9.08
4,22
3.76
5.70
33.2
12.9
7.65
6.02

Ca
mg/L
221
66.0
67.8
109
109
1460
100
854
38.1
172
87.0
512
381
1610
19.0
28.9
383
23.6
56.0
967
225
36.0
60.7

mg/L
0.18
0.38
0.38
0.28
0.30
5.05
0.57
571
0.39
0.21
0.25
0.21
0.15
0.16
0.45
0.42
0.41
0.43
0.39
0.10
0.16
(.48
0.26

HCO; SO,
mg/L  mg/L
378 278
600 271
594 277
516 105
525 106
242 1350
214 2.67
274 1700
340 194
343 315
401 146
480 1250
443 928
722 2060
669 279
642 287
603 172
358 165
580 110
243 376
421 327
614 309
487 272

mg/L
0.04
0.11
0.02
<0.02
<0.02
<0.80
2.9
0.67
<0.02
<(.03
<0.02
<(0.12
0.05
201
<0.02
<0.02
0.06
<0.02
<0.02
<0.10
<0.03
0.08
37
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Br
mg/L,
0.342
1.81
1.81
7.80
7.82
23.0
66.2
10.3
0.082
0.494
0.134
17.9
1.33
3.41
0.079
0.128
0.096
0.076
4.83
3.08
0.367
0.643
0.150



Table le. USGS July 2010 Sample Results: Inorganic Constituents

Sample

LAW-MO4
COP-1
COPp-2
COP-3
COP-3

IPU -1
LPU 4G
Huber 3-D
LAW-MO7
M-3

M-71
MOC-11
MQCH
PNR-27
PR-R-PR-009
PR-R-PR-042
USGS 00611
USGS 06-8
USGS 09-2
USGS 09-6
USGS 09-7
LSGS92-11
USSG 0v-3

East Pooiar ol fi

I
mg/L.
0.044

.58
1.57
0.02
6.10
.78
50.3
0.605
0.017
0.079
0.018
0 .40
0.272
0.047
0.012
0.019
0.024
0.020
3.80
0.451
0.043
0.037
0.034

Li

re/L

|33
97
98
127
122
6000
411
1040

369
172
183
10l

1)
a.
=)

1]

Be

pe/L

2.0
0.8
0.3
“h.4
1.4
5.8
2.0
4.9
<0.5
2.0
<1.0
2.0
1.0
2.0
0.7
0.8

0.5

=1.0
f.f_?ﬁo
2.0
<1.0

B
pe/l
550
633
623
609
587
32200

4130

Al
ng/L.
<30
<20
<20

'Jll
=

)
.

wn
=

A,
12
A

"
12
A

Cr
ne/l
<9.0
4.1
4.3
<6,
6.1
26
9.0

el

4.1
<9.0
<4.6
9.0
<4.3
<9.0

1.7
4.7
4.3
<4.6
<9.0
<9, |

<45

<5

Mn Co
ug/l pe/l
1180 <23
307 1.0
526 <].0
890 i.7
867 <l 7
62 7.3
83 2.5
130 <6.1
147 <0.6
400 2.5
725 1.3
1240 3.0
2260 1.3
107 2.3
27 1.3
3.7 1.1
269 =(0.6
112 <=0.6
206 <1.3
S50 =25
1030 <25
143 1.3
386 1.3

Ni

ng/L

<30
<|Z
<12
=20

<20

Cu

ng/L

<5.0
2.0

<2.0

<1.7

Zn
ng/L
<30
<12

<i2

As
pg/L
8.3
8.3
6.5

3.3

9.3
§2
8.3
24
2.4

L]
A

Page 36 of 43

Sr
pe/L
2230
6638
691
110
1120
83000
5960

75300
432
1980
331
6990
3890
26000
306
369
3049
2441
329
12500
2510

833



Table 1d. USGS July 2010 Sample Results: Inorganic Constituents

Sample

LAW-MO4
COP-1
COP-2
COP-3
COP-3
EPU I-D
EPU 4-G

I fuber 5-1)
LAW-MO7
M-3

M-71
MOC-11
MOC-4
PNR-27
PR-R-PR-009
PR-R-PR-042
USGS 06-11
USGS 06-8
LSGS 09-2
LUSGS 09-6
USGS 09-7
USGS 92411
USSG 09-3

East Poplar cil field matter

Rb
ng/L
=10

" 20

21
2.7
2.7
1580
8.4
974
0.6
1.2
0.7
2.6
1.6
6.8
1.5
1.0
1.0
0.9
1.3
54
1
0.8
0.8

Mo

2.1

<1.0

w

LY

S un

o

Ag
ug/L
<74
<28
<2.8
<4.7
<d.,7
<20
<7.0
~17
<].8
7.0
<3.0
<7.0
<3.3
<7.0
<24
<2.8
<l.8
<1.8

<5.0

Cd
ng/L
2.0
<0.8
<0.8
<14
<l.4
<3.8
<20
<19
)
<20
<10
2.0
<1.0
<2.0
0.7
<0.8
<0.3
20,5
1.0
<2.0
2.0
=1.0
<10

$b
pe/L
2.0
<0.8
<0.8
<14
<l.4
<3.8
<2.0
<49
+U.5
<2.0)
<1.0
<2.0
<1.0
<2.0
0.7
<03
0.5
<0.3
<14
2.0
<2.0
<1.0
<10

Cs
ng/L
<2.0
<(.8
<0.8
<14
<l.4

<2.0
<2.0

<10

Ba
ng/L
142
45
44
89

Pb
ng/L
<1.§

<0.73
<0,73
<|.2

<l.2

2.36
<4.4
<(.435
<1.8
<0.92
<l.8
<0.91
<l.8
<0.60
<0.73
<043
<(.45
“0.91
<}.8
<|.8
<0.90
<0.91

Th
ng/L
<0.30
<0.12
<0.12
<0.20
<0.20
<0.87
<0.30
<0.74
<0.08
<030
<0.15
<0.30
<0.15
<0.30
<0.10
<0.12
<0.08
<0.08
<015
<0.30
<0.30
<0.13
<0.15

Alkalinity
ay (a3

mg/L
310
492
487

Hardness
ws a0y

mg/L
1180
299
308
502
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TDS
mg/L
2700
1200
1210
1850
1870
117000
11200
37400
778
3080
1390
16200
3500
25700
987
1140
796
747
1400
12000
3250
3800
1310



Table 2. USGS 2009-2010 Sample Results: Strontivm (8r) Isotope

Sample Sample Date Sr {ng/h YSr/8r
COP-1\ 72110 668 0.70821
COP-I 6/24/09 394 0.7081¢9
COoP-2 7021010 691 0.70823
COP-3 721110 1,110 0.70821
COP-3 722010 1.120 0.70821
COP-3 ¥28/09 1.020 0.70819
FPU I-D 7/22/14) 83,000 0.70916
EPU 4-G 71224140 5,960 0.70683
Huber 5-0 72310 47,300 0.70991
LAW-MO4 7/20/10 2.230 0.70828
LAW-MO7 721710 432 0.70814
M-3 712210 1.980 0.70815
M-71 7/19/10 831 0.7082
M-71 3/28/09 716 0.70817
MOC-11 7122400 6.990 0.70812
MOC-4 7/20/10 3.890 0.70828
PNR-27 7622710 26,000 0.70793
PNR-27 2200 26.000 ---
PR-R-PR-0G9 72110 406 0.70818
PR-R-PR-042 7210 569 0.70814
USGS 06-11 719/10 369 0.70814
USGS 06-1 1 6/24/09 397 0.70811
LUISGS 06-8 7/1910 241 0.70811
LISGS 09-2 7/20/10 329 0.70825
USGS 09-6 7120/10 12,500 0.70819
USGS 09-7 720010 2510 0.70822
USGS 92411 720000 835 0.70741
US5G 09-3 79710 647 0.70812
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Table 3. USGS November 2010 Sample Results: Organic and Inorganic Constituents

sample Source COp-1 COP-1 COP-1 COP-1l COPRZ COP-2 CoPr-2 COPr-2 DS D5-1
Sampie Type U R T TR U UR T TR 14
Ingrganic Constituents (mg/L}
Sodium 289 278 285 261 294 294 316 302 323 320
Caleium 41.7 41.5 44.7 43 6.8 593 62.2 58.5 639 639
Potassium 476 4.53 4.81 1.63 333 53 5.532 5.42 3.77 5.61
Magnesium 247 234 249 24 271 27.1 37.8 37.8 394 383
Manganese (360 339 20002 0002 0.0073 00072 <0.002 <0002 <0002 20002
Iron 184 1.81 AN IR N VA VR R 0.} <000 =000 <000 <00
Strotium 0.48 0459 0408 0.424 0.693 0.704 .63 0618 0.685  0.679
Chloride 120 120 138 142 124 LheR| 121 122 136 154
Bromide 1.2 1.2 <03 {13 23 23 0.9 0.9 .9 i
Sullie 233 231 234 2534 200 289 398 4t 388 383
Abkaliniey 177 477 149 NRD) 187 188 2 502 302 303
s 1.0 LO30 1020 1030 1110 1110 L2748  1.280 1.270 1.270
Qrganic Constituents (ng/L}
1L E-trichborovthane X 0.92
(. 1-dichlorovthene .24 ) 026 ]
2-buanone 018 (127 1 0.94 1.04
Acctons 1.34 223 $.82 10.6
Bromochloromethane .31 4.28
Bromodichloromethane $4.12°1 031 F 298 30.3 27.5 28.1 4.73 4,39 4.13 4.3
Bromolorm g 044 395 384 348 23 1.3 1.2 1LY 11.2
Curbon wetrachloride 013 )
Cardon disulfids .27 251
Chiurolorm [T I Vo (| 6,32 042 17.2 17.5 1. 1.5 1,21 1.21
Chiloremethane 0273 0371
Eribromochloromethane 0,22 ) 1o 0.8 715 36 369 8.97 8.6 8.03 829
Dibromomethane 8.36 831
Ethylbenzene 024 1 024 )
oL p-xylene g.60 1 (.64 )
Muthyl acetate 0200 0240 0308 043 0210 0320 gt I8 o200k 0321
Methy! lodide 0.55 .54
Methylene chioride 0.84 .86
u-ylene 024 ) 026
Tert-butyl wleohol 1.11 2
l'etrachvdrofuran 0.63 .59
Tuluene 048 ) 046 ) 0847 086 071 017
U ~Untreated, sample collected as raw water
T <Treated, sample collected after Fe. Mn removal and chlorination treatment
R ~Replicate sample, sampie collected immediately following initial sampte
J =Sample resuit is above method detection limit and below method reporting limit

East Poplar oil field matter

Ds-2

289
459
499
23
0.0413
<10
1471
229
(0.3
229
4340
1.030

013 )
.76 )

18.6

3

34
017
.7
0.1 )

0.26 )

0.72
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443

4.84

KER]
0.002
ALY
(.439

149
1020

0.0
|

9.5

933

3.56

G.20 )

7

0.13 J

.31}

.86



Table 4. Sampling Parameters, Schedule and Methods

Analyte
Benzene
Tolucne
Ethylbenzene

Xylenes (total)

Total Dissolved Solids
(TDS)

Strontium (Sr) [sotope
Strontium (Sr)
Manganese (Mn)
Sodium {Na)

Sulfate (5Q,)
Chloride (C)
Calcium (Ca)
Broinide (Br)

lodide (1)

Lithium {L.i)

Barium (Ba)

Sample Collection
Frequency

Mouthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthiy
Manthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthiy
Monthly

Monthly

East Poplar cif fizid matter

EPA Analytical Method
(See 40 CFR Part 141)

5243
3243
524.5
5243

160.1

The Y'Sr/Sr ratio must be accurate to within £0.00002. The
data must be calibrated against the EN-1 standard.

300.0
200.7
200.7
300.0
300.0
200.7
500.0

Method reporting limit must be at least 5 micrograms per liter

Method reporting limit must be at least 0.5 micrograms per
liter

200.7 or 200.8
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Table 5. Action Levels Imposed on Samples Collected by Respondents

Constituent Action Level (mg/L) Sample point

Benzene 0.001 Entering distribution system
Toluene 0.2 Intering distribution system
Ethylbenzene 0.14 Entering distribution system
Xylenes gl Entering distribution system
Total Dissolved Solids (TDS) 2.000 Entering distribution system
Manganese {Mn 0.3 Entering distribution system
Sodium (Na) 440 Entering distribution system
Sultate (SQy) 300 Entering distribution system
Chloride (CD 250 I:ntering distribution sysiem

East Poplar oil field matter Page 41 of 45
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Figure 1. Generalized location of low hydraulic conductivity zone,
selected surface-water sites, and selected wells, East Poplar oilfield.
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Concentration

Figure 2, TDS and Strontium Concentrations
USGS 2010 Samples
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Figure 3, Reciprocal Strontium

USGS 2010 Samples
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Figure 4, Spider Diagram
USGS July 2010 Samples
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CERTIFICATE QF SERVICE
Docket No. SDWA-08-2011- 0006

f hereby certify that the original and a wrue copy of this Emergency Administrative Order
was hand-camed to the Regional Heanng Clerk, EPA Region 8, 1595 Wynkoop Street, Denver,
Colorado, and that true copies of the same were sent via Certified Mail Return Receipt Requested
10:

Murphy Oil USA Inc.
The Corporation Company
124 W. Capitol Avenue, Suite 1900
Lintle Rock, AR 72201-3717;

Pioneer Natural Resources USA, Inc.
CT Corporation System
Post Office Box 7054 Suite 1630
Billings. MT 39103-7054; and

Samson Hydrocarbons Company
Prentice-Hall Corporation System, [nc.
211 E, 7" Street  Suite 620
Austin, TX 78701-3218.

I also sent courtesy copies via Cerntified Mail Return Receipt Requested to:

Sid Campbell
Murphy Expleration & Producuon Co.
16290 Katy Freeway, Suite 600
Houston, TX 77094

Heidi Tanner
Operations Manager
Pioneer Natural Resources USA, Inc.
1401 17" Street, Suite 1200
Denver, CO 80202: and

Mark Dalion
The Samson Companies
Two West Scecond Street
Tulsa, OK 74103,

Dated: 12 [ 16| 2010 Qud,mmw

{ith McTeman




