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Ground-Water Quality for Two Areas in the Fort Peck Indian
Reservation, Northeastern Montana, 1993-2000

By Joanna N. Thamke and Karen S. Midtlyng

ABSTRACT

Studies conducted by the U.S. Geological Survey
and the Fort Peck Tribes during 1979-96 determined
that ground-water quality in two areas of the Fort Peck
Indian Reservation had been adversely affected by
some land-use activities. During the early- and mid-
1990s, saline-water contamination of near-surface
Quaternary aquifers in more than 12 square miles in
and near the East Poplar oil field was documented and
high nitrate concentrations were documented in ground
water in a large study area underlain by the Tertiary
Flaxville Formation. This report describes additional
ground-water-quality investigations for these two areas
conducted subsequent to the previous studies.

In the East Poplar oil field study area, the quality
of water in the Quaternary deposits is highly variable.
Dissolved-solids concentrations increased as much as
29,500 milligrams per liter (mg/L) in ground water
beneath a large area during a 9- to 10-year period
because saline ground water probably moved into the
Quaternary deposits within the area. Dissolved-solids
concentrations decreased as much as 40,750 mg/L in
ground water beneath a smaller area during a 10-year
period because saline ground water in this area proba-
bly was diluted by fresh water from the area and
because upgradient saline water sources were dimin-
ished or terminated. Dissolved-solids concentrations
remained constant in areas unaffected by saline water.

In the Flaxville and underlying aquifers study
area, data collected during 1997-99 indicated that sea-
sonal and long-term changes in nitrate concentrations
were minimal in 15 of the 16 wells sampled. Concen-
trations of pesticides in water from six sampled wells
were less than the minimum reporting level.

INTRODUCTION

Studies conducted by the U.S. Geological Survey
(USGS) and Fort Peck Assiniboine and Sioux Tribes
during 1979-96 determined that ground-water quality

in two areas of the Fort Peck Indian Reservation had
been adversely affected by some land-use activities.
Areas with saline-water contamination were identified
in more than 12 mi® of Quaternary deposits in and near
the East Poplar oil field (Thamke and Craigg, 1997),
and high nitrate concentrations were documented in
ground water in a large study area underlain by the
Flaxville Formation (Nimick and Thamke, 1998;
Thamke and Nimick, 1998).

Saline-water plumes were identified in the East
Polar oil field study area by Thamke and Craigg
(1997) on the basis of data collected during 1979-93.
Dissolved-solids concentrations in water from some
privately owned and monitoring wells were greater
than the dissolved-solids concentration in seawater.
The probable source of the saline water is brine, which
is a by-product of the production of crude oil in the East
Poplar oil field. Saline water is unusable by residents
who are dependent on ground water for domestic sup-
ply in this rural area and is a potential ecological threat
to the Poplar River, to which the saline ground water
discharges. The saline-water plumes could have
migrated since 1993, potentially causing increases or
decreases in dissolved-solids concentrations in ground
water within the plume areas or potentially affecting
additional areas that were not contaminated in 1993.
Furthermore, the magnitude and extent of volatile
organic compounds in ground water in the East Poplar
oil field was unknown.

Widespread occurrence of high nitrate concentra-
tions in the Flaxville and underlying aquifers study area
was documented by Nimick and Thamke (1998) on the
basis of ground-water-quality data collected for 112
wells during 1981-96. Nitrate concentrations in water
from more than half of these wells were equal to or
greater than 10 mg/L, the maximum contaminant level
established by the U.S. Environmental Protection
Agency (2002) for public drinking water supplies.
Using information on soils, land use, pore- and ground-
water chemistry, ground-water age, and stable isotopes,
Nimick and Thamke (1998) examined the relation

Abstract 1



between extensive dryland farming and nitrate in
ground water and determined that crop stubble and
livestock waste were the primary sources of the nitrate
in ground water. Although the data collected during
1981-96 were sufficient to document the extent and
source of the high nitrate concentrations, they were
insufficient to determine if nitrate concentrations var-
ied seasonally and if representative concentrations
could be determined from relatively infrequent
(annual) or one-time sampling. Furthermore, the mag-
nitude and extent of pesticides in ground water of the
Flaxville and underlying aquifers study area was
unknown.

To increase the understanding of ground-water
quality in these two areas, the USGS, in cooperation
with the Fort Peck Tribes, conducted additional inves-
tigations of ground-water quality during 1995-2000.
Data were obtained from field activities of the USGS as
well as investigations by other entities during 1993-
2000.

Purpose and Scope

The purpose of this report is to describe the infor-
mation obtained from investigations of ground-water
quality conducted in two areas of the Fort Peck Indian
Reservation during 1993-2000. For the East Poplar oil
field study area, this report presents water-quality data
for a variety of chemical constituents coliected by the
Indian Health Service (IHS) during 1993-97, by the
USGS during 1997-99, by the Office of Environmental
Protection of the Fort Peck Tribes (FPOEP) during
1999-2000, and by MSE-HKM, Inc. (MSE) during
2000. These data are then compared to published data
collected before September 1993 (Thamke and others,
1996). Characteristics of water types and water-quality
changes in water from wells sampled between Septem-
ber 1993 and September 2000 in the East Poplar oil
field study area are presented in tables 1 and 2 (in sec-
tion "East Poplar oil field study area"). Water-quality
data for this study area are presented in tables 3 through
9 (at back of report).

For the Flaxville and underlying aquifers study
area, this report presents physical-property and nitrate-
concentration data collected by the USGS during 1997-
99 and pesticide concentration data collected by the
Montana Department of Agriculture (MDA) and U.S.
Environmental Protection Agency (USEPA) during
1999. Interpretations of water-quality trends are based
on these and published data collected before 1997

(Nimick and Thamke, 1998). Water-quality data for
this study area are presented in tables 10 and 11 (at
back of report).

Descriptions of Study Areas

The East Poplar oil field study area encompasses
the East Poplar oil field and is northeast of the town of
Poplar (fig. 1). The Poplar River flows generally
southward through the study area. Throughout most of
the study area, shallow Quaternary deposits directly
overlie the relatively thick Upper Cretaceous Bearpaw
Shale and are the sole developed source of ground
water for residents of the study area. Land uses in the
study area include dryland farming, livestock ranching,
oil production, and residential development. Previous
investigations on geologic structure, stratigraphy, and
hydrogeology in the East Poplar oil field study area
were summarized by Thamke and Craigg (1997).

The Flaxville and underlying aquifers study area
is delineated by the boundary of the Tertiary Flaxville
Formation within the Fort Peck Indian Reservation
(fig. 1). The Flaxville aquifer consists of fluvial sand
and gravel of the Flaxville Formation that caps exten-
sive plateaus and topographic benches used for dryland
wheat farms and residential development. The Tertiary
Fort Union aquifer underlies the Flaxville aquifer in the
eastern half of the study area. The upper Cretaceous
Fox Hills-lower Hell Creek aquifer underlies the Fort
Union aquifer in the eastern half and directly underlies
the Flaxville in the western half of the study area. The
Flaxville and underlying aquifers are important sources
of ground water on the Reservation.

Site-Identification and Well-Naming Systems

Site numbers or location numbers are used to
identify wells in the same manner as used in previous
investigations (Thamke and Craigg, 1997; Nimick and
Thamke, 1998). Site numbers (for the East Poplar oil
field study area) or location numbers (for the Flaxville
and underlying aquifers study area) are based on the
rectangular system for the subdivision of public lands
(fig. 2). The number consists of as many as 14
characters and is assigned according to the location of
a site within a given township, range, and section. The
first three characters specify the township and its posi-
tion north (N) of the Montana Base Line, whereas the
next three characters specify the range and its position

2 Ground-Water Quality for Two Areas in the Fort Peck Indian Reservation, Northeastern Montana, 1993-2000



106°

g §
E 3 , 1
" \ '-& "c I
48°15' - 3 2, 1
Q colj e %\ ¢ -
3 :
! Wolf
| Point
- TP-1
2
| wisSOUR!

Base modified from Nimick and Thamke (1998).
North American Datum of 1927 (NAD 27)

I_\ Fort Peck Indian

\ Heservation -_ \
\7 MONTANA \\
\

105°
T
i SHERIDAN
s .
)
o}
! €O &
l___
L]
e
N
R
e EAST POPLAR
T -4 OIL FIELD )
STUDY AREA
(shown in figures
3and 4)
2
ar Alver
General extent of the Tertiary Flaxville Formation
from Nimick and Thamke (1998)
0 1lo 2]0 MILES
L
F I T
[} 10 20 KILOMETERS
EXPLANATION

#F FLAXVILLE AND UNDERLYING
AQIUIFERS STUDY AREA--
Represents the general extent
of the Tertiary Flaxville Formation

N-3e WELL AND NUMBER--Used for
Fiaxville and underlying aquifers study
TP-1
'O SOURCE OF RINSATE WATER--Used
for East Ponlar oil fisld shudy

O Re.G SIUTY

Figure 1. Location of the study areas and selected water-quality monitoring wells, Fort Peck Indian Reservation,

rthaocctars Al adn e

NoOMNcasicimn iviunitaria,

east (E) of the Montana Principal Meridian. The next
two characters indicate the section; the next four char-
acters indicate the position of the site within the sec-
tion. The first letter denotes the quarter section (160-
acre tract), the second letter denotes the quarter-quarter
section (40-acre tract), the third letter denotes the quar-
ter-quarter-quarter section (10-acre tract), and the

yiv=dact

fourth letter denotes the quarter-quarter-quarter-quarter
e

t). Tt tter V 1S O
the scr.:uon are mdlca-_d as A, B, C, and D in a counter-
clockwise direction beginning in the northeast quad-

based on the order that a site was inventoried in that
tract. For example, site number 31N47E16BCAA01
represents the first well inventoried in the

1/ASW1/4ANW1/4 of sec.16, T. 31 N.. R. 47 E.

ar oil field study area also
umeric weli name used by

]

2T
oroa
o <
i v
o

o
- 8
vl
5

=

—
=
w
=

o
!

<]

<



_. Well 31N47E16BCAAOT

Figure 2. Site-numbering or location-numbering system.

ters and an alpha character to designate the sequence in

which wells were drilled. The al
11 ——
11

crmmes DY T

-
—
T
=
o}
N
'
= C
(@]
(&)
wn
i
=}
=
=
— -
o]
=t
=5
[1)#]
&

<
=t
o
»—3 .
=5}
-

o
<
]
z
o
3
D
1
)
—_ 0 N
T
o

Q&

- o
\O
e.e]
s
~—
(:] N nm L

o

o
£3

©
R,
P

;p
o
j=+]
[«

=
2

vel
-z
Q

(
r

5]
3
=

o

=

installed monitoring wells denote the sequence durin
which wells were drilled; for example, well FPB93-3 is
the third well drilled in 1993. The numeric part of well
names identified by the letter ‘M’ is assigned only as a
convenient cross reference between relevant illustra-
tions and tables. Four privately owned wells (M-58,
M-59, M-60, and M-61) were drilled after September
1993 and not published in Thamke and others (1996);
therefore, these wells are numbered sequentially after
the last well (M-57) in the original list. Brine-injection
wells and oil wells are identified using the name
assigned by the particular oil company; for example,

[=
=
.
=]
b=}

Murphy 1-D is a brine-injection well and Murphy 58 is

]
an oil well.
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WATER-QUALITY DATA-COLLECTION
METHODS, SAMPLING, AND QUALITY
CONTROL

East Poplar Oil Field Study Area

Water-quality data were collected in the East Pop-
lar oil field study area between September 1993 and
September 2000 by three agencies and one private
company. Methods for collection and analysis of
water-quality samples by the IHS during 1993-97 are
filed with the IHS (Rod Bruner, Indian Health Service,
oral commun., 2003). Methods for collection and anal-
ysis of water-quality samples by the USGS during
1997-99 are documented and described in Thatcher and

others (197 /), Thamke and others (1996), and Connor

and others (1997). Methods for coilection ana analysis
of water-quality samples by the FPOEP during 1999-
2000 are documented and filed with the USEPA
(described in “Sampling and Analysis Plans,” Nathan
Wiser, U.S. Environmental Protection Agency, written
commun., 1999 and 2000). Methods for collection and
analysis of water-quality samples by MSE during 2000
are described in CH2 ill (2000)

For samples collected by U! during 1997-99,
methods used included several steps to minjmlzg possi-

ble cross-contamination from qa_,,plm
porc -diameter filter assembhes were used at each site.
After sample collection at each site, the flow-through
sample collection chamber was disassembled and
scrubbed using a low-phosphate detergent and then
thoroughly rinsed with tap water. The 2-in. portable
stainless-steel submersible pump was placed in a 4-in.
polyvinylchloride casing that was filled with tap water.
The pump was then operated to flush water through the
pump and hoses. A low-phosphate detergent was
added to the tap water and passed through the pump
and hoses. This cleaning procedure step was followed
by rinsing the equipment with tap water until the deter-
gent was no ionger visuaily detected. In addition to the

cle dnln;: proceuure&. used to minimize posswle Cross
contarnination between sample sites. at least three well

volumes of water were passed through the sample
equipment prior to sample collection.

Water-quality data are presented for 87 wells in
the East Poplar oil field study area (table 3). Water
samples were collected from 34 of the 87 wells
between September 1993 and September 2000. Some
of the 34 wells were visited more than once during this
time period by various entities. Of the 34 wells, 23
were privately owned wells, 9 were monitoring wells,
and 2 were brine-injection wells (fig. 3).

Water samples were collected from 10 privately
owned wells by the IHS during 1993-97 (Rod Bruner,
written commun., 2003). However, a sample from 1 of
the 10 wells was collected after water treatment. Ana-
lytical results for the sample from this well is not
included in this report. Water samples from 9 of the 10
wells were analyzed for major ions (table 3).

Water samples were collected from 15 water
wells by the USGS during 1997-99 for analysis of
major ions (table 3) and trace elements (table 4). Water
samples were collected by the USGS from four wells
during 1999 for analysis of selected fuel ethers and
petroleum compounds (table 5). A water sample was
collected from one well during 1999 for analysis of
radium-226 and radium-228 (table 7).

Water samples were collected from 20 water

and 2 brine-injection welis by the FPOEP during
Nathan Wiser, U.S. Environmental Protec-
. 1999 and 200\’)) The

oS

D
= &g o,
3 @
oG R
o =
=]

)

e =
g
Q

compounds, total- Detroleum hvdrocarbons total-
extractable hydrocarbons, diesel range organic com-
pounds, and polynuclear aromatic hydrocarbons.
However. only data for constituents with compound
concentrations greater than minimum reporting levels
are included in this report (table 5 and 6).

Water samples were collected from 14 water
wells by MSE during 2000 (CH2M Hill, 2000). How-
ever, 8 of the 14 wells were drilled during 2000 for a
site-specific investigation, and the analytical results for
these 8 wells are not included in this report. Water sam-
ples from 6 of the 14 wells were analyzed for major
ions (tabie 3) and selected petroleum compounds
(table 5).
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Figure 3. Location of selected water wells, brine-injection wells, and oil wells in the East Poplar oil field study area,
Fort Peck Indian Reservation, northeastern Montana.
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Quality-control data to document reproducibility
of analytical results and possible sample contamination
were provided by replicate environmental samples and
trip blank samples. A replicate environmental sample
is a volume of sampled water split into subsamples in
such a manner that the physical and chemical charac-
teristics of each subsample are considered essentially
identical in composition. A trip blank is a volume of
reagent water carried into the field but not exposed to
sample collection equipment or ambient field condi-
tions to test for contamination during shipping and
handling.

Replicate samples were collected by the USGS
during 1998 and 1999 and by the FPOEP during 1999
and 2000. Four replicate samples were collected
between 1998 and 2000 and analyzed for major ions
(table 3). Two replicate samples were collected during
1998 and 1999 and analyzed for trace elements (table
4). Sevenreplicate samples were collected during 1999
and 2000 and analyzed for fuel ethers or petroleum
compounds (tables 5 and 6). The relative percent dif-
ferences of the major-ion concentrations between rep-
licate environmental samples did not exceed 10 percent
except for alkalinity in a sample from brine-injection
well Huber 5-D (24 percent). The relative percent dif-
ferences of the trace-element concentrations between
replicate environmental samples were less than 2 per-
cent. The relative percent differences of concentrations
of sclected fuel ethers and petroleum compounds
between replicate environmental samples did not
exceed 30 percent, except for 1,2,4-trimethylbenzene
in a sample from brine-injection well Murphy 1-D (at
least 140 percent).

Trip blank samples were collected by the FPOEP
during 1999 and 2000 and by MSE during 2000; sam-
ples were analyzed for concentrations of volatile
organic compounds. Concentrations of volatile organic
compounds in all trip blank samples were less than the
minimum reporting levels, indicating no contamination
during shipping and handling.

Two samples of the rinsate water were collected
by the USGS and analyzed for physical properties and
major ions (table 8) and for fuel ethers and petroleum
compounds (table 9). The rinsate samples were col-
lected after sampling site 29N51E31DBDDO01 (FPB92-
8) and after sampling site 28N51E22CBCBO02 (FPB93-
3A), and cleaning the field equipment. Tap water used
for routine cleaning of the equipment and for the rinsate
samples was obtained from an outside spigot at the
Sherman Motor Inn (Wolf Point, Mont.) during 1997

and 1998 or from an outside spigot at the Town Pump
Station (Wolf Point, Mont.) during 1999. Nearly all
major-ion and trace-element concentrations in water
samples collected by the USGS were greater than con-
centrations in rinsate samples (footnote 7, table 3).
However, concentrations of toluene and ethylbenzene
in four water samples collected by the USGS during
1999 and concentrations of m- and p-xylene and
o-xylene in five water samples collected by the USGS
during 1999 were less than concentrations in rinsate
samples (footnote 3, table 5), indicating possible cross-
contamination of these constituents between sites or
from the cleaning procedure. A sample (TP-1) of tap
water collected from the outside spigot at the Town
Pump Station by the FPOEP in 1999 contained detect-
able concentrations of ethylbenzene, m- and p-xylene,
and o-xylene (table 9).

Flaxville and Underlying Aquifers Study Area

Water-quality data were collected in the Flaxville
and underlying aquifers study area during 1997-99 by
three agencies. Methods for collection and analysis of
water-quality samples by the USGS during 1997-99 are
described in Nimick and Thamke (1998). Methods for
collection and analysis of water-quality samples by the
MDA and the USEPA during 1999 are described in
Montana Department of Agriculture (1997).

Water samples were collected from 16 wells by
the USGS during 1997-99 for analysis of nitrate (fig. 1,
table 10). Generally, wells were sampled once during
1997, four times during 1998, and three times during
1999.

Water samples were collected from 6 of the 16
wells by the MDA and USEPA during 1999 for analy-
sis of pesticides (table 11) (Donna Rise, Montana
Department of Agriculture, written commun., 1999).
The six wells were in areas where known land-use
activities included application of pesticides.

Quality-control data to document reproducibility
of analytical results were provided by replicate envi-
ronmental samples. A replicate environmental sample
is a volume of sampled water split into subsamples in
such a manner that the physical and chemical charac-
teristics of each subsample are considered essentially
identical in composition. Eight replicate samples were
collected and submitted for laboratory analysis of
nitrate concentrations between 1997 and 1999 (table
10). The differences in the concentration of nitrate

WATER-QUALITY DATA-COLLECTION METHODS, SAMPLING, AND QUALITY CONTROL 7



between the replicates ranged from 0.0 mg/L to
1.0 mg/L, indicating acceptable reproducibility of ana-
Iytical results.

GROUND-WATER QUALITY

East Poplar Oil Field Study Area

The quality of water in Quaternary deposits in the
East Poplar Oil field study area is highly variable and
is dependent on location relative to sources of saline
water. Saline-water plumes were delineated using data
collected during the early 1990s (Thamke and Craigg,
1997). Four principal water types in the study area also
were described by Thamke and Craigg (1997); the dis-
solved-solids and chloride concentration ranges of
these water types have been updated for this report
using data collected between September 1993 and Sep-
tember 2000 (table 1). Comparisons of previous to
more recent concentrations of dissolved solids and
chloride in water from wells can be used to indicate
possible changes in water quality, and thus, also indi-
cate if saline-water plumes in the study area have
moved (table 2). Recently, plume movement has been
documented for the southern part of the East Poplar oil
field (Land and Water Consulting, Inc., 2003);
although a rate of ground-water movement estimated
by the same company differs substantially from a rate
estimated by Montana Department of Environmental
Quality (2002). Changes in ground-water quality can
be substantial, depending on the chemical characteris-
tics of the saline water, quantity of saline water, prox-
imity to the source, and ground-water flow character-

istics in the area. The following sets of examples show
substantial changes in ground-water quality in three
areas during a 9- to 10-year period and describe addi-
tional data collected during recent investigations.

In the first set of examples, moderately contami-
nated ground water (Type 2) in the early 1990s became
considerably contaminated (Type 3) by 1995 to 2000
near the west-central part of Area 2 (fig. 4). During a
9-year period, dissolved-solids concentrations
increased as much as 13,950 mg/L (457 percent) in
water from well M-24 (tables 2 and 3). Most concen-
trations of fuel ethers and petroleum compounds were
less than minimum reporting levels in water from well
M-24 (table 5); however, samples were collected from
the kitchen tap or outside faucet after the water had
passed through the household plumbing system,
increasing the possibility of volatilization. Similar
water-quality conditions and changes occurred at pri-
vately owned wells M-13, M-15, and M-22 (tables 2, 3,
and 5), located in the same part of Area 2 as well M-24
(fig. 4). In the early 1990s, these four privately owned
wells were located within a confirmed Type 2 plume
and downgradient from confirmed and possible Type 3
plumes (fig. 4). In these wells, the dissolved-solids
concentrations probably were increasing because Type
3 saline water was moving into the Quaternary glacial
deposits near these wells.

In the second set of exampies, considerably con-
taminated ground water (Type 3) in the early 1990s
became more contaminated by 2000 near the south-
central part of Area 2 (fig. 4). During a 9-year period,
dissolved-solids concentrations increased as much as
29,500 mg/L (194 percent) in water from well M-28

Table 1. Characteristics of water types in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana

[Dissolved-solids and chloride concentration ranges modified from table 3 of Thamke and Craigg (1997) using additional data collected between
September 1993 and September 2000. Dissolved-solids and chloride concentrations reported in milligrams per liter]

Domestic water use

Concentration range

Water type Dl:sl(;:;:d Chloride
Type 1--Uncontaminated ground water Suitable for most domestic purposes 427-2,870 4-260
Type 2--Moderately contaminated ground water ~Suitable for some domestic purposes; 1,170-9,250 330-4,800
generally not used for drinking water
Type 3--Considerably contaminated ground Unsuitable for any domestic purposes 9,640-91,100 5,200-58,000

water
Type 4--Brine (from oil production) Unused

47,700-201,000  27,000-120,000

8 Ground-Water Quality for Two Areas in the Fort Peck Indian Reservation, Northeastern Montana, 1993-2000



Table 2. Changes in dissolved-solids and chloride concentrations in water from privately owned wells and monitoring wells that were either

sampled or resampled between September 1993 and September 2000, East Poplar oil field study area, Fort Peck Indian Reservation,
northeastern Montana

[Water type: Type 1, uncontaminated ground water; Type 2, moderately contaminated ground water; Type 3, considerably contaminated ground water.
Abbreviation: mg/L, milligrams per liter; M, monitoring well; P, privately owned well]

Dissolved-solids concentration (mg/L)

Chloride concentration (mg/L)

Well Well Sample Con- Ch Percent Con- Ch Percent Water
.. . .. nge over .
name type date centration in agi‘:eover increase (+) centration in a ti;gne ¢ increase (+) type
sample or decrease (-) sample or decrease (-)
Sites at which dissolved-solids concentration increased more than 200 mg/L
M-1 P 07-20-91 2,540 36 1
09-28-00 2,870 +330 +13 37 +1 +3 1
M-3 P 08-25-90 1,220 260 1
09-21-00 2,460 +1,240 +102 1,040 +780 +300 2
M-13 P 08-25-90 4,950 2,800 2
09-11-95 10,114 +5,164 +104 5,813 +3,013 +108 3
M-58 P 07-21-97 3,190 1,739 2
09-21-00 5,860 +2,670 +84 2,810 +1,071 +62 2
M-15 P 07-19-91 1,950 780 2
09-20-00 9.850 +7,900 +405 5,950 +5,170 +663 3
M-22 P 08-26-90 5,280 3,000
09-20-00 16,100 +10,820 +205 8,840 +5.,840 +195
M-24 P 07-16-91 3,050 1,400 2
09-20-00 17,000 +13,950 +457 9,430 +8,030 +574 3
M-25 P 08-25-90 2,300 1,100 2
09-21-00 5,840 +3,540 +154 2,990 +1,890 +172 2
FPB93-3 M 07-21-93 58,700 35,000 3
06-01-00 67,000 +8,300 +14 39,800 +4,800 +14 3
FPB93-3A M 07-20-93 63,500 38,000 3
04-21-99 74,800 +11,300 +18 40,000 +2,000 +5 3
M-28 P 07-20-91 15,200 7,900 3
06-01-00 44,700 +29,500 +194 25,800 +17,900 +226 3
M-30 P 04-15-92 1,100 22 1
09-29-00 1,740 +640 +58 36 +14 +64 1
M-31 P 07-23-93 51,900 32,000 3
06-01-00 60,800 +8,900 +17 36,000 +4,000 +12 3
M-60 P 11-04-94 1,170 220 1
' 09-20-00 2,120 +950 +81 855 +635 +289 2
M-32 P 08-17-93 1,170 330 2
11-09-99 1,730 +560 +48 736 +406 +123 2
M-36 P 08-24-90 2,120 40 1
09-29-00 2,640 +520 +25 159 +119 +298 1
M-38 P 03-16-89 1,700 34 1
09-29-00 2,660 +960 +56 151 +117 +344 1

GROUND-WATER QUALITY
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Table 2. Changes in dissolved-solids and chloride concentrations in water from privately owned wells and monitoring wells that were either
sampled or resampled between September 1993 and September 2000, East Poplar oil field study area, Fort Peck Indian Reservation,
northeastern Montana (Continued)

Dissolved-solids concentration (mg/L) Chloride concentration (mg/L)

Well Well Sample Con- Change over Percent Con- Change over Percent Water
name type date centration in ugn ove increase (+) centration in ti%ne increase (+) type
sample ¢ or decrease (-) sample or decrease (-)

Sites at which dissolved-solids concentration increased more than 200 mg/L (Continued)

M-52 P 07-19-91 1,160 8.8 1
09-20-00 1,580 +420 +36 11 +2.2 +25 1

M-54 P 08-23-90 1,020 13 1
09-28-00 1,370 +350 +34 15 +2 +15 1

FPB92-13 M 08-15-93 7,060 4,100 2
06-25-98 7,960 +900 +13 4,600 +500 +12 2

Sites at which dissolved-solids concentration decreased more than 200 mg/L

M-2 P 08-25-90 1,480 420 2
09-28-00 1,100 -380 -26 117 -303 -72 1

FPB92-10 M 08-10-93 4,960 2,100 2
06-25-98 2,800 -2,160 -44 860 -1,240 -59 2

FPB92-8 M 08-12-93 18,000 10,000 3
08-28-97 11,700 -6,300 -35 6,600 -3,400 -34 3

FPB92-3 M 08-14-93 20,800 12,000 3
07-26-97 3,250 -17,550 -84 1,300 -10,700 -89 2

FPB92-1 M 07-25-93 91,100 58,000 3
04-21-99 80,800 -10,300 -11 46,000 -12,000 221 3

W-15 M 07-23-89 50,000 30,000 3
04-21-99 9,250 -40,750 -82 4,700 -25,300 -84 2

Sites at which dissolved-solids concentration changed less than 200 mg/L

M-17 P 08-22-90 2,190 20 1
09-20-00 2,190 0 0 22 +2 +10 1

FPB92-12 M 07-24-93 2,470 15 1
06-01-00 2,330 -140 -6 11 -4 =27 1

M-34 P 11-10-99 761 37 1
09-20-00 785 +24 +3 51 +14 +38 1

W-3 M 07-18-91 750 13 1
09-20-00 849 +99 +13 13 0 0 1

10 Ground-Water Quality for Two Areas in the Fort Peck Indian Reservation, Northeastern Montana, 1993-2000
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(tables 2 and 3). The benzene concentration was

14 pg/L in this privately owned well (table 5). Similar
water-quality conditions and changes occurred at
monitoring wells FPB93-3 and FPB93-3A and
privately owned well M-31. All four wells were
located within a confirmed Type 3 plume that likely
contained at least one active source of contamination
during 2000 (Thamke and Craigg, 1997, p. 26;: CH2M
Hill, 2000, p. 9). Water temperatures in monitoring
wells FPB93-3 and FPB93-3A increased from 18-19
°C in 1993 to about 25 °C in 1999 and 2000, which is
approximately twice the 10-12 °C temperature range
for most ground water in the area. Water temperatures
of brine prior to injection can be as much as 80 °C
(table 3); thus, temperatures of crude oil and brine
directly from oil-production wells probably can be
higher. In 2001, a local oil-production well within the
confirmed Type 3 plume, Biere 1-22 (Pioneer Natural
Resources USA, Inc., 2000), was sealed, and
temperature data collected from nearby monitoring
wells during 2001-02 indicate that ground-water
temperature was decreasing (Nathan Wiser, U.S.
Environmental Protection Agency, oral commun.,
2002).

In the third set of examples, considerably contam-
inated ground water (Type 3) in the late 1980s to early
1990s became less contaminated by the late 1990s in
the southern part of Area 1 (fig. 4). During a 10-year
period, dissolved-solids concentrations decreased as

W-15 (table 2 and 3). Concentrations of selected fuel

ethers and petroleum compounds in well W-15 were
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FPBRO2-10. FPB92-8 FPR92-3. and FPRO2-1. All five
FPBO2-10, FPBO2-8 FPB92-3 and FPB92-1. Allfive
wells were located within confirmed Type 2 and Type
3 plumes. Wells FPB92-10, FPB92-3, FPB92-1, and

plumes; well FPB92-8 was located within a Type 3
plume. The dissolved-solids concentrations in water
from these wells probably were diluted by fresh water
as the saline-water plumes moved towards the Poplar
River and upgradient saline-water sources diminished
or were terminated (Thamke and Craigg, 1997).
Changes in water quality were less substantial in
the remaining 17 privately owned and monitoring wells

that were sampled during 1994-2000. Analyses of
water collected from these 17 wells (table 2 and 3) indi-
cate that dissolved-solids concentrations increased in
12 wells, decreased in 1 well, and remained constant in
4 wells. Most of the 12 wells that contained water with
increased dissolved-solids concentrations are located
in or near the western part of Area 2 (wells M-3, M-58,
M-25, M-60, M-32, M-36, M-38), either downgradient
from or near saline-water plumes (fig. 4). The one well
that contained water with decreased dissolved-solids
concentrations (well M-2) was located on the upgradi-
ent boundary of Area 2. Wells that contain water with
generally constant dissolved-solids concentrations
(wells M-17, FPB92-12, M-34, W-3) were in areas
unaffected by saline water.

Flaxville and Underlying Aquifers Study Area

Water samples from 16 wells in the Flaxville and
underlying aquifers study area were collected during
three time periods: once during the 1980s for 3 wells,
once or twice during the mid-1990s for all 16 welis,
and then quarterly over a 2-year period during the late
1990s for aii 16 welis (tabie 10). The temporai changes
in nitrate concentrations in water from the 16 weiis are
shown in figure 5.

During 1997-99, nearly all temporal changes in
nitrate concentrations were small (less than 20 percent
deviation) compared to the average concentration at
each well. Although the overall range of variation dur-
ing those 2 years was small (fig. 5), the temporal
changes in nitrate concentrations in water from some
wells have a slight seasonal pattern with small
increases in late spring. This seasonal pattern was
observed in 12 of the 16 wells (wells N-3, N-4, N-5,
N-6, N-7, N-8, N-9, N-10, N-11, N-13, N-14, N-15),
although the precise cause of the pattern cannot be
determined from the available data. The slight sea-
sonal pattern could be observed in water from wells
completed in various aquifers, at various well depths,
and with various types of surrounding land use. Tem-
poral changes in nitrate concentrations were erratic and
large in only 1 of the 16 wells (N-16). Nitrate concen-
trations in water from well N-16 ranged from 1.6 to 8.7
mg/L (table 10). The nitrogen-isotope ratio of water

joii, Northeastern Montana, 1993-2
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sampled from N-16 during 1995 and the winter
confinement of livestock adjacent to the well indicate
that livestock waste is likely a major source of nitrate
to water from this well (Nimick and Thamke, 1998).

Long-term changes in nitrate concentrations in
water from 22 wells were evaluated previously by
Nimick and Thamke (1998). The wells were sampled
once during 1981-85 or 1989 and again during 1994-
95. From these data, Nimick and Thamke determined
that significant long-term changes in nitrate concentra-
tions had not occurred. Three of the 22 wells evaluated
by Nimick and Thamke (1998) were sampled again
during 1997-99 (wells N-9, N-14, and N-16; table 10).
The ranges of nitrate concentrations during 1997-99 for
these three wells were similar to the earlier ranges.

During 1999, 6 wells (N-1, N-4, N-6, N-9, N-10,
and N-13) were selected from the 16 monitoring wells
to determine if pesticides were present in ground water
in the study area (table 11). Selection of these six wells
was based on well depth equal to or less than 65 feet,
nitrate concentrations equal to or greater than 4 mg/L.,
and nearby land use that included application of pesti-
cides. Even though the pesticides selected for analysis
(table 11) are commonly used in the study area, concen-
trations of these compounds in all water samples were
less than the minimum reporting levels.
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report descrlb nvestigations of ground-water-quality
for both areas %ubse juent to these earlier studies.

In the East Poplar oil field study area, the quality
of water in Quaternary deposits is highly variable. Of
30 water wells that were sampled more than once with
at least one sample collected between September 1993
and September 2000, the dissolved-solids concentra-
tions increased by as much as 29,500 mg/L in water
from 20 wells, decreased as much as 40,750 mg/L in
water from 6 wells, and remained constant in water
from 4 wells. Dissolved-solids concentrations
increased in ground water in a large area within and
downgradient from the west-central part of Area 2
because Type 2 and Type 3 saline water probably is

moving into the Quaternary glacial deposits near these
wells. Dissolved-solids concentrations decreased in a
smaller area within or upgradient from a Type 3 plume
in the southern part of Area 1. The dissolved-solids
concentrations in water from wells in this area probably
were diluted by fresh water as the Type 2 and Type 3
saline water moved away from this area and upgradient
sources diminished or were terminated. Dissolved-sol-
ids concentrations were constant in areas unaffected by
saline water.

In the Flaxville and underlying aquifers study
area, nearly all temporal changes in nitrate concentra-
tions in water were small compared to the average con-
centration at each well. Although the overall range of
variation of nitrate concentrations was small in water
from nearly all wells, the temporal changes in 12 of the
16 wells have a slight seasonal pattern with small
increases in late spring. The slight seasonal pattern was
observed in water from wells completed in various
aquifers, at various well depths, and with various types
of surrounding land use. Concentrations of all selected
pesticides in water samples from six wells were less
than the minimum reporting levels.

Even though these investigations have described
temporal and spatial changes of ground-water quality
for two areas in the Fort Peck Indian Reservation
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ied as the primary sources of niiraie, decreases in
nitrate concentrations in ground water due to modifica-
tions of iand-use have not been documenied. Severai
site-specific investigations to compare nitrate concen-
trations in ground water before and after land-use mod-
ifications would be useful to resource managers in
making land-management decisions.
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Table 3. Physical and chemical characterisitcs of water samples collected from privately owned wells, monitoring wells, oil wells, and

brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana

Bold type--indicates data collected after September 1993 and not reported in Thamke and others (1996).
Site number and well name--described in text.
Geologic unit (in which well is completed; for brine-injection wells, indicates unit that is the source of the brine)--

Qal - Alluvium (Quaternary)

Qt - Glacial till (Pleistocene)

Qgo - Glacial outwash (Pleistocene)

Qw - Wiota Gravel (Pleistocene)

Kb - Bearpaw Shale (Upper Cretaceous)

Kjr - Judith River Formation (Upper Cretaceous)

Mh -  Heath Formation (Upper Mississippian)

Mk -  Kibbey Formation (Upper Mississippian)

Mm -  Madison Group (Mississippian)
Mc - Charles Formation of Madison Group
Mmc - Mission Canyon Limestone of Madison Group

Dn - Nisku Formation (Upper Devonian).

Depth of well--in feet below land surface.
Depth to water--in feet below land surface.
Collecting agency and analyzing laboratory:
ASCHM, Astro-Chem Service Laboratory;
CHNO, Chen-Northern, Inc.;
ELAB, Energy Laboratories, Inc.;
FPOEP, Fort Peck Tribes Office of Environmental Protection;
IHS, Public Health Service/Indian Health Service-Fort Peck Service Unit;
MBMG, Montana Bureau of Mines and Geology;
MDHES, Montana Department of Health and Environmental Sciences, Water Quality Bureau;
MSE, MSE-HKM, Inc.;
NALCO, Nalco Chemical Company;
PETRO, Petrolite Oil Field Chemicals Group;
USEPA, U.S. Environmental Protection Agency;
USGS, U.S. Geological Survey;
YSB, Yapuncich, Sanderson, and Brown Laboratories, currently (2003) Energy Laboratories, Inc.
Constituents are dissolved, except as indicated.

Abbreviations: 1S/cm, microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; g/mL, grams per milliliter; mg/L, milligrams

per liter. Symbols: <, less than minimum reporting level; --, no data; (?), uncertain.

Water type--Characteristics originally described in table 3 of Thamke and Craigg (1997) and modified in table 1 of this report. Type 1 is
uncontaminated ground water. Type 2 is moderately contaminated ground water. Type 3 is considerably contaminated ground water.

Type 4 is brine.

TABLE 3
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Spe-

Sample Analy- cific PH, Water
Site number and . Depth of Depthto p Collect- 1aly onsite temper- Calcium
Geologic and . zing conduct-
well name unit well water ater-level ing labora-  ance (stan- ature, (mg/L
(fig. 3) (feet) (feet) w agency o dard onsite as Ca)
date tory onsite units) ©C)
(uS/cm)
28N51E01BBBBO1 Qt 153 - 07-21-82 USGS USGS 2,820 72 12.0 110
M-1 - 07-20-91 USGS USGS 3,930 6.7 12.0 170
- 09-28-00 FPOEP ELAB - - - 142
28N51E02ACDBO] Mm? 834 - 09-14-64 - - 173,000 8.1 - 970
Murphy 2-D
28N51E03BCACO!1 Mh,Mm* 3,575 - 309-22-89 - NALCO - 159 - 920
Murphy 80-D
28N51E04CCCDO1 Qt 50 - 08-25-90 USGS USGS 2,650 7.6 10.0 69
M-2 - 09-11-95 TIHS ASCHM 12,113 1831 - 24
- 11-09-99 FPOEP ELAB - - - 43
- 01-04-00 FPOEP USEPA 12,020 15,82 - 40.8
- 09-28-00 FPOEP ELAB - - - 38
28N51E08ADDAOI Qal 52 13.50  08-23-90 USGS USGS 12,050 7.7 11.0 48
M-3 - 09-11-95 THS ASCHM 2,755 13,02 - 79
12.58  09-0397 USGS USGS 3,420 7.6 10.0 100
- 11-02-99 FPOEP ELAB - - - 121
- 09-21-00 FPOEP ELAB - - - 145
28N51E08CCBB01 Qal 22 - 11-08-88 - CHNO 11,500 7.6 - 99
M-10
28N51E08DDDBO1 Qt 102 57.25 08-25-90 USGS USGS 8,120 7.1 10.0 400
M-13 - 09-11-95 IHS ASCHM  '17,387 17.41 - 436
28N51E08DAACO1 Qal 55 - 07-21-97 IHS ASCHM 10,486 - - 268
M-58 - 11-02-99 FPOEP ELAB - - - 347
- 09-21-00 FPOEP ELAB - - - 367
28N51E08DADCO1 Qal 54 - 07-21-97 IHS ASCHM 10,058 - - 254
M-59
28N51E09BCBBO1 Qt 90 70.59  07-17-91 USGS USGS 2,610 75 18.0 61
M-14
28N51E09CCDDO1 Qt 117 - 04-07-89 - CHNO 12910 173 - 100
M-15 - 08-16-89 - CHNO 13220 172 - 100
70.80 07-1991 USGS USGS 13,180 73 1L.5 120
- 09-11-95 IHS ASCHM 6,634 18.09 - 618
- 11-09-99 FPOEP ELAB - - - 58
-- 09-20-00 FPOEP ELAB -- . . 69
28N51E09CDBBO1 Qt 104 52.77 %08-12-93 USGS USGS 18,300 6.9 11.0 870
FPB93-5 5277 808-12-93 USGS USGS 18,300 6.9 11.0 890
28N51E09DCCCO1 Qt 93 - 08-13-93 USGS USGS 1,400 7.4 10.0 120
FPB92-18
28N51E10ACCA01 Dn - - 809-29-00 FPOEP ELAB - - - 952
Huber 5-D° - 809-29-00 FPOEP ELAB - - - 897

18 Ground-Water Quality for Two Areas in the Fort Peck Indian Reservation, Northeastern Montana, 1993-2000



Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Alka- Dis-

Magne- . Potas- linity, Chlo- Fluo- Bro- . solved Site number and
sium S(?“d;;r sium onsite S(::;F ride ride mide ':: ;f solids, Water well name
(molL Na) (mglL  (mglL oo ) (mo/L (mg/L (mg/L as I) com-  type (fig. 3)

as Mg) as K) as 4 ascl asF) as Br) puted

CaCo0,) (mg/L)
200 310 4.1 886 590 29 0.4 - - 1,900 1 28N51E01BBBBO1
320 350 4.6 893 1,100 36 4 034  0.034 2,540 1 M1
301 326 4 12976 1,160 37 - - - 2,870 1
120 73,000 500 170 2,200 110,000 - - - 190,000 4  28N51E02ACDBO1
Murphy 2-D
170 56,000 - 1360 510 88,000 - - - 146,000 4  28N51E03BCAC 01
Murphy 80-D
58 410 8.1 434 230 420 2 27 023 1,480 2 28N51E04CCCDOI
47 386 8 127 233 200 - - - 1,596 1 M2
34 354 6 1574 240 154 - - - 1,170 1
327 328 516 %146 272 %463 - - - 1,260 -
31 324 6 172 237 117 - - - 1,100 1
38 360 6.1 436 230 260 2 .16 020 1,220 1 28N51E0S8ADDAOIL
50 441 8 12440 233 476 - - - 1,824 2 M3
71 470 81 1442 7240 660 <1 - - 1,830 2
99 545 9 1434 249 999 - - - 2,390 2
108 589 10 1478 254 1,040 - - - 2,460 2
46 170 8 1395 390 32 3 - - 1,370 1 28N51E08CCBBO1
M-10
280 980 15 286 260 2,800 2 1.4 200 4,950 2 28N51E08DDDBOI
378 2,780 40 L2260 349 5813 - - . 10,114 3 M13
161 770 13 - 223 1,739 - - - 3,190 2 28N51E08DDDB02
249 977 15 1359 268 2,550 - - - 5,120 2 M-58
260 1,090 16 1360 255 2,810 - - - 5,860 2
191 741 13 - 226 1,649 - - - 3,088 2 28N51E08DADCO1
M-59
55 400 7.2 461 300 430 4 25 031 1,550 2 28N51E09BCBBOI1
M-14
69 450 9 1366 210 670 2 - - 1,720 2 28NS1E09CCDDO1
75 460 9 1359 190 690 2 - - 1,740 2 M5
84 500 7.6 373 210 780 3 30 029 1,950 2
6g 1,410 6 12340 192 1,904 - - -- 3,953 2
29 3,270 9 1287 179 4,720 - - - 8,350 2
40 3,690 6 1367 197 5,950 - - - 9,850 3
590 2,000 20 269 340 6,300 2 67 360 10,300 3 28N51E09CDBBOI1
600 2,000 19 269 300 6,100 2 .60 380 10,100 3 FPB93-5
61 65 14 1367 340 25 4 - - 856 1 28NSIE09DCCCO1
FPB92-18
132 34,100 492 1274 1,670 57,000 - - - 85,900 4  28NSIE10ACCAO01
122 32,600 484 1216 1,660 56,800 - - - 87,500 4  Huber 5-D°
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

sample analy- oo PH water
Site number and Geologic Depth of  Depth to aang Collect- 2in v conduct- onsite temper- Calcium
well name unitg well water water-level ing Iabo?a- ance (stan- ature, (mg/L
(fig. 3) (feet) (feet) agency i dard onsite as Ca)
date tory onsite units) ©c)
(uS/ecm)
28N51E10DADCO1 Mc,Dn'? 7,000 - 08-24-84 — NALCO - 158 - 1,600
Grace 110X-D
28N51E10DBADOI Mm® 780(?7) - 07-24-89 USGS  USGS 1124,000 6.4 80.0 950
Murphy 8-D - 512-11-89 -~ NALCO - 158 - 1,000
- 08-29-90 USGS USGS 117,000 170 61.5 700
28N51E12CCBDO1 Mm 115 910-5,920 - 12-09-54 USGS USGS - - - 1,000
Murphy 24
28N51E13CCCAO1 Qt 33 14.06  08-22-90 USGS USGS 3,600 74 11.0 240
M-16
28N51E13CCCCO1 Qw 150 131.46  08-22-90 USGS USGS 3,000 7.3 12.0 110
M-17 - 11-22-99 FPOEP ELAB - - - 116
- 01-04-00 FPOEP USEPA 13,040 16.41 - 120
- 09-20-00 FPOEP ELAB - - - 120
28N51E16DBCBO1 Qt 104 7972 07-23-89 USGS USGS 10,000 73 10.0 580
M-18 7891  07-2191 USGS USGS 12,700 73 13.5 700
28N51E17ABDCO1 Qal 36 11.84  08-2690 USGS USGS 7,000 73 11.0 350
M-20
28N51E17ABDDO1 Qt 40 2410 808-2690 USGS USGS 8,600 72 10.0 480
M-22 24.10 %08-26-90 USGS USGS 8,600 72 10.0 480
- 11-09-99 FPOEP ELAB - - - 1,090
. 09-20-00 FPOEP ELAB - - - 1,060
28N51E17ADADO] Qt 130 62.80 07-16-91 USGS USGS 5,380 72 10.5 240
M-24 - 11-02-93 IHS ELAB -- 173 - 365
- 11-09-99 FPOEP ELAB - - - 1,240
- 09-20-00 FPOEP ELAB - - - 1,360
28N51E17DADAOL Qt 102 - 02-10-75 IHS YSB 11,080 172 - 34
M-25 66.09 08-2590 USGS USGS 4,400 7.4 10.5 160
- 10-08-93 IHS ELAB 12,670 7.9 - 149
- 05-20-94 IHS ELAB - 7.7 - 187
- 09-11-95 IHS ASCHM 4,708 1348 - 186
66.62  09-03-97 USGS USGS 5,770 7.4 10.5 230
- 11-09-99 FPOEP ELAB - - - 362
- 09-21-00 FPOEP ELAB - - - 442
28NS51E21BDBCO1 Qt 91 66.74  08-26:90 USGS USGS 5,820 7.4 10.0 330
M-27
28N51E22BBBB01 Qt 68 - 07-24-93 USGS USGS 3,050 73 11.0 280
FPB92-12 1452  06-24-98 USGS USGS 2,120 7.5 12.0 170
- 06-01-00 MSE ELAB 12,580 79 10.8 240
28N51E22BDCAO01 Mc 5,872 - 504-30-81 - ASCHM '120,000 173 - 4,000
Buckles A-1
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Alka- Dis-
Magne- . P - ini . - - solved ite number an
_g Sodium t?tas I|n|t.y, Sulfate C!\Io F!uo B!'o lodide . Site numbe d
sium (mg/L sium onsite (mg/L ride ride mide (mg/L solids, Wwater well name
(mg/L as Na) (mg/lL  (mg/L as SO) (mg/L (mg/L (mg/L as ) com- type (fig. 3)
as Mg) as K) as 4 asCl) asF) as Br) puted
CaCO0,) (mg/L)
150 49,000 - 1210 1,600 78,000 -- - - 130,000 4 28N51E10DADCO1
Grace 110X-D
140 39,000 500 l1g3 1.800 60,000 5.6 12 .880 103,000 4 28N51E10DBADO1
360 43,000 - 1360 840 69,000 - - - 114,000 4 Murphy 8-D
130 36,000 470 1204 1,900 60,000 13 16 1.1 99,500 4
140 1277,000 -- 13196 2,600 120,000 - - - 201,000 4 28N51E12CCBDO1
Murphy 24
270 110 18 610 210 200 8 45 .012 2,420 1 28NS51E13CCCAO1
M-16
130 440 8.1 1,040 820 20 4 13 057 2,190 1 28N51E13CCCCO01
130 425 8 1966 862 17 - - - 2,130 1 M-17
138 410 7.96 16568 838 9319 - - - 2,304 --
133 409 7 11,000 810 22 - - - 2,190 1
360 940 16 307 490 3,100 1 77 .049 5,810 2 28N51E16DBCBO1
440 1,200 18 309 580 3,700 4 1.0 .061 7,070 2 M-18
240 750 14 304 230 2,300 <.1 .67 130 4,100 2 28N51E17ABDCO1
M-20
320 1,000 17 282 250 3,000 <4 1.6 190 5,280 2 28N51E17ABDDO1
320 990 17 282 250 3,100 <1 1.7 210 5,370 2 M-22
718 3,010 32 1215 400 8,370 - - -- 14,600 3
697 3,220 30 1227 348 8,840 -- - - 16,100 3
170 620 9.9 320 390 1,400 5 .59 076 3,050 2 28NS1E17ADADOI1
239 11 1 1265 259 2,280 -- - - 5,230 2 M-24
783 2,490 26 1272 269 8,100 -- -- - 14,300 3
849 2,920 27 1187 285 9,430 -- - -- 17,000 3
22 220 -- 1380 180 64 4 -- - 757 1 28NS1E17DADAO1
120 530 8.7 342 150 1,100 2 .37 .068 2,300 2 M-25
53 5141 8 126637 870 623 - - - 2,010 -
122 592 10 1379 254 1,240 - - -- 2,550 2
113 610 10 12365 236 1,233 - - - 2,835 2
145 660 11 316 200 1,400 <1 - -- 2,900 2
240 848 13 1317 192 2,330 - - - 4,450 2
290 974 14 1294 208 2,990 - -- -- 5,840 2
200 590 12 314 330 1,700 2 .46 .048 3,390 2 28NS1E21BDBCO1
M-27
270 100 13 445 1,500 15 .6 .19 .007 2,470 1 28N51E22BBBBO01
190 75 9.6 1365 923 14 5 - - 1,630 1 FPB92-12
260 95 14 1389 1,410 11 - - - 2,330 1
970 26,000 -- - 2,300 50,000 -- - -- 83,400 4 28NS1E22BDCAO01
Buckles A-1
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Spe- pH, Water
Site number and . Depth of  Depth to Sample Collect- Ar!aly- cific onsite temper- Calcium
well name Geolc?glc well water and ing zing  conduct- (stan- ature, (mg/L
(fig. 3) unit (feet) (feet) water-level agency labora- anc_e ’ dard onsite as Ca)
date tory onsite units) °C)
(uS/em)
28N51E22CBCBO1 Qt 81 3679  07-21-93 USGS USGS 98,600 6.6 180 1,200
FPB93-3 3527 08-28-97 USGS USGS 96,700 6.7 225 1,100
36.65 %06-24-98 USGS USGS 94,500 6.6 245 1,100
36.65 806-24-98 USGS USGS 94,500 6.6 245 1,100
34.09 %04-21-99 USGS USGS 138,900 6.5 24.0 1,400
3409 %04-21-99 USGS USGS 188,900 6.5 240 1,400
- 06-01-00 MSE ELAB 187,000 171 248 1,080
28N51E22CBCB02 Qt 49 3649  07-20-93 USGS USGS 97,200 6.5 190 1300
FPB93-3A 3476 08-27-97 USGS USGS 95,000 6.6 235 870
3649 06-24-98 USGS USGS 92,500 6.7 25.5 920
3406 04-21-99 USGS USGS 95,200 6.5 250 1,100
28N51E22CDCCO1 Qt 85 - 07-09-85 - ELAB 14010 171 - 300
M-28 - 07-20-89 USGS USGS 13,000 6.8 11.0 920
5925  07-2091 USGS USGS 26,500 6.3 125 1,600
- 06-01-00 MSE ELAB 158,900 71 114 1,530
28N51E25ACBCO1 Mk 115 350-5,380 - 01-09-67 USGS USGS 73,200 7.1 - 810
Tenneco 1 Mec 115 640-5,680 - 01-09-67 USGS USGS 160,000 6.8 - 1,000
28N51E27ABAAO] Qt 135 - 310-11-89 - ASCHM 11,310 182 - 44
M-30 -- 511-09-89 - ASCHM 11,550 176 - 95
- 12-15-89  IHS ELAB 11,760 175 - 32
120.27 %08-24-90 USGS USGS 1,120 7.2 17.5 71
12027 %08-24-90 USGS USGS 1,120 7.2 17.5 72
- 09-16-91 USGS USGS . - - -
- 04-15-92 USGS USGS 1,550 7.2 7.0 89
- 09-03-97 USGS USGS 2,490 7.3 15.5 120
- 06-25-98 USGS USGS 2,370 7.5 12.0 110
- 11-0999 FPOEP ELAB - -- - 121
- 11-22-99 FPOEP ELAB - - - 115
- 1491.03-00 FPOEP USEPA 12,440 l6.44 - 124
- 1491.03-00 FPOEP USEPA 12,710 15,97 - 126
- 06-01-00 MSE ELAB 12,380 1.0 9.8 126
- 09-29-00 FPOEP ELAB - - - 126
28N51E27ACDBO!L Mh 114,960-4,970 - 01-24-56  USGS  USGS - 6.6 - 1,400
Murphy 63
28N51E27BBBB01 Qt 68 - 05-23-85 --  ELAB 13,470 176 - 250
M-31 - 11-21-88 - CHNO 115,400 16,7 - 1.230
- 03-10-89 - ASCHM - - - 1,500
3250  07-24-89 USGS USGS 25,000 6.8 105 1,800
4243 082790 USGS USGS 48,000 6.5 1.5 2,800
4242  01-31-91  USGS USGS 152700 5.8 70 2,900
4230 05-0891 USGS USGS 51,400 6.7 1.5 2,900
4153 807-2291 USGS USGS 63,000 6.3 100 2,900
4153 %07-2291 USGS USGS 63,000 6.3 100 3,000
4220 04-15-92 USGS USGS 50,000 6.5 11.0 2,800
4152  07-23-93 USGS USGS 81,500 6.6 105 2,800
41.84  08-28-97 USGS USGS 89,800 6.8 110 2,000
- 06-25-98 USGS USGS 88,500 6.8 1.0 1,800
- 06-01-00 MSE ELAB 180,500 171 11.0 1,760
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Alka- Dis-
Mggne- Sodium Pc.atas- Iinit_y, Sulfate C!1Io- FI_uo- B.ro- lodide So:fged Site number and
sium (mg/L sium onsite (mglL ride ride mide (mg/L solids, Water wel! name
(mg/L as Na) (mg/L  (mg/L as SO,) (mg/L (mg/L (mg/L as ) com- type (fig. 3)
as Mg) as K) as 47 as Cl) as F) as Br) puted
CaCO0,) (mg/L)
320 20,000 290 539 1,500 35,000 - 6.0 440 58,700 3 28N51E22CBCBO1
260 24,000 400 7444 1,600 37,000 - - - 64,400 3 FPB93-3
250 24,000 430 17438 1,500 40,000 <1 - - 67,900 3
250 24,000 400 17438 1,500 40,000 <1 - - 67,100 3
320 30,000 400 17427 1,600 41,000 2 13 750 74,800 3
320 30,000 440 431 1,500 41,000 2 12 787 74,600 3
257 23,400 403 17396 1,730 39,800 - - - 67,000 3
290 22,000 280 571 1,200 38,000 - 5.9 440 63,500 3 28N51E22CBCBO2
230 23,000 400 1528 950 40,000 - - - 65,700 3 FPB93-3A
230 24,000 430 1522 880 39,000 <1 - - 65,300 3
290 29,000 510 1502 830 40,000 4 12 790 74,800 3
270 410 5 1952 1,700 66 - - . 3,370 1 28N51E22CDCCO1
790 870 15 713 1,400 4,100 2 35 .560 8,640 2 M-28
1,400 2,200 20 708 1,600 7,900 5 48 510 15,200 3
749 14,200 62 1600 1,910 25,800 - - - 44,700 3
85 22,000 650 13360 1,800 35,000 - - - 60,800 4 28N51E25ACBCOI1
150 63,000 500 13310 1,500 98,000 - - -- 164,000 4 Tenneco 1
41 220 8 1305 150 160 - - - 856 - 28N51E27ABAAO1
80 335 8 1386 380 24 - -- - 1,445 1 M-30
54 320 11 1788 230 11 5 - - 1,110 1
54 100 49 530 81 11 4 04 .006 671 1
55 110 46 530 80 11 5 .04 007 684 1
- 200 - - - 27 - - - -- 1
74 200 61 1750 220 22 4 .10 016 1,100 1
100 310 69 1951 440 23 - - - 1,600 1
110 300 63 l962 420 730 4 - -- 1,590 1
113 308 7 11,020 455 31 - - - 1,630 1
106 289 6 lg46 502 29 - - - 1,620 1
113 321 6.81 661 503 266 - - - 1,964 .
115 323 7.03 16310 480 552 - - - 1,828 -
118 329 7 1,040 539 38 - -- - 1,760 1
118 325 7 11,020 501 36 - - - 1,740 1
230 1293 000 - 1390 1,400 36,000 - - -- 61,400 4  28N51E27ACDBOI
Murphy 63
240 370 6 1753 1,500 85 - - - 2,930 1 28N51E27BBBBOI
1,100 970 20 1499 1,300 5,200 3 - - 10,100 3 M-31
1,300 1,200 19 1526 950 6,700 - - - 12,300 3
1,600 1,700 28 510 1,200 9,700 <l 5.8 066 16,400 3
2,200 5,400 41 404 1,000 21,000 <l 8.7 150 32,800 3
2,100 6,900 44 1449 1,200 22,000 5.1 9.6 <110 35,500 3
2,200 8,200 50 1446 1,400 25,000 8.2 9.2 092 40,100 3
2,000 9,000 52 466 1,200 23,000 1.9 8.1 072 38,500 3
2,100 9,200 49 466 1,300 25,000 19 9.0 074 41,000 3
1,800 11,000 61 I416 1,800 29,000 3.2 9.6 087 46,800 3
1,300 14,000 57 511 1,300 32,000 - 7.4 110 51,900 3
840 19,000 100 1505 1,600 36,000 - - - 60,200 3
850 20,000 110 1494 1,600 35,000 <l - - 59,400 3
783 20,200 122 461 1,690 36,000 - - - 60,800 3
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Spe-

Sample Analy- cific PH, Water
Site number and . Depth of  Depth to P Collect- aly onsite temper- Calcium
Geologic and zing conduct-
well name unit well water water-level ing labora-  ance (stan- ature, (mg/L
(fig. 3) (feet) (feet) ency . dard onsite  as Ca)
date tory onsite units) ©C)
(uS/cm)
28N51E29AACCO1 Qal 72 - 11-04-94 IHS ASCHM 1,846 177 - 95
M-60 - 302-09-95 IHS ASCHM - 1.1 - 56
2219 08-27-97 USGS USGS 12,690 7.6 - 100
- 04-20-99 USGS USGS 13,170 7.6 10.0 120
- 11-09-99 FPOEP ELAB - - - 124
- 01-03-00 FPOEP USEPA 13,030 17.02 - 124
- 05-31-00 MSE ELAB 13220 g2 10.1 133
- 09-20-00 FPOEP ELAB - - - 141
28N51E29BACAO1 Qal 50 - 08-17-93 USGS USGS 2,090 75 10.5 88
M-32 - 11-09-99 FPOEP ELAB - - - 118
28N51E29CACBO1 Qal 32 27.89  08-23-90 USGS USGS 690 7.8 115 46
M-33
28N51E29CACB02 Qal 42 - 11-09-99 FPOEP ELAB - - - 61
M-61 - 01-03-00 FPOEP USEPA 1872 15,99 - 55.1
- 09-21-00 FPOEP ELAB - - - 55
28N51E32CCCBO1 Qt 120 - 11-1099 FPOEP ELAB - - - 36
M-34 - 09-20-00 FPOEP ELAB - - - 36
28N51E33BBBBO1 Qt 120 - 03-17-89 -~ CHNO 12,630 174 - 120
M-36 9005  08-24-90 USGS USGS 2,670 7.1 11.0 140
88.79  09-03-97 USGS USGS 3,330 7.3 9.5 170
- 04-20-99 USGS USGS 13,320 7.2 10.0 200
-- 11-09-99 FPOEP ELAB - - - 184
- 09-29-00 FPOEP ELAB - - - 196
28N51E33BBBC02 Qt 120 - 03-16-89 IHS CHNO 12 480 174 - 100
M-38 - 11-09-99 FPOEP ELAB -- -- - 204
- 09-29-00 FPOEP ELAB - - - 207
28N51E33DDCCO03 Qw 65 41.55 08-17-93 USGS USGS 3,820 7.4 10.0 180
FBP93-4A
28N52E18ACCA01 Mmnc 116,020-6,080 - 05-17-52  USGS USGS 60,000 7.4 - 890
Murphy 2
28N52E20BBBBO1 Qw 100 7260  10-06-85 MBMG MBMG 1,780 173 10.0 74
M-42
28N52E20CCCCO1 Qw 128 9506 08-21-90 USGS USGS 2,240 7.8 13.0 25
M-43
28N52E30DDDDO1 Qw 170 140.65  10-05-85 MBMG MBMG 2,950 8.0 10.0 25
M-44
29N51E07BCDBO1 Mc? 5,933 - 07-06-79 -- NALCO - 17.0 - 4,400
Grace (Buck Elk) 2
29N51E07BDBDO1 Mm? 1.207 - 02-03-82 - NALCO - 6.4 - 4,800

Polumbus (Buck Elk) 1-W
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Alka- Dis-

Magne- . Potas- linity, Chlo- Fluo- Bro- . solved Site number and
sium s(ﬁg;r sium  onsite S(::;:;:_e ride ride mide I(?: 'c/’f solids, Water well name
(mg/L as Na) (mg/L  (mg/L as SO,) (mg/L (mg/L (mg/L asgl) com- type (fig. 3)
as Mg) as K) as 4 asCl) as F) as Br) puted

CaCo,) (mg/L)
11 300 7 410 300 220 - - - 1,170 1 28N51E29AACCO1
37 291 5 1363 243 250 - - - 1,200 1 M-60
65 380 6.7 17364 7260 520 2 - - 1,570 2
80 430 89 339 250 660 3 28 035 1,780 2
82 429 8 1376 256 728 - - - 1,920 2
81.5 445 762 363 241 764 - - - 1,970 2
88 432 8 1352 279 794 - -- - 1,970 2
93 445 7 1357 270 855 - - - 2,120 2
57 290 5.4 339 180 330 4 13 016 1,170 2 28N51E29BACAOI
78 387 8 1349 162 736 - - - 1,730 2 M-32
36 47 5.2 254 47 7.3 4 040 002 427 I 28N51E29CACBOI1
M-33
50 37 5 1339 31 4 - - - 435 1 28N51E29CACBO02
45.8 45.5 5.06 16153 353 6141 - - - 467 - M-61
47 38 5 1309 31 28 - - - 433 1
21 221 4 1453 170 37 - - -- 761 1 28N5IE32CCCBOI
21 210 3 1451 168 51 - - - 785 1 M34
87 380 8 1604 810 47 3 - - 1,810 1 28N51E33BBBBOI
100 400 6.4 660 1,000 40 3 1.6 190 2,120 1 M-36
120 430 69 lea2 1,100 76 <1 - - 2,370 1
140 470 14 l612 1,200 88 3 40 .058 2,500 1
134 434 8 1692 1,210 98 - - - 2,520 1
144 461 8 1628 1,270 159 - - - 2,640 1
75 380 8 1558 770 34 2 - - 1,700 1 28NS51E33BBBCO2
129 434 8 1674 1,170 120 - - - 2,590 1 M38
131 437 7 1647 1,270 151 - - - 2,660 1
130 610 6.4 775 1,200 62 5 .18 058 2,680 1 28N51E33DDCCO3
FBP93-4A
130 218,000 - 13315 2,400 28,000 - - - 50,000 4 28N52E18ACCA01
Murphy 2
50 330 7 1738 360 15 2 - - 1,330 1 28N52E20BBBB01
M-42
20 520 43 810 460 20 5 060 .029 1,560 1 28N52E20CCCCO1
M-43
15 800 4 11205 580 34 i - - 2,200 1 28N52E30DDDDO1
M-44
1,500 28,000 - 152 810 54,000 - - - 88,500 4 29N51E07BCDBOI1
Grace (Buck Elk) 2
1,400 22,000 - 1360 700 46,000 - . - 75,700 4 29N51E07BDBDO1

Polumbus (Buck Elk) 1-W
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Sampl Analy- iﬁﬁ: pH, — Water
Site number and . Depthof Depth to ample Collect- aly onsite temper- Calcium
Geologic and . zing  conduct-
well name unit well water water-level "9 labora-  ance (stan- ature, (mg/L
(fig. 3) (feet) (feet) a agency e dard onsite as Ca)
date tory onsite units) ©C)
(uS/cm)
29N51E08CCCAO1 Mc 5,970 . 01-24-56 - - 62,200 6.5 - 1,200
Murphy 58
29N51E09ABBAO4 Qal 36 742 081693 USGS USGS 1,260 7.7 9.0 33
FPB93-1
29N51E10CDABO1 Qt 60 . 05-14-85 IHS ELAB 11,940 176 - 93
M-49
29N51E10CDBAO1 Q 90 - 07-21-82  USGS USGS 1,360 74 9.0 87
M-50
29N51E15CACA01 Qal 62 - 07-19-91 USGS USGS 1,710 7.3 115 85
M-52 . 11-02-99 FPOEP ELAB - - - 113
- 09-20-00 FPOEP ELAB - - - 104
29N51E16BDAAO] Qal 53 . 07-2091 USGS USGS 1,550 8.1 10.5 6.1
W-1
29N51E16CBCCO1 Qal 25 - 07-23-79 MDHES MDHES 11,610 18.0 - 47
W-2 - 07-26-82 USGS  USGS 900 7.9 9.0 30
29N51E16CCAA01 Qal 23 - 07-20-82 USGS USGS 1,140 7.7 9.5 27
W-3 1051 807-18-91 USGS USGS 1,220 7.6 115 27
1051  8%07-1891 USGS USGS 1,220 7.6 115 27
- 11-09-99 FPOEP ELAB - - - 34
- 09-20-00 FPOEP ELAB - . - 35
29N51E16DACAO1 Qal 25 - 503-08-90 -~ ASCHM 11,220 177 . 80
M-54 6.25 08-23-90 USGS USGS 1,520 7.5 16.5 72
. 11-1099 FPOEP ELAB - - - 134
- 01-04-00 FPOEP USEPA 12210 15,92 - 121
- 09-28-00 FPOEP ELAB - - - 93
29N51E17CCCCO1 Qal or Kb 87 . 07-23-79 MDHES MDHES 11,070 175 - 40
W-4 . 07-27-82 USGS USGS 111,500 7.4 9.5 700
5690 07-22-89 USGS USGS 9,500 7.4 10.5 600
29N51E19DCACO1 Kijr 740 - 07-22-82 USGS USGS 17,000 7.6 - 91
M-55
29N51E19DDBAO1 Mm* 3,583 . 07-22-82  USGS USGS 130,000 6.4 - 1,500
Murphy 5-D - 12-11-89 - NALCO - 158 - 2,000
29N51E20ABBAQ2 Qal 44 - 07-23-79 MDHES MDHES 17,300 174 - 340
W-6 - 07-26-82 USGS USGS 17 430 7.5 - 290
29N51E20BCDBO1 Mm 5,773 - 303-01-76 - YSB 162,500 179 . 800
Murphy 84
29N51E20CCDBO1 Mm 5,750 - 303-01-76 - YSB 162,500 177 - 840
Murphy 21
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Alka- Dis-

Magne- . Potas- linity, Chlo- Fluo- Bro- . solved Site number and
sium s(?;’;:‘ sium  onsite S(:::;:-e ride ride mide I(?:K/‘f solids, Water well name
(mg/L as Na) (mglL (mg/L as SO,) (mg/L (mg/L (mg/L asgl) com-  type (fig. 3)

as Mg) as K) as 4 ascl asF) as Br) puted

CaCO,) (mg/L)
300 220,000 - 119 120 33,000 - - - 54,300 4 29N51E08CCCAO1
Murphy 58
18 230 3.3 443 210 8.7 4 050  .007 787 1 29N51E09ABBA04
FPB93-1
36 338 3 - 590 11 - - - 1,070 1 29N51E10CDABO1
M-49
30 180 36 1338 280 9.4 3 - - 809 1 29N5IE10CDBAO1
M-50
52 210 3.7 288 610 3.8 4 070 014 1,160 1 29N5IE15CACA01
68 295 4 1308 914 62,550 - - - 1,610 —- M52
61 287 4 1300 886 11 - - -- 1,580 1
2.8 330 1.9 581 97 110 7 48 470 906 1  29N51E16BDAAOI
W-1
35 230 - 1319 120 230 - - - 850 1 29N51E16CBCCO1
18 130 3.8 1250 94 34 5 - -- 488 1 w2
22 220 41 a7 160 18 4 - - 752 1 29N51E16CCAAO1
22 210 43 461 200 13 4 070 005 772 1 W3
22 200 4.1 461 190 13 4 090 005 750 1
29 240 5 1504 200 13 -- - - 820 1
28 226 4 1523 203 13 - - - 849 1
36 215 40 1381 440 16 - - - 1,250 1 29N51E16DACAQI
37 220 4.0 384 430 13 3 090  .008 1,020 1 M-54
81 349 4 1487 929 18 - - - 1,840 1
72.1 274 33 19157 851 %23 - - - 1,646 -
52 311 5 12494 613 15 - - - 1,370 1
17 130 - - 64 /7!40 - - - 530 1 29N51E17CCCCO1
320 1,400 12 1234 1,300 3,300 1 - - 7,210 2 W4
270 1,300 12 348 1,400 3,000 1 33 .048 7,750 2
18 3,900 10 1198 <50 6,500 6 - - 10,600 3 29NS1E19DCACO!
M-55
200 33,000 550 176 1,500 61,000 4.4 - - 97,900 4  229N51E19DDBAOIL
390 42,000 . 1440 740 68,000 - - - 113,000 4 Murphy 5-D
240 790 - 1254 230 2,200 - - - 3,950 2 29N51E20ABBA02
220 890 11 3 260 2,300 2 - - 4,120 2 W6
160 17,000 - - 1,600 27,000 - - - 47,700 4  29N51E20BCDBOIL
Murphy 84
170 19,000 - - 1,500 30,000 - - - 52,300 4  29N51E20CCDBOI
Murphy 21
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Sample Analy- Z':: PH, Water
Site number and Depth of Depth to P Collect- aly onsite temper- Calcium
Geologic and ! zing conduct-
well name unit well water water-level ing labora-  ance (stan- ature, (mg/L
(fig. 3) (feet) (feet) e agency e dard onsite as Ca)
date tory onsite units) ©c)
(uS/cm)
29N51E20DABBO1 Qal 56 15.76 08-15-93 USGS USGS 14,200 7.5 - 500
FPB92-13 16.40 06-25-98 USGS USGS 13,000 7.5 10.0 350
29N5S1E21ABCCO1 Qal 12 - 07-23-79 MDHES MDHES 11,240 18.0 - 38
W-8 -- 07-20-82 USGS USGS 1,200 7.6 9.5 36
11.32 07-18-91 USGS USGS 1,520 74 10.5 47
29N51E21ABDAOL Qal 33 11.42 08-15-93 USGS USGS 1,500 7.5 10.5 28
FPB92-14
29NS1E21BBAAO1 Qal 17 -- 07-23-79 MDHES MDHES 13,070 7.8 -- 39
w-9 -- 07-26-82 USGS USGS 3,100 7.5 -- 39
11.85 07-22-89 USGS USGS 4,600 1.7 8.5 55
29NS1E29CBBB01 Qal 45 -- 11-03-82 USGS USGS 10,000 6.9 10.0 750
w-10
29NS1E30DDDDO1 Mm* 3.431 -- 07-23-79 USGS MDHES '100,000 -- -- 1,500
Murphy 1-D - 07-22-82 USGS USGS 170,000 6.6 -- 2,000
- 11-29-89 - PETRO - l6.7 - 3,300
-- 809-29-00 FPOEP ELAB - - - 1,330
- 809-29.00 FPOEP ELAB -- - - 1,340
29NS1E31AABBOL Qal 54 -- 11-03-82 USGS USGS 17,000 7.1 10.0 670
W-11 2079  07-23-89 USGS USGS 13,500 8.1 10.0 790
29N51E31ABDDO1 Qal 43 1446  08-10-93 USGS USGS 15,100 7.0 13.5 700
FPB92-6
29N51E31BDBAOL Qal 40 -- 08-10-93 USGS USGS 8,900 6.9 16.5 520
FPB92-10 17.20 06-25-98 USGS USGS 4,420 7.4 12.0 240
29NS1E31CABBO1 Qal 33 7.10 08-11-93 USGS USGS 24,500 6.9 13.0 910
FPB92-9
29NS1E31DBADO1 Qal 37 9.22 08-11-93 USGS USGS 126,300 7.1 11.0 320
FPB92-7
29NS1E31DBDDO01 Qal 33 -- 08-12-93 USGS USGS 31,500 7.2 9.5 450
FPB92-8 7.79 08-28-97 USGS USGS 20,500 7.6 11.5 290
29NS51E32ABACO1 Qal 41 22.89 08-13-93 USGS USGS 25,600 7.0 10.5 620
FPB92-4
29N51E32ACCAO1 Qal 30 22.85 08-14-93 USGS USGS 18,600 7.5 24.0 160
FPB92-5
29N51E32BAADOL Qal 39 - 08-1493 USGS USGS 35,400 7.3 12.0 380
FPB92-3 8.15 08-26-97 USGS USGS 5,800 84 9.5 19
29N51E32BABBO1 Qal 46 5.14 07-26-93 USGS USGS 102,000 6.9 17.0 1,100
FPB92-2A
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Alka- Dis-

Magne- . Potas- linity, Chio- Fluo- Bro- . solved Site number and
sium S(‘::‘;I":' sium  onsite S(::;a;:-e ride ride mide I(?:;?f solids, water well name
(mg/L as Na) (mg/L (mg/L as SO,) (mg/L (mg/L (mg/L as I) com- type (fig. 3)

as Mg) as K) as 4 ascl asF) as Br) puted

CaCo0,) (mg/L)
280 1,900 15 1381 170 4,100 <1 . - 7,060 2 29NS1E20DABBO1
410 2,000 35 1733 170 4,600 4 3.6 .300 7,960 2 FPB92-13
24 220 - 1454 150 34 - - - 734 1 29N51E21ABCCO1
22 220 41 474 160 30 4 - - 773 1 w8
29 240 5.0 554 250 32 4 12 003 952 1
24 290 51 568 190 15 5 030 013 916 1 29N51E21ABDAOI
FPB92-14
32 530 - 1312 180 630 - - - 1,600 2 29N51E21BBAAOL
30 510 61 1323 190 620 4 - - 1,610 2 W9
40 820 9.3 442 170 1,100 3 1.2 110 2,630 2
400 870 12 a6 630 3,400 1 - . 6,250 2 29N51E29CBBBO1
W-10
140 70,000 - 1140 1,700 110,000 - - - - 4 2951E30DDDDO1
250 56,000 910 1153 1,200 100,000 4.6 - - 161,000 4  Murphy 1-D
110 37,000 - 1150 1,400 62,000 - - - 103,000 4
175 46,600 671 1243 1,460 81,100 - - . 120,000 4
172 45,900 705 1223 1,560 82,200 - ~ - 120,000 4
210 4,100 20 1395 1000 7,500 2 . - 13,800 3 29N51E31AABBO1
350 1,800 15 334 740 4,800 1 3.7 150 8,860 2wl
300 1,900 18 308 640 4,600 5 1.6 .180 8,400 2 29N5IE31ABDDOIL
FPB92-6
220 950 12 263 980 2,100 3 1.0 024 4,960 2 29N51E31BDBAOI
94 590 81 17310 800 860 2 - - 2,800 2 FPB92-10
290 3,900 19 330 650 7,700 6 0.66 450 13,700 3 29N51E31CABBO1
FPB92-9
110 5,900 34 388 560 9,100 i 13 430 16,300 3 29N51E31DBADOI1
FPB92-7
200 6,300 29 396 490 10,000 i 0.74 380 18,000 3 29N51E31DBDDOIL
120 4,000 23 1398 420 6,600 1 - - 11,700 3 FPB92-8
420 3,900 42 1212 320 8,500 5 - - 13.900 3 29N51E32ABACO!L
FPB92-4
61 3,800 32 428 290 5,800 1.6 1.1 130 10,400 3 29N51E32ACCAO01
FPB92-5
260 7,100 57 453 710 12,000 8 1.4 270 20,800 3 29NSIE32BAADO1
13 1,200 12 1616 350 1,300 6 - - 3,250 2 FPB92-3
2,900 5,200 340 279 1,300 35,000 - 8.7 690 46,100 3 29N51E32BABBO1
FPB92-2A
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Sample Analy- i:::: PH, Water
Site number and . Depth of  Depth to p Collect- 1’y onsite temper- Calcium
Geologic and . zing conduct-
well name unit well water water-level ing labora-  ance (stan- ature, (mg/L
(fig. 3) (feet) (feet) agency e dard onsite  as Ca)
date tory onsite units) ©c)
(uSfecm)
29N51E32BBAAOL Qal 42 8.12 11-02-82 USGS USGS 70,000 6.8 12.0 1,300
W-12
29NS1E32BBBAQ2 Qal 47 9.69 11-02-82 USGS USGS 58.000 6.7 10.5 1,400
Ww-14
29NS1E32BBBAO3 Qal 53 10.78 07-25-93 USGS USGS 127,000 6.7 11.0 3,300
FPB92-1 10.56 04-21-99 USGS USGS 111,000 6.9 9.5 3,300
29NS1E32BBBAO4 Qal 27 8.59 307-25-93 USGS USGS 12,300 7.5 12.0 170
FPB93-2 8.59 307-25-93 USGS USGS 12,300 75 12.0 160
29N51E32BBBB01 Qal 49 -- 11-03-82 USGS USGS 120,000 6.6 25.0 2,500
W-15 9.60 07-23-89 USGS USGS 65,000 6.7 16.0 1,500
11.20 08-26-97 USGS USGS 15,300 7.5 14.0 430
8.86 04-21-99 USGS USGS 20,200 7.1 12.5 460
29N51E32BCCAO1 Qal 40 8.81 11-02-82 USGS USGS 70,000 6.8 10.0 4,100
W-16
29NS1E32BCCAQ2 Qal 45 - 08-11-93 USGS USGS 41,700 7.3 12.0 1,000
FPB92-11
29NS1E36CCCCO1 Qgo 30 6.85 10-05-85 MBMG MBMG 658 175 10.0 40
M-57

ILaboratory measurement.

Determined by multiplying bicarbonate value by conversion factor 0.8202.

3Brine-injection well completed in Upper Cretaceous Judith River Formation. Original source of water is shown.
4Brine-injection well completed in Lower Cretaceous Fall River (“Dakota™”) Sandstone. Original source of water is shown.
SDate analyzed.

value questionable compared to other samples at this site. No rerun value available. Value not used in interpretations.
"For samples collected by the USGS, concentration of constituent in rinsate sample (table 7) greater than value of constituent for this sample.
8Replicate samples.

9Reported as Murphy 5 in Thamke and Craigg (1997).

1OBrin::-injection well completed in Mission Canyon Limestone of Madison Group. Original source of water is shown.
UDepth of perforated interval; well depth unavailable.

2value represents the concentrations of sodium plus potassium.

13Determined by onsite fixed-endpoint titration.

14Samples collected on same date, but from different residences that share well.
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Table 3. Physical and chemical characteristics of water samples collected from privately owned wells, monitoring wells, oil wells, and
brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana (Continued)

Alka- Dis-

Magne- . Potas- linity, Chlo- Fluo- Bro- . solved Site number and
sium S(?':’;'i“ sium  onsite S(::;alie ride ride mide l(?:‘"?f solids, Water well name
(mg  O%5  (mgL  (men O, (mgL  (mglL  (mgl agl) com-  type (fig. 3)

as Mg) as K) as 4 ascCl) as F) as Br) puted

CaCo;) (mg/L)
350 25,000 250 1245 840 42,000 <1 - - 69,900 3 29N51E32BBAAO1
W-12
300 19,000 89 1301 800 34,000 <.l - - 55,800 3 29N51E32BBBAO2
Ww-14
750 28,000 1.6 217 720 58,000 - 4.5 1.5 91,100 3 29N51E32BBBA03
910 29,000 75 L7108 640 46,000 2 13 3.0 80,800 3 FPB92-1
58 2,200 15 449 510 3,200 N 1.7 210 6,450 2 29N51E32BBBAO4
54 2,200 13 449 500 3,100 5 1.8 210 6,310 2 FPB93-2
380 43,000 150 172 1,100 67,000 <.1 -- - 114,000 4 29N51E32BBBBO1
290 17,000 83 323 770 30,000 1 9.2 1.1 50,000 3 W-15
163 3,000 20 17245 450 5,400 2 - - 9,640 3
180 2,800 34 320 4,700 2 2.2 22 9,250 2
1,300 23,000 97 1126 440 46,000 <1 - -- 75,100 3 29N51E32BCCAO1
W-16
400 8.000 37 407 530 14,000 8 1.4 270 24,300 3 29N51E32BCCAOQ2
FPB92-11
40 60 4.5 g6 85 1.5 .6 - -- 435 1 29N51E36CCCCO0L
M-57
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Table 4. Trace-element and organic-carbon concentrations and stable-isotope ratios in water samples collected from privately owned wells,
monitoring wells, and brine-injection wells in the East Poplar oil field study area, Fort Peck Indian Reservation, northeastern Montana

Bold type--indicates data collected since September 1993 and not reported in Thamke and others (1996).
Site number and well name--described in text.
Collecting agency and analyzing laboratory:

ASCHM, Astro-Chem Service Laboratory;

CHNO, Chen-Northern, Inc.;

ELAB, Energy Laboratories, Inc.;

MBMG, Montana Bureau of Mines and Geology;

USGS, U.S. Geological Survey;

YSB, Yapuncich, Sanderson, and Brown Laboratories, currently (2003) Energy Laboratories, Inc.
Constituents are dissolved, except as indicated.
Abbreviations: mg/L, micrograms per liter; mg/L, milligrams per liter; per mil, parts per thousand. D/H, deuterium/hydrogen; O-18/0-16,

oxygen-18/oxygen-16. Symbols: <, less than minimum reporting level; --, no data; (?), uncertain,
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Table 7. Radium-226 and radium-228 concentrations in water from well W-15 in the East Poplar oil field study
area, Fort Peck Indian Reservation, northeastern Montana, April 1999

[Constituents are dissolved. Sample collected by the U.S. Geological Survey and analyzed by Quanterra Analytical Services,
Richland Laboratory, Richland, Wash. Units are in picocuries per liter. 2 Sigma is the combined standard uncertainty.
Abbreviation: USEPA, U.S Environmental Protection Agency. Symbol: --, no data]

Combined
Site number and Date sample . Radium-226 . Radium-228 Radium-226
well name collected  Hadium-226 (2 Sigma) Radium-228 (2 Sigma) and
Radium-228
USEPA Maximum Contaminant Level
-- -- -- -- 5
29N51E32BBBB0! 04-21-99 0.86 0.17 1.6 0.52 --
W-15

1U.S. Environmental Protection Agency (2002).
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Table 10. Physical properties and nitrate concentrations in water samples from selected wells completed in the Flaxville and
underlying aquifers study area, Fort Peck Indian Reservation, northeastern Montana, 1983-99

[Bold type indicates data collected after 1996 and not reported in Nimick and Thamke (1998). Geologic unit: Qt, Quaternary glacial till; Tf, Tertiary
Flaxville Formation; Tfu, Tertiary Fort Union Formation; Khc, Upper Cretaceous Hell Creek Formation; Kfh-Khe, Upper Cretaceous Hell Creek Formation
and Fox Hills Sandstone. Abbreviations: uS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter. Symbols: --, no data;

<, less than minimum reporting level]

Specific Nitrite Nitrite
Well name Location Geologic Depth of conduct- dissolv;.d p“.ls nitrate,
(fig. 1) number unit well Date ance, (mg/L dissolved
(feet) field as N) (mg/L
(US/cm) as N)
N-1 29N44E14ADABO1 Khe 65 09-27-94 737 <0.01 4.0
05-09-95 710 .01 4.0
11-06-97 732 - 4.7
02-04-98 718 <.01 4.4
04-28-98 740 <01 4.6
07-14-98 763 <.01 5.0
11-04-98 751 <.01 5.5
01-27-99 729 <.01 5.0
05-12-99 759 <.01 5.0
08-25-99 806 <.01 6.5
N-2 29N45E18CCBBO1 Khe 110 09-27-94 631 <.01 14
05-02-95 626 <.01 16
11-06-97 707 -- 22
102-04-98 687 <01 19
102-04-98 687 <.01 19
04-28-98 636 <01 16
07-14-98 716 <01 21
11-04-98 700 <01 21
01-27-99 753 01 24
05-12-99 645 <.01 17
08-24-99 726 <01 17
N-3 29N46E10DAACO! Tfu 100 05-07-95 697 <.01 12
11-06-97 622 -- 10
02-04-98 592 <.01 8.8
04-27-98 591 <01 9.2
07-15-98 582 <.01 8.6
11-03-98 592 <01 8.5
01-27-99 605 01 9.5
05-12-99 598 <01 10
08-24-99 609 <.01 8.8
N-4 30N42E33DDDDO01 Tf 60 05-08-95 1,970 .01 17
11-05-97 2,100 -- 24
02-04-98 2,140 <01 24
04-28-98 2,360 <01 27
07-14-98 2,430 «.01 25
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Table 10. Physical properties and nitrate concentrations in water samples from selected wells completed in the Flaxville and
underlying aquifers study area, Fort Peck Indian Reservation, northeastern Montana, 1983-99 (Continued)

Specific Nitrite. Nitrite
Well name Location Geologic Depth of conduct- dissolvs’.-d p".'s nitrate,
(fig. 1) number unit well Date a‘nce, (mglL dissolved
(feet) field as N) (mg/L
(LLS/cm) as N)
N-4 (Continued) 11-04-98 2,430 <01 29
101-26-99 2,220 <01 24
101-26-99 2,220 01 25
05-13-99 2,130 <.01 24
08-25-99 2,240 <01 22
N-5 30N44E20ACBAO1 Kfh-Khc 68 10-01-94 1,110 <.01 16
05-03-95 1,040 <.01 15
11-05-97 1,010 - 14
02-04-98 1,050 <.01 16
104-28-98 1,040 <.01 15
104-28-98 1,040 <.01 15
07-14-98 1,110 <01 16
11-04-98 1,070 <.01 15
01-28-99 968 <.01 14
05-12-99 1,070 <.01 17
08-24-99 1,050 <.01 13
N-6 31N43E29BCCBO01 Qt 40 08-16-94 1,000 <.01 22
05-08-95 929 .01 22
11-05-97 918 - 23
02-04-98 893 <01 23
04-28-98 878 <01 22
07-14-98 875 <.01 21
11-04-98 877 <01 21
05-13-99 905 <.01 23
08-25-99 992 <01 21
N-7 31N44E15BADBO1 Kth-Khe 150 09-30-94 514 <01 1.3
05-06-95 508 <.01 1.3
11-06-97 517 -- 1.5
02-04-98 514 <.01 1.5
04-28-98 512 01 1.8
07-14-98 517 <.01 14
11-04-98 515 <.01 14
05-12-99 521 <.01 1.6
08-24-99 525 <.01 14
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Table 10. Physical properties and nitrate concentrations in water samples from selected wells completed in the Flaxville and

underlying aquifers study area, Fort Peck Indian Reservation, northeastern Montana, 1983-99 (Continued)

Specific Nitrite Nitrite
Well name Location Geologic Depth of conduct- dissolvéd p“fs nitrate,
(fig. 1) number unit well Date al_"°e; (mg/L dissolved
(feet) field as N) (mg/L
(ULS/cm) as N)
N-8 31N46E0ICBCAO1l  Tfu 90 08-16-94 634 <01 17
11-05-97 660 - 19
02-04-98 656 <01 17
04-27-98 646 <01 21
197-14-98 663 <01 21
197-14-98 663 <01 21
111-03-98 691 <01 20
111-03-98 691 <01 21
01-27-99 675 <.01 22
05-12-99 702 <.01 24
08-24-99 708 <01 22
N-9 31N46E08CBCCO1  Tfu 55 209-13-83 980 - 28
10-03-94 862 <.01 23
08-18-95 913 <01 27
11-05-97 807 - 24
02-05-98 844 <01 26
04-27-98 868 <01 28
07-15-98 752 <01 22
11-03-98 727 <01 21
01-27-99 819 <01 25
05-12-99 796 <01 25
108-25-99 728 <01 16
108-25-99 728 <.01 17
N-10 3IN46E11CBBDO1  Tf 35 05-20-95 2,020 01 82
11-05-97 2,020 - 92
02-04-98 1,830 <.01 89
04-27-98 2,560 02 116
07-14-98 2,670 02 116
11-03-98 2,380 01 102
01-27-99 2,300 02 105
05-12-99 2,880 03 132
08-25-99 2,440 <01 102
N-11 3IN46E28DDCDO!  Khe 150 05-07-95 872 <01 19
11-05-97 964 - 22
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Table 10. Physical properties and nitrate concentrations in water samples from selected wells completed in the Flaxville and
underlying aquifers study area, Fort Peck Indian Reservation, northeastern Montana, 1983-99 (Continued)

Specific Nitrite Nitrite
Well name Location Geologic Depth of conduct- dissolvéd pll.'s nitrate,
(fig. 1) number unit well Date 3[103, (mg/L dissolved
(feet) field as N) (mg/L
(LLS/cm) as N)
N-11 (Continued) 02-04-98 957 <.01 20
04-28-98 945 <.01 19
07-15-98 948 <.01 19
11-05-98 940 01 18
01-27-99 928 01 18
05-12-99 940 <.01 20
08-24-99 934 <.01 18
N-12 31N47E16BCAA01 Tfu 100 09-27-94 645 <.01 33
05-21-95 637 <.01 3.0
11-05-97 646 -- 2.7
02-05-98 649 <.01 2.6
04-27-98 642 <01 24
07-15-98 655 <.01 2.5
11-03-98 644 <.01 2.8
01-27-99 610 01 23
05-12-99 651 <.01 24
08-24-99 612 <01 2.6
N-13 31N48E17ABAAOL Tf 40 09-29-94 547 <.01 5.2
02-05-98 544 <.01 5.5
04-27-98 544 <.01 6.0
07-15-98 512 01 54
11-03-98 514 <.01 58
01-27-99 548 <01 5.5
105-12-99 - <01 7.5
105-12-99 - <01 8.1
08-25-99 586 <01 7.5
N-14 32N44E03BDCAO01 Khe 70 306-21-85 1,320 -- 99
09-28-94 1,490 <.01 90
05-18-95 1,410 <.01 83
11-06-97 1,340 -- 84
02-03-98 1,370 <.01 86
07-14-98 1,430 <.01 86
11-03-98 1,300 <.01 85
01-28-99 1,480 <.01 96
05-12-99 1,530 <01 110
08-24-99 1,590 <.01 89
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Table 10. Physical properties and nitrate concentrations in water samples from selected wells completed in the Flaxville and

underlying aquifers study area, Fort Peck Indian Reservation, northeastern Montana, 1983-99 (Continued)

Specific Nitrite Nitrite
Well name Location Geologic Depﬂ;l of Dat c‘::::"::t' dissolvéd P:;S nlltra':;e,
(fig- 1) number unit (‘f"::t) ate ol (mglL ?;c;/\lr-e
(LS/cm) asN) as N)
N-15 33N40E28ABACO1  Tfor Qt 23 05-19-95 1,160 <01 8.7
11-06-97 1,420 - 11
02-03-98 1,320 <01 10
04-28-98 1,270 01 9.9
07-15-98 1,260 <01 10
11-05-98 1,290 <.01 9.6
01-26-99 1,250 01 9.2
05-13-99 1,230 <.01 10
08-24-99 1,340 <.01 8.9
N-16 33N49E24CCDCO1  Tfu 9 209-15-83 1,040 - 8.7
09-21-94 698 01 5.7
05-05-95 536 02 1.7
04-18-96 535 .02 1.8
11-05-97 739 - 8.4
02-05-98 558 02 2.7
04-27-98 522 02 1.6
107-15-98 696 02 6.0
107-15-98 696 02 6.1

! Replicate analysis.
2 Data from Donovan and Bergantino (1987).

3 Data retrieved from the Montana Bureau of Mines and Geology Ground Water Information Center database files.
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Table 11. Pesticides analyzed in water samples from selected wells completed in the Flaxville and underlying
aquifers study area, Fort Peck Indian Reservation, northeastern Montana, August 1999

[Concentrations of all selected pesticides in water samples from all six wells were less than minimum reporting level. Wells sampled:
N-1,N-4, N-6, N-9, N-10, N-13 (table 10, fig. 1). Samples collected and analyzed by Montana Department of Agriculture, Bozeman, Mont.
Abbreviation: pg/L, micrograms per liter]

Minimum Minimum
Type Name re;I):vr;ilng Type Name re[IJ:‘:"tailng
(nglL) (uglL)

Acetochlor 0.50 Chlorsulfuron 0.10
Alachlor .38 S o Nicosulfuron .10
Atrazine 13 é % Metsulfuron methyl .10
Bromacil 2.5 § -,E_ Prosulfuron .10
Butylate 15 t?) 2 Triasulfuron .10

§ Carboxin .60 Triflusulfuron methyl .10

£  Cyanazine 40

§ Cycloate 25 2,4-D 28

E’ EPTC .25 2,4-DB 72

',,:_; Hexazinone .76 Dichlorprop (2,4-DP) .30

§ Imazalil 5.0 Bentazon .63

% Metolachlor 75 ® Clopyralid 1.0

5 Metibuin 15 § Dicamba 28

£  Prometon 30 B 5-OH-Dicamba 25

'§- Prometryn 19 g Diclofop methyl .60

2_: Pronamide (Propyzamide) .76 % Dinoseb 28

% Propachlor .50 © MCPA 2.6

% Propazine 13 MCPP (Mecoprop) 2.6
Simazine .30 PCP (Pentachlorophenol) .16
Tebuthiuron 1.3 Picloram 35
Terbacil 22 Triclopyr 25
Terbutryn 25
Triallate .50
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