WATER QUALITY OF SELECTED LAKES
IN EASTERN SHERIDAN COUNTY MONTANA

OPEN-FILE REPORT MBMG 244

by JON C. REITEN
Hydrogeologist

Montana Bureau of Mines and Geology
1500 North 30th
EMC Campus Box 112
Billings, Montana 59101



TABLE OF CONTENTS

INTROPUCTION s i ssmsncenm s RS i m i m i N iR RS S s aa s 1
Physiography and Climate...ceeeeeeecececaenennnn 2
Hydregeologic Setting.csevimemsssvewnsiomssesven 8
BUTTOBEE o v oo 8 o 8 %0k 556 56 39 5 8 % 3 4% 48§ 916 8@ 58 S8 550 516 @ 6

METHODE 5. ¢ 65 % 5 5 55 55 & 5ok o 0o m0 2 2 mon ot 90m e P

RESULITS s o si0 000 w00 0w 0 a0 o mie e w6 om0 08 00 0 0w 008 000 s 00 8 s e, 600 a6 0 & W & 08 o

LAKE WATER QUALITY . s vas wswn s imnimsas osesssassssissss 16

WATER QUALITY CHANGES DURING THE 1980'S...vcccscooos 27

EVIDENCE OF CONTAMINATION. « o« w0 v o wsmnmsmsnsneesnsss 39

CONCLUSTIONS sw s wsmsmssdi s o s s oses B @Ed Mass s osvsvvesna 41

REFERENCES s smmsmins d i 835630 Ani bt s T s@s mimswams 44

LIST OF FIGURES
FIGURE
1 Location of the study area in eastern Sheridan
COUNTEVY w5 o s 6 55 o 5 5 5509 8 6 5 88 805 88 6.8 518 918 $78 919 6 & 8 79 5 78 s @0 8 50 5 3
2 Comparison of the field pH values with log,,
SC in water from selected Sheridan County
lakes. Grouping of lakes based on SC are
depicted by Roman numerals I through V............ 15
3 Comparison of the log calculated dissolved solids
with log,, SC in water from selected Sheridan
County lakes showing the change in this relation-
ship as lake water becomes more mineralized.
Grouping of lakes based on SC are depicted by
Roman numerals I through V.......cteeceocccoccansn 20
4 Semilogarithmic plots indicating the mean
concentrations of major cations and anions by
Group in the lakes sampled....cccceeeeeecencennass 21

5 Comparison of the log,; concentrations of major
cations with the log,, SC; a) calcium, b) magnesium,
c) potassium, and d) sodium. Grouping of lakes

based on SC are depicted by Roman numerals
I through V



6 Comparison of the log,, concentrations of major
anions with the log,; SC; a) chloride, b) sulfate,
c) carbonate, and d) bicarbonate. Grouping of lakes

based on SC are depicted by Roman numerals
I through V

7 Comparison of the log,, concentrations of a) aluminum,
b) barium, c) copper, d) lead, e) strontium, and

f) vanadium with log;; SC.ciiiiiiieienncansronsss 28
8 Comparison of the log,, concentrations of a) arsenic,

b) boron, c) bromide, and d) lithium with

log,; SCevvvveenenenn G ¥ E W B ATE WE E g .29

LIST OF TABLES
TABLE

1 Measured total monthly precipitation in the

Westbhy aread....civiseerasesasssassosssscssssnsncsoss 4
2 Sheridan County lakes baseline field water gquality
sampled in August/September 1990....¢ccuossscesosss 10
3 Water Quality of selected lakes, Sheridan
County; MohtalAesissssmsnspinssivmomsmasswioidsnses 17
4 Lake water quality comparison 1984-1990.....cc000000 30
PLATE
1 Water quality of selected lakes, Sheridan
Cotnly, NoRbaime. ww e s o o o s w e e e aw s w0 m e 6 s w6 e s & in
back

ii



INTRODUCTION
Dozens of lakes are located in eastern Sheridan County
Montana (Plate 1). Although a few individual water analysis of area
lakes have been conducted, background water quality has never been
analyzed or compiled for a majority of these lakes. Realizing the
importance of maintaining water quality in the county, area
residents proposed conducting a baseline sampling program to assess
the existing lake water quality and to provide background data in
the event of future impacts. -
These lakes are very diverse in size, depth, water

quality, and uses. The size of the lakes ranges from small unnamed
ponds covering only a few acres to large lakes such as Medicine
Lake covering several square miles. While most of the lakes are
shallow ephemeral water bodies that are dry during extended
droughts, many are deeper perennial water bodies. The deepest lake
in the region is Brush Lake which is over 60 feet deep (Donovan,
in press). Although very little previous work has been conducted
comparing the water quality of lakes in this region, observations
based on vegetation, presence or absence of deposits of sodium
sulfate salts, and traditional uses all point towards a wide range
of lake water quality. Uses of the lakes include stock watering,
recreation, wildlife habitat, and a potential for extraction of
mineral resources (glauber salts) in some of the lake basins. Many
of the lakes are important to the water balance of the region both

as focused recharge sources and as buffers influencing ground-water

levels.



PHYSTOGRAPHY AND CLIMATE

The study area covers the eastern one-third of Sheridan
County (Figure 1). This region consists of a slightly elevated
generally hummocky land surface in the north and west bounded by
relatively flat broad swales in the south and east. The swales are
named the Clear Lake and Medicine Lake swales and appear to be
associated with relict pre-Quaternary river systems. Lakes are
located in both the hummocky upland areas and the relatively flat
broad swales. Most of the larger lakes are located in the broad
swales. Ephemeral streams such as Lake Creek occupy parts of the
larger swales. Surface drainage is very poorly developed in much
of the rest of the area. Typically, the individual closed-lake
basins form catchments collecting runoff from the immediate
surrounding area. Only under extremely high water bonditions are
many of these lakes physically connected by surface water. Most
of the lakes have formed in topographic depressions such as kettles
and meltwater channels that developed following the retreat of the
last late-Wisconsinan glaciers(10,000-12,000 years B.P.).

Eastern Sheridan County has a semiarid continental climate,
characterized by cold dry winters, moderately hot and dry summers,
and cool dry falls. The average precipitation in Westby, near the
center of the study area is about 14.2 inches per year, with about
65% of the precipitation falling from May through August (Table 1).
Potential evaporation is significantly higher than precipitation.
Measured evaporation from a class A pan nearAFroid, MT averaged 52

inches annually from 1984 to 1988. Evaporation estimated from
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daily water level fluctuations in an aquifer hydraulically
connected to Medicine Lake indicate similar evaporation rates
(Donovan, 1988) .

HYDROGEOLOGIC SETTING

Bedrock in the study area consists of interbedded sand, silt,
clay, and lignite of the Paleocene Fort Union Formation. In this
part of Sheridan County, bedrock is generally covered by younger
sediments. Because of these intervening deposits, the interaction
between lake water and ground water in the Fort Union Formation or
deeper formations appears to be insignificant.

All of the 1lakes in this area are underlain by late-
Wisconsinan glacial deposits. These deposits include outwash sand
and gravel, lacustrine silt and clay, and till consisting of a
mixture of sand, silt, clay, and boulders. Ground water in the
glacial deposits is in direct connection with water in the lakes.

Post-glacial lake deposits typically overlie the glacial
deposits within the lake basins. These consist of marls, tufas,
evaporitic salts, clays, and organic debris. Very little
information is currently available on the thickness and variability
of these lake deposits. Current research by Joe Donovan (Penn
State University) has focused on investigating the occurrence and
origin of some of the Holocene lake deposits in Brush Lake and
White Lake. These lake deposits form zones of water transfer
between the water in the lakes and ground water in the surrounding
sediments. The water chenmistry of the individual 1lakes is

dependent on geochemical reactions which include: dissolution of



minerals exposed to lake water, precipitation of minerals from lake
water, and similar reactions involving ground water moving in and
~out of the lakes. The concentrations of dissolved solids in these
lakes depends chiefly on the flux of water moving'out of an
individual lake. As the flux of water through a lake is
restricted, the concentration of dissolved solids is increased due
to evaporation.

PURPOSE

Protection of the regions water resources was the primary
driving force behind this investigation. The initial objective
was to obtain representative water samples from a cross-section of
lakes in this part of the state. Based on the water gquality

data, a lake classification scheme was developed. In addition, an
attempt was made at determining what impacts, if any, have occurred
to area lakes as a result of past land use practices.

Land uses that may have poténtially impacted area water
resources include agriculture related activities and oil field
related activities. Farming could impact lakes if fertilizer,
pesticides, and animal wastes are flushed into the lakes by runoff
or ground water seepage. Expected impacts would include
increased nutrients causing noxious organisms to flourish resulting
in obnoxious odors, poisoning of wildlife, and shoreline
degradation depending on the extent of contamination.

0il-field activities that could impact lake water quality all
relate to the extraction and production of hydrocarbons. Potential
contaminants include additives wused in the drilling process,

saltwater in the drilling muds or produced along with the



hydrocarbons, acid used in developing producing zones, and waste
hydrocarbons. Previous ground water studies (Reiten, 1991, Payne
and Reiten, 1991, and Reiten and Tischmak, in press) have
determined produced brines as a major source of industrial
contamination in the Montana portion of the Williston Basin.
Impacts have included soil sterilization and aquifer water quality
degradation. Several wells and stock ponds that previously had
produced potable water have been degraded and are currently
unusable. Environmentally unsound brine storage and disposal
practices used during the 1960's and 1970's were the major causes
of water quality degradation.
METHODS

Water samples were collected from abdut 50 lakes in eastern
Sheridan County. A few water samples were also collected from
borderline lakes in Williams and Divide Counties, North Dakota.
Both named and unnamed lakes were sampled during this survey.
Informal names were attached to the unnamed lakes to simplify
interpretation and discussion. All of the lakes surveyed are
identified on Plate 1. The location of the sampling sites are
identified by Township, Range, Section, and Tract in the
accompanying tables.

- About 90 field water sanples were collected and complete water
analyses were run on 30 water samples. Twenty-nine of the analyses
were conducted at the MBMG water lab in Butte and the remaining
analysis was conducted at the water lab at Penn State University.

Standard analytical procedures were used in analyzing all of the

water samples.



All of the samples were tested for specific conductance and
temperature at the sampling site. The conductivity meters used
were calibrated using known standards to develop correction curves.
Other parameters including dissolved oxygen, pH, and chloride
concentration were measured for selected lake samples. Calibrated
field instruments were used to measure dissolved oxygen.and PH.
Quantab chloride titrators were wused to measure chloride
concentration. At sample sites tested for only field parameters,
water was collected by simply dipping an adegquate volume from near
the shoreline. At sample sites with complete lab analyses run,
water was collected using the sampling system described below. A
lake water sampling system was constructed using a tire inner tube
mounted with a plywood platform in the center of the tube. Tygon
tubing was inserted through the platform extending 15 to 25
centimeters below the platform. A screen was wrapped around the
inlet portion of the tygon tubing to prevent clogging of the
orifice. About 50-feet of tygon tubing was attached to the
sampling platform enabling the water sample to be collected away
from shore.

The sampling platform was thrown or floated out from shoreline
and attached to a peristaltic pump for sample collection. This
sampling system ensured collecting water from relatively similar
depths in all lakes. Field parameters were measured immediately.
Laboratory samples collected included raw unfiltered lake water and
water filtered through 0.45 micron filters and preserved by
refrigeration. Samples were acidified upon submittal to the MBMG
lab in Butte. The Penn State sample was acidified following

collection and also refrigerated.



RESULTS
The results of measurements of field water quality parameters
are summarized in Table 2. The water samples were initially
classified on the basis of field specific conductance (SC). The
SC is a measure of the electrical conductivity of the water sample
which is generally directly proportional to the dissolved solids
concentration. Field values of SC were used to allow the
comparison of a larger number of samples than if the comparison
were restricted to samples analyzed in the lab. Five ranges of SC
values were set up as categories for classifying the lakes. The
five categories and associated SC ranges are listed below:
GROUP I 0O to 5000 umhos/cm
GROUP II 5000 to 10000 umhos/cm
GROUP III 10000 to 25000 umhos/cm
GROUP IV 25000 to 50000 umhos/cm
GROUP V more than 50000 umhos/cm
Plate 1 shows the distribution of these 5 lake water categories in
the study area.
The range of field pH for all five water groups was from 8.60

to 10.00 based on samples collected for laboratory analysis (Figure

2). Water in Group I, III, IV, and V lakes displayed a wide range
of pH values within each group. Water in Group II lakes had
relatively uniform pH values ranging from 8.90 to 9.30. Field

chloride concentrations in all lakes ranged from below detection

limits to more than 9,300 mg/L.
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The results of the laboratory analyses of the lake water
samples are summarized in Table 3. A comparison of the
relationship between log,, SC and log,; calculated dissolved solids
is relatively linear for lake water in Groups I and II. This
relationship is shown in Figure 3. At these concentrations (0 -
10,000 umhos/cm) the field SC tends to be consistenﬁly higher than
dissolved solids. The relationship changes to a nearly 1:1 ratio
of field SC to dissolved solids for Groups III and IV (10,000 -
50,000 umhos/cm). The relationship breaks down for high salinity
Group V waters (>50,000 umhos/cm) and field SC is significantly
lower than dissolved solids.

LARKE WATER QUALITY

The five different categories of lakes based on SC makes a
good starting point for a more detailed look at the types of
dissolved constituents found in the lake water. Plots of major
cations and anions can also be developed to produce graphical
images that aid in identifying the dominant ions in a particular
water sample. One such type of plot is the semi-logarithmic
Schoellor diagram (Freeze and Cherry, 1979). Figure 4 depicts five
Schoellor plots indicating the mean concentrations of major
cations and anions by Group in the lakes sampled.

The shape of the curves maps the relative proportions of the
dominant cations and anions within each category of lake water. In
general, the shape of the curves are very similar for all 5 groups.
The upward shift from Group I to Group V corresponds to the overall
increase in dissolved minerals.

The concentration of a particular ion can be evaluated by

noting the position it plots on the Y-axis of the Schoellor plot.
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The relationship between different ions can be compared by
observing the slope of a line connecting the mean concentrations
for each ion. Sodium and sulfate are the dominant cation and anion
in each of the five different water groups. Bicarbonate plus
carbonate ions are proportionally only slightly less concentrated
than sulfate ions in Group I, Group II, and Group III lake waters,
but are in relatively low concentrations in Group IV and Group V
lake waters. The concentrations of magnesium are intermediate and
in similar proportions in all five water groups. Calcium and
chloride ions are all in relatively low concentrations in all five
water groups. The ranking of cation concentrations is NA > MG >
CA and for anion concentrations is S04 > HCO3 + CO3 > CL for all
five water groups.

A series of plots showing the relationship of the log,,
concentrations of the major cations and anions with the log,; SC are
displayed in Figures 5 and 6. With SC plotted along the x-axis
the distribution of the ionic concentration by the associated lake
Group 1s apparent.

Calcium concentrations vary most in both the freshest (Group
I) and most mineralized (Group IV and V) lakes (Figure 5a). A best
fit line projected through Group I, Group II, and Group III data
points indicate a decreasing trend in dissolved calcium up to an
SC of 25,000 wumhos/cm. The trend breaks down in highly
concentrated water of Group IV and V lakes. This trend probably
relates to the deposition of marl on the lake bottoms as the waters
become supersaturated with calcium and bicarbonate ions.

The variability of magnesium concentrations in lake water

increases as the water becomes more mineralized (Figure 5b).

22



“A YBnouayy | S|edsunu UBWOY
Ag peioidep ede J§ UO paseq s&ye| 4O Buidnodg -unipos (p pue ‘unissejod (o ‘wnissubew (g

‘wunjojes (e 05 Olfo| eyt Ykim suolled Jofew JO SUO|LEILUBDUOD OlBo| eyL o uos|Jedwo) g @4nbidg
{(wa/soywn) IONV.LONANOD DIdIO3AdS (wa/soywn) IDNYLONANOD DIdID3dS
00000} 0000} h ooom 00000k o ﬁ 0000} o | 000}
A Al 111 1] ] A Al m 1 1 P
& . 4 L 2
o w
o m 4 ........ = $
‘ool = - S
m .............. H \WJ
2 oL 8
F0001 L
B b . e i TR ””,.”.“,..,‘”“””‘,HHOOOO—. ........................ Ioo —.
JONVLI2NANOD 214103dS a13id HLIM JONYLONANOD 214103dS ai3id HLIM
NOILYHLINIONOD E:_n“VOm 40 NOSIHVdINOD NOILLYHLINIONOD WNISSY.LOd 40 NOSIHYJINOD
& LG |
{wa/soywn) IONVLIONANOCD D14103dS (wa/soywn) IONYIONANOD JIdID3dS
ooooo} o000 000} bomook L, . oo o OB e iy
A Al 11} 1] 1 A Al 11 1} 1 —. O
* C
‘\i w E —- -
v oL B
v o
E ‘
he 4 | m Fl
Y v =
¥ oy
bt 3
gl “EOOL m W
B M .ﬁ (]
v
: e e b : HOOO—' WOO_.
JONVYLONANOD 214103dS ai3ald HLIM JONV.LONANOD 214103ds ai3did HLIM

~+OILVHLINIONOD S_D_.mn_mZOd.S_ 40 NOSIHVdINOD NOILLVHINIONOD WNIDTVO 40 NOSIHVYdINOD
‘e

(q/baw) Wniovo



peloldep aJe g U0 peseq saye|

(wa/soywn) IDONVLONANOD JIdIO=dS
0000t

oooo_o H

L 1 L

O I

000}
L

1

A

Al [11]

1

B o OO e Oooo—.

JONVLIONANO

0 014103ds a13id HLIM

"ONOD 3.LVYNOgHVYIF 40 NOSIHYdINOD

P

(wo/soywn) IONY.LONANOD JIdIO3dS
00001

00000}

L L L

I -

00

0}
ol

L

Al 1]

001

0001

0000}

JONVY.LONANOD J1dI03dSs d13id HLIM

NOILYHINIONOD 3LV4INS 40 NOSIHVdINOD
°n

1o Bujdnoug

(1/bew) 31YNOGYYDIE

(1/baw) 31v4INS

00000+

: “A yBnoayt | s|edewnu uewoy Ag
‘oleuoqdedlq (p pue ‘ejeuoqled (O ‘@fe4|ns (q
‘epiJo|yo (e ‘0S OlBo| oY) ysim suoiue ofew jo suo|jediusduod OlBo| eyj 4o uosidedwo)

(wa/soywn) JONVLONANOD JidID3dS
0000+

‘g @Jnbl 4

Al i 1l

00000}

(wa/soywin) IONVY.LONANOD D1dID2dS
oooo__.

fire e ) ] 11 1 [ 1

I
A

1

Al m 1 I

JONV.LONANOD O14103ds a3id HLIm
NOILVHLNIONOD 3AIHOTHO 40 NOSIHVdINOD

e

(1/bow) ILVYNOBHYD

(1/baw) 3QIHOTHD

24



A slight increasing trend of magnesium concentration with SC shown
by the best fit line can be observed in Group I and Group II
waters. The increased variability of magnesium concentration
within Group III, Group IV, and Group V water masks any further
trend. There is less of tendency for magnesium depletion due to
carbonate precipitation than there was for calcium.

The log,, relationship between potassium concentration and SC
is nearly linear, and it is similar to the relationship between
sodium and SC (Figure 5c). However, the concentration of potassium
is about one order of magnitude less than sodium in the freshest
waters and about 2 orders of magnitude less than sodium in the most
mineralized waters. Similar processes for potassium and for sodium
result in the observed relationships including availability of
potassium in the soils, solubility of potassium, and increased
concentration of potassium caused by the arid climate.

The log,, relationship between sodium concentration and SC is
approximately linear, with sodium steadily increasing as the water
becomes more mineralized (Figure 5d). The steady increase in
sodium reflects the accumulation of sodium salts in the soils of
the region and the high solubilities of the sodium salts. Both
abundance of sodium in the glacial deposits and the aridity of the
climate influence the accumulation of sodium in the areas soils and
eventually in the lakes.

The log,, relationship between chloride concentration and SC
is approximately linear with chloride steadily increasing as the
water becomes more mineralized (Figure 6a). The variability of
the data points is largest in Group IV lake water. Chloride salts

tend to be a minor component of near surface sediments and soils
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in this region. Data points plotting significantly above the best
fit trend line may indicate water contaminated by chloride-rich
brines. The general trend of increasing chloride concentration as
the 1lakes become more mineralized probably is the result of
evaporation concentrating the very soluble chloride salts in lakes
with limited flow.

The 1log,, relationship between sulfate concentration and SC
is approximately linear with sulfate steadily inéreasing as the
water becomes more mineralized (Figure 6b). The steady increase
in sulfate mirrors the sodium increases shown in Figure 5c.
Sulfate is derived from the oxidation of pyrite and other sulfide
minerals in the near surface sediments. It commonly accumulates as
very soluble sodium sulfate salts resulting in the similarity
between increases in sodium and sulfate concentrations as the lake
water becomes more mineralized.

The log,, relationship between carbonate concentration and SC
is again approximately linear but the linear trend becomes less
evident above conductivities of 10,000 umhos/cm (Figure 6c).
Similar to bicarbonate, the carbonate ions are depleted in the lake
water as a result of marl deposition.

The log,, relationship between bicarbonate concentration and
SC is approximately linear up to concentrations of 25,000 umhos/cm

" (Group I through Group III water) (Figure 6d). Below an SC of
25,000 umhos/cm the bicarbonate concentration increases as the
water becomes more mineralized. Above an SC 25,000 umhos/cm the
variability of bicarbonate concentration masks any linear trend.
As lakes become supersaturated with bicarbonate ions, calcium

carbonate marls are deposited depleting both of these ions from the
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dissolved minerals in the lake water.

Dissolved trace constituents in the sampled lakes generally
fall into 3 categories based on trends of their concentrations.
The majority of these elements are found in very low
concentrations, usually below detection 1limits. Constituents
fitting into this category include silver, cadmium, chromium,
molybdenum, nickel, selenium, titanium, zinc, and zirconium. Other
constituents including aluminum, bariﬁm, copper, lead, strontium,
and vanadium were found in a relatively wide range of
concentrations (Figure 7). 'Comparisons of the log,, concentrations
of these constituents with log,, SC do not show any well developed
trends. The final group of trace constituents includes arsenic,
boron, bromide, and lithium (Figure 8). Comparing the log,, SC
shows a linear trend of increasing concentration with increasing
mineralization of lake water.

WATER QUALITY CHANGES DURING THE 1%80'S

A lake water quality survey was conducted in September 1984
as part of hydrogeologic investigations in northeastern Montana
(Donovan, 1988). The survey consisted of SC measurements from
lakes in the Medicine Lake swale and the Clear Lake swale between
Westby and Medicine Lake. Many of these same lakes were again
sampled in August 1990, resulting in the water quality comparisons
listed in Table 4. A total of 22 of the originally surveyed lakes
were re-sampled. Where several field samples were collected in
different parts of the larger lakes, the mean SC values and
standard deviations were compiled for the comparison. Smaller
lakes typically only had one measurement. Based on SC, lake water

guality deteriorated in 20 of the 22 lakes surveyed.
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The percent of water quality change ranged from +19 percent
to +96 percent in Group I lakes; from +9 percent to +105 percent
in Group II lakes; from +32 percent to +128 percent in Group III
lakes; and from +23 percent to +61 percent in Group V lakes. The
only lakes showing water quality improvement were two Group IV
lakes where SC decreased 19 percent and 51 percent resﬁectively
while two of the Group IV lakes had SC increases of 23 percent and
61 percent respectively. In sﬁmmary , no clear trends of water
guality changes are apparent based on lake water quality category,
lake size, or geographic position of the lakes.

The most 1likely cause of the overall water quality
deterioration is the result of the prevailing drought conditions
during the 1980's. Reduced precipitation produced 1less direct
runoff into the 1lakes and less recharge into the ground water
system feeding into the lakes. The drought was accompanied by
high evaporation rates further concentrating dissolved constituents
into the 1lake water. The decrease in lake volume was not
accompanied by a uniform decrease in the mass of dissolved
minerals. While decreased rainfall and runoff would also decrease
the mass of dissolved constituents brought into the lakes, most of
the dissolved minerals (largely sodium sulfate salts) are highly
soluble and do not precipitate until highly concentrated bfines
have formed. As a result, the SC and calculated dissolved solids
have in general, increased during the 1980's. Measurements at
Medicine Lake by the U.S. Fish and Wildlife Service indicate a
change in the _1ake water level from 1.28 feet below desired

management level to 3.99 feet below desired management level
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between September 1984 and August 1990, confirming the impacts of
the drought.

The two lakes showing water quality improvements were Mudcrack
Lake and Horsefly Lake. The cause of the decrease in salinity is
unclear. Local variabilities in where the samples were collected
may have caused the anomalous freshening of the lake waters.
Mudcrack Lake appears to have been impacted by oil-field brines and
perhaps some of the sodium chloride salts have been removed from
the basin since the first sample was collected. Poésible methods
of salt removal include flushing and dilution by rainfall and run-

off, or by the wind blowing salt crystals out of the basin when the

lake was dry.
EVIDENCE OF CONTAMINATION

While the intent of compiling background water quality samples
was to identify baseline conditions in the region, existing uses
may have already impacted 1lake water quality. Two 1likely
activities that may have potentially impacted the water resources
are farming and oil field development.

Evidence of farming impacts to water quality were not apparent
based on the results of these water analyses. High levels of
nitrates and phosphates would be the most obvious impacts if large
guantities of animal wastes or fertilizers had been flushed into
these lakes. Relatively 1low concentrations of nitrates and
phosphates were identified in all of the lakes sampled. The high
concentrations of dissolved oxygen in many of the lakes are
probably the result of high algal activity and photosynthesis. It
is possible that nutrients may be increasing the algal production

in some of the lakes. But these lakes are probably naturally
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. gEEophric, and impacts from agriculture are probably
insignificant.

There is stronger evidence for impacts to water gquality from
0il field wastes. Large volumes of highly concentrated sodium
chloride brines have been pumped to the land surface since the
early 1960's. The brines are associated with oil producing zones
and are produced along with the oil. Shallow ground water
contamination by sodium chloride salts has been identified in the
vicinity of many of these lakes (Reiten and Tischmak, in press).
Occasionally chloride levels increase along with dissolved solids
and SC due to evaporation in surface-water bodies. To distinguish
between naturally-elevated chloride concentrations and those
elevated by impacts of oil field brines, a contamination index (CI)
was designed. For field applications, this index is defined as the
ratio of field chloride concentration to field sc. Previous work
in eastern Sheridan County developed an empirical lower 1limit
indicating brine impacts at CI = 0.035. Based on this limit and
the data compiled in Table 2 twenty-five lakes appear to have been
impacted by brines. Although valid over wide ranges of water
guality, the index tends to be 1less effective for predicting
contamination in highly mineralized waters. In highly mineralized
waters, SC loses its linear relationship with calculated dissolved
solids and typically under predicts the concentration of dissolved
minerals. Under these conditions the contamination index will
improperly indicate contamination.

A more accurate index can be developed when complete water
analyses are run on the lake water samples. Comparing the percent

millequivalents of chloride of the total anions from different
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lakes can also indicate the relative magnitude of brine impacts.
The empirical limit of percent millequivalents chloride set as an
indicator of brine contamination is 5.5%. Using this limit, brine
impacted lakes and associated percentage of chloride ions by lake
are Mudcrack Lake- 27%, Football Lake - 25.2%, Northwest Goose Lake
- 13.2%, Lone Tree Lake - 10.1%, North Goose Lake - 7.8%, South
Goose Lake - 7.4%, Larson Slough - 6.9%, and Berger Pond - 5.9%.
Impacts to Mudcrack Lake, Northwest Goose Lake, North Goose
Lake, and South Goose Lake all appear to be related to sources of
contamination in the Goose Lake oilfield that were identified in
a previous study (Reiten and Tischmak, in press). Environmentally
unsound methods of brine disposal that were commonly used at these
sites prior to 1975 are the main causes of the existing
contamination. The use of evaporation pits, trenching of reserve
pits, and pipeline 1leaks all have contributed to the brine
contamination. It is unlikely that the large extent and high level
of surface-water and ground-water contamination existing in the
Goose Laké Field could be derived from these relatively small
volume sources of brine. Much of the existing contamination
appears to confirm landowner reports that large volumes of brine
were disposed of by simply allowing the brine to flow onto the
ground surface. Similar brine disposal methods probably account

for the contamination of other impacted lakes in the region.

CONCLUSIONS
Lake water in eastern Sheridan County covers a range from
fresh to highly mineralized. The lakes were classified on the

basis of specific conductance (SC) into 5 groups; Group I 0-5,000
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umhos/cm, Group II 5,000-10,000 umhos/cm, Group III 10,000-25,000
umhos/cm, Group IV 25,000 - 50,000 umhos/cm and Group V >50,000
umhos/cm. In spite of this diversity in water quality, the water
in these 1lakes is relatively uniform in proportions of major
cations and anions. Sodium and sulfate are the dominant ions in
the regions lake water. This dominance is probably the résult of
the availability of these constituents in near surface geologic
sediments and high solubilities of sodium sulfate salts. The
aridity of this region also accounts for concentrating these salts
in the soil and lake water. The ranking of cation concentrations
is NA > MG > CA and for anion concentrations is SO, > HCO; + CO; >
CL for all five water groups.

Lake water guality in general declined from September 1984 to
August 1990 based on conductivity surveys conducted on 22 lakes
between Westby and Medicine Lake. No clear trends of water gquality
changes were apparent based on lake water quality category, lake
size, or geographic position of the lakes. Drought conditions
during the 1980's appears to have decreased the volume of water in
the lakes while the mass of dissolved solids remained relatively
stable causing the increase in SC.

Tﬁe water quality information does not indicate any negative
impacts to lake water from agricultural activities. In contrast,
the levels of chloride concentrations in several of the lakes are
probably the result of improper disposal of oil field brines. The
use of evapofation pits, trenching of reserve pits, pipeline leaks
and other environmentally unsound methods of brine disposal are the
main causes of the existing contamination. While many of these

problems are actually related to site specific releases, the
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extent, diversity and large number of sites create a nonpoint-
source effect of the brine contamination.

Considerable evidence exists implicating oilfield brines as
the cause of high chloride concentrations in several of the lakes
sampled. However, the levels of degradation have not impacted the
lakes to the extent that shallow agquifers have been impacted. The
high concentrations of other soluble salts tends to limit the uses
of many of the lakes regardless of the observed influx of chloride
salts. The relatively slow velocities of ground-water flow may
account for concentrating the brine contamination in the shallow
aquifers. The main slug of brines may not have yet been discharged
into the lakes. Periodic resampling of several of these lakes
would be a reasonable means to monitor the extent and magnitude of

degradation caused by oil field wastes.
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