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» Contains numefous pothole and kettle
7 wetlands

* These wetlands for ﬁthrougﬁsedim_ent
= slump‘i’ﬁ'g"’?ﬁ?ﬁ’r e of large ice
~— remnants in the stagnhation moraine

* These wetlands provide critical habitat to
numerous waterfowl and grassland birds
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In Addition to salts, brines in the Williston basin contain:

Barium
Cadmium
Chromium
Lead
Selenium
e Silver
e Zinc
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e Old Reserve Pits

* Typical reserve pit: —====
15060 x 10 ft |

— Containsiroughly 260 tons

of salt

— Prior to the mid 70’s these
pits were unlined




e 30 wetlands were randomly selected from
; the population of wetlands in Sheridan PalredWellNest

dou nty, MT I
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. Slug tests were performed to fdetermme i
" lateral hdraulic conducuvny 1. |

» Capacitance rod data is used to determine
vertical hydrauliclgradient
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Sodium Sulfate (Na,SO,) Wetlands
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Raw Data Logged Data




Hydraulic Conductivity cm/s

2d Rising Head Slug T
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draulic Gradie

Paired Well Nest

Period of Groundwater Discharge
(Water Moving Upward)

Period of Groundwater Recharge
(Water Moving Downward)




Goose Lake O|I Fleld Site
Legend

@ Oil Tank Battery
@ Groundwater Well

o O Sampled Wetland
2 S 0il Well
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Goose Lake Field Hydrogeology
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CROSS SECTION A - &

CROSS SECTION B - B’
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Methods of Assessing Brine Contamination




Water Quality Monitoring

 |n 1989 18 groundwater wells were
installed and sampled at the Goose
Lake study site

e Numerous surface water samples were
also collected and analyzed g
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Chloride (mg/L as CI)

W

Chloride (mg/L) Chloride (mg/L) Change in Chloride (mg/L)
+ 7-1000 @ 20001 - 30000 » 732-1000 @ 20001 - 30000 @ 32038-22000 ® -10999-0
e 1001-10000 @ 30001 -40000 s 1001-10000 @ 30001 - 40000 -21999 --11000 = 1-10000
@ 10001 -20000 @ 40001 - 66900 @ 10001 -20000 () 40001 - 6900




Specific Conductance (uS/cm)
2009 Change in Spec Cond

. |
Specific Conductance (uS/cm) Specific Conductance (uS/cm) Change in Specific Conductance (uS/cm)

-« 760-20000 @ 60001 -80000 = 378-20000 @ 60001-80000 @ -75355--60000 © -19999-0
® 20001 -40000 @ 80001 -100000 # 20001 -40000 @ 80001 - 100000 @ -59999 --40000 ° 1-19008
@ 40001 - 60000 @ 40001-60000 @ 291400 @ -39999 - -20000




Chloride Index (CI/S.C.)

Change in C

hloride Index
.

P

1988 Chloride Index 2009 Chloride Index

< 0.035 @ 031-045 ® 021-0.30
® 0.036-0.15 @ 0.46-0.60 @ 031-043

® 016-030 @@ o033

Change in Chloride Index

@ -04--03 € 0-0.1
. 03--02 ® 01-02
@ -02--01 °* 02-03
@ 01-0
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saturated and vadose zonesj
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EM-31

« Excellent for determining the lateral extent of
contamination but has an exploration depth of 3-4 m

« Utilizes two potential coil orientations

« Fast and straight forward allowing rapid surveying of
large sites
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Glacial Outwash Deposi

e Formed by fl
processes
of the i




Glacial Till Deposits

Results form textual
of 66 till sam
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e Elevated chloride levels S——
were reported in in 1975 in EEEOYooN
surface waters 7 mile 7
below the Hammer Battery

EM-31 & shallow EM-34
surveys detected plumes in
the slough beléw the
Hammer Battery and

emanating from sites 117,
124, 126 & 128

18 groundwater wells were G ‘

Ci=100 mmhos/m N

installed based v EM
survey data




2009 EM Surveys




Small Amounts of Contamination
Can be Detected by Sr Isotopes

Sr contents of fresh water and produced water differ
by several orders of magnitude

Where Sr isotopic composition of fresh water and
produced water differ, binary mixing trends are
produced

878r/85Sr ratios are shown as 68/Sr values (per mil
deviation from modern sea water)

587Sr = [(87Sr/36Sr/0.7092)-1]*1000




Sr Isotope Systematics of Goose Lake
Samples

. 4 Largest §%7Sr is assumed to
| Evaporation | represent uncontaminated
| (or least contaminated) end

55 member

'\ Mixing Zone Huk Mixing zone is bounded by
\ mixing lines between brine
and values on evaporation
line
Weyburn brines
i (Quattrocchi et al, 2006) are
® A /Brines consistent with Goose Lake
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Strontlum Results
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Conclusions

and electrical conductivit
tudy site show t




Future Work
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