Groundwater Resources in the
Lower Missouri River Basin
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LOWER YELLOWSTONE GROUND-WATER RESERVATION: WATER-
DEVELOPMENT POTENTIAL OF BURIED CHANNEL AQUIFERS IN RICHLAND
COUNTY, MONTANA

by

Jon Reiten

Lower Yellowstone Buried Channel Aquifer: DNRC Summary Report,
November 2013




BURIED CHANNEL AQUIFERS

--ASSOCIATED WITH YELLOWSTONE VALLEY
--SIDNEY AQUIFER: CITY WELL FIELD IN IRRIGATED
VALLEY

--YELLOWSTONE AQUIFER: IN IRRIGATED VALLEY
--WEST CRANE AQUIFER: EDGE OF VALLEY ABOVE
IRRIGATION

--BURIED CHANNELS TYPICALLY 100 FT DEEP and 1-2
MILES WIDE

--POTENTIAL YIELDS FROM 500 TO >1000 GPM. BEST
WHERE CHANNEL IS DEEPEST AND GRAVELS ARE
THICKEST

--LOW DISSOLVED SOLIDS BUT USUALLY CONTAINS
HIGH IRON CONCENTRATIONS






®  High Yield Wells

Boundaries of buried channel aquifers
——  Sidney Aquifer
| e West Crane Aquifer
Yellowstone River Aquifer
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Plate 4. Top of bedrock surface and extent of buried-channel aquifer based on test drilling, fall 2007.
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— Highwater levels

= = Boundary of
huried-channel aquifer

Ground-water flow

Figure 12. Potentiometric surface map of the Sidney area hased on generally high water levels, October 1995.
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AQUIFER PRODUCTION | TRANSMISSIVITY HYDRAULIC STORAGE
WELL ft2/day CONDUCTIVITY | COEFFICIENT
ft/day
Sidney CW?7 (M:36694) 37,500 500 0.004
Sidney CWS5 (M:36690) 15,000 500 0.05
Sidney CWS8 (M:132774) 36,500 450 0.006
Sidney CW9 (M:36695) 34,700 500 0.007
Sidney CW10 63,500 650 not calculated
(M:155320)
Sidney Cwil 38,600 600 not calculated
(M:151342)
Sidney NMN (M:36648) 23,500 470 0.0002
Sidney NMS (M:36649) 23,200 460 0.0007
Yellowstone Sid Lagoon 13,500 216 0.15
(270050)
Yellowstone Sid Lagoon 13,800 225 0.15
(270051)
West Crane Bradley 31,450 425 0.16
(253448)
West Crane Jonsson 45,000 450 0.15
(249505)
West Crane Wyman 36,000 400 0.15

(250211)
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Plate 6. Water quality and aquifer development potential in the Lower Yellowstone Valley based on
recently completed wells.
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Kevin Chandler and Jon Reiten
Montana Bureau of Mines and Geology
Billings, MT

Monitoring Network: GWIP
Modeling : INL Project




Fox Hills/Hell Creek Aquifer Study

Recent increase in Fox Hills/Hell Creek aquifer monitoring
started in February of 2011 with funding from MBMG
Groundwater Investigation Program.

In 2012 a joint project between Idaho National
Laboratory and MBMG provided additional funding.

Data loggers were installed in recharge and discharge
areas to collect data on current aquifer conditions

Data from Montana’s Ground Water Information Center
(GWIC) and North Dakota’s State Water Commission
were compiled to evaluate long-term trends.
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Hell Creek and Fox Hills at the west

side of the Cedar Creek anticline,
looking northwest towards Glendive
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Poorly cemented soft sandstone of the Fox Hills Formation soaking up melt water,
January 17t 2013 along the southwest side of the Cedar Creek anticline.
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Depth to Water (ft)

Shell Western Well 7, GWIC 133036
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Depth to Water (ft)

BLM Shell Oil Co., GWIC 136642
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Depth to Water (ft)

Lost in Time Ranch, GWIC 24903
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Recharge area near Fort Peck
Reservoir???
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Deth to Water (ft)
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Wheeler GWIC 38151 long-term trend

Total Depth 1505 ft

\ -2.3 feet/year over 16 years
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Rodger Kimble #36647

-110 feet




Tri -County Implement #36672
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Water Level Elevation
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Numerical Modeling of the Fox Hills/Hell Creek Aquifer

* The goals of the MODFLOW based groundwater flow
model are to:

— Estimate and simulate pre-decline water levels
— Simulate current water levels

— Use transient simulations to determine the current level of
use given a range of recharge rates.

— Simulate the water-level changes with increased use.



Water Level Decline Rate
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Summary of the Study Findings

 Wells in the recharge area and in areas with little use show no
significant water-level decline.

 The recharge area wells monitored show slow response to
recharge if any.

* The greatest water-level declines occur along Yellowstone
River corridor from Miles City to North Dakota.

 Water levels in many wells have declined at rates similar to
those measured in North Dakota.

 Wells in the discharge areas show little seasonal water-level
change.



Agriculture

+ Industrial Uses

Fox Hills/Hell Creek
Water Balance ?




Questions?







Sustainable Water Supplies from the Madison Aquifer, Central Montana

Montana Bureau of Mines and Geology




' Lewistown area geology
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Mh (Heath Formation)

.~ Mk (Kibby Formation)
Ml (Lodgepole Limestone)

g5 y Mmc (Miission Canyon Limestone)
. ~ Mo (Otter Formation)

. QTgr (Gravel)

Qal (Alluvium of Modern channels)
Qgr (Gravel)

Yn (Newland Formation)




Field Work
Near Big Springs




Stream Flows
8-10-12

Big Springs
116 CFS

Lehman Spring
41 CFS

Does not include
city use

glehman Spring
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Water quality Samples

Big Spring samples
200345 -- sampled 7/15/2011 1:47:00 PM
1983Q0249 -- sampled 6/8/1983 8:00:00 AM
1972Q5010 -- sampled 10/25/1972
1967Q5010 -- sampled 4/7/1967
1966Q5001 -- sampled 1/1/1966
1959Q5001 -- sampled 4/1/1959
1939Q5001 -- sampled 4/3/1939
1935Q5001 -- sampled 9/14/1935
1934Q5001 -- sampled 1/9/1934

Lehman Spring samples
200346 -- sampled 7/15/2011 2:40:00
1938Q5001 -- sampled 4/18/1938

Middle Spring at Big Springs Fish Hatchery
202955 -- sampled 10/19/2012 3:50:00 PM

Samples

Oxygen and Deuterium Isotopes

Used to determine groundwater
recharge sources

Precipitation is influenced by meteorological
processes and particularly by the
temperature, elevation, and latitude of the
rain or snowfall event. (processing data)

Tritium

Tritium concentrations in groundwater
can be used to differentiate relative

ages of groundwater and identify
potential recharge sources.

The age of groundwater is defined as

the time elapsed since the water was

last in contact with the atmosphere

and entered the aquifer. (processing data)



Manta data logger
Specific conductance hourly
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conductance stayed constant throughout the period of record. The point drops are
ue to fresh water coming into the system from precipitation events.




Cottonwood Creek Area




Cottonwood Creek Flows

’ Stream flows N
9/30/2011
25 '\~l/\ :7/24/2012 —

20

15

Flow (cfs)
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Monitoring well location
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Monitor Well Installation at the 2 NSSE IBigiSpringiSiter 4
Base of the Big Snowy Mountains X &Y 4

’

From To Description
0 2 TOP SOIL
2 8 WASHED GRAVEL
8 27 BROWN CLAY AND GRAVEL
27 55 WASHED GRAVEL SOME
SAND
55 58 BROWN AND ORANGE
WEATHERED SANDSTONE
58 61 RED SANDSTONE
61 70 RED SHALE
70 74 TAN SANDSTONE 5 GPM :
74 110 RED SHALE INSWWN S o
110 120 TAN SHALE
120 125 TAN SANDSTONE 30 GPM end ofiwater)

125 189 RED SHALE
189 200 DARK GRAY LIMESONE
00 500 VARIOUS LIMESTONES

circulation ~415

©2013 Google

Image USBA Farm Sernvic:



Dual completion well

GWICID: 269262 and 275370

269262

= 275370




Temperature comparisons of Cottonwood Creek and monitoring well

Cottonwood Creek Well 269262

M TF T
474 Creek temperature
Well temperature

475
__ 476 U
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Creek begins to flow

10

Il temperature °C



Central Montana Regional Water Authority

Ubet (test well)
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