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1980 — 2005 12 wells/yr 2005 - 2012 19 wells/yr
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Source: Reiten, 2020

Figure 3. Comparison of limgated and non-imigated land on the East and West Benches of Rock Creek.
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Altitude in feet above sea level

West to East Cross Section Near Red Lodge
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Figure 8. Transverse cross-section D-D’ depicting physiographic and stratigraphic relationships between alluvial deposits.

Source: Reiten, 2020
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Figure 8. Transverse cross-section D-D’ depicting physiographic and stratigraphic relationships between alluvial deposits.
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“Green Line” showing Groundwater Discharge
from West Bench Aquifer near the Airport
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Figure 3. Comparison of limgated and non-imigated land on the East and West Benches of Rock Creek.
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Figure 2. Longitudinal cross-section WB-WB', depicting the profile of the West Bench surface (Qat2) and the thickness of terace deposits. Note decreasing

thickness of the terrace deposits to the north. Source: Relten, 2020



Natural Surface Hydrology
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Figure 3. Comparison of IMgated and non-imgated and on the East and West Benches of Rock Creex.



~ 4 miles of Willow Creek
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Figure 3. Comp of Irmg; and non-imig. 1and on the East and West Benches of Rock Creek.



Man-made Surface Water

Source: Reiten, 2020



>40 miles of Irrigation Canals on West Bench
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Sub-Surface Hydrology

Groundwater at the Remington Ranch Well

1. Groundwater Levels
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Where is the Water Going?

Groundwater at the Remington Ranch Well

1. Groundwater Levels
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Where is the Water Coming From?

Groundwater at the Remington Ranch Well

1. Groundwater Levels
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1. Groundwater Levels

Groundwater at the Remington Ranch Well

Why is the Water Level Stable?
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Groundwater Budget $$

 Groundwater Discharge (Expenses)
— Uptake by plants
— Spring Discharge
— Discharge into streams
— Pumpage from wells

 Groundwater Recharge (Income)
— Direct Precipitation (Rain Snowmelt)
— Seepage from Perennial Streams (Willow Creek) and Ponds
— lrrigation Return Flow
— Seepage from Irrigation Canals
— Seepage from Septic Drain Fields

« Aquifer Storage (Account Balance)
— Increases if recharge (income) exceeds discharge (expenses)
— Decreases if discharge exceeds recharge
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When the Ditches are Running
(April to October)

Flow direction
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Groundwater at the Remington Ranch Well
1. Groundwater Levels

Water Depth from Top of Casing (Ft.)




When the Ditches Stop Running
(November to mid-April)
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Groundwater at the Remington Ranch Well
1. Groundwater Levels

Water Depth from Top of Casing (Ft.)




Effects of Land Use Changes

NN TS
. :,\lnm

=~
— —
———— —

2 P

s
Ld

n =00
X :
=~ /./l”/ N
: N

Tate

_ ,,\ ... \.\.N\..s. 0 e SN , : e
> N . .. \. J ey 2 ... : 2 .. ,.

~N—
| oy

A 1!/ B v : .‘,.t-

Source: Reiten, 2020



B

AN ANAA

3

«
1=

RC~6 281300
Depih jo waber {fi}
"

»
o

2008 2010 0N 2012 2013 4 2018 200 X017 2008 2019

RC-18 2851318
Degpth to waler (1)

&
o

2008 2000 2011 2012 2013 2014 2015 2016 2017 2018 1019

NERVAVAVANAVAVAV NV VLR

RC~7 281200
Depth 1o waler (R)
8 8 B

2000 2010 2011 2012 2013 2004 2015 2016 017 18 1019

ERVAVN ALV VT

RC-8 251208
Depth to waler (R)
w
e o

2000 2010 201 2012 2013 2014 2015 201 2017 2018 !D"lB
gn 1 l‘\;'\jwwv
i ! 2 ;

2008 2010 2011 2012 2073 2074 2018 2016 2017 2018 ;e

| A\

2008 200 2011 2012 2013 2014 2016 2016 2017 2018 018

RC~2 251288

Depth to water (§]

n
=

Dehis 181002
Depth to waber (1)
e o

200 010 011 2012 M3 1 018 DN DIT DB e

"
=

@w B
a 8
p———

RC-128128)
Degth o waler [R)
=

-
=3

2008 2010 2011 2012 2013 04 2015 016 2017 208 1010
.

TRE T™HE

L
Figure 2. Locations of imigated and non-imigated iand on the East and West Benches of Rock Creel. Welis are locations of iong-term waterdevel monforing. Sgum M-mmﬂ,



B

]

[ RARIRAR A

RC-6 2871300
"
o

Depth to water {fi}

'
o

—

200 200 2011 2012 2003 2074 2008 201 2017 2018 201

sl AU NI

RC-1§ 251318

Crepth 1o waler (1)

2000 2010 2017 2012 2073 2074 207 2016 2017 2018 e

.
wW

RC-T 28120
Cepth 1 water (1)
g 8

2000 2010 2010 2012 2013 2014 2015 201¢ 2017 2018 019

L NNV

RC-§ 251208
Depth to water [R)
w

2000 2010 2007 2012 2073 2074 2076 200 2017 2018 018

g

Sundog 246338
Depth o water (i}

2008 2010 2011 2012 2013 W14 Z0W5 2016 2017 2018 ;8

"
g!au
8
. 5
2§
40
2008 2010 2014 2012 203 2094 2018 2016 2017 2018 0.
L
40

Dehio 181002
Cepth 1o water (1)
™

2000 2010 2011 2012 2013 2004 2015 00 2017 008 W

-
=

RC~1 28125
Degth to water ()
s & &
—

~
=3

2008 2010 2011 2012 2013 2014 2075 016 2017 2000 1018

Tk T2E

Figure 2. Locatons of Imigated and non-imigated land on the a2t and Wez Benches of Rock Creek. Wells are iocations of iong-term water4evel monioring. Figure 4. showing In seiecied West Bench iluvial agufer wels.



- VWA

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

RC-2 251285
Depth to water (ft)

5 _r"s >
”

"/in | Red/Codge

-
(S Srsy . I
y ¥ 1
A i
- <+ 47
- L' Ldd 1
f "
\
i (
f ¥ .
J < '
) r N
~\ / ‘=
a 4
. \ / )
o’
#
;4 r
4
!




RC-2 251285
Depth to water (ft)

Hydrograph of Well Near
Double Ditch Dog Park 2009-2019
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Most Significant Land Use Change on
the West Bench in Human History?



Introduction of Irrigation at the Turn of
the Last Century
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What did the West Bench Look Like in 18507

Dry Gravel

DISSATATRROAETS

Saturated Gravel

Sedimentary Bedrock
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Dry Gravel

e

Saturated Gravel

Sedimentary Bedrock

After Irrigation

Saturated Gravel

Sedimentary Bedrock




Waren 2000, MT DNRC

Conclusions

Groundwater beneath the high terrace, or bench west of Red Lodge is a readily accessible
fresh water supply for the growing number of residents and businesses located on the
bench. At this time, this sand and gravel aquifer is in part artificially recharged by the
irrigation canals traversing the area, and by irrigation. This aquifer is preferable in some
ways to deeper bedrock aquifers. It is shallower and less expensive to reach with wells, it
is highly productive, and groundwater may be less mineralized than that in deeper
aquifers. If this aquifer can be maintained, more expensive water supply systems —
deeper wells or piped water - may never be needed on the bench.

eakage of water
quifer. If canals are
ever abandoned because all the lands serviced by them come out of irrigation, it would be
wise to tentatively plan to keep the canals, easements, and structures in place, at least
temporarily. If the aquifer receives adequate groundwater recharge from other sources,
such as other canals or natural recharge, the canal could be abandoned. If not, then the
canal could be used to artificially recharge the aquifer either by continuing normal
operations and routing the water back to its source, or by developing a more sophisticated
artificial recharge system.



Carstarphen et al 2014, MBMG

Carstarphen, Patton, and LaFave

Summary

At the time of sampling, water quality in the alluvial aquifer is very good, despite the dense development on
the Upper West Bench. TDS and nitrate concentrations are Iow.ﬁ
h (also a finding of Waren, 2000). While there were no signs of aquifer-wide deple-

tion, the Ground Water Assessment Program retained well 170571 as a state-wide monitoring network well.
Based on data from this well, there are no indications of long-term water-level decline (fig. 9).




Reiten 2020, MBMG

Conclusions

Hydrographs can provide information on sources and timing of recharge and
discharge to an aquifer. This review describes several of these interpretations and shows
the importance of high-frequency, long-term monitoring on the Rock Creek benches.
Infrequent water-level measurements and relatively short duration of monitoring can limit
mterpretation of the aquifer response in areas such as this, where multiple factors
(increase 1n the number of wells, changes 1n the extent and methods of wrrigation,
short-term climatic conditions) can affect the hydrologic system. In this case, hourly
measurements collected with transducers and data loggers provided good definition of
water-level changes. Nearly identical patterns of annual water-level cycles repeat over
several years of monitoring.

Data collected through 2018 indicate that leakage from 1rrigation ditches appears
to adequately recharge the West Bench alluvial aquifer. The volume of water pumped for
subdivision housing through this time period does not appear to affect groundwater
levels, as there are not obvious declines in the long-term hydrographs. Water supply
problems may occur near the edge of the Bench where the depth to water in early spring
approaches the total well depth.



What Could Affect Irrigation Canals?

Climate Change - Extended Drought

— Junior water rights were shut off last summer
Residential Development Pushing out Ag
Sale of Water Rights for Other Uses

Ditch Improvements/Lining

Changes in Points of Diversion



What can be done to secure water for
the future?

» Secure/Acquire Water Rights for
Groundwater Recharge

« Keep Agriculture Viable
* Continue Monitoring
* Other Thoughts?



