Detecting and Monitoring Cold- and Warm-
Water Inputs to the Lower Big Hole River near Glen, MT
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Bac kg round GWIP Project BIG HOLE
Proposed by: WATERSHED COMMITTEE
Conservation Through Consensus.

Purpose: Determine the hydrogeologic influences that most affect water supply and temperature

on the lower Big Hole River near Glen. Stakeholders can use this information to better understand
which land management practices most benefit the water resources in this area.

Recreation/Fish Health: Nutrient Cycling:
 >120,000 anglers in 2020 (Montana FWP, 2022). ™ temperatures = I nutrient solubility and
 Hoot Owl and River Closures 1 biogeochemical rates

“FWP is working to better understand
the causes of these declines, which are
linked to flows, water temperatures
and other factors.”

- Montana FWP (July, 2023)

(Nimick and
others, 2011)

MBMG
Ground Water Investigation Program
Background Approach V Field Data V Preliminary Results V Conclusions \




Background

Big Hole River
Tributaries

= Big Hole River near Glen, MT is
anabranching river
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_ Mountain

= Flows:

= High flow is ~4,000-6,000 cfs
(May-June)

= Low flow is generally 100-300 cfs
(Aug-Sept)
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Approach

1) Float trip with handheld
thermal infrared

2) Temperature loggers in:
groundwater discharge,
tributaries,

hyporheic, and

tail-water return

3) Water Quality Parameters
n pH
= SC
= ORP
= DO

MBMG

Ground Water Investigation Program

/ Background

Approach Field Data V Preliminary Results V Conclusions \



Approach
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Groundwater

Field Data from 2023

Hyporheic

Tail-water return

@ o0oe

Tributary

Canals
Big Hole River

Tributaries

Monitoring:
= 19 Groundwater discharge sites
= 3 Hyporheic
= 3 Tail-water returns sites

= 1 Tributary
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Field Data from 2023
What did the groundwater dis_c_ha_rge sites look like?
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Bank discharge (10’s of ft)
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Field Data from 2023

What did the groundwater discharge sites look like?
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Precipitated iron hydroxides and iron-
oxidizing bacteria (Brooks and Field, 2020)
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Visual groundwater flowing out of banks ’ | : | - Qil-like shee iicative

Y , of iron oxidation
MBMG Iron and manganese staining (Stanton and others, 2007)
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Field Data from 2023 10 G pas v .| s g
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Prelimina ry Results Groundwater diel cycles are colder, muted

and influenced by stage.
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Preliminary Results

Why there is
greater diel swings
during lower river
stage?
= Different
groundwater
discharge paths

become
preferential

= Bank storage
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Prel Imina ry Resu |tS The path the groundwater takes to the river matters:

the groundwater can warm up before it reaches the

river.
35 s s 1 s s s 3.0
30- | |
| | 2.6
Air Tl'emperature GEW
O 25+ | | z
© 2.2
>
]
© 20-
()
(@R
= -1.8
(¢)
= 15 i
- 1.4
10
5 i ; ! ' 1 ! 1.0
8/25/23 8/26/23 8/27/23 8/28/23 8/29/23 8/30/23 8/31/23 9/1/23
~100 ft long path —— Groundwater Discharge —— Groundwater Discharge Meets River

—— River Temperature

MBMG

Ground Water Investigation Program

/ Background V Approach V Field Data Conclusions \

() o8e3s



Preliminary Results

Temperatures from tail-
water return sites appear
to be at the same
temperature as the river
or slightly lower.

Temperature (°C)
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Preliminary Results

When river stage
ﬁets too low,
yporheic flow show
greater diel
temperature swings.
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Temperature (°C)

Hyporheic flow buffers the river temperature
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Preliminary Conclusions

= Groundwater discharging into river is a cooling source, unless it
warms up before reaching the river.

= Canals generally have temperatures that are cooler or equal to the
river temperature

= Hyporheic flow buffers the river temperature until river stage drops
low enough that the hyporheic flow path is cut off.

= Things to consider when river sampling

= Nearby groundwater discharge can impact “river” samples and result in non-
representative samples

= Diel cycles in temperature, pH, DO, and the biogeochemical processes that are
associated with these parameters can result in isolated readings being non-
representative (e.g., Nimick and others, 2005; Arrigoni and others, 2008)
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Questions?

Ground Water Iﬁvestigation Program :
/ Background V Approach V Field Data V Preliminary Results



References

Brooks, C. N., and Field, E. K., 2020, Iron flocs and the three domains: Microbial interactions in freshwater iron mats:

Mbio, 11(6), 10-1128.

United States Environmental Protection Agency (US EPA), n.d, Water quality topics: Nutrients.
https://www.epa.gov/wqclr/water-quality-topics-nutrients [Accessed 2023]

League, C., and Caball, B., 2022, Montana Statewide Angling Pressure 2020: Montana Fish, Wildlife & Parks (Montana FWP), 92 p.

Montana Bureau of Mines and Geology (MBMG), 2023, Ground Water Information Center (GWIC) online database, available at
https://mbmggwic. mtech.edu/ [Accessed 2023].

Montana Fish, Wildlife & Parks, 2023, FWP’s response to trout declines in Big Hole, Beaverhead and ruby rivers,
https://fwp.mt.gov/homepage/news/2023/july/0706-fwps-response-to-trout-declines-in-big-hole-beaverhead-and-ruby-rivers [Accessed
9/20/2023].

Nimick, D. A.,, Gammons, C. H., & Parker, S. R., 2011, Diel biogeochemical processes and their effect on the aqueous chemistry of streams: A
review, Chemical Geology, 283(1-2), 3-17.

Poole, G. C., & Berman, C. H., 2001, An ecological perspective on in-stream temperature: natural heat dynamics and mechanisms of human-
caused thermal degradation: Environmental management, 27, 787-802.

Stanton, M. R., Yager, D. B., Fey, D. L., and Wright, W. G., 2007, Formation and geochemical significance of iron bog deposits: US geological
survey professional paper, 1651.

United States Geological Survey (USGS), 2023, Big Hole River near Melrose Mt. USGS Water Data for the Nation:
https://waterdata.usgs.gov/monitoring-location/06025500/ # parameterCode=00060&amp;showMedian=true&amp;startDT=2014-01-
01&amp;endDT=2023-09-20 [Accessed 9/20/2023]

MBMG

Ground Water Investigation Program /

Background V Approach V Field Data v Preliminary Results



Field Data from 2023

What did the groundwater discarge sites look like?
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