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Ranking meeting of Ground Water Steering Committee September 26.

New nominations are in blue.

New nominations or re-nominated projects
Issues and concerns nominated and being considered:

9 Summit Valley
Upper Clark Fork stream depletion
Land release
Development — industrial and domestic

19 Small tributaries that feed Paradise Valley (Pine Creek)
Development stresses
How these catchments support the main valley
And now a major fire

31 Clear Lake Aquifer
Water management
Ancestral Missouri River valley
Wetlands, irrigation use

32 Lower Yellowstone River Buried Channel Aquifer
Resource quantification and management
Irrigation and water supplies — Sidney area

34 North Fork Flathead River
Sensitive international river system




Issues and concerns nominated and being considered:

45 Yellowstone River north of YNP
Groundwater/surface-water interaction
Hydrothermal feature recharge
44 Soda Butte Creek — YNP
Increasing development in a seasonally high use area
20 West Yellowstone
Nitrate and water supply stress from expanded growth
36 Big Sky
Potential water resources to meet increasing demand
Water management of the resources
40 Upper Jefferson River to Whitehall
Irrigation stress on streamflow
42 Fox Hills aquifer
Stress due to oil and gas development
Water management in conjunction with multiple uses
43 Beaverhead River — Point of Rocks to Twin Bridges
Increased groundwater demand for irrigation
Increased instream flow rights
Water management with multiple uses

Issues and concerns nominated and being considered:

46 Otter Creek
Coal development
Large grazing district dependent on wells and springs
Now major fire impacts
Finding common ground on management approaches thru science
47 Shields River Valley
Potential oil and gas development
Increased groundwater demands
48 Wise River
Watershed health and functionality through better management
Function of irrigation for groundwater recharge and stream flow
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Issues nominated for the 2012 ranking process:
Stream Depletion from groundwater stress
Land use changes and reduced irrigation in various settings
Irrigation
Development in mountainous terrain
Industrial use
Impacts of major wildfires on aquifers, springs and groundwater dependent ecosystems
Better science for water management
Sensitive international groundwater and surface water system
Hydrothermal feature protection

Nitrate and water quality impacts

Coal, Oil and Gas development

GWIP project data and results are being put to use:
Some of those uses are known to us.

Helena Subdivision
Planning has changed as a result of GWIP project

Canal Seepage data
Irrigators
DEQ
Bureau of Reclamation

Stream Depletion information
DEQ
Consultant

Landowners:
Receive copy of data collected on their land
Have contacted us due to concerns which were directly answered
on water quality and quantity in several instances.

Aquifer tests and hydrograph data
Consultants

Exempt well report (Metesh)




Energy and Groundwater in Montana

Co-Sponsored by
Montana Watershed Coordination Council

Montana Bureau of Mines and
Ground Water Working Group Geology

Natural Resource Building. Room 122
Montana Tech campus

Butte - July 31, 2012
1030 am Registration
11:00 am Introduction and Welcome
11:15am -12:15pm  Unconventional Oil and Gas moderated by Ginette Abdo
Bakken and other tight plays in Montana

Jay Gunderson, Montana Bureau of Mnes and Ge
Engincering and fracking wells in tight plays

John Evans, Montana Tech, Department of Petroleum Engineermg

12:15 10 1:00 pm Lunch, Natural Res

Building Lobby

1:00 to 2:00 pm Coal development  moderated by John Wheaton
Coal-related de:

tngela MeDannel, MDEQ. Coal and Uranium Program

velopment in Montana and overview of the groundwater regulations

Groundwater monitoring program for coal mines

nd coalbed methane
izabeth Meredith, Montana Bureau

[2:00 10 2:15 Break

211510 3:30 pm Geothermal Energy in Montana  moderated by James Rose
Types of development and potential around the state

John Metesh. Montana Bureau of Mines and Geology

Associated groundwater issues, permit and impl d examples

Kathi A

gomery, MDEQ, Renewable Energy and Air Quality
Mining Butic's Geothermal Resources

Edmond De tana Bureau of Mines and Geology

L\ru pm Underground Mine Tour
The underground mine tour is adjacent to a heat-pump project under construction which|
will hamess geothermal cnergy beneath the Montana Tech ca

James Rose McCulloch. John Metesh. M

Groundwater theme workshop

Communicating results
Addressing issues
70 attendees

Plan to continue this forum
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Gallatin Valley
Four Corners Investigation Area
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Four Corners Ground Water Investigation Project

Objectives / Results

* Determine the extent of alteration to the groundwater system in the Four Corners
Area over the last 60 years.

Small water elevation changes, large flux decrease
* Correlate groundwater changes to land use conversion.

Reduction of irrigated acres has decreased recharge
Subdivision use has a minimal effect

* Document the effects of irrigation and canal leakage on groundwater recharge.
Typical canal leakage is 1.1 cfs per mile
* Evaluate likely effects of future changes and development.

At past growth rates, future development will lower the water table about 2.5
feet

Irrigated Land
(1953)

All flood irrigation

1953 Land Use
] Four Comers Study Area ™

] Moceied area

I 1953 Imgated lands
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Irrigated Land
(1990s)

Irrigated lands decreased

Suburban development

Irrigated Land
(2010)

Irrigated lands decreased at
an average rate of 628 acres
per year since 1992

Suburban development
increasing at an average rate
of 535 acres per year since
1998
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Since 1950:

River flow entering valley has
decreased an average of about
330 ac-ft per year.

River flow leaving the valley has
decreased an average of about
1,160 ac-ft per year.

Consumptive uses within the
valley have increased and
recharge from irrigation has
decreased during that timeframe.
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Total well count in Gallatin Valley

i
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Since 1950:

The total number of
wells in the valley
increased slowly until
| mid-1970’s,

i Then increased more
rapidly until the mid-
1980's

And then increased
at an even faster
rate for about 20
years.

| The rate of new

2010 well installations has
slowed since about
2004.
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How we approached the problem:

Monitoring
Modeling
Interpretation

Potentiometric
Surface

April 1953
April 2010
Few significant changes

Water table elevations very
similar to present
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Groundwater flow
components:

Groundwater (GW) flow out
of the area

Recharge (R) from irrigation
seepage

Evapotranspiration (ET) from
crops and lawns

Calculated and modeled
changes to the aquifer
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Water level trends after 25 years at the current land use.
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Water elevation at well 224097 (ft)
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Water level trends after 50 years at projected changes in land use.
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Conclusions:

* Use and recovery due to “bathtub effect”
* Water levels artificially elevated from irrigation
* Land use changes have decreased flow volume

* Water level decrease of approximately 1 foot predicted from current land
use changes

* Projected future land use changes could decrease the water level
approximately 2.5 feet

* Groundwater flux is considerably more sensitive to land use changes than
water levels

The effect of reducing irrigated acres is significantly greater than increasing
suburban acreage

9/10/2012
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GWIP Helena Study Areas
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North Hills Area Model
Schematic View
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Computed groundwater drawdown due
to 47 domestic wells placed in the
southwest quarter of Section 31
Steady-state solution
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| southwest quarter of Section 31 2N
| Steady-state solution
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;\(_‘»«v}_ North Hills area model with 2,150 equivalent households
% An extended use of the new GWIP North Hills model
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North Hills: 2,150 houses,
Cumulative: 1,048 acre-ft per year
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Potentiometric Surface
and Calibration Targets

o

in the Scratchgravel Hills Model

Scenario 1:
1 PWS Wel
Supply for lots
10 years of pumping
1-ft area of influence

extended

“Area of Influence”: :
T ALt it e e e e S e S 5

extent of 1-ft of drawdown

Scenario 2:
33 exempt wells
Supply for lots
10 years of pumping
1-ft area of influence

extended
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Mitigating with additional canal seepage

a
o

w
3]

Black Slough

Baseflow to streams (cfs)
w
o

N
(4,
(wdb) ‘(g 2 v siam) 118m 12d ajey Buidwing

20
Dec Apr Jun Aug

Pumping Rate Year 20
- = Black Slough - baseline
- - Black Slough - Scenano 3
~ Black Slough - Scenano 7

Stream segments depleted by pumping

messs 1000 feet
2640 feet

: °
-~ Gravelpc {
Al o R |

P

~__| ‘qwreemile Creep

21




9/10/2012

Columbia Falls
Whitefish

approxmate study

/ boundary

Ao

Big Fork

3 3N
- N Gobgle

Kalispell
Flathead Lake north shore
river and lake deposits

Stillwater River
Flathead Lake

Deep aquifer
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| Kalispell Valley
| Comparison of thickness of confining layers over Deep Aquifer
and barometric efficiency measurements
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e Water Quality

— Head Lane
(Bedrock well)

* Only well with
Ammonia
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Possible
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in bedrock
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Electromagnetic survey
Indicating width and location of fault zone

. Apparent
Electrical

- Conductivity
. ¢ wfmS/m?2)
- ’-.\ = .
\ ™ Drilled Test Wells

%
189 feet

Google

GW!IP Solutions

* Problem-focused investigations

* Specific findings and recommendations for
each problem

* Groundwater models for water resource
management
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GWIP Products

Interpretive Reports
Groundwater Models and Reports
e Technical Reports

* Groundwater level data
* Surface water flow measurements
e Groundwater and surface water quality data
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