ZONING ADVISORY PANEL PUBLIC COMMENT

Received Between August 6, 2021 (noon) and August 20, 2021 (noon)

As part of the County’s strong commitment to an open and transparent public process,
comments received from any Citizen which reference the Zoning Advisory Panel (ZAP) are
usually made available to the general public through uploading the comments to the County’s

website prior to the next ZAP meeting. Similarly, if the commenter requests, the information
may also be forwarded to the ZAP Members directly.

* Please Note: Inclusion of Public Comments herein, does not imply any
support nor opposition of the comments by the County.

Any Web Links included in the Public Comment have not been vetted by the County and readers
should proceed with caution when accessing Web links*
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From: County_Planning_Mail

To: Greg McNally
Subject: FW: Attention Zap
Date: Wednesday, August 11, 2021 1:39:57 PM

From: Max Milton <maxmilton@mt.net>

Sent: Wednesday, August 11, 2021 1:30 PM

To: County_Planning_Mail <County_Planning_Mail@Iccountymt.gov>
Subject: Attention Zap

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

As | promised in my comments at today's ZAP meeting here are three items that may be useful to the Panel
as you begin to focus in on advising the BOCC on Helena Valley Planning Area zoning proposals for the
Suburban and Urban transition zones.

Thanks,
Maxwell Milton

1. MANAGING GROWTH IN THE NEW WEST: AN EDUCATIONAL WEBINAR SERIES

IMPROVING CITY AND COUNTY COLLABORATION: BILLINGS AND YELLOWSTONE COUNTY, MT
https://voutu.be/ awXQ3fCbgw

A PDF of the slides to above presentation are at this website.
https://www.future-west.org/portfolio/managing-growth-in-the-new-west-an-educational-webinar-series/?

portfolioCats=38%2C39%2C%2C40%2CA8

2. Here are some links to information regarding The Mullan Area Plan on the west edge of Missoula. |
believe Missoula County and City Planning Dept with major input from Planning Board and the public
have worked together on this to address an area currently in the County but likely to be annexed into
the City. The Ordinance linked below is a County Ordinance | believe.

The website still refers to the plan as a final draft so | am not sure whether it has been officially
adopted. Would a process similar to what was done here make sense for a designated area in the Urban

transition zone?

Information here.
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contact: ahagemeier@missoulacounty.us

what follows is from
https://www.missoulacounty.us/government/community-development/community-planning-

services/planning-projects/mullan-area-master-plan

PROJECT INFORMATION

ltems being considered for adoption specific to Missoula County

Item 1. An amendment to the Missoula County Growth Policy to adopt the Mullan Neighborhoods
Master Plan as an area plan, and to amend the Missoula County Land Use Map (Map 18 in the
Missoula County Growth Policy) to include the new land use designation, and amend the
boundaries of the Wye-Mullan Comprehensive Area Plan.

Click here to see the proposed Mullan Neighborhoods Master Plan
Click here to see the boundaries of the proposed master plan

Click here to see the proposed text and boundaries for the new land use designation

Item 2. Adoption of the Mullan Traditional Neighborhood Development Form Based Code (FBC).
The FBC is a zoning regulation that will implement the vision in the plan. The FBC is designed to
implement a mixed-use vision for the Mullan community that:

Provides the standards and review procedures necessary to ensure that the Mullan Traditional
Neighborhood development program established in the Missoula County Growth Policy and Our
Missoula City Growth Policy is achievable.

Provides for standards of development through the implementation of the form based code.
Provides for the organization of development through the establishment of Transect zones.
Utilizes the public BUILD investment in the Mullan area.

The FBC is designed for predominantly undeveloped areas and has special provisions that allow
a high level of flexibility for developers while ensuring a high-quality built environment for the
public.

The FBC will be stand alone zoning regulation, not in addition to the current Missoula County
Zoning Regulation.

Click here to see the proposed the Mullan Traditional Neighborhood Development Form
Based Code (FBC)

Item 3. A rezoning of approximately 685 acres to the Mullan Traditional Neighborhood
Development Form Based Code. The FBC contains different Neighborhood Unit types which are a
general description of the varying levels of development intensity and use for a large area. The
rezone will apply four Neighborhood Unit types. The proposed Neighborhood Unit types are:
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Crossroad Center (181 acres)
Community Center (276 acres)
Town Center (167 acres)
Workplace (61 acres)

To see the details of the proposed Neighborhood Units, see the FBC

3. Gallatin County is updated its Growth Policy. They are dealing with growth outside the Urban
Boundary.

Garrett McAllister is the planner staffing the process.
406-582-3130

Here is a link to the 158 page Updated Growth Policy Draft. Garrett told me they are hoping to adopt it in
September.
To be clear this a draft Growth Policy for the County not a zoning ordinance.

https://documentcloud.adobe.com/link/track?uri=urn:aaid:scds:US:cbb362dd-9f50-4ef6-93e7-
bc2fe36408e0#pageNum=1

What can we learn from this fast growing County?
Again would it make sense to invite someone from the County Planning Dept to speak to the Panel and be
available for questions?
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From: John W. Herrin

To: Greg McNally; James Swierc; Andrew Thomas; NicoleGiacomini@gmail.com; |Ilgowen@helenaabstract com;
ryan@casneinc.com; mkurmove@gmail.com; gharris@helenahar.com; Jerry Hamlin; Kim Ahsmoore;
jdusenberry@janddtruckrepair.com; Jim McCormick; beth@triplersurveying.com; onathon ambarian@kxlh.com;
jd2.dooling@gmail.com; Kim Smith <kimsmithvalley@hotmail.com>; Andy Hunthausen; Roger Baltz; Mike
Easbender; Peter ltaliano; Ralph Kuney; Rae Lynn Christians <rlchristians@gmail.com=>;
steveburch@missouririvercontractors.com; sutick@mt.net; Tom Rolfe; trevoretaylor@hotmail.com

Subject: Attention ZAP -- James Madison Power-point Presentation "Groundwater Basics" Presented to Helena Area
Realtors Association in early August 2021
Date: Tuesday, August 10, 2021 11:34:22 PM

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

ZAP Members plus L&C Co. Greg, James, Peter, Rodger and BoCC — and other Business a-owners nd
Landowners,

August 10, 2021

Attached please find the power point presentation James Madison (Hydrologist -- Montana
Bureau Mines & Geology) presented to the Helena Area Realtors Association last week.

Please submit this email and James Madison’s Power-point to the ZAP committee and consider this
issue be revisited by ZAP in upcoming Meetings.

The primary take away is that there is -- there is ample groundwater available in the Helena Valley
Planning Area to support many more future homes, even in the North Hills, The grassland Spokane
Creek bench-lands, etc. and the County’s 2020 Zoning Regulations, 10-acre lot size restrictions has
no legal or technical foundations, especially relative to the groundwater supply.

Again restated for the 10" time -- The County has no legal, administrative or technical
basis for considering the 10-acre restriction on all roughly 150,000-acres of private
property within the Rural Residential Mixed-use sub-zone of the Helena Valley Planning
Area.

According to my conversation with Mr. Madison today (August 10), he has carefully been monitoring
and evaluating the Helena Valley groundwater systems for the past 20 plus years, and we shared the
following insights into the past development trends of the Western Montana Valley and in particular
the Helena Valley relative to future groundwater resources supplies:

A. NORTH STAR SUBDIVISION

(Note: See slide 13 of Mr. Madison’s attached Power-point Document for graphic
explanation of well tapping two different types of groundwater aquifers — Confined and
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Unconfined. Confined aquifers are capped by impermeable/semi-permeable layer that
confine water flow to more permeable layers of valley fill sediments or bedding planes or
fracture zones allowing water to develop pressure and rise above the source if tapped by
supply wells. Unconfined aquifers are generally in Tertiary age or younger valley-fill or
stream sediments—with groundwater levels in unpumped wells equaling the source aquifer
static water levels).

1. The one major problem area relative to declining groundwater levels and impacts to the
directly supplied and indirectly affected households is the North Star Development.
Important facts to consider and possible solutions for increasing water availability and
reducing aquifer declines are:

a. NorthStar is working on replacing the pumps to the community based on court ordered
landscape watering allowances — but that will not fix the basic site specific groundwater
aquifer characteristics nor the system design issues which have created excessive
drawdown of groundwater levels in the bedrock confined aquifer.

b. The impacts of the hundreds of homes on the North Star subdivision has dropped
bedrock groundwater levels approaching 200 feet near the 6 well North Star cluster,
but appear to have affected bedrock groundwater levels over a mile ESE (see Mr.
Madison’s PP figure 63).

c. Based on monitoring wells completed in the overlying Tertiary age North Hills
unconfined aquifer, the groundwater levels appear to be fairly stable seasonal pulsing
fluctuations and overall roughly 10-year precipitation fluctuations -- yet generally no
major severe dewatering problems like the bedrock confined aquifers tapped into for
North Star.

d. Asageneral rule, the North Hills aquifers have ample water to meet current and future
Rural Growth if State Subdivision & DNRC Groundwater Appropriation Regulations are
properly administered.

e. Where higher elevation bedrock aquifers with more limited groundwater recharge and
water supply fractures systems — DE and or DNRC may limit the amount of granted
groundwater use and therein the density or number of subdivision lots based on
applicant submitted on-site groundwater aquifer testing results. These agencies have
written Subdivision Approval Statements that limit the size of irrigated landscape, or
require installation of 1,200 to 2,000 gallon cistern vaults to allow homeowners to still
have limited irrigation landscaping and still maintain enough water for inside domestic
water supply.

2. Mr. Madison’s recommendation is that the North Star and other nearby Subdivisions (e.g.
Ranchview, Skyview and ?) combine resources with the County to create and Public Water
Supply system and install piping along the Montana Avenue right-of-way —tapping the
unlimited Helena Valley Unconfined Aquifer on the County owned section north % mile of
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Bob’s Valley Market near the Helena Valley irrigation canal.

3. Another cheaper solution — might be for the North Star Owners look into assessing the
feasibility of completely additional wells at a shallower depth — tapping into the unconfined
Tertiary gravel aquifers for some additional seasonal groundwater supplemental water to
reduce the mining of groundwater from the confined bedrock aquifers.

4. Mr. Madison went back and reviewed the original pump test results submitted to DEQ for the
original North Star subdivision and noted that after the pumps were turned off, the
groundwater levels did not return to pre-pumping levels for days after the tests where
completed — meaning the bedrock aquifer being drilled into had limited recharge capacity
when pumping at higher flow rates —indicating the bedrock aquifer would not supply
adequate water for the subdivision over the long haul.

5. Therefore he noted that whoever reviewed the public water supply application --at L& C
County, DNRC and DEQ -- missed the basic facts of the limited groundwater availability in the
bedrock aquifer as a source of water for the number of houses proposed in the North Star
permit application. Either the number of houses should have been reduced, the regulatory
permit dictated limits on the amount of landscape irrigation or a supplemental water source
be added to the system.

B. Eastern half of North Hills --- Generally ample Groundwater in Lower elevation areas
tapping the Sloping Tertiary Valley Fill Unconfined Aquifers allowing moderate density
development, with lower lot size densities reasonable for upper-elevation bedrock supplied
properties. Near and below the Helena Valley aquifer, groundwater supply limits are not a
real concern.

Similarly —ample valley-bottom Helena Valley Unconfined Aquifers exists up to a mile north
of Lincoln Road recharged in part by leakage from the Helena Valley Irrigation canal and by
unlimited pool of valley bottom groundwater created by Hauser Lake and Lake Helena. Jim
Taylor (PE) working for Mark Diehl back in the mid 2000s, noted that Mr. Diehl’s proposed
subdivision had a 500 gallon per minute well and that there was ample groundwater under
his property to support a public water supply system with piping and a large storage tank
well up on the east end of the North Hills, providing water for hundreds if not thousands of
new homes for future growth in the Helena Valley Planning Area.

The County Planning & Technical and BoCC have not wanted to look into any reasonable
alternative plans for public wastewater treatment or other dispersed public water supply
systems despite the fact that L & C County managers have repeatedly ignored or dismissed
reasonable non-city solution in strong bias towards protecting and enhance the City of East
Helena and Helena public systems as the only reasonable systems dating back decades.
WHY?

C. Emerald Ridge Subdivision.
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1. Most properties in the Emerald Ridge tap into the shallower Tertiary Elkhorn Volcanic
deposits with variable layers of sandier layers interspersed with tighter clay dominated
layers leading to localized more productive (perched) water bearing zones which can
be highly variable leaving some homes in the Emerald Ridge Subdivision with low
producing wells — requiring those unfortunate homeowners limit landscaping irrigation
or resort to deepening wells to tap into the more productive bedrock aquifers lying
about 500-600 feet below the land surface.

2. Although the number of low producing wells is in the minority — it does get a lot of bad
press. But two solutions exist for those few unfortunate landowners -- either drill
deeper wells which will provide ample groundwater support 1-2-acres of vegetative
landscaped lawns, shrubs and trees.

3. The Second and more costly solution requires a large number of landowners to band
together and invest in a public water supply district and make arrangements to tap into
the Helena Valley alluvial aquifer which exists less than a mile to the west of most
properties.

4. Proof of adequate groundwater exists east of Lake Helena Drive is the 500 gallon per
minute well located on Bob Utick’s 320-acre corner parcel east of and abuts Lake
Helena Drive, and south of and abuts York Road (NW Corner of new MDT round-
about—a due east of NE Corner of Fox Ridge Golf Course). The County incorrectly
classified this pre-engineered parcel as part of the 2020 HVPA Rural Zoning Regulations
with restrictive 10-acre lot size restrictions hanging over it like a sludge hammer. This
property is ideally located to supply affordable lots to new perspective landowners in
one of the more desirable places in the entire HVPA —yet the L & C County 2020 Zoning
Regulations at 10-acres would limit this attractive development parcel to only about 30
lots where up to 500 or more new homes on larger than city size lots would be possible
and desirable given it’s closeness to East Helena and Helena with adequate state and
County paved roads going in 4 different directions.

This parcel of land has no basis for being included in the L & C County 2020 Zoning
Regulations for Rural Mixed-use zoning given it has ample water for lot size density
way less than 1-acre in size — which is a major technical, administrative and
regulatory mistake by the County.

D. Birdseye Road, Priest Pass Road, Rimini Road, Scratchgravel Hills area etc — will likely
never see any major subdivisions because Compliance with County Subdivision Regulations
makes rural development in the entire county Largely Uneconomic.

1. Very limited development and most certainly no major new subdivision developments
will likely occur on or feeding into Birdseye Road, Rimini Road or Priest Pass Areas or
other non-state owned roads -- will ever happen under the Current L & C County’s
current subdivision regulations, given the County’s unreasonable requirements that
any new major subdivision must have two road entrances into the development site
and both roads must be evaluated relative the projected engineering costs to upgrade

Zoning Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 8 of 86



the road to meet the current County Subdivision Standards.

2. Then the subdivision applicant must pay the county before final plat approval for their
proportionate share contributions to upgrade any Non-State owned roads up to the
County Design Standards. Given the fact that most of L & C County’s 500 plus miles of
road and nearly all gravel/dirt privately maintained roads -- not within modern County
Approved subdivisions — all fall well short of meeting the ideal County Standards for
gravel and paved roads.

3. At paved road costs now exceeding $1,000,000/mile and the County high estimate of 9
plus vehicle trips per day generated from a single household, very few rural
developments in this county will ever pencil out and lead to a real development. And
the further a property is away from a state Highway, the worst the economic costs
become for any landowner or developer.

4. Couple the high costs off-site road improvement costs, is the fact that most
development in Lewis and Clark County and actually state wide is happening wherein
the developments are occurring within the Boundaries of Cities and towns with ample
already allocated DNRC Senior Water Rights — because of the District Court Ruling in
2014 limiting the agency use of exempted water rights to 10-acre feet of water use per
development (again about 13-lots maximum) without triggering costly and time
consuming Water Rights transference permitting hurdles.

Summary.

Groundwater supplies for new subdivisions located within the Helena Valley Planning Area is in no
way a valid justification for requiring 10-acre lot size restriction that were part of the 2020 Zoning
Regulations — tabled until the ZAP committed final findings and BoCC final ruling due by July 1, 2022.

James Madison, | and many other informed professionals agree that existing Subdivision and Water
Rights regulations adequately protect existing and future groundwater users and isolated problem
areas within the HVPA can be addressed on a individual basis without unfairly and illegally targeting
all rural property for harsh unnecessary regulatory controls like the 10-acre lot size restrictions.

Mr. Madison is very aware that this is a sensitive political issue, and therefore | (John Herrin) want to
make sure that there is no adverse criticism targeting Mr. Madison, given | have included additional
specifics statements that go a bit beyond our 30 minute conversation, but | believe in all honesty
that Mr. Madison would not object to any single word herein written involving the actual
groundwater supply technical issues herein presented.

The political and administrative statements are mine and mine alone and therefore any counter
arguments along those lines should be directed at me and not Mr. Madison.

John W. Herrin
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Sent from Mail for Windows 10

From: HAR Admin (via Dropbox)
Sent: Tuesday, August 10, 2021 4:42 PM

To: 2freedomrings@gmail.com

Subject: HAR Admin shared "Groundwater Basics" with you

Hi John,

HAR Admin (angela@helenahar.com) invited you to edit the folder

"Groundwater Basics" on Dropbox.

Go to folder

Enjoy!

The Dropbox team

Report to Dropbox
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Presenter
Presentation Notes
Today I’m going to talk about MT’s groundwater resources – specifically some of the lessons learned from 20 + years of monitoring groundwater

Groundwater is the largest reservoir of fresh water on the planet, but we don’t see it. It’s below ground some where, out of sight… It doesn’t capture our imagination like a MT trout stream – this quote speaks that that. If water would just stay on above the surface it would be so much easier to figure things out … but of course it does penetrate the surface and represents an important resource for Montana

Share some of our experience with 20 yrs of gw monitor across the state


Montana Bureau of Mines and Geology
a department of Montana Tech

e Established in 1919 to provide reliable
and unbiased earth science information

 Non regulatory, applied research
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Where’'s the water?
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Water Cycle: Basin Scale

Hydrologic cycle: the endless circulation of water
etween the atmosphere, the land surface and the o

Evapotranspiration

Surface water
discharge

Ground water
discharge

Water is in the atmosphere for 1-2 weeks,
streams for ~ 2 weeks, the ground water
system for 2 weeks to 10,000 years.

Zoning Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 14 of 86
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Presenter
Presentation Notes
This a schematic of the Hydrologic cycle on a typical Montana basin scale. The critical exchanges are:

See a schematic depiction of water moving through unconfined and confined basin fill aquifers.
Although water is constantly cycling residence times differ.
Cycling but residence times differ
Atm: 1-2 weeks
Streams: ~ 2weeks
Ground water 2 weeks – 10,000 years

Global scale usuable water: groundwater 95%, streams and lakes 3.5%, soil water 1.5%
Water is in motion. 
Critical hydrologic exchanges on a 
typical Montana basin scale include: 
precipitation, infiltration, surface runoff, 
evaporation and transpiration



Ground Water:
Essential Definitions / Concepts

Aquifer:
A permeable geologic unit that can transmit and store water.
e alluvial (sand and gravel) or bedrock (sandstone, fractured rx)

Directian of ground flew

Zoning Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 15 of 86
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Ground Water:
Essential Definitions / Concepts

Aquifer:

A permeable geologic unit that can transmit and store water.

e alluvial (sand and gravel) or bedrock (sandstone/fractured rx)
e unconfined (water table) or confined (artesian)

A\ The water level will rise above the top of the
s aquifer due to artesian pressure.

surface water represents is an “exposure” of the
water table—hydraulically connected to
shallow ground water. ;

_—
—
2 e .
MMMMMMMMMM
e n e
e e
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Surface
Water

artesian pressure — <

s Unconfined Aquifer | Belowthe
s s R e water table

i g Confing Uit st dlayeshale = the pore

""""""""""""" space is

= ; ; saturated.
i Confined Aquifer
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Ground Water:
Essential Definitions / Concepts

Ground water is moving... but slowly
e 1ft/day — 1ft/yr Residence times: days - millennia

Recharge:
e Movement of water from the land surface to the aquifer

Discharge:
e Movement of water from the aquifer to the land surface

Discharge Recharge
e base flow e precipitation
e ET * streams
e well pumping e canals

* mountain front
e shallow to deep

hent 8-6-21 to 8-20-21, Page 17 of 86
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Ground Water:
Essential Definitions / Concepts

Groundwater and surface water are connected

Stream hydrograph: measure of discharge as a function of time

Spring run-off peak

steady component of stream flow
derived from ground water is called baseflow.

Discharge

e \

=

vz Baseflow

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Major portion of flow ultimately derived from baseflow
 On average, ground water accounts for 40 - 50 % of annual flow

Zoning Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 18 of 86
MBMG
>
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Presenter
Presentation Notes
We all know that stream varies on a seasonal basis.
Stream flow hydrograph reflect two contributions to a stream
The peak: water delivered to the stream by overland flow& subsurface flow by spring snow melt – see a relatively fast response to short-term changes.
 But there is also a steady component of flow --base flow--water delivered by gw flow, 


The water table

water table:
* subdued representation of land surface,
* depth to the water table variable,
-near land surface in topographically
low areas (near streams).

ground-water flows:
down the slope of the water table surface.

gaining stream:

*water table higher level than the stream,
*flow toward and feed the stream,

* discharge increases down stream.

MBMG

Wlotitaria Jucventof Wines ane Grology

Gaining
Stream



Presenter
Presentation Notes
The depth to water and the configuration of the water table are determined by measuring water levels in wells.
The direction and slope of the water table indicates the direction of ground water flow.
Gravity is the driving force in gw movement, water flows down hill. 
The water table is typically a subdued representation of the land surface.
Where the water table surrounding a stream is at a higher level than the stream, ground water will flow toward and feed the stream. The discharge increases down stream hence the term gaining stream, it gains water from ground water. 

In this type of setting water table contours point up stream.

Take a minute to point out that movement of ground-water is much slower than surface- remember I mentioned the differecen in resince times, well that is related to the difference in the rate of water movement. In streams water can move on the order of miles per day. Ground-water movement on the order of 1 ft per day is extraordinarily fast. 
Ground-water moves slowly.



Ground-water flow associated with a losing stream

Not all streams are gaining

Land surface

Losing
Stream

losing stream
* stream higher than the adjacent water table,
Water table

Losing streams can be directly
connected to the water table or detached.

Detached
Land surface Losing

Stream

¢4

\Water table

—



Presenter
Presentation Notes
Not all stream or all reaches in a stream are gaining. In some settings water can flow from the stream into the ground. This is reflected in water table maps by the contours pointing down stream.

Losing streams can be directly connected to the water table or detached. The main point is that the water altitude in the stream is higher than the adjacent water table.


~ well Hydraulics

How do aquifers respond
to withdrawals from wells?

Static-water (non-pumping)
level

v Water table v

Pumping drops the water level
*induces water to move from the
aquifer into the well.

Water-bearing
formation

Zoning Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 21 of 86



Presenter
Presentation Notes
Of course wells are the means by which we tap into the ground-water supply, so it is important that we understand how aquifers respond to withdrawals from wells.

Here is our schematic well completed in our idealized aquifer.


~ well Hydraulics

Water-bearing
formation

—&
Pumping-water
level
v Original water table
A
Drawdown
Cone of depression
—
\J )/ Factors that affect

cone of depression size:

1) Pumping rate

2) Pumping duration

3) Aquifer characteristics
-transmissivity
-storativity

Zoning Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 22 of 86
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Presentation Notes
When pumping starts, the water level in the well begins to decline, the level in the well falls below the water level in the surrounding aquifer, this induces water to move from the aquifer into the wells, as pumping continues the water level continues to decline until the rate of inflow into the well equals the discharge to rate of withdrawal. This results in a drawdown cone or cone of depression around the pumping well. Water in converging on the well, as get closer to the well it takes more work to push the water through, this is reflected in a steeper cone near the well.

There are 3 main factors that effect the size and shape of the cone, time, Q, T&S


Land Surface

Unconfined

Cone of
Depression

Water-table aquifer

High
Storativity

Aquifer Storage

Storativity affects size and rate of

- -~ >
Cone results from
aquifer drainage

cone development.
There is a big difference between unconfined
(water table) and confined aquifers.

In unconfined aquifers water is released
from storage by draining the aquifer;

Land Surface

~

Confined

m\
Depression

Low
Storativity

=
vy

Confined aquifer

_
vy

T e

Cone expands
faster and further

In confined aquifers, pumping decreases
the artesian pressure. Water is released
by compacting or squeezing the aquifer.

£0
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Presentation Notes
The other hydraulic characteristic that effects the size shape and rate of cone development in the Storativity, and there is a big difference between, unconfined water table aquifers and confined aquifers.
Unconfined – draining the aquifer, expansion of the cone of depression is realtively slow and the cone is relatively small
Confined – decreasing artesian pressure, water is produced by compacting or squeezing the aquifer, expansion of the cone is relatively fast cone may expand over large areas


= The geologic framework is a critical piece of
Information needed to assess the impact of a pumping well

o ) U

:

High Medium Low
Transmissivity Transmisswity Transmissivi

sand Silty sand

The more transmissive the aquifer, the smaller the cone of depression, all other things being equal.
The size of the cone is a reflection of how much work it takes to move water to the well. It takes less
Work to pUSh Water through a coarse gravel than a SiltYor%@/Q@bry Panel Public Comment 8-6-21 to 8-20-21, Page 24 of 86


Presenter
Presentation Notes
The more transmissive the aquifer, the smaller the cone, all other things being equal. Can think of the cone as a reflection of how much work it takes to move water to the well.

It takes a lot less work to push water through a coarse gravel than it does a fine gained sand. So the geologic make up of the aquifer is a critical piece of the knowledge base that we need to asses the impact of pumping a well.


Ground-Water Flow System in a Stream Valley

Cross Section View
Ground-water
divide
Water table | \
stream | \
Map View Water table contours |
<
—
‘% —
Sl
> D ,
< Ground-water flow lines
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Ground-Water Flow Affected by a Pumping Well

zone of influence (ZOlI) —

Pumping a well will create :
I extent of cone of,depressioni

a cone of depression

le— — | round-water
: divide
\tream i \

N

»@@\?

P — >&
“~ B
—
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Presenter
Presentation Notes
Water table is never horizontal, but rather is sloping establishing a gradient which causes water to flow.

When we pump we create a cone of depression – the extent of the cone is referred to as the zone of influence, that is it is the area where the water table has been lowered.

In the real world the water table is rarely horizontal, therefore the actual zone that contributes water to the well, or the capture zone is somewhat smaller



Ground-Water Flow Affected by a Pumping Well

Ground-water
divide

g!

e -

If pumping near a stream lowers the
water table to a level lower than the stream,
then water may be induced from the stream into

the subsurface.

e

(e

1
1
1
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1
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Tracking Montana’s Groundwater

Water Wells in Montana

istown
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Presenter
Presentation Notes
How important?? This map shows the locations of  wells that are extracting water in Montana. Any guesses how many??  -I’ll tell you later…

Looking at the is map the wells reflect the population density: Helena, Bozeman, Billings, Missoula, Great Falls, Bitterroot, Flathead (Kalispell)…




Tracking Montana’s Groundwater

Water Wells in Montana

(%
Momtars Barsau of Wines and Geology


Presenter
Presentation Notes
The well distribution also reflects the underlying geology: Dense concentrations in intermontane basins – River Valleys  - FHHC and Ft Union.  Don’t see wells over the large areas where Cret shales are at the surface


Talk about Montana’s GW monitoring network  -  and some of the stories or lessons learn from more than 20 years of data collection




Water Wells in Montana
Domestic, Stock, Irrigation, PWS, Industrial
~ 2,20_’9,00 Water Wells in Montap? |

SR ; o . I i . P

B Domestic
W Stock
m PWS

™ Industrial

Zoning Advisory Panelsw Comment SW 8-20-21, Page 30 of 86


Presenter
Presentation Notes
So how many wells are pumping water out of Montana’s aquifers ?? ~200,000 

What role does GW play in our water supply?  I’m going to let you in on a secret – we don’t use much GW (as compared to SW).

Does that mean it’s not important? Of course not! It’s important to the 150 K residences that are supplied by wells, it’s important to the residents of Missoula, Kalispell, and Sydney who get their muni water from GW, it’s imporatn to irrigators in Flathead, Beaverhead Valleys and Medicine Lake area.  

Comapared to surface water still a drop in the bucket. 285 Mgal/d v 9700 Mgal/d


0 {mean sea eval) - - - ~ - - - — 0 [rean sea |evel)



Presenter
Presentation Notes
Any discussion of GW resources whether it be quantity or quality one has to have some understanding of the basic units. These can be defined differently at different scales- I’m going to provide an overview at state-wide scale so it will be somewhat generalized. Talk about the regional aquifers that produce most od the state’s groundwater.

West – Intermontane basins and the east N great plains – very different hydrogeologic conditions in the E v W

In the W have down dropped basins relative surrounding mountains with up to several thousand feet of basin fill – Extremely productive aquifers in the basin fill – shallow and deep confined
Surrounded by fractured bedrock (Belt, ID Boulder batholith, volcanics) – fracture flow no or poor soil development  - very susceptible to surface sources.
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Presenter
Presentation Notes
Any discussion of GW resources whether it be quantity or quality one has to have some understanding of the basic units. These can be defined differently at different scales- I’m going to provide an overview at state-wide scale so it will be somewhat generalized.

West – Intermontane basins and the east N great plains – very different hydrogeologic conditions in the E v W

In the W have down dropped basins relative surrounding mountains with up to several thousand feet of basin fill – Extremely productive aquifers in the basin fill – shallow and deep confined
Surrounded by fractured bedrock (Belt, ID Boulder batholith, volcanics) – fracture flow no or poor soil development  - very susceptible to surface sources.
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Presenter
Presentation Notes
E dominated by sedimentary bedrock aquifers ft Union covers most of the E part of state – FHHC underneath – KTON aand MDSN around the Little Belts and Big Snowys



Paleocene

Cretaceous

Jurassic

Triassic

Permian _
Pennsylvanian §

Mississippian
Devonian
Ordovician
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Presenter
Presentation Notes
E dominated by sedimentary bedrock aquifers ft Union covers most of the E part of state – FHHC underneath – KTON aand MDSN around the Little Belts and Big Snowys

May be exposed (and used ) over broad areas or may only be aquifers in the OTC areas. Madison is an aquifer here but and oils and gas reservoir here…


State-Wide Groundwater Monitoring

1) Madison Limestone S S
Climate influence SbSRElE 2) Fox Hills-Hell Crk
% ) Bk = Depletion

state-wide monitor well



Presenter
Presentation Notes
This is the network  - more than 900 wells completed in all the major aquifers that are used 

Show some examples of how data from this network allows us to understand how gw systems differ across the state.
1) Madison ls, climatic  2) FHHC, example of artesian basin depletion –and the importance of long term records to evaluate management decisions 3) Bitterroot Basin fill, significance of irrg recharge 4) Kal deep aquifer look at how development has flipped the deep artesian aquifer wl response


Madison Limestone: Cascade Co.

/

1) Madison Limestone
Climate influence

state-wide monitor wedl



Presenter
Presentation Notes
Madison ls underlies most of E MT, and is the source of many large springs – In central MT it crops out along the flanks of the little Belts – where it is recharged – and dips into the subsurafce. At GF about 35 miles away it is about 450 ft below the surface.


Madison Limestone: Cascade Co.
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Presenter
Presentation Notes
Madison ls underlies most of E MT, and is the source of many large springs – In central MT it crops out along the flanks of the little Belts – where it is recharged – and dips into the subsurafce. At GF about 35 miles away it is about 450 ft below the surface.


Madison Limestone: Cascade Co.

Development impacts! . .
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Presenter
Presentation Notes
The Madison LS is most heavily used in the GF area – 85 % of the Madison wells in the state occur in Cascade Co. We have 3 Madison wells in our network around GF.

In the 10 yr period  from 1995 to 2005 – the number of Madison wells nearly doubled at the same time that this accelerated development was occurring- the WL’s in the Madison dropped more than 30 ft

These data seemed to suggest the development was depleting the aquifer –water was being removed faster than it could be replenished.


Madison Limestone: Cascade Co.

Development impacts?

2014

Development not controlling
water levels
Since 2005 water levels recovered

30+ feet
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Presenter
Presentation Notes
However, even though the development continued at the same pace after 2005 – the wls stopped their decline and reversed course – since 2005 water levels int eh Madison have recovered more than 30 ft.
 So clearly there is another important control here --- Given the nature of the aquifer – kartified in places with fracture permeability in others- and recharged primarily by stream loss across the upland OTC areas


Madison Limestone: Cascade Co.

Climate (precipitation) controls
2014 water levels

_ Precipitation: departure from yearly average near Great Falls, MT
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Presenter
Presentation Notes
While this period of precipitous decline coincides with a period of rapid aquifer development –it also was time of fairly intense draught. As we pulled out of the draught after 2005  - the water levels responded immediately. 

Although there may be an impact from this development but the data suggest that GW withdrawals are not the primary wl control in the Madison.  The Madison is a very dynamic aquifer that is strongly impacted by short and long-term climate variability. 


Bitterroot Valley: Basin-fill
Land-use impacts

I " b S PNAY

Basin-fill | { B

state-wide monitor well



Presenter
Presentation Notes
Now we’ll jump back to the west, the Bitterroot valley is a prime example an intermontane alluvial valley that characterizes the W part of the state. Mountains frame the valley with the down dropped basin filled with 100’s of feet of basin-fill that contain productive alluvial- basin-fill aquifers.  

Like many valleys it is laced with irrg canals that divert water form the main stem stream – in this case 374K ac-ft of water are diverted to irrigate 85K acres. The actual crop water use is much less than what is diverted. So what happens to the rest of the water? Some runs off – but a sizable percentage serves to recharge the shallow gw system – significantly recharges the shallow system


Bitterroot Valley: Basin-fill
Land-use impacts

85,000 acres of irrigated land
374,000 acre-ft of water diverted

(~4.5 ft of water per acre)

107,000 acre-ft consumed

(~1.3 ft of water per irrigated acre)

¥
i 2l


Presenter
Presentation Notes
Now we’ll jump back to the west, the Bitterroot valley is a prime example an intermontane alluvial valley that characterizes the W part of the state. Mountains frame the valley with the down dropped basin filled with 100’s of feet of basin-fill that contain productive alluvial- basin-fill aquifers.  

Like many valleys it is laced with irrg canals that divert water form the main stem stream – in this case 374K ac-ft of water are diverted to irrigate 85K acres. The actual crop water use is much less than what is diverted. So what happens to the rest of the water? Some runs off – but a sizable percentage serves to recharge the shallow gw system – significantly recharges the shallow system


Bitterroot Valley: Basin-fill
Land-use impacts

Outside of irrigated area
136486: TD =52 ft

136964: TD =40 ft



Presenter
Presentation Notes
We have 2 wells completed in the same aquifer – the surficial alluvial aquifer in the Bitterroot valley, this one near Florence is on the west side of the Bitterroot River away from any irrigation. The hydrograph very much mimics the stream hydrograph – wl’s rise and peak in with spring run off decline over the summer and late fall 

This well near Hamilton – down gradient from the main canals and irrigated fields – shows a very different response.  Water levels rise abruptly every spring with the onset of irrigation – stay elevated over the heat of the summer and drop in the fall when the irrigation ditches shut down.


Bitterroot Valley: Basin-fill
Land-use impacts

s 2ft Irrigation returns provide significant
’ groundwater recharge

Average monthly water levels



Presenter
Presentation Notes
Looking at the average monthly response  shallow aquifer is is getting 5 – 10 X the amt of  recharge due to irrg returns. Irrigations returnd are the driving force on the shallow gw system 

Irrg Process has been in place for years and created a whole series of other dependent systems--wetlands, riparian areas/habitats, stream responses (late season flows)–- 
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Ground Water Information Center

@ Montana's Ground WaterL.. % | +

€

wic.mtech.edu

|20 Most Visited ® NOAA Mational Weath... E 59701 Weather, Curren... @ DataGWIC | Welcome! @ Montana's G

Ground Water Information Center | MBMG Data Center
Montana Bureau of Mines and Geology

e"r > Montana Tech of The University of Montana

i 1300 West Park Street - Natural Resources Building Room 329
Butte Montana 59701-8997

Ph: (406) 496-4336 Fx: (406) 496-4343

Mapper

The Montana Bureau of Mines and Geology has released its
online web mapping application. Click the image to the right to
start using the mapper. Currently displayed are statewide
maonitoring network wells, GWIC wells and 1:500K geologic maps.

Drought Reports

Download an Adobe Acrobat file that discusses how aquifers
respond to climatic conditions. The document also includes
statistics about how wells in Montana's statewide monitoring
network are responding to the current drought.

Statewide Monitoring Network

GWIC features current hydrographs for wells that are
being measured regularly by MBMG and its cooperators.
\/—/\\/ Click the picture to to the left to view data collected by

the Statewide Monitoring Program. Data from other

MBMG projects are available through the SWL Menu
after you sign in.

Level

Time

more reports

=R RS
= 1 searen * B 93 A O =

round-W... B Index of ftp://mbmgs... ' MUS Wellness & Pickhoops Group McC... P Online Banking - Capit...
9/8/2016| ~

| Home | Well Data | Reports | DrillerWeb | DNRC | Help! |
Sign In Status: Signed Out

Enter your User |d and Proposed Data Use. Click Sign In to access GWIC's online semvices.

If you do not have a User Id, click create one here.
User Id:

Data Use: Pick One

-

Sign In

m

Coalbed Methane GW Monitoring Network

MBMG operates the Montana Powder River Regional
Coalbed methane ground-water monitoring network of
springs and wells. Data for this program plus site
specific research such as coalbed methane infiltration
pond studies can be viewed online, or downloaded from

GWIC. Click on the picture to access the MBMG
coalbed methane project data.

A little about us

The Ground Water Information Center (GWIC) at the Montana Bureau of Mines and Geology (MBMG) is the
central repository for information on the ground-water resources of Montana. The data include well-completion
reports from drillers, measurements of well performance and water quality based on site visits, water-level
measurements at various wells for periods of up to 60 years, and water-quality reports for thousands of samples.

The databases at GWIC are continually updated with new data from driller's logs, MBMG research projects, and
research projects from other agencies.

View a list of statewide monitoring network wells. The listing is by number of wells per county.

Other sites of interest

Montana Groundwater Assessment Program
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| MBMG Web Mapping Applicati... X\+

(-- data.mbmg.mtech.edu/mapper/mapper.asp E1| ¢ Q Search ﬁ’ :=| + & O =

@J Most Visited & NOAA Mational Weath... 59701 Weather, Curren... @ DataGWIC | Welcome! Montana's Ground-W... B Index of ftp://mbmgs... © MUS Wellness Pickhoops Group McC...  Online Banking - Capit...
p: g P! P g P

Maontana Buresu of Mines and Geclogy ||
Natural Resources Building
' 1300 West Park Strest
- - Butte, MT 55701

Monfana 8mauof7\4fnes nnaréy'ea@y Mapper Main | Proppant | Quakes | Swamp | Wells

The folowing web mapping applications are provided by the Montana Bureau of Mines and Geology. Click any image to start.

' Surface Water Assessment and Monitoring Program:

The Surface Water Assessment and Monitoring Program data are available from the SWAMP Mapper. Surface water collected by DMRC (real-time and manually downloaded gages) and MBMG are available for
display and download. All new data for the realtime gages are available at the top of every hour. The stream gages monitored and maintained by the USGS are also included for viewing.

“* Survey of Native Proppant:

The SMaP/Proppant mapper is being developed as part of a joint project between the Montana Bureau of Mines and Geology and the Petroleum Engineering department at Montana Tech. The sites
displayed in the application have been sampled for sands to determine their ability to serve as proppant in oil field processes.

%+ Seismic Activity:
£

*« With funding assistance from the Federal Emergency Management Agency, the MBMG has developed this application to ilustrate earthquake locations and magnitudes, significant historic earthguakes,

“. potentially active faults, and seismic hazard levels. The MBMG's purpose is to improve people’s understanding of where Montana is seismically active and make it easy for viewers to compare where they live
=* to seismic activity.

The earthquake locations are derived from seismic data recorded by the Montana regional seismograph network since January 1, 1982. This earthquake database is currently updated at the end of each
month so the most recent activity is not portrayed. You can view locations and other data for earthquakes that are less than one month old by visiting the United States Geological Survey (link leaves our

The GWIC wells mapper portrays current locations of Ground Water Information Center (GWIC) water wells and boreholes (at scales larger than 1:288,895). It also shows locations of statewide long-term
monitoring network wells at all scales. Clicking on a well point will produce a popup window that contains information about the site and links to additional information. Complete, but non-graphical, access to
- the full suite of GWIC data is available through the main GWIC website at http://mbmagawic.mtech.edu/.

Montana Groundwater Assessment Program
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MONTANA WELL LOG REPORT Other Options =
This well log reports the activities of a licensed Montana well driller, serves as the official record of work done within the borehole and casing, and describes the amount of water Go to GWIC website
encountered. This report is compiled electronically from the contents of the Ground Water Information Center (GWIC) database for this site. Acquiring water rights is the well Plot this site in State Library Digital Atlas
owner's responsibility and is NOT accomplished by the filing of this report. issite i
View scanned well | 5/2008 2:25:24 P|
Site Name: SMITH PHIL Section T: Well Test Data
GWIC Id: 169878
Total Depth: 218
Section 1: Well Owner(s) Static Water Level: 90
1) SMITH, PHIL (MAIL) Water Temperature: Fomia 31238 WELL LOG REPORT File No.
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Section 3: Proposed Use of Water Unas:igned Recanditioned Fotary (b~ Jetted
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82 135(GRAVEL Il | Tireakd O Welced B0 T
- . . Typalls #5  Wall Thickness, ] 2
Section 5: Well Completion Date 135 158 |CLAY-GRAVE | Caing e e T 20 e 15R 1 .
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Ground Water Information Center | MBMG Data Center 9/8/2016

Montana Bureau of Mines and Geology

Montana Tech of The University of Montana

1300 West Park Street - Natural Resources Building Room 329
Butte Montana 59701-8997

Ph: (406) 496-4336 Fx: (406) 496-4343

Mapper Release

March 1, 2013

The Montana Bureau of Mines and Geology has released its .
online web mapping application. Click the image to the right to
start using the mapper. Currently displayed are statewide

monitoring network wells, GWIC wells and 1:500K geologic maps. .ﬁ.}?)
-

Drought Reports more reports

Download an Adobe Acrobat file that discusses how aquifers
respond to climatic conditions. The document also includes
statistics about how wells in Montana's statewide monitoring
network are responding to the current drought.

Statewide Monitoring Network

GWIC features current hydrographs for wells that are
being measured regularly by MBMG and its cooperators.
Click the picture to to the left to view data collected by
the Statewide Monitoring Program. Data from other
MBMG projects are available through the SWL Menu
after you sign in.

View a list of statewide monitoring network wells. The listing is by number of wells per county.

| Home | Well Data | Reports | DrillerWeb | DNRC | Help! |

Sign In Status: Signed Out

Enter your User Id and Proposed Data Use. Click Sign In to access GWIC's online semvices.
If you do not have a User Id, clic
User Id:

Data Use:

Pick One

Coalbed Methane GW Monitoring Network

MBMG operates the Montana Powder River Regional
Coalbed methane ground-water monitoring network of
springs and wells. Data for this program plus site
specific research such as coalbed methane infiltration
pond studies can be viewed online, or downloaded from
GWIC. Click on the picture to access the MBMG
coalbed methane project data.

A little about us

The Ground Water Information Center (GWIC) at the Montana Bureau of Mines and Geology (MBMG) is the
central repository for information on the ground-water resources of Montana. The data include well-completion
reports from drillers, measurements of well pefformance and water quality based on site visits, water-lavel
measurements at various wells for periods of up to 60 years, and water-quality reports for thousands of samples.
The databases at GWIC are continually updated with new data from driller's logs, MBMG research projects, and
research projects from other agencies.

Other sites of interest

Montana Groundwater Assessment Program
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4% Home of the Montana Bur... x/f @ Meontana's Ground-Water L., % 'l\@ Montana's Ground-Water L., | +

€ ) (0 | mbmggwic.mtech.edu/sglserver/v11/help/go/newuser.asp?display=new E1| & || Q search w B + @& O

|@ Most Visited & NOAA National Weath... m 59701 Weather, Curren... @ DataGWIC | Welcome! [[f] Montana's Ground-W... B Index of ftp://mbmgs... (' MUS Wellness & Pickhoops Group McC... “» Online Banking - Capit... |

Ground Water Information Center | MBMG Data Center 9/8/2016 |
Montana Bureau of Mines and Geology

Montana Tech of The University of Montana
E 1300 West Park Street - Natural Resources Building Room 329
Butte Montana 59701-8997
Ph: (406) 496-4336 Fx: (406) 496-4343

| Home | Well Data | Reports | DrillerWWeb | DNRC | Help! |

Welcome to the Ground-Water Information Center. Please give us the correct information for you and/or your company. After the form is filled out hit "Create Account,” and your GWIC User's Account will be
created. You will be asked to choose a different user name if the one you chose is already in use. Please note, fields with a star (*) are required and your user name will not be created without this information.
The information is for internal statistical use only.

|The account should be active immediately and there are NO charges for this service. You will, however, need to make sure that your browser allows session cookies to be established for our site.
Otherwise you will not be able to signin.

| Enter your choice for a
GWIC User Name (6-20 characters):

| * First Name:
* Last Name:
Company Name:
* Street Address:
| * City:
* State:
| Country: United States -
*Zip Code:
* Phone #
Fax #:
E-mail Address:

* Pick one of the following customer types: Choose Cne -

| Create Account

| Ground Water Information Center Online © 1998 - 2016
Staff | Privacy Statement

Montana Groundwater Assessment Program
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% Home of the Montana Bur... x/@ Montana's Ground-Water L., \_@ Montana's Ground-Water L., % | +

6 L) | mbmggwic.mtech.edu/sqlserver/vll/help/go/newuser.aspidisplay=new E1 ¢ Q, search ﬁ B 4+ & O =

@] Most Visited & NOAA National Weath... m 59701 Weather, Curren... @ DataGWIC | Welcome! E Mentana's Ground-W... _-!I Index of ftp://mbrmgs.. ' MUS Wellness & Pickhoops Group McC... " Online Banking - Capit...

Ground Water Information Center | MBMG Data Center 9/8/2016
Montana Bureau of Mines and Geology

Montana Tech of The University of Montana

1300 West Park Street - Matural Resources Building Room 329

Butte Montana 59701-8997

Ph: (406) 496-4336 Fx: (406) 496-4343

| Home | Well Data | Reports | DrillerWeb | DNRC | Help! |

Welcome to the Ground-Water Information Center. Please give us the correct information for you and/or your company. After the form is filled out hit "Create Account,” and your GWIC User's Account will be
created. You will be asked to choose a different user name if the one you chose is already in use. Please note, fields with a star (*) are required and your user name will not be created without this information.
The information is for internal statistical use only.

The account should be active immediately and there are NO charges for this service. You will, however, need to make sure that your browser allows session cookies to be established for our site.
Otherwise you will not be able to sign in.

Enter your choice for a
GWIC User Name (6-20 charaq

* First Name: Jane

lane Realtar

Agricultural (Farmer, Rancher)
Commercial (Bank, Attorney, Appraiser) —
* Last Name: Realtor | Consultant

Company Name: Big Sky Bi Contractor

Driller
* Street Address:
Education (Teacher, Professor)

* City: Big Sky Education (Student, K-12, callege)

* State: MT Engineering Professional

m

Country: United Sta| Government (Federal)
Government (State)

* Zip Code:
Government (Local, County, Other)
* Phone #: .
Industrial
Fax #: Land Surveyar
E-mail Address: Realtor
Private Citizen (Everyone else) |+ |
* Pick one of the following customer types: Choose One |L]

Create Account

Ground Water Information Center Online © 1998 - 2016
Staff | Privacy Statement

Montana Groundwater Assessment Program
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|2 Most Visited ® MNOAA National Weath... E 59701 Weather, Curren... @ DataGWIC | Welcome! @ Montana's Ground-W... B Index of ftp://mbmgs.. ' MUS Wellness €8 Pickhoops Group McC... P Online Banking - Capit...

Ground Water Information Center | MBMG Data Center 9/8/2016|
Montana Bureau of Mines and Geology

Montana Tech of The University of Montana

1300 West Park Street - Natural Resources Building Room 329
Butte Montana 59701-8997

Ph: (406) 496-4336 Fx: (406) 496-4343

| Home | Well Data | Reports | DrillerWeb | DNRC | Help! |

Mapper Release March 1, 2013 | Sign In Status: Signed Qut

The Montana Bureau of Mines and Geology has released its . Enter your User Id and Proposed Data Use. Click Sign In to access GWIC's online services.
online web mapping application. Click the image to the right to
start using the mapper. Currently displayed are statewide
monitoring network wells, GWIC wells and 1:500K geologic maps.

If you do not have a User Id, click create one here.
User Id: Jane Realtor
Data Use: Pick One -
Pick Cne :I
Determine Drilling Depths

m

Environmental Assessment

File for Water Rights
Coalbed Methane GW M|

Ground-Water Research
Drought Reports more reports "
Just looking for a well log
Land Subdivision the Montana Powder River Regional
ground-water monitoring network of
Cther . Data for this program plus site

such as coalbed methane infiltration
be viewed online, or downloaded from
Research for Property Sales  |he picture to access the MBMG
coalbed methane project data.

Download an Adobe Acrobat file that discusses how aquifers
respond to climatic conditions. The document also includes
statistics about how wells in Montana's statewide monitoring

Regulatory Decisions
network are responding to the current drought.

Statewide Monitoring Network

A little about us

GWIC features current hydrographs for wells that are
— being measured regularly by MBMG and its cooperators. The Ground Water Information Center (GWIC) at the Montana Bureau of Mines and Geology (MVBMG) is the
H \/—/\\/ Click the picture to to the left to view data collected by central repository for information on the ground-water resources of Montana. The data include well-completion
= the Statewide Monitoring Program. Data from other reports from drillers, measurements of well perfformance and water quality based on site visits, water-level
Time MBMG projects are available through the SWL Menu measurements at various wells for periods of up to 60 years, and water-quality reports for thousands of samples.
after you sign in. The databases at GWIC are continually updated with new data from driller's logs, MBMG research projects, and

research projects from other agencies.

View a list of statewide monitoring network wells. The listing is by number of wells per county. Other sites of interest

Montana Groundwater Assessment Program
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(- i) | mbmggwic.mtech.edu/sglserver/vll/menus/menuData.asp c Q Search ﬂ’ E ‘ ﬁ D =
|@ Most Visited & NOAA National Weath... E 59701 Weather, Curren... &% DataGWIC | Welcome! E Montana's Ground-W... _?SI Index of ftp://mbmgs.. ' MUSWellness & Pickhoops Group McC... 2 Online Banking - Capit...

Ground Water Information Center | MBMG Data Center You are currently signed in. | 9/8/2016| ~
Montana Bureau of Mines and Geology Sign Qut
Montana Tech of The University of Montana

1300 West Park Street - Natural Resources Building Room 329

Butte Montana 59701-8997

Ph: (406) 496-4336 Fx: (406) 496-4343

| Home | Well Data | Reports | Data Coop | DrillerWWeb | DNRC | Help! |

Menus: | Main | SWL | GWCP | Projects | Coal | Coal Quality | Geothermal

Search By Search By By Search By Search By
Township Address ivisi Drainage basin r County (zipped,

| Welcome to the main menu for the Groundwater Information Center's online database. You may search our records by any of the above methods. To activate a search, click on it's title in the search bar above and then enter the
criteria in the boxes below. When you are ready to search, click the "Retrieve” button.

l Search by Township & Range

I Maost records in the GWIC database have a Township, Range and Section location. To view data , select a report type, a Township and Range (section is optional, when set to all sections 1-36 are displayed), a sorting order, and

click Retrieve. By default all GWIC |d numbers have hyperlinks to one-page reports. Click OFF under the Link to Reports option to turn off the links. If you copy our data to other applications this will allow a copy without
transferring the links.

| Report (Select One) “Township | Range | Sectn | SomOrder | LinktoRepons

m

Abandoned Mines 0N~ 0E - [E all sedions Location (TRS) = ® oN © OFF
! All Sites aElEEEE
Aquifer Test 6|54 |3]|2]|1
Field Visit 0 e g R
! Formation Top 718|9 |10]|11]12
Hydrogeologic Assessments 0 o o e
Lithology 18 (17|16 |15 | 14|13
) Surface Water - Summary ooooo o R
|| © SWL - Summary E 2|:0| 2|:1| ZDZ 3 25
o x::::gﬂ:::ty::”mgamc 30|29 |23 |27 |26 |25
- - lsotope 5 Gl [EEEE
! Water Quality - Organic 31 (22|33 |24 |25 28
| Wells - Brief
Wells - Expanded
|| = Wells - Snapshot
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A
EIJ Most‘u"isited| & NOAA National Weath... E 59701 Weather, Curren... &% DataGWIC | Welcome! E Montana's Ground-W... _EI Index of ftp://mbmgs.. ' MUSWellness & Pickhoops Group McC... 2 Online Banking - Capit...

Ground Water Information Center | MBMG Data Center You are currently signed in. | 9/8/2016| ~
Montana Bureau of Mines and Geology Sign Qut
Montana Tech of The University of Montana

1300 West Park Street - Natural Resources Building Room 329

Butte Montana 59701-8997

Ph: (406) 496-4336 Fx: (406) 496-4343

| Home | Well Data | Reports | Data Coop | DrillerWWeb | DNRC | Help! |

Menus: | Main | SWL | GWCP | Projects | Coal | Coal Quality | Geothermal

Search By Search By Search By By Search By Search By
Township Address Name ivisi Drainage basin I County (zipped

Welcome to the main menu for the Groundwater Information Center's online database. You may search our records by any of the above methods. To activate a search, click on it's title in the search bar above and then enter the i
criteria in the boxes below. When you are ready to search, click the "Retrieve” button.

Search by Site Name

Using the following form to search for sites by name. Select a county, enter part or all of a name, and click "Retrieve”. If your search is not successful, try using part of the name, or a different spelling. If you are searching our data
for sites that are not wells, use the selection criteria below the county drop-down box.

m

Sort Order LinktoReports | Submit
GALLATIM - Smith Location (TRS) - ) ON ) OFF

@ Restrict retrieval to WELL, BOREHOLE, and SPRING sites
) Show all sites

One Page Reports

Select the type of report, enter a GWIC Id (up to 6 digits), and click Retrieve to view.

Repor Selecton S e submie

One Page Site/\Well Report -

Ground Water Information Center Online © 1998 - 2016 L4
Staff | Privacy Statement =
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Montana Tech of The University of Montana

1300 West Park Street - Natural Resources Building Room 329
Butte Montana 59701-8997

Ph: (406) 496-4336 Fx: (406) 496-4343 L4

m

| Home | Well Data | Reports | Data Coop | DrillerWeb | DNRC | Help! |

Menus: | Main | SWL | GWCP | Projects | Coal | Coal Quality | Geothermal

GWIC Data > Well Construction Data > County: GALLATIN Owner name: SMITH

The following data were returned from the GWIC databases for the area you requested. For a more detailed description of the data view the GWIC Metadata report. If you notice data entry errors or have
questions please let us know by sending us an Email at GWIC@mtech.edu. If you wish to view a one page report for a particular site, click the hyperlinked Gwie Id for that well. Scroll to the right of your
screen to view all the data. All data displayed on the screen may not show up when printed.

Did you know about...

Other GWIC data

Thanks, Just take me back to the menu.

Other MEMG data

MBMG has 396 publications available for GALLATIN county.

Gwicld PDF DNRCWR V Tag Site Name n Rng Sec Q Sec Ver? Type Td Swli Pwl Rwl Yield Test Date Use
237723 @ SMITH JERRY [SMITH, JERRY] 01N 01E 25 DBC No  WELL 4400 650 6.50 30.00 AR 8(13/2007 DOMESTIC
237723 P SMITH JERRY [SMITH, JERRY] 01N 01E 25 DBC Mo WELL 4400 650 650  30.00 AR 8/M13/2007 DOMESTIC
148343 7] C093649-00 110017 SMITH THOMAS L AND JULIEB 01N 03E 3 CDD No  WELL 85.00 1200 18.00 14.00 15.00 PUMP 10191994 DOMESTIC
[HOSTETTER DELBERT]
148343 7T] C093649-00 110017 SMITH THOMASLAND JULEBISMITH, 01N 03E 3 CcDD No  WELL 8500 1200 1800 1400 1500 PUMP 10/1911994 DOMESTIC
THOMAS L AND JULIE B]
148343 7] C093649-00 110017 SMITHTHOMASLANDJULEB[SMITH, 01N 03E 3 CDD No  WELL 85.00 1200 18.00 14.00 15.00 PUMP 10191994 DOMESTIC
THOMAS L AND JULIE B]
9502 T 006715 SMITH LYMAN 01N D4E 3 A No  WELL 47.00 19.00 29.00 20.00 BAILER 7/26/1984 DOMESTIC
9537 M 042869 SMITH HARLAN P 01N 04E 17 BA No  WELL 60.00 OTHER 11111925  DOMESTIC
130171 091006 BOWMAN MIKE & SMITH SPENCER 01N 04E 17  BAAA Yes WELL 2800 451 12.00 OTHER DOMESTIC
9553 M 042876 SMITH HARLAN P 01N 04E 19  ADB No  WELL 60.00  6.00 1.00 OTHER 111910  DOMESTIC
77264 <T] C107581-00 137257 SMITH SPENCER 01N 04E 19  ADB Mo  WELL 4300 800 3300 800 7500 AR 42711999  DOMESTIC
1AR207% L.l S0RN2 ANR0SE  SKMITH SPERCER *IAWEL | _#4 N4kl NAE 10 ADD Ml AAEL L AQ N0 7 AaN Annn ANNN_AIR 2/34/10072 DOMESTI, k%
| 200399 1) SMITH PHIL 075 04E 6 AACB Yes WELL 740.00 260.00 260.00 15.00 AR 8(10/2002 DOMESTIC ‘ ‘
169878 ") 131682 SMITH PHIL 078 D4E 6 BA No  WELL 218.00 90.00 155.00 15.00 AR 8/3(1994  DOMESTIC
ontana 0 awater A e
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File Edit View History Bookmarks Tools ﬂelp'

MBMG Web Mapping Applicati... X/ Montana's Ground-Water L., X\+

(=] O |

& | (0 | mbmggwic.mtech.edu/sqlserver/vl1/reports/SiteSummary.asp?gwicid=169878 Bagency=mbmg&ireqby=M& c Q, search ﬂ’ :=| 4+ # O =
EIJ Most Visited & NOAA National Weath... E 59701 Weather, Curren... &% DataGWIC | Welcome! E Montana's Ground-W... :-EI Index of ftp://mbmgs.. ' MUSWellness & Pickhoops Group McC... 2 Online Banking - Capit...
MONTANA WELL LOG REPORT Other Options |
This well log reports the activities of a licensed Montana well driller, serves as the official record of work done within the borehole and casing, and describes the amount of water Go to GWIC website
encountered. This report is compiled electronically from the contents of the Ground Water Information Center (GWIC) database for this site. Acquiring water rights is the well Plot this site in State Library Digital Atlas
owner's responsibility and is NOT accomplished by the filing of this report. Plot this site in Google Maps
View scanned well | 5/2008 2:25:24 PM
Site Name: SMITH PHIL Section T: Well Test Data
GWIC Id: 169878
Total Depth: 218
Section 1: Well Owner(s) Static Water Level: 90
1) SMITH, PHIL (MAIL) Water Temperature:
PO 160488
BIG SKY MT 59716 [08/03/1994] Air Test *
Section 2: Location 15 gpm with drill stem set at _ feet for _1_hours.
Township Range Section Quarter Sections Time of recovery 0 hours. I
07s 04E 5 NEY MW Recovery water lavel _ feet.
County Geocode Pumping water level 155 feet.
GALLATIN
Eabiuds Fonnituds) Gopmethod Eaium * During the well test the discharge rate shall be as uniform as possible. This rate may or may not be the E
ST aL28365E RS QAR ES sustainable yield of the well. Sustainable yield does not include the reservoir of the well casing.
Ground Surface Altitude Ground Surface Method Datum Date
Section 8: Remarks
Addition Block Lot
S 0 Section 9: Well Log
Geologic Source
Section 3: Proposed Use of Water Unas{s)igned
DOMESTIC (1) 9
From To Description
Section 4: Type of Work 0 18|ROCK AND CLAY
Drilling Method: ROTARY 18 63|SAND
Status: NEW WELL 63 82|ROCK AND CLAY
82 135|GRAVEL
[S;e::t ID"HS: Welllt{:; Ep:f“o; Dite t03, 1994 S 19BICLAY GRAVEL
ate well completed: Wednesday, August 03, = e S
Section 6: Well Construction Details
Borehole dil ion
From|To (Diameter L
0158 i}
Casing
Wall [Pressure
From|To |Diameter|Thickness|Rating |Joint Type
-2 1406 0.250 WELDED |STEEL
120 |158|4 160.00 PLASTIC
ICOI'"IJ,eﬁOIT {PerlrSchzen} : Driller Certification <

Montana Groundwater Assessment Program



[ File Edit View History Bookmarks Tools Help =)

Y N
%3 Home of the Montana Bur... X/l' @ Meontana's Ground-Water L., % 'l\@ Maontana's Ground-Water L., % | +
€ ) (© | mbmggwic.mtech.edu/sqlserver/v11/menus/menuData.asp c Q, Search ﬁ' B + & O

[#) Most Visited & MNOAA National Weath... H 59701 Weather, Curren... @ DataGWIC | Welcome! @ Montana's Ground-W... B Index of ftp://mbmgs... ' MUS Wellness € Pickhoops Group McC...  Online Banking - Capit..

Ground Water Information Center | MBMG Data Center You are currently signed in. | 9/8/2016| *
Montana Bureau of Mines and Geology Sign Out
Montana Tech of The University of Montana

1300 West Park Street - Matural Resources Building Room 329

Butte Montana 59701-8997

Ph: (406) 496-4336 Fx: (406) 496-4343

| Home | Well Data | Reports | Data Coop | DrillerWWeb | DNRC | Help! |

Menus: | Main | SWL | GWCP | Projects | Coal | Coal Quality | Geothermal

Search By Search By Search By Search Search By Search By Search By

Township Address Name Subdivision Drainage basin Aquifer County (zipped

Welcome to the main menu for the Groundwater Information Center's online database. You may search our records by any of the above methods. To activate a search, click on it's title in the search bar above and then enter the
criteria in the boxes below. When you are ready to search, click the "Retrieve” button.

Search by Township & Range

Mast records in the GWIC database have a Township, Range and Section location. To view data , select a report type, a Township and Range (section is optional, when set to all sections 1-36 are displayed), a sorting order, and
click Retrieve. By default all GWIC Id numbers have hyperlinks to one-page reports. Click OFF under the Link to Reports option to tumn off the links. If you copy our data to other applications this will allow a copy without
transferring the links.

Report (elect One) Section UinktoReports | Submit____|

m

) Abandoned Mines 07s - M4E ~ [ an sections Location (TRS) - @ oN © OFF
©) Al Sites olEEEm
Aquifer Test 65|43 [2]1
) Field Visit i i e
Formation Top Tlej9 o2
Hydrogeologic Assessments Oo|0o o o
- 18 |17 |16 |15 (14|13
! Lithology
Surface Water - Summary O} O O 01 01 O L 4
) SWL - Summary 19|20 |21 |22 (23|24
I Sap— : o o i G
ater Quality - Inorganic 10 |29 |28 | 27| 26 | 25
") Water Quality - Isotope EEEEEE
) Water Quality - Organic 31|32 |33 |34(35]|36
Wells - Brief
Wells - Expanded
) Wells - Snapshot

Montana Groundwater Assessment Program



[ File Edit View History Bookmarks Tools Help )

i N
%3 Home of the Montana Bur... x/f @ Montana's Ground-Water L. * 'l\@ Montana's Ground-Water L. * = +

€ ) () | mbmggwic.mtech.edu/sqlserver/v11/data/dataGeographic.asp?pagenames= &report=wl0&Township=075&Range=04E&section=  EJ | Q, search ﬁ' B + @& O =

@ Most Visited & NOAA National Weath... m 59701 Weather, Curren... & DataGWIC | Welcome! @ Montana's Ground-W... B Index of fip://mbmgs.. _° MUSWellness &8 Pickhoops Group McC... ? Online Banking - Capit...

Ground Water Information Center | MBMG Data Center You are currently signed in. | 9/8/2016| ~
Meontana Bureau of Mines and Geology Sign Qut
Montana Tech of The University of Montana

1300 West Park Street - Natural Resources Building Room 329

Butte Montana 59701-8997

Ph: (406) 496-4336 Fx: (406) 496-4343

| Home | Well Data | Reports | Data Coop | DrillerWeb | DNRC | Help! |

Menus: | Main | SWL | GWCP | Projects | Coal | Coal Quality | Geothermal

GWIC Data > Well Construction Data > Township: 075 Range: 04E Sec: 6

m

The following data were returned from the GWIC databases for the area you requested. For a more detailed description of the data view the GWIC Metadata report. If you notice data entry errors or have
questions please let us know by sending us an Email at GWIC@mtech.edu. If you wish to view a one page report for a particular site, click the hyperlinked Gwic Id for that well. Scroll to the right of your
screen to view all the data. All data displayed on the screen may not show up when printed. |

Retrieval Statistics™

Did you know about...

Other GWIC data
Total Depth (ft) GWIC has 2 water quality sample(s) for this area.
. GWIC has 5 field visit(s) for this request area.
Static Water Level (ft) GWIC has 4 water level(s) for this request area. —
Yield (gpm)
* These statistics do not take any geographic, topographic, or geologic factors into Thanks, Just take me back to the menu.

ideration. Negati | val rted fi ter levels that bove land
:&r;‘silc:.ra ion. Negative swl values are repo for water levels that are above lan Other MBMG data

MBMG has 396 publications available for GALLATIN county.
MBMG has 459 publications available for MADISON county.
MBMG has 5 abandoned mine record(s) for this request area.

Gwicld PDF DNRCWR V Tag Site Name Rng Sec QSec Ver? Type Td Swi Pwl Rwl  Yield Test Date Use
153404 ') 114718 RYAN RAYMOND 075 O04E B No  WELL 22300 8000 21500 8000 1800 AR 11/25/1994  DOMESTIC
169875 T 131679 SACCHI LAURA AND LUCA 075 04E 6 No  WELL 201.00 1200 191.00 3000 AR 9/2/1993 DOMESTIC
200398 77 SMITH PHIL 075 O04E B AACB Yes WELL 74000 260.00 26000 1500 AR 8/10/2002  DOMESTIC
198118 ) WISINGER CONRAD 075 04 6 ABCD Yes WELL 38000 6500 13.00 AR 71912002 DOMESTIC
169876 T¥) C112506-00 131680 SCHULTZ MR AND MRS RAY 075 O04E B B No  WELL 160.00 4600  150.00 3500 AR 11/23/1998  DOMESTIC
169878 "7 131682 SMITH PHIL 075 04E 6 BA No  WELL 21300 9000 155.00 15.00 AR 3/3/1994 DOMESTIC
165604 SKYWOOD PRESERVE LOT #10 078 04 6 BAA Mo WELL 125.00 8750 OTHER DOMESTIC
165105 7T 126203 GRIFFITH JANE 075 04E 6 BEDC Yes WELL 21200 8200 3200  17.00 AR 3/11/1997  DOMESTIC | -

Montana Groundwater Assessment Program



File Edit View History Bookmarks Tools ﬂelp'

MBMG Web Mapping Applicati... X/ Montana's Ground-Water L., X\+

(=] O |

& | (0 | mbmggwic.mtech.edu/sqlserver/vl1/reports/SiteSummary.asp?gwicid=169878 Bagency=mbmg&ireqby=M& c Q, search ﬂ’ :=| 4+ # O =
EIJ Most Visited & NOAA National Weath... E 59701 Weather, Curren... &% DataGWIC | Welcome! E Montana's Ground-W... :-EI Index of ftp://mbmgs.. ' MUSWellness & Pickhoops Group McC... 2 Online Banking - Capit...
MONTANA WELL LOG REPORT Other Options |
This well log reports the activities of a licensed Montana well driller, serves as the official record of work done within the borehole and casing, and describes the amount of water Go to GWIC website
encountered. This report is compiled electronically from the contents of the Ground Water Information Center (GWIC) database for this site. Acquiring water rights is the well Plot this site in State Library Digital Atlas
owner's responsibility and is NOT accomplished by the filing of this report. Plot this site in Google Maps
View scanned well | 5/2008 2:25:24 PM
Site Name: SMITH PHIL Section T: Well Test Data
GWIC Id: 169878
Total Depth: 218
Section 1: Well Owner(s) Static Water Level: 90
1) SMITH, PHIL (MAIL) Water Temperature:
PO 160488
BIG SKY MT 59716 [08/03/1994] Air Test *
Section 2: Location 15 gpm with drill stem set at _ feet for _1_hours.
Township Range Section Quarter Sections Time of recovery 0 hours. I
07s 04E 5 NEY MW Recovery water lavel _ feet.
County Geocode Pumping water level 155 feet.
GALLATIN
Eabiuds Fonnituds) Gopmethod Eaium * During the well test the discharge rate shall be as uniform as possible. This rate may or may not be the E
ST aL28365E RS QAR ES sustainable yield of the well. Sustainable yield does not include the reservoir of the well casing.
Ground Surface Altitude Ground Surface Method Datum Date
Section 8: Remarks
Addition Block Lot
S 0 Section 9: Well Log
Geologic Source
Section 3: Proposed Use of Water Unas{s)igned
DOMESTIC (1) 9
From To Description
Section 4: Type of Work 0 18|ROCK AND CLAY
Drilling Method: ROTARY 18 63|SAND
Status: NEW WELL 63 82|ROCK AND CLAY
82 135|GRAVEL
[S;e::t ID"HS: Welllt{:; Ep:f“o; Dite t03, 1994 S 19BICLAY GRAVEL
ate well completed: Wednesday, August 03, = e S
Section 6: Well Construction Details
Borehole dil ion
From|To (Diameter L
0158 i}
Casing
Wall [Pressure
From|To |Diameter|Thickness|Rating |Joint Type
-2 1406 0.250 WELDED |STEEL
120 |158|4 160.00 PLASTIC
ICOI'"IJ,eﬁOIT {PerlrSchzen} : Driller Certification <

Montana Groundwater Assessment Program
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Helena Area Geology
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Generalized Geology

Basin Fill (Tertiary) and Alluvium (Valley bottom)

PreC Meta-sedimentary Belt Rocks

Cret. Intrusive (Boulder Batholith)

Madison Limestone
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Generalized Geology

Basin Fill (Tertiary) and Alluvium (Valley bottom)

PreC Meta-sedimentary Belt Rocks
Cret. Intrusive (Boulder Batholith

Madison Limestone (Allenspur — N end of VaIIey)
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(_ : the North Hills Study Area. Physiographic areas are delineated in black, and principal aquifers are delineated in blue. Note that the
clay-rich Tertiary materials include discontinuous sand and gravel lenses.
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Helena Area - Geology

— Cross Section

Hills Pediment

Bedrock Aquifer

== Aglle Bedrodk—

Tertiary Aquifer

Helena Valley

Helena Valley Aquifer

s—»

‘8
Q.

oY)

NP
(- i

‘a2

o) ©

(-

"o Plo o' ©la:

: B SR
Babs oarse-G(aIneq Tert
! % dr

s

o7




ate

*
*
e
.
*
*
.

*
»

’ Cumulative total

1975 1990

1980 . 1985 . 1995 2000 2005 2010 2015
Zoning Advisory Panel Public QSEW\%QHQ'GN to 8-20-21, Page 68 of 86
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1 Helena Area — Groundwater Development

In 1993 the Montana Depart-
ment of Natural

Rule defining
appropriation of exempt

21| wells” as an appropriation of
™ water from the same source
aquifer by two or more
groundwater developments,
that are physically manifold-

i ed into the same systemfy
(ARM 36.12.101(13)). Under
S P R e e TS R

%
H

’ Cumulative total

1975 1980 . 1985 1990 1995 2000 2005 2010 2015
Zoning Advisory Panel Public Cfgg&mﬂe‘rghg-&m to 8-20-21, Page 69 of 86
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Wells per year

" Cumulative.total

1975 1980 1990

2005 2010 20
Zoning AdV|sory Pan&l}f’lﬁl}glpomm%e sepng ‘t(% -20-21, Page 70 of 86
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Wlthdrawals
(7.42 Mgal/day)
L&C Co.

B Domestic

M Irrigation
PWS

H Stock

Comm/Indus

Wells per year

" Cumulative.total

1975 1980 1990

2005 2010 2
Zoning AdV|sory Pan&l}f’lﬁl}glpomm%e sepng ‘t(% -20-21, Page 71 of 86
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L W J o
il Groundwater Information Center Well Hydrograph

The follawing chart represents the current hydrograph for this well. Diata reported are static water levels in feet below ground surface. A filter has been applied to the data to remore all dry
stalic measurements.

Static Water Level

Date
| Site Name: STATE OF MONTANA * DEPT OF STATE LANDS 2 08 ft d e e
Location: 1INO3WEBBCH
: 201
= TERGETIYEACE

Center Well Hydrograp

* . The follawing chart represents the carrent hydrograph for this well, Data reported are static water levels i feet belon ground surface. A filter has been applied o the data ta remove all dry and]
= stabic measurements.

Static Water Level

o

-
130

g
2
3
&
2
5
=
T
g
3
Z

Jam 2004 Tan 2003 w1006 Tan2007 Jan200R  Tan 2008 Jan 2000 Jan 2011 Jan 2012 e X013  Jan 2004 Jan 2013 Ja 2016 Jan 2017 Jan 2018

) ; , : =L . Ehiia P
: F - 2R R RN ) ,\\ ?3.1'3;},‘?3&‘&3”“” 300 ft deep
dmerwen e - e N 2L ¢ 21 WL S

he following chars represents the curment hydrograph for this well, Data reported are static water levels in fort below ground surface. A filter has been applied to the data to remove all dry and | Groundwater Information Center Weil Hydrograph
stahic measiTEments. "W The following chart represents the current hydrograph for this well Data reported are static water levels in feet below ground surface. A filter has been applied to the data 1o remove all dry and
Hanc measurements,

Static Water Level
Static Water Level

“un

VI —

Water Level Below Grownd (fi)

fan 2010 Y 3012 E? Tan 2014 =215 Tan 2016 Y Tan 2018
i ; P A 2 12005 Jan2006 12007 Jan2008 Jan2009 Jan20l0 Jan200l Jan2012 Jan2003 Jan20M  Jan2015  Jan20l6  Jan2007  Jan 2008

v

Water Level Below Ground ()

iﬁ\\'lc Id: 176012

i v 140 ft d ee| o o
Tubge lwme __. . e ' f“;”i‘lﬂgffhﬁzmxlcﬁ;?;y Panel PJbQQ:rﬂéed E£Dho 82021, Page 73 of 86
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Presenter
Presentation Notes
All Bedrock wells – shale except bottom one


=8 2 - .
Groundwater Information Center Well Hydrograph

®| The folleowing chart represents the cusrent hydregraph for this well. Data reported are static water levels in feet below pround surface. A filter has been applied 10 the data to remove all dry an
StANC measurements

Static Water Level

n

Water Level Below Ground (ft)

Jan 2004 Jan 2005  Jan 2006 Jam 2007  Jan 200 Jan 2008  Jam 2010 Jam 2011 Jan 2012  Jan 2013 Jan 2014 Jan 2013 Jm 2016 Jam 2017 Jan 2008 Jan 2016

g

Date

)l" AT W . T S L TR TEC T I TR

The following chart repeesents the current hydrograph for this well. Data seported ase static water levels in fiat below ground surface. A filter has been applied 1o the data to remove all dry an
static measurements {

Static Water Level
200610117 14:08; SWL: 12338

&
=
E
z
&
F
2
&
5

Jn2004 1m2005 2008 Jan2007 Im2008 Jan2009 [n2010 Jm200  Jan2012 Jm2013 Jm2014 Jan2015 hn2016 2017 Jan200E  Jam 2010

4

GWIC Id: 206384
Site Name: PARSLEY RICK AND TRACY
Locanon- 11NO3WEDCAR
» | Total Depth. 200 feet
i A

£ A~ [
Groundwater Information Center Well Hydrograph

Jan 2005 Jan 2006 Jm2007 Ram2008  Jan 2009  Jm 2010 Jm201l  Jan2012  Jan 20013  Jm2014  Fam 2015 Jan 2006 Jan 2017 Jm 2018 Jan 2019

T8

Date

g ening Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 74 of 86
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Presenter
Presentation Notes
All Bedrock wells - shale


Center Well

grap

+" The following chart represents the current hydrograph for this well. Data reported are static water levels in foet below ground surface. A filter has been applied 1o the data to remaove all dry
static measurements.

Winter Level Below Ground ()

Jan 2005 Jn2006 T 2007 T 2008 Jan2008  Jfan 2000  Jae20ll  Jan2012  Jm2013  Jm2014 Jn2015 T 2016 Jan2017  fan201E  Jan 2019
il ,

L Dhate
GWIC Id: 199993

* | Site Name: TANGEN, AMBER AND LLOYD
Lecation: 1INOIWISACAD
Total Depth: 135 feer

: o SHECTEEE D L T e T VRN AR T YRR IR

roundwater Information Center Well Hydrograph

The following chan represents the current hydsograph for this well. Data reported ase static water levels in foet below ground surface. A filter has been applied 10 the dam 1o remove all drv andfh,
SEatic measurements

Static Water Level
i 20050811 12:40: SWL- 2.07 ft

g
E
H
L]
£
H
T
=
]
|
£
£

Jan 2005 Jm2006  Jm2007 Jm2008 Jm2009 JmX010 Je20ll  Ral012  fae0l3 Jan20l4
3 2
Date
GWIC 1d: 191354
Site Name: LCWQPD - HELBERG LANE NORTH WELL

.\h Locanoa: 1INO3W3SCDDD
| Total Depth. 61 feer

N SO SN = Y Tz NN S e
Groundwater Information Center Well Hydrograph

Jan 2015  Jan2006  Jan 2007  Jan200F  Jam 2019

The following cham sepresents the current hydrograph for this well. Data reported are static water levels in feet below pround susface. A filter has been applied to the data 1o remove all dry and
Stahc measurements.

Static Water Level

Water Level Below Ground {fi)

Tan 2006 Jan 2007 Tan 2008 Tan 2008  Jan 2010  Jan 2011 Jam 2012 Jan 2013 Tan 2014 Tan 2013

Tan 2016 Tan 2017 Jan 2018

Date
B3 GWIC [d: 5816
o iodoning Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 75 of 86
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Presenter
Presentation Notes
All Bedrock wells - shale


1 Helena Area — Groundwater Monitoring AL NS TR b
- I— __ _ — S——— =& Unconfined - Confined

! N S AR
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~ - i = 3y A > o A Al
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Static Water Level
0001027 1145 SWLL S6.73

Tan 2010 Jan 2011 Tan 2012 Tan 2013 Tan 2014 Tan 2015 Tan 2016 Tan 2017 Jan 2018 Tan 2018

q
Samsemsse 100 ft deep - unconfined
e = LR R . :"".“.‘_..

4 -
T . =] 1
0 3 .y I
. oo B e ik » T,
! Groundwater Information Center Well Hydrograph
3 The following chart represents the current hydragraph for this well. Data reported are static water levels in feet below ground surface. A filter has been applied 1o the data to remove all dry
5 X ’)_'%35 D static measurements,
I

Static Water Level
20000821 11:44. SWL. 14360 At

100wy
5 1% = = i d 1
9 w . 1 1 : :
2 A E 2
&
T_- 160 .
5 Q9 }

& (o}
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Jan 2009 Jas 2010 Jan 2011 Tan 2012 Jan 2013 Jan 2014 Jam 2015 Jan 2016 Jan 2017 Jan 2018 Tan 2019

o
Date

GWIC 14: 133703
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Emerald R|dge

The following chart represents the cusrrent hvdrograph for this well, Dt reported are stanic water levels in feet below ground surface. A filter hins been applied to the data to remove all dey an
static measurcments.
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Groundwater Information Center Well Hydrograph

The following chast the curent byd b for this well, Diata reported ave static water levels in feet below pround surface. A filter has been applied to the data to remove all dry and.
STane MEeasurements.
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The following chart represents the current hydrograph for this well. Data reported are static water levels in feet below ground surface. A filter has been applied to the data to remove all dry and

static measurements
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The following chart represents the current hydrograph for this well, Data reported are static water levels in feet below ground surface. A filter has been applied to the data to remove all dry an
static measurements.
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Groundwater Information Center Well Hydrograph

The fc g chart the current hyds h for this well. Dara reported are stane warer levels in feet below ground surface. A filter has been applied to the data 1o remove all dry and/s
static measurements.
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1 Helena Area — Groundwater Quallty Nltrate (NO3)
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Questions?

Ground-Water Information Center:
http://mbmggwic.mtech.edu/

Montana Bureau of Mines and Geoloqgy:
http://www.mbmg.mtech.edu/

James Madison
496-4619
jmadison2@mtech.edu

Montana Bureau af Mines and Geofc:ﬁy
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LEWIS & CLARK COUNTY
_ Community Development & Planning

Neva Hassanein

Why would a sustainability scholar and farmland advocate support a new
plan that will likely convert another 450 acres of prime agricultural soil to
other uses? I have asked myself that many times as the so-called “Mullan
Area Master Plan” has moved through the public process.

That’s a lot of a finite, valuable resource. I was not an easy sell.

Now, though, I am totally convinced this cutting-edge approach is the way
to go. I am one of the members of the City-County Consolidated Planning
Board, which recently voted unanimously for the plan and code, along with
a recommendation to change the name (more on that below). I write on my
own behalf.

What makes this plan different from previous ones? A lot.

Zoning Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 83 of 86



Here are some of my favorite aspects:

First, the plan creates seven neighborhoods in the area west of Reserve,
south of Broadway, and towards the airport. A variety of housing types will
absorb at least 20 years of anticipated population growth. Mixed land uses
will create neighborhoods and town centers where people can shop, dine,
and work close to home.

Second, the plan has an accompanying zoning code, which means its vision
has teeth. Simultaneous passage of the code critically ensures that what the
illustrative plan depicts will basically be built. This kind of zoning, called
“form-based,” specifies the desired character and physical attributes of an
area, rather than simply allowable uses.

Third, unlike sprawl, which is car-centric, the level of housing will be
sufficiently dense so that a variety of transit options can be provided. These
so-called “complete” streets are designed to accommodate all modes. Bike
lanes and trails will crisscross through the area. New parks and open spaces
will enhance quality of life for residents.

Fourth, new community farms and gardens will not only echo the past, but
will also become a vibrant part of future neighborhoods. Cottage food
businesses and the like will be encouraged through the zoning. This plan
can also set the stage for future protection of precious agricultural land to
the west in Grass Valley and elsewhere.

Zoning Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 84 of 86
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Fifth, the “green infrastructure” aspects of this plan are on the leading edge
of sustainable design. For example, to manage stormwater in this area, the
code requires the use of natural processes — incorporating features

like grass swales and detention ponds — to slow runoff, reduce pollution,
and protect our waterways.

Zoning Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 85 of 86



Sixth, this plan (along with the BUILD Project) calls for the restoration
of Grant Creek, which has been channelized over the years. The plan creates
a 200-foot buffer on each side of the stream.

Seventh, the cultural heritage of this place will not be lost, but rather
reimagined and made more inclusive. Historical and educational initiatives
can inform residents and visitors about this rich, cultural landscape.

For thousands of years, the Séli§ and Qlispé people used this open prairie,
rich in bitterroots and other plants, and managed the area with the careful,
regular application of fire. Historic structures, harkening to the agricultural
production of the last century, will be preserved.

For all these reasons and more, the Planning Board unanimously
recommended approval of the plan and code.

In addition, the full Board also recommended that the governing bodies
work to find a more accurate and inclusive name for the plan. Specifically,
we did not want to continue to name things after Captain John Mullan, who
was very disrespectful of the self-determination and sovereignty of the
Sélis, Qlispé, Kootenai, and other indigenous groups. Mullan’s

biographer and other historians have repeatedly described him as racist
and his opinions as “vile.”

The City Council and Board of County Commissioners will hold a joint
hearing on this plan, code, and the proposal to change the name on Monday
Dec. 7 at 6 PM.

Once the plan and code are formally adopted by early 2021, Missoulians
will have to collaborate in our characteristic fashion to bring the innovative
features to fruition. If we do this right, we will be creating neighborhoods
that reflect the uniqueness of this place and the sustainability values we
share.

Neva Hassanein is a member of the Missoula City-County Consolidated
Planning Board and a Professor of Environmental Studies at the
University of Montana. This Sustainable Missoula column is brought to
you — via the Missoula Current - every week by Climate Smart
Missoula and Home ReSource.

Zoning Advisory Panel Public Comment 8-6-21 to 8-20-21, Page 86 of 86
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