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Executive Summary

The Montana Department of Natural Resources and Conservation (DNRC) is proposing
sweeping state-wide legislation which would limit the flexibility of applicants to obtain
new beneficial use permits for ground-water appropriations.  This legislation pertains to
public water supply wells, agricultural wells and exempt wells.  DNRC believes
“cumulative impacts” are occurring because of ground-water use.  DNRC further
hypothesizes that this is adversely impacting an unnamed group of senior
appropriators.
  
DNRC has proposed exempt well legislation (HB 104) and augmentation legislation (HB
138) without conducting thorough evaluations of stream flow data or ground-water
levels at a watershed or sub-watershed scale.  Such analysis is necessary before
proposing sweeping legislation that would affect all sectors of Montana.  It is important
to determine “what the data are showing” before it can be conclusively ascertained if
“cumulative impacts” are occurring. 

NE&W is currently evaluating the available data at a watershed scale in various areas
of Montana to test the validity of DNRC’s “cumulative impacts” hypotheses.  This report
discusses an evaluation performed for the Gallatin Valley which is located at the
northern end of the Gallatin watershed.  This valley has one of the highest exempt well
densities and number counts of any area in Montana.  Hence, if DNRC’s hypothesis is
true, then the data should provide statistically definitive evidence that ground-water
levels are generally declining and that stream flows are being reduced.  Otherwise, the
DNRC “cumulative impacts” hypothesis should be rejected.

Climatic, stream flow, ground-water data, and other information were used to test
DNRC’s hypothesis.

Based upon the above evaluation, the following were key findings:
 

1) Stream flow of the Gallatin River and at Logan for a given water year is
highly dependent upon each given year’s mountain snow pack in the
Gallatin Watershed.  Snow pack in the last seven years has been far
below average.  This has led to a period of lower than average stream
flows in the Gallatin River and other streams entering the valley.

2) By far the most significant human-induced influence on stream flow in the
valley is surface-water diversions for irrigation.  

3) Careful scrutiny of the data from the 1930s to 2000s demonstrated there
was no trend for change in stream-flow behavior over this lengthy period
of time. 

4) There is no evidence of “cumulative impacts” on stream flow from wells.  
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5) Ground-water use from wells is inconsequential when compared to stream
flows.  For instance, total domestic (household) consumption of ground-
water from exempt wells is negligible and equates to about 0.01 % of
Gallatin River flow entering the valley annually.  A worst case estimate for
consumption from lawn and garden irrigation in the Gallatin County
associated with exempt wells equates to about 0.2 % of the water entering
the valley annually.  For another perspective, the total amount of
consumptive use from all exempt wells combined in Gallatin County
equates to about 3 to 9 percent of the total ground-water consumption lost
to cottonwoods and willows in the Gallatin Valley.  A worst case estimate
of consumption from other irrigation wells equates to less than 1.7 % of
the water entering the valley annually.  

6) The actual net effect of wells is much less than the computed percentages
provided above because most of these wells are simply used to irrigate
land that had been irrigated previously with surface water. 

7) There is no evidence that consumptive use has increased in the valley
with the growth of city/rural subdivisions and their accompanying use of
ground water.  In order for consumptive use to increase, there must be an
increase in irrigated acreage compared to historically irrigated acreage.  
Most subdivisions have been placed in areas that had been irrigated
historically.  

8) The amount of irrigated acreage in Gallatin Valley may have actually
decreased with time, especially in areas where rural subdivisions exist.  A
strong argument can be made that overall consumptive use of water in the
valley is declining as a result of subdivision growth.

9) Ground-water levels in Gallatin Valley have not changed significantly
since the 1950s. 

  
10) In order to reliably assess the overall implications of ground-water use on

stream flows, it is necessary to define the land use both before and after
wells are used for irrigation purposes.   In a majority of the instances
where wells are being used for irrigation purposes that same land had
been irrigated before by surface water.  Based upon a review of infrared
imagery in the valley, it is apparent that there is less irrigation in areas
where subdivisions are present.  In order accurately quantify the relative
significance of wells on the overall water budget in the valley, it is
necessary to add and subtract to determine the net changes that may or
may not occur.

A detailed hydrologic evaluation of the Gallatin Valley does not support the rationale
supplied by DNRC for the legislation defined in bills HB 138 and HB 104.  There is
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simply no underlying data confirming the DNRC Hypothesis of “cumulative impacts”
from exempt wells.  Nearly all the changes in stream flow that have been observed in
the Gallatin Valley over the last decade have nothing to do with exempt wells, or other
wells, but are simply due to drought.
 
Based upon the above analysis,  the Hypothesis set forth by DNRC is inaccurate.  It
also calls into question the need for augmentation and exempt well legislation proposed
by DNRC.   The findings defined herein are applicable to many of, if not most of, the
other alluvial valleys in western Montana.  A far more rational approach for determining
if control measures are really necessary would be to evaluate watersheds in detail on a
regional or sub-regional scale to determine the net significance or lack of significance of
wells.  That significance should also be defined by completing both the addition and
subtraction of water to and from an area before any conclusion is drawn.



Gallatin Valley Water Resources Evaluation

A Test of the Rationale of Montana

Department of Natural Resources & Conservation

Proposed Legislation to Amend Montana Water Law

Introduction

The Montana Department of Natural Resources and Conservation (DNRC) is proposing

sweeping legislation which would limit the flexibility of applicants to obtain new

beneficial use permits for ground-water appropriations.  This legislation pertains to

public water supply wells, agricultural wells and exempt wells.  Nicklin Earth & Water,

Inc. (NE&W) is currently conducting an assessment of selected watersheds in Montana

in order to evaluate the technical assumptions that serve as the underpinnings of

DNRC’s proposed legislation.

The reasoning offered by DNRC for the proposed legislation is that wells are causing

“cumulative impacts” to surface-water flows.   DNRC’s proposed legislation, HB 104

and HB 138 would have the following effects:

 • Virtually all new applications for ground-water appropriation in closed basins in

Montana would require an augmentation plan (HB 138); and

 • The exempt well conditions would be altered so that following constraints are

applicable (HB 104) [for domestic/commercial uses]:

 - The maximum irrigated acreage would be 0.25 acres.

- The maximum volume of use would be one acre-ft per year.

The evaluations set forth in this report focus primarily on the proposed legislation

pertaining to exempt wells.  However, an evaluation of the data also provides insights

about the relative significance, or lack thereof, of other ground-water uses, e.g.,

agricultural wells, and public water supply wells.
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Overview

According to a Microsoft Power Point presentation by Mr. Tim Hall, DNRC Chief Legal

Counsel, dated November 14, 2006 the drilling of exempt wells is a “death by a

thousand cuts.”  This is in reference to DNRC’s hypothesized “cumulative impacts.” 

This same Power Point presentation also claims that this “death” is resulting in “known”

adverse impacts to unnamed senior appropriators of surface water.  These are the

same wells serving a variety of entities including private residences, small

business/commercial interests, agricultural users and government entities throughout

Montana.  The DNRC Power Point presentation goes on to state that most exempt

wells currently do not irrigate more than 0.25 acres of land anyway.  If most do not

irrigate more than 0.25 acres, it is unclear what will be accomplished if the proposed

legislation offered by HB 104 passes.

The crux of the arguments set forth by DNRC is that exempt wells cause “cumulative”

impacts.   The primary rationale that DNRC offers in its arguments is set forth in a series

of conceptual/cartoon illustrations provided in the Microsoft Power Point presentation

(Hall, 2006).   The basic premises of DNRC’s logic presented in these cartoons are not

as clear-cut as DNRC assumes.  

A close examination of ground-water level data in the Gallatin Valley does not

demonstrate that the growth in number of exempt wells has led to changes in ground-

water levels.  Stream flow data do not demonstrate that these wells currently cause, or

could cause, any significant changes in Gallatin River flows.   The claims asserted in the

DNRC cartoon illustrations are not supported by the data.

Scientific method dictates that observation data be evaluated before drawing

conclusions about how a system will respond to changes.   In the case of evaluating the

hydrologic response for a system as complex and as dynamic as the Gallatin Valley, it is

not just the “well count number” that matters.  All substantive factors that influence both

ground-water levels and stream-flow observations should be evaluated.  For instance,

the most significant factor affecting stream flow in the Gallatin Valley begins with

precipitation (i.e., snow pack).  From a human-induced water consumption perspective,

surface-water diversions for agricultural irrigation are by far the most important factor in
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the Gallatin Valley.   Portions of the surface-water diversions are returned to streams,

mainly as ground water from irrigation ditch losses.  Compared to the surface water

diversions, the significance of exempt wells is inconsequential.  Reasons for this are set

forth based on the data assessment that was performed herein.

Using ground-water level data, there is no evidence that ground-water levels in Gallatin

Valley have shown a general decrease in response to exempt well development.  

Factors that may explain the lack of aquifer-system response in the valley to exempt

wells include the following:

• The amount of water being pumped from the ground is relatively inconsequential

compared to the overall volume of water that passes through the surface-water

network and ground-water aquifers in the valley.

• Another reason is that all variables affecting changes in consumptive use from

subdivision activity are not considered in DNRC’s “count the wells” approach. 

DNRC has concluded exempt wells will increase the amount of consumptive use

in a given watershed simply on the basis of the number of wells that are drilled

and if they are used to irrigate lawns and gardens.  For such a conclusion to

make sense, it needs to be demonstrated that the use of such wells will also lead

to a corresponding and measurable increase in irrigated acreage and that this in

turn will lead to increased evapotranspiration.  Based upon our review of the data,

it is unlikely that land use changes in the Gallatin Valley have led to a net

increase in irrigated acreage in the last two decades (main period of rural

subdivision growth).  Rather, a strong case can be made for just the opposite,

especially in areas where the density of exempt wells is higher.  

The latter factor can be substantiated using mapping of early 1950s irrigation areas

presented in Hackett, et al (1960) and then comparing that mapping to recent infrared

imagery obtained by NE&W from files at the Gallatin County Local Water Quality Control

District.  Using the infrared imagery, it is apparent that the relative percentage of

irrigated land has decreased in areas near Bozeman, Belgrade and rural subdivisions. 

These are also the areas where exempt wells are most prevalent.   
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Given that consumptive use in the valley is dependent upon the amount of irrigated

acreage, it is invalid to conclude that consumptive use increases with the drilling of

exempt wells (and public water supply wells, etc.).  The opposite conclusion can be

reached when all factors are considered.  If there is a decrease  in overall irrigated area,

which appears likely, then consumptive use is probably decreasing rather than

increasing.  A process of addition and subtraction is relevant here.  DNRC has elected to

conduct the addition part (wells being added), but it has not done the subtraction

(reduced irrigated acreage). 

The character of the overall water demands in Gallatin Valley, and in some other

portions of Montana are have been in transition over the last one and one-half centuries. 

Although nearly all the surface-water demand is for agricultural irrigation purposes, 

some changes in how water is being used and distributed are evolving at a local scale. 

It is overly simplistic to generally assume that negative “cumulative impacts” from wells

will result as postulated by DNRC with these transitions.    A “one shoe fits all” approach

should not be universally applied to all situations and all different watersheds, especially

if the “problem” in most instances is more perception rather than reality.  It seems much

more pragmatic to apply the scientific method by evaluating the database (e.g., ground-

water level data, surface-water data, actual overall water demands, etc.) at watershed or

sub-watershed scales to quantify the relative implications one way or another. 

Solutions, only if needed, could be defined on the basis of these results. 

The following shows why caution is warranted in using perceptions as opposed to data

for drawing conclusions as to how a complex system has behaved over time.  Hackett,

et al (1960) discussed the relative significance of ground-water recharge in the Gallatin

Valley in association with irrigation activity in the 1950s.  This was a time when flood

irrigation was the dominant irrigation practice.  Some have claimed that the later

transition from flood irrigation to sprinkler irrigation (beginning in about the 1970s) led to

substantial changes in the magnitude of recharge which in turn affected ground-water

levels and also affected the amount and rate that flow returned to the streams.  Some of

the logical questions to ask to assess the validity of this claim are the following:

• Did this transition yield observation data that confirmed that this change in stress

led to observable “cumulative changes” which affected ground-water levels?  
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• Were stream flows affected?  

• Did this cause senior appropriators to be adversely impacted? 

The first two of these questions can be answered by simply analyzing the data.  For

instance, two U.S. Geological Survey (U.S.G.S.) studies provide insights with respect to

ground-water levels collected in the 1950s (a period of flood irrigation) to data collected

in the 1990s (a period of sprinkler irrigation).  These studies are presented respectively

in Hackett, et al (1960) and Slagel (1995).   The later U.S.G.S. study (Slagel, 1995)

concluded the following:  

“Agriculture is the predominant land use in Gallatin Galley.  However, population
growth has resulted in the establishment of numerous rural subdivisions.  Water-level
measurements made during this study, coupled with long-term water-level trends, do
not indicate any significant water-level changes resulting from increased ground-
water withdrawals.”

The combined conversion from flood to sprinkler irrigation, and then the establishment of

numerous rural subdivisions with wells (exempt and public water supply), had not led to

significant water level changes over this forty-year period of time.  Our evaluation of

more recent ground-water level data (early 1990s to present) leads us to ascertain that

the U.S.G.S.’s conclusion can be extended through 2006.

The second question above can be answered by simply evaluating the stream flow data. 

For instance, in our evaluations of the surface-water discharge data in the Gallatin River

over a period of the record from the 1930s to present, we were unable to determine any

observable response in the stream flow records indicative of a transition from flood

irrigation to sprinkler irrigation.

In effect, by answering the first two questions, the third is answered as well.  The

transition from flood to sprinkler irrigation showed no evidence of any significant change

in ground-water levels, nor is there any evidence of stream-flow impacts resulting from

the transition.  Consequently, there is no evidence that senior appropriators were

adversely affected by the transition from flood to sprinkler irrigation or by any resulting
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negligible changes in groundwater levels or stream flow.

The aforementioned example is a case-in-point.  Given the response to what some

considered a “significant event,” little change in the hydrologic response of ground-water

levels and stream flows can be ascertained.  It should not be assumed, without

examining the data, that use of exempt wells causes the types of “cumulative impacts”

and “adverse impacts to senior appropriators” that are claimed by DNRC.  DNRC should

have evaluated the relevant data in Gallatin Valley and in Montana in general before

drawing this conclusion.

There are many factors that lead to ground-water level and stream-flow changes over

time.  It is paramount that all relevant data are obtained, assessed, and reliably

interpreted.  Even in areas that have seen the completion of numerous exempt ground-

water wells, such as the Gallatin Valley, do the data reveal the “cumulative impacts” that

DNRC describes?  Where are the valley-wide decreases in ground-water level from

these exempt wells?  Do stream-flow data show evidence of impacts that can be directly

(and uniquely) attributed to the pumping of wells?  If trends are being observed in the

data, are there other factors, such as drought, that could explain such trends as well?

Finally, even if the cumulative impacts can be detected and quantified on a site specific

basis, is should be determined whether existing legislation can address such cumulative

impacts via mechanisms such as establishment of ground-water control areas, etc.? 

Developing  legislation specifically to target a perceived problem in one area, and then

extrapolating that legislation to other areas, seems to be an irrational approach to

addressing water supply management issues in Montana. 
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The Scientific Approach

A scientific approach should be used to assess hydrologic conditions on a local,

watershed, or even regional scale to understand how a system behaves.  This is

appropriate before posing solutions to a problem that may, or may not exist.   Otherwise,

the proposed solution may be either inappropriate, unnecessary, or it may create a new

set of problems.

One manner of employing the scientific approach is to establish a hypothesis and then

test that hypothesis via thorough evaluation of relevant observations.  If the hypothesis

is demonstrated to be true via the scientific analysis, the hypothesis is accepted,

otherwise it is rejected.  The scientific method allows individuals with different belief

perspectives to approach a given issue (e.g., a perceived problem), to apply data

evaluation, and then to ultimately draw the “correct conclusion.”  For example, the

following are alternate hypotheses offering differing viewpoints addressing DNRC’s

perception of exempt wells causing “cumulative impacts” to stream flows in the Gallatin

Valley: 

Hypothesis 1: Exempt wells are causing an overall increase in consumptive use in

the valley and therefore this leads to changes in ground-water levels

and stream flows [required for DNRC’s hypothesis of cumulative

impacts to be true or accepted].

Hypothesis 2: Exempt wells are not causing an overall increase in consumptive

use of water in the valley as changes in ground-water levels and

stream flows are not being observed [Antithetical to DNRC’s

hypothesis of cumulative impacts].

Regardless of which hypothesis the analyst chooses to start with, or the initial bias of the

scientist who is undertaking the analysis, a serious and proper evaluation of all the

relevant data will allow the analyst to draw the correct conclusion.   For example, in

order for Hypothesis 1 (DNRC’s belief) to be accepted, it must be demonstrated through

data evaluation there is clear, compelling and statistically significant evidence that

exempt wells are causing changes in both ground-water levels and stream flows.   If this
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can be demonstrated, then Hypothesis 1 is accepted.  Otherwise, Hypothesis 1 is

rejected.

For Hypothesis 2 to be accepted, the data would have to demonstrate a compelling case

that there are no “cumulative impacts.”   If the data exhibit evidence that demonstrates

there are “cumulative impacts,” then Hypothesis 2 would be rejected.   Ultimately, each

analyst, regardless of the initial point of view would have ended up drawing the same

conclusion based upon data as the acceptance of Hypothesis 1 is the same as rejection

of Hypothesis 2, and vice versa.

DNRC has chosen to define and accept Hypothesis 1 without conducting a thorough

analysis of all the data.  It is assuming that a simple well count suffices to conclusively

determine that “cumulative impacts” have resulted and this in turn has led to adverse

impacts to an unnamed group of senior appropriators of surface water.   The scientific

method requires that all substantive variables affecting the outcome, and the data itself

(e.g., ground-water levels, stream flow, climatic factors, water use practices,  etc.) be

assessed, before drawing conclusions.  In other words, the DNRC has failed to analyze

what the evidence shows.

Care must be taken to account for as many factors as possible before drawing a

conclusion.   This includes completing the addition and subtraction discussed earlier.  It

also includes addressing other natural or human induced factors as well.  For example, it

is well known that over the last several years stream flows have declined substantially in

the Gallatin River (as measured both south of Gallatin Gateway and as measured at

Logan).  Most scientists attribute such declines to the drought (e.g., reduced snow pack)

that has been observed over the last several years.  If drought is responsible for ground-

water level declines and stream-flow changes, it would be inappropriate to blame

something else that is not responsible.  For instance, it is evident in reviewing a recent

report completed by Ziemer, Kendy, Wilson (2006) that these authors are attempting to

defer portions of this drought-related flow reduction in the Gallatin River to housing

development in Big Sky, Montana.  Rather than conducting an assessment of the data to

determine if the “impacts” of Big Sky development could even be measured in Gallatin

River flows, Ziemer, Kendy, Wilson (2006) relied on hearsay statements to infer that 

development was contributing to the lower stream-flow observations.  If these authors
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had conducted a simple quantification of Big Sky water demands and compared those

demands to the Gallatin River flows, they would have discovered that any change in flow

associated with the Big Sky development is “minuscule” when compared to Gallatin

River flows, and that this change simply could not be detected in those observations.  

Again, why not evaluate the data before drawing conclusions?

Methodology

NE&W conducted a detailed evaluation of the hydrologic database for the Gallatin Valley

to determine if the following hypothesis should be accepted or rejected:

DNRC Hypothesis:

The drilling of exempt wells in Gallatin Valley has led to an overall increase in

consumptive use of water [required for DNRC’s hypothesis of cumulative impacts

to be accepted for the Gallatin Valley].

If there is any location in Montana that can serve as a test of the validity or lack of the

validity of the “cumulative impacts theory” set forth by DNRC, Gallatin Valley is the

place.  This is because about 11,300 exempt wells have been completed in Gallatin

County with most of these present in Gallatin Valley.

The following sources of information were analyzed: 

1) Precipitation and snow pack data;

2) Stream-flow data (U.S. Geological Survey data focusing on Gallatin River gaging

stations);

3) Ground-water wells and ground-water level data assembled by the Montana

Bureau of Mines and Geology (MBMG); and

4) Land use (e.g., evaluation of aerial photographs, subdivision maps, etc.).
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In addition, NE&W also relied upon interpretations from the following reports:

1) A Gallatin Valley hydrogeologic study completed by the U.S. Geological Survey
(see Hackett, et al, 1960).  Interpretations in the report information provide a
detailed evaluation of both ground-water and surface-water conditions in the
Gallatin Valley representative of the 1950s.  It also provides insights of the overall
water balance in the valley.

2) The U.S. Geological Survey (Slagel, S.E., 1995) describes a valley watershed
study completed to assess ground-water levels and nitrate concentrations in the
Gallatin Valley covering 1992-1993.   Water level data collected in this report are
particularly insightful as they were compared to water level data in the Hackett
study.

Later we will extend results from both of the U.S. Geological Survey’s studies using

results of data collected from approximately 1993 to 2006 by the MBMG.   MBMG has

forty-one monitoring wells in Gallatin County as part of its state-wide monitoring

program.  Twenty-nine of these wells are located in the Gallatin Valley.

A companion study was also performed by Dr. Gerald Westesen, Professor Emeritus of

Civil Engineering, Montana State University.  Dr. Westesen conducted an evaluation of

typical consumptive use requirements for a variety of plant cover conditions ranging from

native vegetation, agricultural crops, to turf grass, etc. under irrigated and non-irrigated

conditions (see Attachment A).  The purpose of Dr. Westesen’s analysis was to assist in

providing a baseline of evapotranspiration rates for the valley.  This also served to test

the overall water balance computations made for the Gallatin Valley.  One goal was to

evaluate consumptive use requirements in the valley for three states of land use: 1) Pre-

irrigation (natural state); 2) Agricultural irrigation; and 3) Mixed agriculture/urban

environment.
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Physical Setting

The Hydrologic Cycle

Ground water and surface water are components of a complex dynamic system that is

known as the hydrologic cycle.  These and other components of this cycle are shown in

Figure 1.   Precipitation ultimately either seeps into the ground, flows overland and in

streams, evaporates, or is transpired to the atmosphere from plants.

Gallatin Valley Physical Setting and Overview

The Gallatin Valley is an intermontane basin contained within the Gallatin River

watershed of southwestern Montana (see Figures 1 and 2).  An excellent overview of the

physical setting is set forth in Hackett, et al (1960).  The approximate area of the valley

is about 540 square miles.  This valley is bounded on the east by the Bridger Mountain

Range and on the south by the Gallatin Mountain Range.  The predominant land use is

agricultural.

Most of the crop land on the valley floor, the Bozeman fan, and the Manhattan terrace is

irrigated, as are about one-third of the Camp Creek Hills.  According to data compiled by

Hackett, et al (1960) from the Montana State Engineer’s office, 107,261 acres (about

168 squares miles)  was irrigated in 1952.  This represents about 31 % of the land

surface area of the valley.  Some changes in the overall irrigated area have evolved over

time.  Based upon infrared mapping, it appears that the overall percentage of irrigated

land has declined.  This decline is concentrated in areas near subdivisions. 

More recently, major economic activity in the valley has become more diversified and

includes agriculture, building construction, Montana State University, and evolving

technological/entrepreneurial companies.  The service industry has expanded as well.
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Climate

Much of the Gallatin Valley is semiarid.  The average annual precipitation valley wide is

16 inches.  Average annual precipitation ranges from 12 inches in the lower

northwestern portions of the valley to 26 inches nearer the mountain flanks [see Figure 3

for climate stations and Figure 4]. 

Temperatures vary substantially with the minimum average daily temperature in the

valley being 12 degrees Fahrenheit in January and the average maximum daily

temperature in the valley being 81 degrees Fahrenheit in the summer months of July

and August (at Montana State University, MSU). The minimum and maximum

temperatures ever recorded have been -43 F and 105 F respectively (at MSU).o o 

Geology/Hydrogeology

The Gallatin Valley is considered a high intermontane basin.  A detailed and excellent

summary of the geology is presented in Hackett, et al (1960).  Figure 5 provides recent

geologic mapping of the area by Vuke, et al (2002). 

The geology bounding the valley is very complex.  However, the surface geology within

the valley itself is not as complex as surficial deposits tend to consist of either valley

floor alluvium, alluvial terrace, alluvial fans or Tertiary strata.  The alluvial deposits are

the most recent geologic units in the valley.   The Tertiary deposits are valley-fill geologic

material which consist of moderately indurated to well-indurated tuffaceous sand and

siltstone.  The Tertiary deposits tend to be finer-grained materials when compared to the

alluvial deposits.  Both the alluvium and the Tertiary deposits commonly serve as

sources of ground-water supply in the Gallatin Valley.

Lower portions of the Quaternary alluvial deposits generally prove to be the most

productive aquifers in Gallatin Valley.  In particular, Quaternary alluvial strata near the

the Gallatin River and E. Gallatin River yield copious amounts of water.  Although the

Tertiary deposits produce water as well, the magnitude of discharges tends to be lower

and less predictable than what is derived from the shallower alluvial deposits.  The

primary reason for this is, again, related to the fact that the Tertiary deposits tend to be
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finer-grained.  However, intervals of relatively coarser-grained strata exist within the

Tertiary and can produce an abundant water supply.  For instance, the most productive

Tertiary wells tend to be in the Camp Creek Hills area in northwestern portions of the

valley.  Wells producing between several hundred gallons per minute (gpm) to over

2,000 gpm from the Tertiary have been completed in this area.

The water yielding capacity of aquifers is proportional to a term known as transmissivity. 

The transmissivities of the Quaternary alluvial valley floor aquifers for the Gallatin River

and the E. Gallatin River are typically very high.  This explains why these aquifers

produce so much water.  The Tertiary aquifer transmissivities are typically much lower

because of the finer-grained nature of these strata.  Nonetheless, the Tertiary aquifer

produces sufficient water for stock, domestic, and smaller subdivisions.   Again, some

portions of this Tertiary aquifer in the Camp Creek Hills area produce enough water for

agricultural irrigation wells.

Streams

The two largest streams in the valley are the Gallatin River and the E. Gallatin River (see

Figure 3).  Stream discharge rates and volume are dependent upon each water year’s

snow pack.  Slightly more than 70 percent of the surface-water flow entering Gallatin

Valley enters via the Gallatin River at the mouth of Gallatin Canyon as measured at a

gaging station near the Spanish Creek confluence (Hackett, et al, 1960).  The remaining

surface-water flow enters at other streams along the periphery of the valley.

Data Summary and Evaluation

Snotel Data Collection Network

The Natural Resources Conservation Service (NRCS) installs, operates and maintains

an extensive, automated system designed to collect snow pack and related climatic data

in the Western United States and Alaska.  This system, called SNOTEL (for Snow pack

TELemetry), operates over 660 remote sites in mountain snow pack zones.  Congress

mandated NRCS (then the Soil Conservation Service) in the mid-1930's "to measure

snow pack in the mountains of the West and forecast the water supply."
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Snow water equivalent is the measure that defines the depth of water that would be

produced by a given snow pack.  It is measured at a Snotel station by a pressure sensor

which quantifies the weight of snow pack that lies on a snow pillow (see Snotel Brochure

in Attachment B).

Figure 3 (left portion) shows the local Snotel stations relative to the Gallatin Valley.  The

three used for the analysis presented in this report are the following: 

• Carrot Basin (water years 1967 through 2006)

• Shower Falls (water years 1966 through 2006)

• Lick Creek (water years 1964 through 2006).

Again, the NRCS collects Snotel data for forecasting stream flows.  In fact, it is well

known that the amount of mountain snow pack (as water equivalent) in each given water

year (from October 1 through September 30) dominates the rate that stream flow enters

and then exits the Gallatin Valley.  The evaluation focused on each of the above three

Snotel stations as they possessed a sufficiently long period of record which could be

compared to the stream discharge data collected along the Gallatin River.

Other Snotel stations, including those at Sacajawea, Brackett Creek and Lone Mountain,

are within the Gallatin River drainage.  However, the duration of record at these stations

was considered to either be too short or the available record contained too many

estimated values.  Therefore, the latter Snotel stations were not used in the statistical

assessments that are presented in this report.

A summary of the results from the snow pack analysis is given below.

Carrot Basin

Figure 7a provides a summary of the Carrot Basin snow water equivalent over time.  The

upper plot presents the mean monthly snow water equivalent of the snow pack in inches

over the period of record.  The snow pack has ranged from less than 20 inches to more

than 40 inches over the period of record.
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The lower plot in Figure 7a provides a cumulative departure from average snow pack for

the period of data collection.  Positive (upward) slopes in this plot define long-term

periods of above average snow pack whereas negative (downward) slopes express

long-term periods of below average snow pack.  For example, a period of greater than

average snow pack was observed from 1966 to 1976.  On the other hand, beginning in

about 1999 or 2000, the snow pack has been below average through 2006.

Shower Falls

Figure 7b provides a summary of the Shower Falls snow pack water equivalent over

time.  The snow pack has ranged from less than 20 inches to more than 40 inches over

the period of record.

The behavior of the cumulative departure from average plot (lower plot) in Figure 7b is

similar to what was observed at the Carrot Basin Snotel station.  A long-term declining

trend for snow pack at the Shower Falls station commenced beginning about 1998. 

Lick Creek

Figure 7c provides a summary of the Lick Creek Snotel station snow pack, water

equivalent over time.  Again, the upper plot presents the mean monthly water equivalent

of the snow pack in inches.  The snow pack has ranged from less than 10 inches to

more than 20 inches over the period of record.

A long-term declining trend for snow pack at this station began about 1985 (lower plot of

Figure 7c).

Stream-flow Data Evaluation Summary

Long-term stream-flow data have been collected at two stream gaging stations for the

Gallatin River as follows (see Figure 3):
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• USGS 06043500 (Gallatin River near Gallatin Gateway).  This station is located

below (north of) the confluence with Spanish Creek.  It is also situated up-

gradient of valley irrigation ditches.  The drainage area above this station is 825

square miles.

• USGS 06052500 (Gallatin River at Logan MT).  The station is situated at a

location at the northwest corner of the Gallatin Valley.  Nearly all water ultimately

exiting the valley leaves in the Gallatin River at this location owing to a geologic

restriction in this area.  The drainage area above this station is 1,795 square

miles.

Again, just above 70 percent of the surface water entering the Gallatin Valley is via the

Gallatin River as measured at the mouth of the Gallatin Canyon (see Hackett, et al,

1960).  The remainder is from other streams entering the valley.  Interpretations

involving the other streams are given in Hackett et al, 1960.    

Figures 8a and 8b provide hydrograph and cumulative departure from average stream

flow plots for the Gallatin River gaging stations extending from 1930 to present. 

Generally, an upward trend in the cumulative departure plot (lower plot) indicates a long

term period of above average flow whereas downward trends indicate long term periods

of below average flow.  Relatively horizontal portions of a given plot demonstrate time

periods when the flow is nearer the average flow.  The following are general

observations that can be made from these plots:

• The cumulative departure plots for both stations demonstrate that the longest

period of low flow (drought) was during water years extending from the early

1930s to 1941.

• A long-term period of above average stream flow at Gallatin Gateway and Logan

began in the early 1960s and extended to the mid-1970s. 

• A more recent long-term period of low stream flow (drought) began about water

year 2000.
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Given the observations for the 1930s it is noted that the recent drought (since year

2000) is by no means unique for the Gallatin River.

Comparison of Snotel Data to Gallatin River Flows

Again, stream flow in the Gallatin River watershed is highly dependent upon the

magnitude of each year’s snow pack (snow water equivalent).  Figures 9a through 9c

present plots demonstrating the relationship between snow pack and stream flow on the

basis of cumulative departure from average plots between Snotel data and Gallatin

River flows and show almost mirror images of cumulative departure trends.

Figure 10 presents regression plots of the relationship between snow pack and stream-

flow observations; and it presents a regression relationship between Gallatin River

stream flow as measured at Logan and south of Gallatin Gateway.   Again, this figure

demonstrates that stream flow entering and exiting the valley is highly dependent upon

the snow pack.   Figure 10 also demonstrates that the annual mean stream flow at

Logan is highly correlated to the annual mean stream flow entering the valley at Gallatin

Gateway.  This suggests that other surface-water contributions to the valley are directly

proportional to those flows entering the valley via the Gallatin River.  This is logical as

the relative snow pack amounts should vary similarly year to year throughout the Gallatin

River watershed.  Furthermore, the high correlation of the Logan and Gateway station

stream flow demonstrates that the dominant factor affecting flow at Logan is the flow

that enters the valley via the streams. 

Figures 11a through 11d provide another form of evaluation of changes in a snow pack

over time.  The upper graph in each of these figures shows the peak month mean water

equivalent (PMWE) observed at each Snotel station for a given water year.   That figure

also plots the average value of the PMWE for the period of record.  The lower table in

each of the figures tabulates exceedance counts over each given decade.  The lower

row of each table demonstrates that in the 2000s decade, snow packs have been well

below average.  For instance, Figure 11a shows that snow packs exceeding 25 inches

were observed much more frequently from the 1960s through the 1990s at the Shower

Falls station than they have been recently.  Beginning year 2000, snow pack exceeding

25 inches at this station has been observed only once in the last seven years. 
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Figure 11d composites Snotel data for the three stations.  The upper plot and the last

row of the exceedance table again show that seasonal snow packs in the Gallatin River

watershed have declined substantially since the 1990s. 

This above Snotel analysis demonstrates what is already well known.  The amount of

snow pack dominates the magnitude of stream flow entering and exiting the Gallatin

Valley.  In effect, the relatively lower snow pack of recent years explains the reason that

flows in the Gallatin River in the valley have been well below average for these years.

Precipitation in Gallatin Valley

Direct precipitation has been measured at the following climate stations in the Gallatin

Valley:

Montana State University (1892 to 2006)

Montana State University Experiment Station (1967 to 2006)

Belgrade Airport (1941 to 2006)

Figures 12a through 12c tabulate both the annual precipitation depths in inches and the

cumulative departures from average (mean) for these respective stations.

The plots demonstrate that temporal precipitation patterns vary in the valley from station

to station.  For instance, both the Experiment Station and Belgrade Airport cumulative

departure from average plots indicate relatively lower precipitation has occurred since

the 1990s (see Figures 12b and 12c respectively).  Yet, this trend is not apparent in the

cumulative departure from average plot at Montana State University (Figure 12a).

Comparison of Gallatin River Flows to Valley Precipitation

Annual Gallatin River flows were compared to the annual precipitation data at all three

locations located in the valley.  The Gallatin River flows demonstrated virtually no

correlation to valley precipitation.   Figure 13 (upper plot) presents an example showing
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the relative correlation of Gallatin River flow (Logan) to annual precipitation at Belgrade. 

That correlation is negligible.   The lower plot in Figure 13 compares Gallatin River flow

at Logan to snow pack.  Again, it is obvious that the mountain snow pack dominates the

surface-water flow that exits the Gallatin Valley (Logan).

Overall Water Balance

Figure 14 provides a water balance of the annual volume of water entering the Gallatin

Valley for an average water year.  The basis of this figure is developed from the

information set forth previously.  It also adapts information presented in Hackett, et al

(1960).   Figure 15 provides another valley water balance example under conditions

representative of a relatively drier year using 2001 Snotel records, precipitation, and

stream flow data.

Referring to Figure 14, the amount of water entering the Gallatin Valley for an average

year may be subdivided as follows:

Surface-water Flow 818,000 acre-ft (surface water entering the valley)

Direct Precipitation 465,000 acre-ft

Hence, based upon the aforementioned assumptions, the total estimated inflow into the

valley is 1,283,000 acre-ft per year.

The amount of water leaving the valley each year may be subdivided as follows:

Surface-water Flow: 765,000 acre-ft (water leaving the valley at Logan)

Consumptive Use: 518,000 acre-ft

The basis for all the above interpretations are shown in Figure 14 and Figure 15.   These

amounts do not include the net water entering and exiting the valley as ground-water

under-flow.  The latter contributions are considered to be small in comparison to the

above factors.   The actual underflow exiting the valley is probably substantially smaller
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than that entering the valley.

The water balance figures do not include net changes in storage from ground-water level

changes.  Those changes are anticipated to be negligible when defined for the period of

record (from 1930s to present); and comparatively small when defined on an annual

basis.

Nearly all consumptive use in the valley is from evapotranspiration by vegetation

(includes both irrigated and non-irrigated land).   Consumption from domestic

(household) use and water surface evaporation is inconsequential when compared to

evapotranspiration.  Virtually all domestic water is recycled as treated effluent.  

According to a Colorado study, household consumptive use (from showers, drinking,

etc.) is typically less than 2 % of daily demand (see Attachment C).  The Montana

Department of Environmental Quality assumes that about 250 gallons per day typifies

household demand.  Thus, a conservative estimate of the net average consumption per

household is 5 gallons per day under full-time occupancy.   For the resort area of Big

Sky, where a high percentage of homes tend to be occupied only part of the year, the

net consumptive use for household use is more likely about 1 to 2 gallons per household

per day.

Data obtained from the MBMG Ground-water Information Center (GWIC) site show there

are approximately 11,300 domestic wells that have been drilled in Gallatin County.  If we

conservatively assume that all 11,300 homes with wells consume 5 gallons per day, the

total consumption of all homes would be the equivalent of one well pumping at a rate of

about 35 to 40 gpm.  As a point of comparison, the average flow in the Gallatin River

near Gallatin Gateway is about 796 cfs or 357,000 gallons per minute.  Hence, the total

domestic consumption for all exempt wells in Gallatin County is about 0.01 % of the

Gallatin River flow entering the valley.  In other words, the total domestic (household

use) consumption involving exempt wells in Gallatin County is inconsequential.

Water surface area for ponds in the valley is also small or inconsequential relative to

other factors as well.
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The most significant sources of water that contribute water directly to evapotranspiration

in the valley are in relative order of significance:

Direct Precipitation.   Most of the direct precipitation leaves the valley as 

evapotranspiration.  A smaller percentage of the precipitation will percolate through

the soil as recharge to the ground water.  It is reasonable to assume that about 85 to

90 % of direct precipitation that falls on the valley land surface will be lost to

evapotranspiration (Et) in the alluvial valleys of western Montana.  The actual

percentage will vary in accordance with the field capacity (water holding capacity) of

soils at the surface.  Another small percentage of the precipitation will evaporate from

surfaces.  For purposes of the evaluation performed herein, they are combined and

referred to as evapotranspiration.

Irrigation.  Nearly all the remaining evapotranspiration is from irrigation using surface-

water diversions (dominantly by agriculture).  Relatively minor portions of the overall

consumptive use (compared to surface water) are attributable to wells.  A majority of

the agricultural irrigation via wells occurs in the Camp Creek area in the western

portion of the Gallatin Valley.  The remaining well related consumptive use is from

public water supply and exempt wells.

Defining the Significance of Exempt Wells on Stream flow

It is well known that there has been a growth in city/rural subdivisions in the Gallatin

Valley.   Figure 16 provides a plot showing land use in general for the Gallatin

Watershed, and the locations of major subdivisions.  Figure 17 shows the following:

• Land that had been historically irrigated in the valley (1952);

• Locations of land and rural subdivisions; and

• Locations of wells as defined in NRIS.

It is noted that the density of wells tends to cluster in areas where subdivisions are

present.  Furthermore, a majority of the wells are placed in areas that had been

historically irrigated.
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According to DNRC, most exempt well users likely irrigate less than a quarter of an acre

of land.  This is reasonably consistent with NE&W observations.

Again, there are approximately 11,300 domestic wells that have been drilled in Gallatin

County.  Not all these wells are located within the Gallatin Valley.  It is unknown how

many of these exempt wells use ground water for irrigation in the valley.  Using DNRC’s

water rights database, there are approximately 8,000 wells in the main portion of the

valley with water rights (including exempt wells).

For purposes of assessing the relative significance of exempt wells county wide, it is

assumed that 11,300 exempt wells each irrigate 0.25 acre of land.  It should be noted

that evapotranspiration for native vegetation occurred prior to irrigation activity.  Hence,

only the net increase in evapotranspiration associated with irrigation activity should be

quantified in order to accurately portray the impact of irrigation on the water budget. 

This estimate is developed on the basis of the evapotranspiration assessment of Dr.

Gerald Westesen, PhD  (See Attachment A).  The net consumption (exceeding

precipitation’s normal contribution) associated with that irrigation for lawns is estimated

to be 0.95 acre-ft per acre (see Table 1).  Under these assumptions, then a reasonable

upper limit estimate for the total net increase in consumption resulting from irrigation via

exempt wells is approximately 2,700  acre-ft annually.  This equates to about 0.2 percent

of the total volume of water (1,283,000 acre-ft) that enters the valley annually as either

stream flow or precipitation (see Figure 16).  It also equates to about 0.4 percent of the

surface-water flow leaving the valley at Logan.  As another point of comparison,

according to the U.S. Geological Survey (Hackett, et al, 1960), evapotranspiration by

phreatypes (cottonwoods and willows) in the valley consume from 30,000 acre-ft up to

90,000 acre-ft annually.  Hence, the total estimated irrigation related consumption from

all Gallatin County’s exempt wells equates to about 3 to 9 percent of the total

consumption lost to cottonwoods and willows in the Gallatin Valley. 

Therefore, under what is considered a worst case (and highly unlikely) scenario for

exempt well impacts, the maximum conceivable impact of exempt wells is 0.4 percent of

the volume of water leaving the valley annually.  From a stream flow perspective, this

amount of use cannot be detected as it is far below stream-flow measurement accuracy. 
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Although DNRC did not undertake any comprehensive analysis for existing data,

DNRC’s logic stops with the conclusion that exempt wells remove ground water. 

However, the above analysis is not complete.  The impact of changing lands from

irrigated agricultural lands to residential lands with exempt wells must also be taken into

account.  When exempt wells are drilled, in a majority of situations in the valley, the

same land had been irrigated historically (see Figure 17).  In this case, the land being

irrigated by the exempt wells would not have led to any substantive increase in

consumption.  In fact, based upon the patterns we have observed in Gallatin Valley, it

appears that there is a relative decrease in land being irrigated in association with the

evolution of subdivisions.  Again, a strong argument can be made that development has

led to decreases in irrigation water requirements.

To illustrate the latter inference, Figure 18 provides a plot of infrared imagery collected

on September 9, 2001.  The red portions of the plot indicate vegetation growth.  This

growth is typically associated with irrigation, or sub-irrigation (see left plot in Figure 18). 

Careful evaluation of that imagery reveals that in areas where subdivisions are most

prevalent (center of Figure 18), and areas where the well densities are the highest (see

right plot in Figure 18), red is not as prevalent.  This reduced intensity suggests that

lands that had been formerly irrigated with surface water are now being irrigated to a

much lesser degree with ground water.  

Hence, it is unlikely that increased consumptive use has occurred in the valley from

increased ground-water development.  Rather, it seems more likely that net consumptive

use has decreased.  This means more water becomes available for use by others when

irrigated farmland is taken out of producton and used for domestic purposes.

To summarize, it is necessary to perform all the addition and subtraction before

ascertaining just what the consequences are, or are not, when assessing the 

significance of exempt wells in Gallatin Valley on the overall water budget.  DNRC has

not performed this analysis.
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Defining the Significance of Irrigation Wells

It is also complex quantifying the relative significance of irrigation wells (as opposed to

exempt wells) for the following reasons:

• Irrigation wells may be used to supplement surface-water irrigation;

• Irrigation wells may be used to replace surface water; and/or

• Land that had not been irrigated before may be irrigated by wells.

The key, again, is that it is necessary to perform both addition and subtraction before

drawing conclusions about the relative significance of irrigation wells.

The addition phase can be performed on the basis of information set forth in the DNRC’s

water rights database.  Based upon that database, about 19,000 acres of land in the

valley are now irrigated by ground-water wells (some of this land may have been

included in the calculations for the exempt wells that were discussed before).   The

consumptive use requirement (above effective precipitation contribution) for irrigated

land is assumed to be 1.14 acre-ft per acre (assumes 50 % irrigated spring grain and 50

% irrigated alfalfa).  This equates to about 22,380 acre-ft annually under a worst case

scenario.  This represents about 1.7 % of the flow entering the valley annually or 2.9 %

leaving the valley annually.  For another perspective, this ranges from about 25 % to 75

% of the water that is consumed by willows and cottonwoods in the valley.

Again, we have conducted only the addition part.  For the reasons previously defined, it

is obvious that subtraction should be performed as well.

This study does not quantify what proportions of the ground-water well irrigation are

used for supplemental irrigation, for replacement of surface water, or for new land

surface irrigation.   Based upon a review of the 1952-1953 irrigation maps set forth by

Hackett, et al, much of the area where ground-water well irrigation is currently employed

had been previously irrigated with surface water (see Figure 17, right portion).  Hence, it

is deemed likely that most of the ground water serves either for supplemental irrigation
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or for surface-water replacement.

There are three alternative possibilities related to the significance of irrigation wells and

they are the following: 1) There has been a net increase in consumptive use in the areas

where they are present; 2) net consumptive use has not changed; or 3) net consumptive

use has decreased.

Hence, without a thorough analysis, it is difficult to conclude if that overall consumptive

use has increased, remained the same, or decreased in the valley in association with

irrigation wells.  Thus, caution is warranted in drawing conclusions that are absolute or in

stating that there are “cumulative impacts” from irrigation wells without examining all the

factors described heretofore.   For instance, what do the ground-water level data and

surface-water data show when all factors are considered?

Long-term Ground-water Level Observations

The following sources of ground-water level data exist for the Gallatin Valley:

• U.S. Geological Survey (Hackett, et al 1960) provides water level data from 1952

through 1953;

• U.S, Geological Survey (Slagel, 1995) provides water level data for 1993; and

• Montana Bureau of Mines and Geology (MBMG) provides water level data from

about 1993 to present (from state-wide data collection network).

The U.S.G.S. study by Slagel (1995) compared water level data from the 1950s to water

level data collected in 1993.  This study concluded that no significant changes in water

levels occurred over that time interval (1950s to 1993).  

Conveniently, in the early 1990s, the MBMG began collecting regular monitoring level

data for a 41 well network in Gallatin County.  From this network, 29 of these wells are

located in Gallatin Valley.  Plate 1 presents hydrograph plots of these wells for the valley

(see Attachment D for more information about each well).  The following are noted in
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Another GW IC near the JTL/TMC gravel pit, 135735, seems also to have responded to
1

the gravel pit operation the same time as 133176, however, water level change was about 1 or 2 feet vs

the approximately 10 foot decline in 133176.

those plots:

• Most of the wells show seasonal variations.  Ground-water levels tend to increase

during the late spring and early summer when recharge from precipitation and

from surface-water irrigation activity is the highest.

• Twenty-six monitoring wells have not shown any significant/persistent trends over

time.

• One well GWIC ID 133176  showed water levels abruptly declined in about 1999. 1

This response is probably related to ground-water dewatering operations from the

nearby TMC/JTL gravel pit operations that occur just to the east of Belgrade.  

• One well, GWIC 148531, in the Camp Creek Hills area shows a declining

response which is likely related to one or more of the following factors:

- Agricultural irrigation using ground water; 

- Reduced recharge from drought (e.g., refer to Figure 12b); and

- Reduced recharge from transition from surface-water irrigation to well

irrigation.

• One well, GWIC 97826, shows a declining water level of about 10 feet.  This well

is located at the southeastern lip of Gallatin Valley.

In summary, although a few localized declines in ground-water level are observed,

overall ground-water levels have generally remained stable in the Gallatin Valley.

Coupling this information with the conclusion set forth by Slagel (1995), there is no

evidence that ground-water levels have changed significantly from the early 1950s to

2006.  
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In summary, there is simply no basis to ascertain that exempt wells have caused

“cumulative impacts” to ground-water levels in the Gallatin Valley.   

Gallatin River Watershed - Outside the Valley

In addition to wells located within the valley, there are 12 more monitoring wells that

have been measured in Gallatin County since the early 1990s (see Attachment D). 

There is no pattern showing long-term trends for decreasing ground-water levels. 

Further Evaluation and Discussion

Based upon the data evaluation to this point, NE&W could find no basis to conclude

there is any evidence of the so-called “cumulative impacts” that are hypothesized by

DNRC.   In order to evaluate the data further, NE&W conducted the following procedure:

Step1) Estimated the monthly stream flow entering the Gallatin Valley on an

annual basis.  This estimate was defined using the stream flow entering

the valley via the Gallatin River near Gallatin Gateway.  According to

valley-wide water study performed by the U.S.G.S. (Hackett, et al, 1960),

the total stream flow entering the valley can be approximated by

multiplying Gallatin River flow as measured near Gallatin Gateway by a

factor of 1.4.  Hence, NE&W estimated the total surface-water flow

entering the valley to be 1.4 times the flow of the Gallatin River flow near

Gallatin Gateway.  Figure 19 plots the computed mean monthly flows

entering the valley and that flow exiting the Gallatin Valley (at Logan) for

the period of record from the 1930s through 2006.

Figure 20 plots the mean monthly flow entering and exiting the valley by

decade.

Step 2) The Gallatin River flows at Logan were then subtracted from the computed

stream flow entering the valley.

The results of these computations are shown in Figures 21, 22 and 23.
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As assessment of the results are discussed below.

Figure 19 can be used to quantify the following factors that affect the surface-water flows

entering the valley.  For purposes of convenience, the following three periods are

defined:

Period 1) Surface-water flows at Logan exceed those surface flows entering the

valley (see label a). The difference between these flows represents the

relative contribution of ground water during this period of time.  The

ground-water contributions may be further subdivided to that net flow

entering (and exiting) the valley at its periphery as underflow, that surface

water returning from irrigation recharge and natural recharge, and that

contribution (or loss) due to storage changes.  These contributions are also

factors at other times of the year as well.  

Period 2) Surface-water flow entering the valley exceeds the flow exiting the valley. 

This represents the period of time when significant amounts of water are

being diverted for agricultural irrigation in the valley (see label b).

Period 3) Surface-water flow exiting the valley begins to increase at/near the

cessation of the irrigation season (see Label c).

The same procedure was employed as shown in Figure 20.   That pattern of behavior is

consistent from decade to decade.  The relative magnitude of discharge shown in these

plots is highly dependent upon the amount of snow pack for each given decade.  

Figure 21 present plots showing the difference in stream flow between Logan and that

flow entering the valley for different decades.  These differences defined in Figure 21

can be affected by the following:

• Changes in ground-water inflow or outflow at the valley boundaries.  Such

changes are likely to be very small from decade to decade in comparison to

surface-water contributions.
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• Changes in ground-water storage from decade to decade.  Such changes are

deemed to be small since ground-water levels have not been observed to change

significantly from the 1950s to the present.

• Changes in recharge over a given decade.   For example, reduced areal recharge

over the valley would likely occur during a decade of drought (e.g., 2000s or

1930s).  Increased recharge over the valley would likely be observed during

wetter years (e.g., late 1960s and early 1970s).

• Changes in water management leading to changes in consumptive use from

decade to decade.  For instance, increasing irrigation acreage should lead to

increased consumptive use.  On the other hand, decreased irrigation should lead

to decreased consumptive use.

The point of the above analysis is to examine the difference to determine if there is any 

evidence of significant “cumulative impacts” to surface flows from changes that evolved

from water management.  For instance, if there were substantive net increases in

consumptive use, then reduced flows at the Gallatin River at Logan should be observed

accordingly.  If significant impacts occur to cause “cumulative impacts” this should result

in a progressive trend for the difference plot (Figure 21) to show “more negative” values

during the critical irrigation season (from July through September).   For instance, if more

water is being lost to consumptive use associated with increased irrigation with time, a

long-term trend for “more negative” results should be observed in the plots from July

through September (from the 1930s to present). 

Figure 22 compares two periods of drought in the Gallatin River, the 1930s to the 2000s. 

Based upon the upper plot, the stream flow entering the valley was observed to be 

strikingly similar.  The water leaving the valley differed mainly in June with less leaving

the valley in the 1930s than in 2000s.  This suggests that a relatively higher fraction of

surface water was diverted during June of the 1930s decade compared to June of the

2000s.
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The lower plot in Figure 22 shows that differences in the flows from July through April of

of these decades are strikingly similar.  This suggests that the combination of water

management factors and other natural factors affecting the flows in the 1930s and

2000s led to nearly identical results.  In other words, the net impact in terms of how

surface flows are affected by what happened in Gallatin Valley for these two different

decades are nearly the same. 

Figure 23 compares the 1990s (period of greater precipitation) to the 2000s (a period of

drought).  Snowpack was higher in the 1990s.  The stream flows entering the valley

were higher compared to the 2000s.   Yet, when flow differences are compared (lower

plot), the net impacts of the overall combination of valley factors on stream flow are

nearly the same from July through September which, again, is the period of greatest

concern to senior appropriators.  NE&W conducted similar analysis for all the decades

from all the other decades compared to the 2000s.  Again, no persistent pattern over

time indicative of a trend for “cumulative impacts” to stream flows could be ascertained.

The over-riding conclusion of the above assessment is that the available surface water

flow data do not reveal any evidence to support the existence of the “cumulative

impacts” that have been hypothesized by DNRC as it relates to the Gallatin Valley.  Yet,

this valley has one of the highest densities of exempt well development in the State of

Montana.

Future Growth Projections/Ground-water Demand

An increasing demand for ground water is likely with future growth in Gallatin County

and in other similar areas of Montana.  Some may argue that there will be a potential

point in time whereby a condition could result that would ultimately lead to “tipping point”

that would result in “cumulative impacts.”   However, before any projections are made

the following points should be reiterated:

• Consumptive use via exempt wells is currently very small in comparison to the

other primary water budget factors in the Gallatin Valley.  
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• It is necessary to conduct the addition and subtraction process before

determining if there will be a net increase or decrease in evapotranspiration.

Assuming that current growth and ground-water use development patterns in the valley

persist as they are currently, NE&W deems it very unlikely that ground water

development would increase to the point that it would lead to “cumulative impacts” that

would adversely impact senior surface-water users.  This is simply due to the fact that

irrigated acreage would have to increase in the valley and that is currently not

happening.  Nonetheless, it is warranted to conduct more detailed planning and analysis

to address the future consequences or lack thereof.   NE&W believes it is necessary that

such analysis be done at the watershed or sub-watershed scale by using the available

surface and ground-water data, and by studying previous irrigation patterns, etc. before

scientifically supportable predictions can be made.

Additional Comment on DNRC Power Point Presentation

In view of the previous discussions in this report, it is appropriate to comment on two

slides presented in the November 14, 2006  DNRC Power Point Presentation which

NE&W deems to be misleading and inaccurate.  The relevant slides are shown on the

left/upper side of Figures 24 and 25.  Accompanying those Power Point slides is an

evaluation of those slides in light of the analysis NE&W conducted for the Gallatin Valley

(beneath and on the right side).

The left side of Figure 24 presents DNRC’s conceptualization ostensibly to “educate” the

average observer about the relative significance of wells.   The gross drawdown

projections shown on the left side of Figure 24 do not coincide with what is being

observed anywhere in Gallatin Valley.  Again, this slide shows only “part of the story” as

it does not address the overall water budget factors (adding and subtracting) that

accompany land use transitions.   The right side of Figure 24 presents a more factually

accurate conceptual depiction of what is occurring from the existing exempt wells within

the Gallatin Valley based upon the data.

The left side of Figure 25 shows DNRC’s postulation of the amount of water consumed

with domestic development and lawn and garden irrigation.  The following are NE&W’s
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comments about this slide:

• Evapotranspiration was occurring prior to the existence of irrigation.  Hence, the

net impact of irrigation is defined on the basis of the increased consumption, not

total consumption.

• It is deemed highly unlikely that there is a location anywhere in Montana whereby

domestic lawn and garden irrigation consumption equates to 35 inches which is

the value that would be required to achieve the numbers presented on the DNRC

slide.  Presumably, DNRC is implying a water application rate which is not the

same as consumptive use.  The DNRC slide should be corrected accordingly.

• NE&W has completed an alternative assessment to quantify the consumptive use

requirement for domestic lawn and garden irrigation via the information set forth

in Attachment A and applying consumptive use estimates presented in Table 1.

Summary and Conclusions

An evaluation of the Gallatin Valley portion of the Gallatin Watershed was conducted by

assessing the relevant hydrologic database.  Databases evaluated included the

following:

• Climatic data (precipitation including Snotel and Local Climate Data)

• Streamflow (focus on long-term streamflow data collected for the Gallatin River)

• Ground-water level data (extending from that collected in the 1950s and 1990s by

the U.S. Geological Survey; to Montana Bureau of Mines and Geology data

collected in the 1990s to current).

In addition, previous work conducted by the U.S. Geological Survey defined in Hackett,

et al (1960) and Slagel (1995), was used extensively.
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Another factor not considered in this analysis is the fact that impermeable surfaces
2

eliminate evapotranspiration where they are present.  Such surfaces also increase runoff which may

ultimately recharge the ground water or leave as surface-water runoff.

Based upon that evaluation, the following were key findings:

• There is no evidence of impacts from wells in the Gallatin Valley on Gallatin River

stream flow using data from the 1930s through the 2006.

 

• Stream flow of the Gallatin River at Logan for a given water year depend

principally upon each given year’s mountain snow pack in the Gallatin watershed. 

Snow pack as measured by water equivalent in the last seven years has been

below average.  This had led to a period of lower than average stream flows in

the Gallatin River and in other streams entering the valley.

• By far the most significant influence on stream flow in the valley is related to

surface-water diversions for irrigation.  Well water use is presently

inconsequential when compared to stream flow diversions.

• Ground-water levels for most portions of the Gallatin Valley have not changed

significantly since the 1950s.  Three localized exceptions exist.  One of these

local area declines is associated with sand and gravel pit de-watering (TMC/JTL

sand and gravel pits near Belgrade).  Another area is located at the southeastern

edge or southeastern lip of the Gallatin Valley.  The other area is in the vicinity of

Camp Creek Hills in western portions of Gallatin Valley.

  

• There is no evidence that consumptive use has increased in the valley with the

growth of city/rural subdivisions and with their accompanying use of ground water. 

In order for consumptive use to increase, there must be an increase in irrigated

acreage compared to historically irrigated acreage.   Most subdivisions have been

placed in areas that had been irrigated historically.  It appears that irrigated

acreage in Gallatin Valley may have actually decreased with time, especially in

areas where rural subdivisions exist.  2
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• It is likely that overall consumptive use of water in the valley is declining as a

result of subdivision growth.

• In order to reliably assess the overall implications of ground-water use on stream

flows, it is necessary to define the land use both before and after wells are used

for irrigation purposes.   In effect, it is necessary to add and subtract prior to

assessing the potential for “cumulative impacts” to arise.

In summary, our findings in the detailed hydrologic evaluation of the Gallatin Valley do

not comport with the underlying rationale defined by DNRC for the legislation defined in

bills HB 138 and HB 104.  There is simply no underlying data that confirm that the

DNRC Hypothesis of “cumulative impacts” from exempt wells is accurate.  Nearly all the

changes in stream flow that have been observed in the Gallatin Valley over the last

decade have nothing to do with exempt wells, or other wells, but are simply due to

drought.

 

Hence, the Hypothesis set forth by DNRC is inaccurate.

This calls into question the need for augmentation and exempt well legislation proposed

by DNRC.   NE&W believes the findings defined herein are applicable to many of, if not

most of, the other alluvial valleys in western Montana.

NE&W proposes that a far more rational approach for determining if control measures

are really necessary would be to evaluate watersheds on a regional or sub-regional

scale to determine the net significance or lack of significance of wells.  That significance

should also be defined by completing both the addition and subtraction of water to and

from an area before any conclusion is drawn.
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Table 1

Crops and Turf - Gallatin Valley
Based upon Belgrade Climate Conditions

Type Cover ET Value Effective Irrigation Portion
inches Precipitation, in In ac-ft/acre

Agricultural Crops

Irrigated Alfalfa 22.45 5.54 16.91 1.41
(average of Bozeman, Belgrade)

Irrigated Spring Grain 16.90 5.54 11.36 0.95
(average of Bozeman, Belgrade)

50 % of Each Crop 19.68 5.54 14.14 1.18

Development

Irrigated Turf or Pasture Grass * 20.28 5.54 14.74 1.23

Note:  both effective precipitation and ET values are based upon the average of Bozeman and Belgrade values.  See 
Attachment A for further details.
*  A relatively higher effective precipitation of 8.85 inches (average of 10.6 for MSU and 7.1 for Belgrade) for turf could 
have been employed.  The use of 5.54 inches is deemed to be very conservative for estimating consumptive use for 
turf.
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Figure 6
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