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Healthy watersheds and clean and abundant water resources are a vital part of the Big Sky area, now and 
into the future.  The Big Sky area, roughly delineated by the resort tax boundaries and an associated zone of 
influence that includes the Madison and Gallatin watersheds, is dependent on clean water and healthy 
natural systems. 

Development has once again taken off in Big Sky. Yet much of the greater Big Sky area is yet to be 
developed.  A question many have expressed is how Big Sky can grow and develop economically, keeping in 
mind potential limits to water supply, availability and ability to treat and dispose wastewater. At the same 
time, sustaining the health of the Gallatin and Madison, their tributaries and overall watersheds is also 
important. 

The Gallatin River Task Force (GRTF) agreed to act as host and leader for a community-based collaboration, 
focused around addressing water resources, if sufficient interest and common ground was identified. 
Funding for this initial stage was provided by the Lone Mountain Land Company and Yellowstone Club. 

Stakeholder Selection 

In January 2016, the Gallatin River Task Force initiated an effort to gauge public interest in convening a 
community-based, collaborative watershed planning process in the Upper Gallatin Watershed.  The 
impetus for exploring this idea came from the general absence of a forum for sharing information among 
interest groups and identifying opportunities to work together towards common watershed goals.  In 
March and April 2016, 33 stakeholders were interviewed, representing community, business, conservation, 
agency and local government interests. (See the appendix for list of entities.)  Interviewees were polled as 
to their water resource concerns and interest in conducting a community-based, collaborative process.   
Stakeholders were selected to cover as many perspectives as possible.  For this analysis, stakeholders were 
grouped as: 

• Community Members and Business Interests 
• Local Government and Agency Representatives 
• Non-profit Interests 

Definitions of the Big Sky Area 

Big Sky is not an incorporated entity, so defining the geographical area of interest is important.  Almost all 
stakeholders included the following areas: 

• Developed area of the mountain, including private clubs (Big Sky Resort, Yellowstone Club, Spanish 
Peaks, Moonlight) 

• Meadow area and private land on the surrounding upland areas  
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• Gallatin Canyon, though the exact boundaries varied from just at the mouth of the West Fork and 
turn-off to the entire canyon 

• Parts of both Madison and Gallatin counties 
• Parts of both Madison and Gallatin watersheds 

Additionally, Jack Creek was included by the majority of stakeholders though many pointed out that it is 
much less developed.  Many also included the public lands that make up the headwaters of the North Fork, 
West Fork and South Fork above the developed area of Big Sky and several included public lands that lay 
within the canyon area as each stakeholder defined it.  The resort tax boundary was frequently identified 
as a reasonable way to define the core Big Sky area. 

In addition, several stakeholders identified a larger geographic area that is a zone of influence that 
includes an area that is impacted or has the potential to impact the core Big Sky area. This area includes the 
Gallatin and Madison watersheds and population in the valley areas of those watersheds. 

Several stakeholders offered criteria for their definitions. These criteria were: 

• Developed Area of Big Sky: (both platted and built) in the immediate Big Sky core. 
• Economic Impact: Two major types of definitions were offered. The smaller geographic boundary 

was defined by those who live in the immediate developed area of Big Sky or regularly shop and do 
business in Big Sky. The larger economic zone extended to include commuters and communities 
including Bozeman, Belgrade, Four Corners, Gallatin Gateway and Ennis.  

• Recreation Zone: Recreational opportunities associated with the Big Sky area were identified both 
within the core Big Sky area and in a broader area of the canyon and mountains on both sides of the 
Gallatin. 

• Ecological and Natural Boundaries: The animal or plant community named affected the 
boundary, but all were considerably larger than the developed area. For hydrology, the boundary 
was based on watersheds for surface water and aquifers for ground water. 

• School District Boundary: These boundaries define a community that focused on Big Sky. 

Major Commonalities and Focus Areas 

Stakeholders expressed strong interest in a community-based effort. The goal of the collaboration is to 
identify sustainable solutions for water supply and wastewater treatment in the Big Sky area, while 
ensuring the ecological integrity of the headwaters river system.  Participants identified three focus areas: 

• Clean water supply and availability 
• Wastewater treatment and disposal 
• Sustaining the ecological health of the river systems 

Water Resource and Other Areas of Concern 

Each stakeholder was asked to identify priority water resources concerns or questions. Stakeholders 
identified a wide range of concerns, as well as questions or requests for more information.  
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Areas of Concern as Identified by Stakeholders 
Areas of Concern Community 

Members and 
Business Interests 
(11 interviews) 

Local 
Government and 
Agency 
Representatives 
(9 interviews) 

Non-profit 
Interests 
(10 interviews) 

Water Supply and Availability 9 7 8 

Wastewater Treatment and Disposal 11 9 10 
Sustaining the Ecological Health of the 
River Systems 10 8 10 

Other Concerns 8 8 9 
 

Overall, participants had strong interest in all three major water resource focus areas. They also mentioned 
other areas that are impacted by water resources or impact them. Within each category, participants 
identified many sub-categories that merited further questions or concerns. Some, like effluent disposal, 
were mentioned by most participants; other issues, like water mitigation, were only mentioned by a few.   

Water Supply and Availability: The physical supply of drinking and irrigation water is complex, so supply 
of high quality water is not a concern in some areas and a significant concern in others. Mitigation, 
downstream impacts, and exempt wells were also mentioned. Several informational gaps and questions 
also were raised in this area.  

Wastewater Treatment and Disposal: This was the area that all participants listed at least one concern or 
question. Effluent treatment and disposal, now and in the future, came up very frequently. Existing and 
potential impacts to the river systems, septic and other non-Big Sky Water and Sewer District (BSWSD) 
treatment options, and capacity limits and its impact on development also were brought up frequently. 
Respondents appeared most knowledgeable about impacts and alternatives in this focus area. 

Sustaining the Ecological Health of the River Systems:  Current and potential water quality impacts to 
rivers, streams and wetlands were frequently listed concerns. Past, current and potential impacts to 
surface water quality were identified, both in the Big Sky area and downstream. Changes to in-stream 
flows, riparian habitat, and wetlands were listed as concerns.  Ground water/surface water connections, as 
well as landscape connectivity were also frequently listed as important.  Fisheries, wildlife, recreational 
opportunities and impacts, cumulative impacts, and scenic values were also identified by several 
participants.  Overall, the level of knowledge was quite varied in this category. Several stakeholders had 
questions about current and potential impacts. 

Other Concerns: Several participants identified economic and development concerns including rate of 
growth, traffic, public transportation, emergency services, and affordable housing. Ability to provide 
effective oversight, accountability and gaps or difficulties with regulations were concerns mentioned 
several times. Other concerns included climate change, drought, fire, and potential impacts to human 
health. 
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Collaborative Process 

Level of Interest and Collaborative Role 

Each stakeholder was asked to identify his or her interest in a collaborative process. Every stakeholder did 
identify an interest in a community-based collaborative process. 

Participants were also asked about their potential level of involvement in such a collaborative process. 
Level of interest in involvement varied from communication and information sharing to extensive, long-
term involvement.   

Some participants with limited time or a specific expertise in a water resource area or community issue did 
say they would like to have access to ongoing information, but would like to be active only when specific 
topics were discussed.  Some others interested in broader resource and community issues said that they 
would not be sure of their level of involvement until the goals were more specifically defined. 

Initial Input on Structure and Approach of a Community-Based Collaborative Process 

The majority of interviewed stakeholders had experience with collaborative processes. Many of those 
stakeholders offered observations and suggestions that would help create a successful collaborative 
process.  Because past experiences and topics had varied so significantly, not all examples will mesh 
successfully.  However, a few approaches were mentioned by several stakeholders. These included: 

Actively Include Diverse Perspectives: Several stakeholders mentioned examples that did not work 
because the list of stakeholders involved was too narrow or identified successes because truly diverse 
stakeholders were included as equal partners.  

Keep the Community Informed and the Process Transparent: Strong, ongoing communication with 
community members and publically available information was widely mentioned as important. The 
importance of transparency in a collaborative process was frequently mentioned. However, a few 
stakeholders did note that this approach may slow down the process because more people will want to 
weigh in and conflict may increase during the process. 

Clear Goals and Purpose: Several stakeholders identified clear goals and objectives, both short term and 
long term, as important for success.  

A Process that Supports Analysis and Decision-making: A variety of structures were mentioned that 
resulted in successful collaboration, but common threads were: a clear structure, framework and set of 
ground rules; ongoing support to ensure that meetings were held regularly and the availability of clear 
information used to support participant ability to make decisions. 
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Opportunities, Tools, Challenges and Barriers 

Stakeholders were asked to identify any opportunities, tools, challenges or barriers that might help or 
make it more difficult to address the water resource concerns each participant identified. The list 
presented has not been analyzed for feasibility. This input should be treated as initial thoughts that point 
the way to more sustained discussion, analysis, and decision-making in a collaborative process. 

Opportunities and Tools 

Stakeholders were asked to identify tools and opportunities that might be used to address the water 
resource concerns each stakeholder identified. At least 100 distinct opportunities and tools were identified. 
Major categories included: 

Technical Tools: Several technical tools and approaches were identified. These included: 
• Wastewater Treatment and Disposal Options: Include snow-making with effluent, further or 

different options for effluent irrigation and application, infiltration galleries, sewer extensions, 
treatment wetlands, and direct discharge.  

• Water Supply and Availability Options: Water conservation options, community drought 
resiliency plan, other water planning models, pricing incentives for water use, and building 
wetlands for mitigation. 

• Sustaining Natural Systems: This includes riparian restoration projects, changes in road 
maintenance, evaluation of the road system and extensions, wetlands restoration and 
enhancement, and forest management and restoration. 

• Enhancing Knowledge: Additional surface water monitoring, wetland monitoring, further ground 
water monitoring, and further analysis of existing monitoring were all identified as helpful. 
Synthesis of existing technical studies and potential further investigations were also identified. 

Community Tools and Opportunities: The Big Sky community has many assets and models that could be 
helpful in addressing water resources and could also capitalize on ideas other communities have used. 
Opportunities and tools included: 

• Collaboration Process: Several stakeholders thought having a collaborative process would be 
helpful in addressing water resources and offered an opportunity.  Several other collaborative 
processes were also identified as potential models for Big Sky. 

• Other Community Models: Big Sky is not the only community facing water resources challenges. 
Several models were offered for consideration, and others suggested that further research and 
analysis would be helpful. 

• Education and Outreach Opportunities: Several stakeholders already conduct education and 
outreach efforts in the Big Sky area and thought more could be done. Other opportunities might 
include involving the school. 

• Management and Policies: Several types of plans and policies were identified as potentially useful 
including a watershed stewardship plan, growth management policies, recreation management, and 
road sanding management. 

• Economic Opportunities and Tools: Economically, the area is booming, so the resort tax revenue 
is higher.  A TED district is being investigated and may provide more funding capacity. Because 
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some segments of the community have significant wealth, there is the potential for focused funding 
to effectively address issues.  Several grant opportunities were also identified that may apply to 
projects. Conservation easements are being used and could also be used further to protect high 
priority areas. 

• Common Values: Many stakeholders identified common interests and values that have brought 
them to Big Sky and thought that the love of place, interest in keeping natural amenities of Big Sky, 
and a strong core of committed community members were seen as assets. 

Planning, Policy and Regulatory Tools and Opportunities:  Many saw opportunity in plans, policies and 
regulations.  

• Planning and Policy Opportunities: The DNRC State Water Plan, a proactive TMDL for the 
Gallatin river, potential expansion of the controlled ground water area, and further use of the 
expanded Gallatin Local Water Quality District were all identified as opportunities. Working with 
the Legislature to change regulations that are barriers to innovative water resources solutions was 
also mentioned.  

• Regulatory Opportunities: Several regulatory and permitting processes were identified as 
potentially useful including review during wastewater permit renewal, EPA’s residual authority for 
stormwater, DEQ permitting, DNRC water rights change processes, and any future platting 
decisions. 

Challenges and Barriers 

Stakeholders were asked to identify any challenges or barriers that may create difficulties to addressing 
resource concerns. At least 60 distinct challenges or barriers were identified. However, most fell into a few 
major categories. These were: 

Fragmented Decision-making and Multiple Jurisdictional Boundaries: This was the most frequently 
identified barrier to making effective decision-making.  The core area is split by two counties, has both 
public and private land, a controlled ground water area, a number of different Home Owners Associations 
(HOAs), private clubs and a variety of businesses and developers. The Big Sky area is not incorporated, so 
no one governmental entity exists. Associated challenges several stakeholders identified included lack of 
oversight and regulations, limited ability to implement decisions, and self-interests that may make it 
difficult to compromise or come to agreements on solutions to address water resources. 

Limited Existing Capacity to Treat and Store Wastewater: The Big Sky Water and Sewer District 
(BSWSD) capacity and limited service area was frequently identified.  Associated issues included disposal 
solutions for treated effluent, especially as more development occurs, and costs associated with extending 
sewer services.  

Legal and Physical Water Supply: Several stakeholders had questions about the supply and legal 
availability of water, particularly in areas that aren’t served by the BSWSD and that get water from the 
shale aquifers. 
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Complex and Fragile Natural Systems:  The Big Sky area encompasses the headwaters of two 
watersheds. Additionally, several identified complex geology and differing aquifer types, and difficulties 
associated with development in a sub-alpine environment with significant wildlife resources. 

Limited Physical Area Available for Development: The Big Sky area is finite and build-out is thought to 
be capped. The water supply and wastewater treatment and disposal capacity are both perceived as limited 
too. Associated with this were economic challenges like higher cost of living and difficulty in siting 
affordable housing in Big Sky. 

Pace of Development: Development is quite rapid again, after a few slow years during the recession. This 
means that the window of opportunity for decision-making may be brief. 

Role of Wealth and Part-time Residents in the Community: Differing concerns about wealth identified 
challenges. A few mentioned that the perception that there is so much wealth in Big Sky that no outside 
resources are needed. Conversely, a few others thought that wealthy landowners and developers had the 
potential for disproportionate influence on community decision-making.  Some participants mentioned 
difficulties in informing and engaging part-time residents. 

Next Steps 

Based on the input from the stakeholders interviewed, the Gallatin River Task Force (GRTF) and other 
community leaders have now made a decision to move forward with this watershed planning initiative. 
Between now and the end of 2017, it is expected that GRTF will host a community-based forum.  It will: 

• Form and support a community-based stakeholder group to address water resource concerns. 
• Develop a common understanding of water supplies and availability, water quality, restoration and 

preservation of the watershed, and wastewater treatment and disposal. 
• Identify and evaluate options for future water supply, wastewater treatment and disposal, and 

preservation and restoration of natural river systems within the Big Sky area, using objective 
criteria.  

The final product is expected to be a watershed management plan to sustain and enhance drinking 
water and wastewater infrastructure and support and improve healthy, properly functioning watersheds.  
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Appendix: Initial Assessment Stakeholder List 
 
The Gallatin River Task Force (GRTF) conducted an initial assessment of stakeholder interest and the 
identification of focus areas for a collaborative process focused on water resources. A total of 33 
stakeholders took part in 30 interviews.  In addition to the entities represented below, several stakeholders 
also were affiliated with other boards, organizations and businesses.   The stakeholders were chosen to 
represent as broad of set of knowledgeable perspectives as possible. The primary entities represented 
were: 

Community Members and Business Interests 
Alpine Water 
Big Sky Chamber of Commerce 
Big Sky Owners Association 
Big Sky Resort 
Big Sky Town Center  
Big Sky Vacation Rentals  
Buck’s T-4 
Geyser Whitewater 
Lone Mountain Land Company 
Yellowstone Club 
Big Sky Trout 
Big Sky Resort Tax Area District Board 

Local Government and Agency Representatives 
Big Sky County Water and Sewer District 
Gallatin County Commissioner 
Gallatin Local Water Quality District 
Madison Conservation District 
Madison County Commissioner 
Montana Bureau of Mines and Geology 
Montana Department of Environmental Quality 
Montana Department of Natural Resources 
Custer-Gallatin National Forest 

Non-profit Interests 
American Rivers 
Association of Gallatin Agricultural Irrigators 
Big Sky Community Corporation 
Future West 
Gallatin River Task Force 
Greater Gallatin Watershed Council 
Greater Yellowstone Coalition 
Montana Land Reliance 
Trout Unlimited 
Upper Missouri Waterkeeper 
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Presentations: Ecological Health of River Systems 
August 31, 2016 Stakeholder Meeting 
 
Overview of Ecological Health of River Systems, Jeff Dunn, Watershed Hydrologist, RESPEC 
Jeff Dunn provided an overview of the Big Sky community and river system. He highlighted the project 
area, delineated as the resort tax boundaries, and the larger zone of influence of the Gallatin and Madison 
watersheds. First, he summarized information and projections of population, build-out and visitation. 
Population projections based on US Census data, range from 4,500-14,000 by 2040 for the Big Sky area. A 
2011 estimate stated that full build-out is about 7,400 residential units, with a peak residential population 
of 16,000. A 2013 community profile found that 15,000+ visitors/day are present during peak times of the 
year. Visitation is highest in the winter, though summer-time visitation has been rising. Hydrologic 
boundaries of the project area include the headwaters of both the Gallatin and Madison River watersheds. 
The project area includes the mainstem of the Gallatin River, which flows north through the project area, 
extending from Red Cliff Campground downstream to Karst. Subwatersheds include Porcupine Creek, 
Portal Creek, Moose Creek, Beaver Creek, and Deer Creek, along with streams in the West Fork Gallatin 
River watershed. Jack Creek is the major drainage to the Madison River within the project area, though 
portions of the Cedar Creek and Indian Creek subwatersheds are also within the project area. 
 
The West Fork Gallatin River watershed includes the Middle Fork West Fork Gallatin River, North Fork 
West Fork Gallatin River, South Fork West Fork Gallatin River, and West Fork Gallatin River. The Middle 
Fork West Fork Gallatin River watershed includes Beehive Creek, along with un-named tributaries that are 
locally referred to as “Moose Tracks” Creek and “Stony” Creek. The Middle Fork West Fork Gallatin River 
headwaters on Lone Mountain and flows through Lake Levinsky, which is a man-made impoundment that 
impacts sediment transport through the system and acts as sediment trap. The North Fork West Fork 
Gallatin River is a steep large substrate mountain stream flowing primarily through National Forest lands. 
The South Fork West Fork Gallatin River headwaters between Lone Mountain and Pioneer Mountain and is 
a high energy mountain stream with high sediment transport capacity, high bedload transport, and 
naturally erosive geologies in the canyon section. Algae growth in observed in the lower reaches of the 
South Fork West Fork Gallatin River during summer low flow conditions. Tributaries to the South Fork West 
Fork Gallatin River include Muddy Creek, Third Yellow Mule Creek, Second Yellow Mule Creek, and First 
Yellow Mule Creek. The West Fork Gallatin River begins at the confluence of the Middle Fork West Fork 
Gallatin River and North Fork West Fork Gallatin River. The West Fork Gallatin River is referred to locally as 
the “upper” West Fork upstream of the confluence with the South Fork West Fork Gallatin River and the 
“lower” West Fork downstream of the confluence with the South Fork West Fork Gallatin River. The 
“upper” West Fork Gallatin River flows through the Big Sky Golf Course and flows through two man-made 
impoundments constructed during the early 1970’s: Silverbow Pond and Little Coyote Pond. The 
construction of the Big Sky Golf Course in the early 1970’s resulted in a loss of riparian habitat, loss of 
channel length, reduced channel sinuosity, increased channel slope, and reduced floodplain connectivity, 
which has led to accelerated streambank erosion and a loss of instream habitat complexity along the West 
Fork Gallatin River. In addition, algae growth is observed in the West Fork Gallatin River during summer 
low-flow conditions. 
 
Water Quality Standards, Eric Urban, Bureau Chief, Water Quality Planning Bureau, Montana 
Department of Environmental Quality 
Eric Urban discussed Montana’s water quality standards. Water quality standards set the end goals for 
water quality to obtain in order to protect a use (such as aquatic life, recreation, etc.). The standards are 
designed to inform permitted and non-permitted sources of pollutants. The permits are then built to meet 
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water quality standards. Permits are required for point sources of pollution. This includes activities such as 
industrial application, publicly owned entities, Confined Animal Feeding Operations, storm water and 
others. No permits are required for non-point sources of pollution, including agriculture, forestry, septic 
systems and many other activities but they are still asked to comply with the same standards. Water 
quality standards include beneficial uses (different from water rights), criteria, and anti-degradation. 
Beneficial uses include Federal Clean Water Act uses of fishable and swimmable, along with State 
designated uses, including drinking water, agriculture, and wildlife. Criteria are a “number” developed to 
protect the beneficial uses, including narrative “free from” criteria and DEQ 7 and DEQ 12A (specific to 
nutrients), which are regulations with numbers. DEQ 12A defines the numeric Nutrient Criteria for 
Montana including streams/rivers near Big Sky to maintain the aesthetics for recreation and are intended 
to keep algae growth to a level that is acceptable to the public (below 30µg/L Total Phosphorus and 300 
µg/L Total Nitrogen). For sediment, there are narrative criteria, which refer to maintaining conditions 
necessary to support the use, in this case likely the trout fishery. The TMDL presents details on sources of 
nutrients and sediment and how much each source contributes. Anti-degradation is a requirement that 
protects water for water’s sake, with three levels or “tiers” for keeping water clean, including Tier 1 – 
existing, Tier 2 – high quality, and Tier 3 – Outstanding Resource Water. Finally, when thinking about 
streams in the Big Sky area, Urban noted it is important to keep in mind the streams that are not listed as 
impaired. Monitoring is extensive along impaired streams where improvements are necessary, but there is 
a relative absence of information on other streams. The existing TMDLs are useful for implementing 
actions to reduce existing sources of pollution and minimize new sources of pollution. 
 
Upper Gallatin River Watershed Trends in Water Quality, Kristin Gardner, Executive Director, 
Gallatin River Task Force 
Kristin Gardner discussed water quality trends in the Upper Gallatin River Watershed. The Gallatin River 
Task Force (Task Force) has had a water quality monitoring program since 2000 and was the local liaison 
for Upper Gallatin River Watershed Total Maximum Daily Load (TMDL) assessment conducted between 
2005 and 2010. Over time, additional monitoring sites have been added and monitoring includes both 
water quality and streamflows. Water quality monitoring throughout the seasons provides insight into the 
sources of pollutants and captures conditions during varying streamflows and varying levels of biological 
activity. During the winter, streamflow is lowest and there is limited biological uptake. Prior to snowmelt, 
flows start to increase, but biological uptake remains low. During spring runoff, streamflows are high and 
so is biological uptake. During the summers, streamflows decrease, while biological uptake is high. 
Monitoring parameters include temperature, pH, dissolved oxygen, nitrate, total nitrogen, total 
phosphorous, E.Coli, total coliform, conductivity, turbidity, chloride, and total dissolved solids, along with 
sediment size distribution, aquatic insects, algae, and streamflow. Four monitoring stations include 
collection of continuous data on temperature, conductivity, and water level. 
 
Ongoing water quality monitoring conducted by the Task Force has identified the following spatial trends: 
nitrogen and chloride are elevated in the Middle Fork West Fork Gallatin River and West Fork Gallatin 
River, while algae growth is elevated in the Middle Fork West Fork Gallatin River, South Fork West Fork 
Gallatin River, and West Fork Gallatin River. Seasonal trends identified by the Task Force indicate that 
chloride is highest pre-snowmelt (March/April), turbidity is highest at runoff, nitrate is highest in the 
winter, and E. coli is highest in the summer. There are nutrient and sediment TMDLs for the Middle Fork 
West Fork Gallatin River, South Fork West Fork Gallatin River, and West Fork Gallatin River, and an E. 
coli TMDL for the Middle Fork West Fork Gallatin River. A 2009 study of the West Fork Gallatin River as it 
flows through the Big Sky Golf Course identified increased levels of nitrate and chloride, which are 
indicative of a wastewater source. In 2016, monitoring was conducted on the South Fork West Fork 
Gallatin River to assess potential impacts of the wastewater storage pond failure at the Yellowstone Club. 
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This assessment found that no human health standards were exceeded, but two aquatic life standards 
were exceeded: 1) acute ammonia standards on Second Yellow Mule Creek and the South Fork Gallatin 
River at sites closest to the spill; and 2) turbidity at all sites downstream of the spill during the timeframe 
that the pond was discharging effluent, primarily due to hillslope erosion as water flowed out of the 
storage pond and down the hillside. 
 
Research conducted in partnership with Montana State University indicates that geology within the 
watershed has an influence on the spatial availability of nitrogen in the West Fork Gallatin River 
watershed. Algae growth is controlled by both nitrogen and phosphorus. There is variability in nitrogen 
concentrations and sources throughout the year, with higher concentrations in the winter and lower 
concentrations in the summer on the West Fork Gallatin River, while high nitrogen concentrations are 
observed year-round in the Mountain Village area. During the summer growing season, biological uptake 
by algae masks nitrogen concentrations. Recent research conducted by Montana State University indicates 
there is a significant diurnal fluctuation of total nitrogen, with concentrations lowest during the day when 
algae are photosynthesizing and using nitrogen. 
 
Wetland and Land Conservation, Jessie Wiese, Southwest Manager, Montana Land Reliance  
Jessie Wiese presented an overview on wetlands in the Big Sky area. Wetlands and riparian areas are 
considered the most important ecological component of the Montana environment from a landscape 
connectivity perspective. Nationwide, 50% of wetlands have been lost and approximately 60,000 acres of 
wetlands are still lost each year. Montana has lost roughly 30% of its wetlands. Wetlands perform 
functions including storing floodwater, filtration and providing habitat for many species. An acre of 
wetland can store 1-1.5 million gallons of floodwater. Fisheries are heavily dependent on wetlands and the 
Big Sky area economy is heavily dependent on fishing. Impacts to wetlands can lead to a decline in wildlife 
populations, increased flood damage, increased sedimentation to lakes and streams, contaminated 
drinking water and irrigation wells, reduced fish productivity due to poor water quality and habitat loss, 
reduced recreation opportunities and a loss of tourist dollars. Since 70% of U.S. is private land, most 
wetland conservation and restoration efforts are undertaken by private landowners. Common wetland 
types in the Big Sky are the fen, wet meadow, spring, and inter-montane pothole. The National Wetland 
Inventory provides wetland mapping using remote sensing techniques. Many wetlands have been mapped 
on-the-ground in Big Sky, generally in areas that are being developed, though this information is not 
readily available. 310 permits are needed when streambank and stream projects are undertaken, and 404 
permits are required when dredging or filling in US waters occurs. Riparian areas and river corridors are 
priorities for conservation and conservation easements are a useful tool for conserving wetland and 
riparian areas. The Montana Land Reliance (MLR) prioritizes these areas and sees the Big Sky area as part 
of a larger landscape and connects projects whenever possible. Connectivity includes both structural and 
functional components, with structural components considering how close two habitat patches are and 
functional components considering how effective the patches are at helping wildlife and water move 
through the area. The MLR has developed a tool for prioritizing conservation land based on wildlife 
movements, wetland and riparian features, and projected developments. 
 
Fisheries Overview for the West Gallatin River Watershed, Joe Naughton, Fisheries Biologist, 
RESPEC 
Joe Naughton discussed the fishery in the upper Gallatin River watershed and how nutrient enrichment 
may affect the fishery. Data from Montana Fish, Wildlife and Parks indicated the Gallatin River has the 
highest angler pressure in the state, though there is less guide pressure than some of the other major 
rivers in southwest Montana. The fishery is dominated by non-native rainbow trout. Three salmonids are 
native to the upper Gallatin River: arctic grayling, westslope cutthroat trout, and mountain whitefish. 
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Grayling have been extirpated and westslope cutthroat trout inhabit a small portion of the watershed and 
most individuals are hybridized with rainbow trout. A 2002 study by Pat Byorth found that Gallatin River 
trout population were less affected by drought in the late 1990s than trout in other rivers in the state. The 
Gallatin River is a cold and nutrient poor system, with harsh winter conditions that limit trout recruitment 
and survival, so milder winters may be beneficial for rainbow trout. There were two paired fish sample 
sites with long-term data on the Gallatin River in the Gallatin Canyon: the Porcupine section located 
upstream from the confluence with the West Fork Gallatin River and the Jack Smith section located 
downstream from the confluence. These data indicate rainbow trout abundance nearly doubles below the 
West Fork confluence and that abundance has increased over time. Although there may be multiple other 
explanations for these trends, the influence of mild nutrient enrichment due to development within the 
West Fork Gallatin River watershed may be a plausible factor. Research in other river systems 
demonstrates that nutrient enrichment can alter the trophic dynamics of a river and the abundance and 
composition of the fish community, sometimes to the benefit of sportfish such as rainbow trout. For 
example, in the Bow River in Calgary, Alberta, moderate levels of nutrient enrichment (from numerous 
treated municipal effluents) has resulted in a 25-fold increase in rainbow trout biomass and a 
corresponding decrease in mountain whitefish biomass. At more extreme levels of nutrient enrichment 
(e.g., Silver Bow Creek in Butte, Montana), hypoxia may occur resulting in complete avoidance of an area 
by trout and other oxygen-sensitive aquatic life. 
 
Protecting the Gallatin River’s Outstanding Values, Scott Bosse, Director, Northern Rockies, 
American Rivers 
Scott Bosse discussed the values of the Gallatin River, Taylor Fork and Porcupine Creek and why they 
deserve protection as Wild and Scenic rivers. For a river to be considered for Wild and Scenic designation, 
it must be free-flowing and have one or more outstanding river values, including fisheries values, wildlife 
values, recreational values, and scenic values. The Gallatin River system has native salmonids, with 
westslope cutthroat trout indicating the cleanest, coldest, highest value waters. Wildlife values include 
grizzly bears, elk, and big horn sheep. Recreational values contribute substantial economic benefits. Fishing 
(100,000 angler days/year, worth 40-52 million dollars a year), rafting (20,000 people commercially guided 
per year; 4.6 million dollars based on the 2006 EIS by DEQ for the Outstanding Resource Water 
designation), and hiking all contribute. Scenic values are also tremendously high on the Gallatin River. 
Montanans for Healthy Rivers citizen’s proposal includes a package of rivers covering 700 river miles in 13 
river systems in Montana. To make it an official Wild and Scenic River, it takes an act of Congress. If this is 
finalized, this designation protects free-flowing character, safeguards water quality, ensures sufficient 
flows, protects outstanding values, and requires development of comprehensive river management plan 
(on federal land and for federally-permitted activities). 
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Presentations: Water Supply and Availability 
September 28, 2016 Stakeholder Meeting 
 

Overview of Big Sky Water Supply and Availability, Jeff Dunn, Watershed Hydrologist, RESPEC 
Jeff Dunn provided an overview of several topics relating to watershed hydrology, water supply and 
potential impacts of climate change. First, he gave an overview of the hydrologic cycle in which winter 
snowfalls in the Big Sky area provides for high streamflows during spring runoff. The Lone Mountain 
SNOTEL site (8,800 feet) has recorded variable precipitation over the 1992-2015 timeframe (annual 
precipitation ranging from 26.2”-42.9” with a mean of 33.7”), with increasing temperatures observed over 
this timeframe (mean daily temperature of 38°F in 2015). Gallatin streamflow has been recorded at the 
USGS Gallatin Gateway gage from 1930-present, with higher flows measured during spring runoff in the 
1960’s, 1970’s and 1990’s and lower flows during spring runoff in the 1930’s, 1980’s and 2000’s. When 
comparing the period between 1930-1995 and 1995-2015, there is some evidence of higher runoff in May 
and June, with lower late-season flows in the past 20 years. High flow measurements conducted in the 
West Fork Gallatin River watershed estimated a peak flow of approximately 1,000 cfs in 2008 in the West 
Fork Gallatin River when the Gallatin mainstem was flowing approximately 6,000 cfs, indicating the West 
Fork Gallatin River watershed contributes approximate 15% of the Gallatin River mainstem flows during 
high water. Within the West Fork Gallatin River watershed, the Middle Fork West Fork Gallatin River peaks 
earliest and the South Fork West Fork Gallatin River peaks latest. Streamflow monitoring conducted by 
Montana DNRC in 2005-2007 indicate groundwater upwelling occurs in the Gallatin River mainstem within 
the vicinity of the West Fork Gallatin River confluence, contributing approximately 85 cfs during baseflow 
conditions. Water supply for the Big Sky area can be compartmentalized into four major “buckets”, 
including the Big Sky Water and Sewer District (BSCWSD), Yellowstone Club (YC), Lone Mountain Land 
Company (LMLC), and Gallatin Canyon. Mean annual water production from the BSCWSD, YC, and LMLC is 
currently approximately 350 Million Gallons per Year. Water use is highest in the summer with projected 
increasing demand. Development can increase evapotranspiration and decrease infiltration as the amount 
of impervious surfaces increases. Dunn also gave an overview of climate change projections from several 
sources. Over time, regional climate models predict an increase in temperature, a range of possible trends 
in precipitation, and change from a snow driven climate to a transitional one with more rain by late in the 
century. Overall, the recommendation is to incorporate these factors into planning and management. 
 

Water Rights: Big Sky Area Information, Kerri Strasheim, Regional Water Manager, Montana 
Department of Natural Resources and Conservation 
Kerri Strasheim presented an overview on water rights and legal availability. Montana is a Western 
Doctrine state, so water use is “first in time, first in right” (not to be confused with the Eastern or Riparian 
Doctrine, where you can use it if you can access it!). People have been appropriating water since the 
1860’s, and surface water rights on the Gallatin River later than 1890 are essentially high flow, junior water 
rights. The Gallatin River is within the Upper Missouri River basin closure, while the Madison River is in the 
Jefferson and Madison Basin Closures. The bottom line is that new water rights are hard to get in these 
basins, unless they meet a permit exception. Hydropower dams in the Missouri River system were the 
largest factor resulting in the closure of these basins, though no one argues that the sources are over-
allocated. Part of the Big Sky area is also in the Yellowstone Ground Water Control Area to protect 
geothermal features in Yellowstone National Park (NPS Compact – 1994). Downstream demands with 
senior water rights include hydropower and agricultural rights. In the Big Sky area at the time of this 
research in 2016, there are 638 active water rights with 120 statements of claim (historical water rights; 10 
in Madison Basin; 110 in Gallatin Basin), 43 provisional permits, 444 groundwater certificates (exempt 
wells), 19 exempt notices, 7 water reservations (FWP), and 5 USFS Compact Water Rights – this illustrates 
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that not a lot of historical water use exists to mitigate new use. In addition, there are 17 pending water 
rights, with 15 pending groundwater certifications and 2 pending permits – this illustrates that growth is 
occurring. Overall, a rough estimate is about 88 cfs (12, 562 acre-feet) of water rights in the Big Sky area. 
Because the Big Sky area is in a closed basin, mitigation to provide a greater water supply will have to 
come from historical rights, with irrigation water rights typically providing the most water for mitigation. 
This creates a challenge in a mountainous area since there are very few existing water rights, compared to 
a valley area, where water can be used for mitigation by converting the water right from irrigation use as 
land-use changes. Any new groundwater withdrawals need to be mitigated “drop for drop” since 2005 
(Smith River Decision) when all groundwater was determined to be connected to surface water (which is 
closed to new appropriation). In addition, any new subdivision developed after 2014 is allotted one 
exemption that allows the use of 10 acre-feet of groundwater without going through the permitting 
process. However, lots in existence prior to 2014 fall under the 1993 “physically manifold” rule that allows 
each lot to have its own well. As Big Sky grows, it has very limited options for “new” uses, due to the lack 
of mitigation water in the area around Big Sky. This is especially acute on the Gallatin side, but also present 
on the Madison side, though dam controlled water there makes it a little bit easier. Montana FWP 
instream flow rights are not always met – this is an indicator that water is not legally available in surface 
water sources in the area. In summary, balancing demands on water supply effectively requires strong, 
proactive planning. 
 

Instream Flows and Water Policy Considerations, Patrick Byorth, Director of Montana Water 
Program Western Water and Habitat Project, Trout Unlimited 
Pat Byorth described what’s important to think about with instream flows for fisheries, as well as 
information on mitigation and the potential for conservation and green infrastructure. First, he addressed 
the question of how much water fish need. Limiting factors for fish include: predation, water, food, 
climate, and winter habitat, with winter habitat being the most limiting factor. In the winter, fish need 
enough water to avoid any of the three kinds of ice: surface or pack ice, anchor ice, and frazzle or slush ice.  
Surface or pack ice can crush fish, so deep pools with enough water to avoid ice and enough water to float 
the ice are necessary. Anchor ice forms on rocks in riffles, so there needs to be enough water flowing over 
riffles to prevent anchor ice formation. Frazzle or slush ice can also kill fish since crystalline ice can get 
caught in gills and cause physical damage. Fish mortality can be significant in the winter, up to 40-60 
percent. In the spring, fish need bankfull flows during spring runoff at least every other year. Bankfull 
stream flows recharge groundwater, re-create good instream habitat, mobilize sediment from the 
streambed, and deposit fines on the fringes of the channel where it makes soil for riparian vegetation to 
become established. In addition, most fish migration occurs during high water. In the summer, there needs 
to be enough water on the riffles to ensure oxygenation, provide for adequate aquatic insect production, 
and keep water cool. Temperatures of 65-70°F are stressful temperatures for trout. Deep pools provide 
cooler water and help fish avoid predators. There are several methods that have been used to calculate 
minimum flows necessary for fish, but all have some shortcomings. Instream Flow Reservations used by 
Montana FWP in Upper Missouri Basin are based on wetted perimeter method, which targets riffles at 
minimum flow to maintain aeration. Second, Pat address the question: “Is there any water left over for 
people?” Legally, the water has all been allocated, so the answer is “no”. However, mitigation is a way to 
share the water and make it legally available. There are three kinds of mitigation, including:  1) legal 
mitigation, which is the sale, transfer or lease of existing water rights; and 2) in-lieu fee wetlands 
mitigation under the Clean Water Act Section 404, which can be accomplished through a private mitigation 
bank and is driven by the permit process (Example: private mitigation bank on Hamilton Ranch in Twin 
Bridges). Clean Water Act Section 404 requires “no net loss of wetlands” and Pat recommended if you 
“break” a wetland in Big Sky, you should “fix” a wetland in Big Sky, since this creates the “sponge” that 
retains water in the watershed. There is also a third approach to mitigation that is less formal, but focuses 
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on conversation and green infrastructure to hold and slow the water across the landscape through 
ecological processes, such as improving pocket wetlands that had been drained by logging in the Big Sky 
area using beaver mimicry. The goal of this green infrastructure is to gather water, clean it, and discharge 
it to groundwater so that there is more water going out of the watershed more slowly. 
 

Building Drought Resilient Communities in Montana, Ann Schwend, Watershed Planner, 
Montana Department of Natural Resources and Conservation 
Ann Schwend discussed drought resiliency and community planning and framed “drought” as water 
planning. Drought is present anytime there is water scarcity, so it isn’t just lack of precipitation but also 
anytime there is not enough water to meet all demands. Planning is important because we all have a water 
budget we have to live within. Legally, we don’t have enough water in the basins and climate variability 
and drought are both shifting the dynamics of water availability and timing. A water budget is much like a 
household budget; resources can be allocated to one place or another, but it has to be done within the 
confines of the total available. In a headwaters area with a snowmelt driven system, how do we set water 
aside during times of high water during spring runoff? Using our natural system to slow water down in the 
headwaters is like a savings account. Once the water goes downstream, it is no longer available for the 
community. The Montana Drought Resilience Partnership Demonstration Project in the Upper Missouri 
River Basin is designed to leverage and deliver resources, engage communities, and implement projects. 
This approach will develop local and regional capacity to plan for drought. Community drought planning 
will help develop an understanding of supply and demand, a vulnerability assessment, an emergency 
response plan, and mitigation strategies. Individual watersheds are developing plans that will roll up and 
be included in a headwaters basin level plan, including the drought resiliency plan for the Upper Gallatin. 
In addition, the State Water Plan supports shallow aquifer recharge and identifies ideal locations as natural 
wetland and riparian areas that promote restoration of floodplain functionality. 
 

Groundwater Conditions – Big Sky MT, Mike Richter, Research Specialist, Montana Bureau of 
Mines and Geology 
Mike Richter described groundwater conditions in the Big Sky area. Prior to 1993, there were about ten 
wells drilled per year. There was a rapid uptick in groundwater wells drilled for drinking water (domestic 
and public water supplies) in the early to mid-1990s. Four factors seem to have contributed: the movie A 
River Runs Through It, Big Sky Resort installed the tram, Ron Edwards came on at the Big Sky County Water 
and Sewer District (BSCWSD), the building moratorium was ended, and the exempt well “loophole” 
allowed an avenue for the development of smaller wells. MBMG has twelve long-term sites and three 
springs it monitors in the Big Sky area, with data collection starting in 2008, so about 8 years of data. The 
geology in the Big Sky area is quite diverse, including sand and gravel alluvial aquifers, sandstone and shale 
aquifers (Cretaceous sediments), Madison Limestone aquifers, and fractured bedrock aquifers. Sand and 
gravel alluvial aquifers have the best quality water, but are the least common in the area. These alluvial 
aquifers were formed when sand, gravel and cobbles eroded from mountains and deposited in the basins, 
and include the Meadow Village aquifer from which the BSCSWD draws much of its water supply. 
Sandstone and shale aquifers, which surround the Meadow Village area, have marginal water quantity and 
water quality, typically having elevated pH and mineral content (iron, sulfur, etc.). The Madison Limestone 
is a great aquifer, but is only available at junction of HWY 64 and 191 and south of Big Sky near Red Cliff 
campground, and is otherwise buried very deeply (~4,000 feet below Meadow Village) and is inaccessible 
for drinking water wells. Fracture bedrock aquifers are found in the Gallatin Canyon and in the Mountain 
Village. In the Mountain Village, these aquifers are made up of intrusive basites, which create a decent 
aquifer fed by recharge coming off of Lone Peak. The Meadow Village aquifer is a small, great aquifer that 
is relatively shallow. The Meadow Village aquifer is recharged by groundwater and surface water during 
seasonal snowmelt at the western end and northwestern end, with contributions from the North Fork 
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West Fork Gallatin River, Middle Fork West Fork Gallatin River and Crail Creek. The Meadow Village aquifer 
becomes connected to the West Fork Gallatin River as it flows through Big Sky Golf Course and starts to 
discharge water to the channel and springs. There is a 49 foot deep monitoring well in deep part of aquifer. 
Most of the aquifer is 10-30 feet thick, though the deepest trough is 50-60 feet deep and is located north 
of the West Fork Gallatin River, which is where BSCWSD has five public water supply wells. Water levels in 
the Meadow Village aquifer vary from 5 to 15 feet below ground surface, so this aquifer is vulnerable to 
surface contamination. The Meadow Village aquifer has very good water quality with <500mg/L total 
dissolved solids (TDS) and nitrate concentrations of 1-2 mg/L in the deeper parts of the aquifer. At the 
fringe of aquifer where it is only 15-20 feet thick and underlies the Big Sky Golf Course, nitrate 
concentrations as high as 5mg/L have been recorded. Snowmelt causes a yearly pulse in groundwater in 
the spring, which is followed by a second pulse in groundwater elevations in the fall as “artificial recharge” 
is contributed due to golf course irrigation. A new water supply well online in summer 2016 generating a 
new amount of groundwater withdrawal creating greater demand on the Meadow Village aquifer. 
 

Groundwater Conditions – Big Sky MT Ground Water Investigations Monitoring, James Rose, 
Hydrogeologist, Montana Bureau of Mines and Geology 
James Rose presented information on the MBMG Ground Water Investigation Program (GWIP) that is 
investigating groundwater availability and water chemistry at Big Sky. Preliminary results identified nine 
aquifers (water-bearing geologic units) in the Big Sky area. GWIP staff monitored and sampled each aquifer 
using existing water wells with permission from resident well owners and water systems managers. For the 
project, GWIP located and inventoried one hundred and fifteen wells in the Big Sky area as representative 
of most wells at Big Sky. From 2013 to 2016, GWIP monitored water levels in 67 wells and measured 
discharge at 28 stream and river sites. Water chemistry samples collected from 43 wells and 6 stream sites 
helped define the aquifer systems and assess groundwater/surface-water interactions. 
 
A special focus of the investigation is on the Meadow Village Aquifer, the largest public water supply 
source in the area. Growth of Big Sky will depend upon a sustainable public water supply source from this 
aquifer. The MBMG-GWIP study will determine the sustainable water capacity of the aquifer. 
 
The Meadow Village Aquifer is a shallow sand and gravel valley fill that covers approximately two square 
miles, mostly beneath the Meadow Village Golf Course. At the base of the aquifer is a relatively 
impermeable shale. Fifteen monitoring wells were installed in the west half of the aquifer area to 
determine the type of aquifer material (sand, silt, or gravel), water levels, and the depth to the shale that 
defines the aquifer bottom. Preliminary results indicate the aquifer is thinner on the edges and is deepest 
along an east west trough along the northern edge of the aquifer, where the Big Sky Water and Sewer 
District (BSWSD) wells are located. 
 
Preliminary investigations suggest the Meadow Village Aquifer appears to be interconnected with the 
West Fork Gallatin River, with alternating gaining and losing reaches and exchange of water occurring 
throughout the system. At the western end of the aquifer, the West Fork Gallatin River is at higher 
elevation than groundwater, thus the stream is likely recharging the aquifer in this area (near the Two 
Moons road bridge). At the eastern end of the aquifer near the Crail Ranch Homestead, the river level is 
below groundwater levels in nearby monitoring wells, suggesting groundwater is discharging from the 
aquifer into the stream. 
 
As part of the investigation, MBMG-GWIP is constructing a computer-based groundwater model of the 
Meadow Village Aquifer to evaluate groundwater availability. The model will provide the means to test 
options and alternatives for management of future groundwater withdrawals, while maintaining a 
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sustainable groundwater supply source. 
 

Water Quality in the Big Sky Area, Peter Manka, Principle Water Resources Engineer, Alpine 
Water 
Peter Manka discussed water quality in the Big Sky area water supplies. In the BSCWSD, there are 
approximately 2,000 service connections, with approximately 1,300 in the Meadow Village Area and 
approximately 700 in the Mountain Village Area. The BSCWSD provides approximately 250 Million Gallons 
per Year (MGY) to their customers. This water is high quality, though does have elevated calcium 
concentration, which is commonly known as “lime scale” or “hard” water. To address concerns with “lime 
scale”, homeowners often use ion exchange (salt or potassium) water softeners. In these systems, each 
mg/L of hardness is replaced with mg/L of salt. As a result, these salt water softeners contribute high 
chloride levels which then enter the wastewater system. Assuming 25% of 2,000 BSCWSD customers (500) 
have an ion exchange softener would lead to an estimated 4 million gallons of water wasted per year 
treating the water and an estimated 40 million gallons of salt water discharged to sewer system, which is 
approximately 30% of the 120 million gallons of sewage BSCWSD treats annually. Some cities and 
municipalities have restricted or banned the use of salt water softeners due to the high quantities of water 
required, along with the treatment requirements and the impact of chloride discharged into the 
environment following treatment. Outside of the BSCWSD, there are a handful of public water supplies, 
including Ophir School, Ram’s Horn Subdivision, Antler Ridge Estates, Yellowstone Club, and Moonlight 
Basin. Everyone else relies on private, unregulated water systems, of which there are about 300 private 
water systems in the Big Sky area. Water quality concerns in these private systems include iron, low pH 
(~6.5), sulfides and even arsenic in some locations. Options for addressing most taste, smell and health-
related constituents include ozone, acid neutralization, aeriation, ultrafiltration, and reverse osmosis. 
Peter indicated that reverse osmosis should never be used for whole-house or commercial systems due to 
the extremely high amount of water used during treatment. Peter also pointed out the need for individual 
well testing and the development of a database to track water quality issues in private wells so that 
landowners and the community can ensure that appropriate measures are taken for both existing and 
newly constructed private water systems. 
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Presentations: Wastewater Treatment and Reuse 
November 3, 2016 Stakeholder Meeting 
 
Big Sky County Water & Sewer District Overview, Ron Edwards, General Manager, Big Sky 
County Water & Sewer District 
Ron Edwards presented an overview of the operations of the Big Sky County Water and Sewer District 
(BSCWSD), which was created in 1993 after a public vote and is governed by special provision under 
Montana statutes Title 7, Chapter 12, Part 22 and 23. The BSCWSD board has five elected members and 
two members appointed by Gallatin and Madison counties. BSCWSD has rate setting, taxing and 
bonding authorities, and eminent domain powers, though it has never used its eminent domain powers. 
BSCWSD service areas include the Mountain Village, Meadow Village, Lone Moose Meadows, and 
Spanish Peaks. The BSCWSD water system has nine storage tanks and fourteen wells. A pipeline 
connecting the Mountain Village to the Meadow Village was built in 2006 and provides the ability to 
feed potable water from mountain to meadow. Summer demand is up to eight times that of winter 
demand, primarily due to irrigation. While the BSCWSD covers much of the Big Sky area, Moonlight 
Basin and Yellowstone Club have separate systems. As of 2016, the BSCWSD has about 2,600 customers 
(billable accounts) and the service area is estimated to be about 45% built-out. Most of the BSCWSD 
service area is residential and there are more condos than single family homes, which is a unique 
situation. There is a water meter on every home and most of the condo units, which is an effective tool 
for billing and management. There are many undeveloped lots within the BSCWSD service area which 
the district is legally obligated to provide water and wastewater service to. Single Family Equivalents 
(SFEs) are the basis for permitting and tracking new development. Residential SFEs are based on square 
footage, while other purposes, such as commercial, use conversion formulas based on the type of 
development and square footage. Restaurants and delis use seating capacity. The number of SFEs has 
increased over time, from approximately 1,500 in 1990 to approximately 5,200 in 2016. Since 1996, SFEs 
have increased by an average of 5% in within the BSCWSD and there is additional growth occurring 
outside of the BSCWSD. 2016 is a record year and includes the newly permitted, but as yet unbuilt, 
Lodge project in Spanish Peaks. December 31st is the biggest day of the year for wastewater generation, 
with roughly 700,000 gallons/day, compared to an average of 390,000 gallons/day. Big snow fall years 
that result in high spring runoff rates can also lead to comparable wastewater plant inflows. BSCWSD is 
expecting to treat approximately 140 Million Gallons (MG) of wastewater in 2016. 
 
Wastewater is first processed in the headworks, then a Sequencing Batch Reactor (SBR), which treats 
water in batches and works well with the big swings in flow that occur seasonally due to changes in 
visitation. Following tertiary treatment and chlorine disinfection, the water is stored in an irrigation 
storage pond, where it is held over the winter and then used for land application on the Big Sky Golf 
Course between May and October. Treated wastewater is also pumped up a 7.2 mile long force main 
pipeline to the Yellowstone Club’s 80 MG storage pond where it is applied to their golf courses during 
the growing season. Spanish Peaks has constructed a new 15 million gallon lined storage pond which will 
come on line the fall of 2017.  Treated water will be disposed on the Spanish Peaks Golf Course for the 
first time in the summer of 2018. 
 
Sludge is composted and the compost is sold locally. Storage of wastewater started in the 1970’s and 
was expanded in 1996. Irrigation capacity depends on the number of days, soil type, precipitation and 
weather. Irrigation capacity is based on the wettest year in 10, which is estimated at 143.3 MGY on the 
Big Sky Golf Course over a 137 day irrigation season. As more growth occurs, disposal using the current 
land area will not provide enough capacity, especially during wet years. The biggest issue facing the 
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BSCWSD is disposal, with an estimated 119-155 MGY shortfall due to a lack of irrigable area at full build-
out based on a projected wastewater flow of 313.8 MGY. In 1998, the BSCWSD had a direct surface 
water discharge permit of 15 MG during peak runoff, but let that permit lapse in 2008 without using it, 
and never constructed a pipeline to the river. There are many possible options for wastewater disposal 
including expanded irrigation, groundwater discharge (engineered drain fields), snowmaking, surface 
discharge, smaller decentralized treatment plants, a combination of all, and other ideas. 
 
Yellowstone Club Overview, Mike DuCuennois, Vice president of Development, Yellowstone 
Club 
Mike DuCuennois presented an overview of development, water supply and wastewater treatment at 
the Yellowstone Club, which has its own water supply and wastewater treatment systems, but is also 
intertwined with the BSCWSD. The 30 Million Gallon (MG) pond breach in March of 2016 included 25 
MG of BSCWSD water. The Yellowstone Club has 864 total residential memberships approved in the 
1999 master plan. Approximately half of these are single family homes and half are condos. There are 
currently 578 memberships. The Yellowstone Club is building a new lodge which is 550,000 square feet 
and is one of the biggest project in Montana history. The Yellowstone Club has built a new SBR 
wastewater treatment plant for the lodge which is fully operational. Currently, the Yellowstone Club 
generates about 20,000 Gallons per Day of wastewater and anticipates generating about 20 Million 
Gallons per Year (MGY) at full build-out. The Yellowstone Club Golf course irrigation can utilize about 25 
MGY of treated wastewater. There is an emphasis on water resource conservation: all connections are 
metered, there are summer irrigation restrictions (allotment of 405 gallons/day for house/landscaping), 
architectural guidelines include drought tolerant plantings, a graduated water pricing structure, and 
annual leak detections. 
 
Moonlight Basin Water and Wastewater Overview, Kevin Germain, Vice President of Planning 
and Development, Lone Mountain Land Company 
Kevin Germain presented an overview of development, water supply and wastewater treatment at 
Moonlight Basin. In 1992, Moonlight Basin purchased a 25,000 acre parcel. The goal was to have 80-85% 
of the original purchase protected in conservation easements since the Jack Creek area provides a 
critical link to the wilderness sections north and south of the original purchase. 17,000 acres have been 
sold to conservation buyers and 14,500 acres are under conservation easement. The remaining 8,000 
acres are under development. Land use planning is constraints-based and areas least sensitive to 
development have been identified. Currently, Moonlight Basin is 25% built out, with 414 platted lots out 
of a total of 1,650 total lots. 95% of Moonlight Basin is in the Jack Creek watershed. Madison 
Conservation District and the Jack Creek Preserve Foundation have been conducting water quality 
monitoring on Jack Creek for the past 10 years. There are two water systems within Moonlight: east and 
west. Water demand is highest in the summer due to irrigation, which provides opportunities for 
conservation. Water demand reduction methods include using reclaimed water, xeriscaping with 
drought tolerant plants, rainwater harvesting off rooftops for summer irrigation, and snowmaking. 
Moonlight Basin has a high flow water right (May 25-June 25) out of Lone Creek that is currently used 
for irrigating the golf course. As they transition to irrigating the golf course with reclaimed water, they 
would like to change their irrigation water right to a snowmaking water right by capturing the water 
during spring runoff and storing it for snowmaking in the winter. Moonlight Basin has received a 
mitigation water right from the Jumping Horse Ranch downstream, which was paid to retire acres from 
irrigation and leave the water in Jack Creek to offset consumption at Moonlight Basin. There currently is 
a wastewater treatment system in place that is an oxidation ditch and a new Membrane Bioreactor 
(MBR) plant is slated for completion by the end of 2017. Approximately 90% of the units are served by 
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central sewer and water, while the remaining units are on individual well and septic. Wastewater 
generation peaks in the winter, dips in shoulder season and picks up in the summer. For future water 
use projections, Moonlight Basin is looking at other resort communities that are further along in their 
development, with increasing occupancy rates anticipated as the resort matures. At full build out, it is 
conservatively estimated that 113.4 Million Gallons per Year (MGY) of treated wastewater will be 
generated. The Moonlight Basin Golf Course can utilize 19.5 MG on a wet year and 52.1 MG on a dry 
year, which results in a deficit of 61.3 MGY to 93.9 MGY for disposal through some other means than 
golf course irrigation. Currently, Moonlight Basin land applies effluent to a 17 acre forested site in the 
summer and anticipates needing 60-70 acres of forest to land apply the excess 90 MG of treated 
wastewater. Disposal options for the future include land application at a rate that is 100% consumptive 
and other re-use options that may better conserve the water resource. 
 
Canyon Area Overview, David O’Connor, Buck’s T-4 
David O’Connor discussed the Canyon, which is not part of any of the entities previously discussed and 
operates like most of rural Montana, primarily on well and septic systems. There are several minor 
water systems including the trailer court, Buck’s T-4, Ophir School, Ramshorn, Lazy J South, Whitewater 
Inn, and the Corral. There is no common element that ties the Canyon together – no single political 
entity (school district, fire district), little data, no studies and reports, and no common element that 
applies to the entire Canyon area. Buck’s T-4 has one of the bigger systems with three lagoons and 6 
acres for irrigation disposal and represents the closest thing to the type of wastewater treatment done 
in the previously discussed examples. Tying the Canyon into the BSCWSD would take significant dollars 
and would require addressing infrastructure issues and the obtaining the community’s support. In 2008, 
a study looked at what type of flows the BSCWSD would take on the Canyon and estimated it would be 1 
Million Gallons per Day at full build-out. This is significantly larger than the projected peak flow at full 
build-out within the existing BSCWSD. In addition, the high building densities zoned in the Canyon likely 
can’t be built using individual septic and well systems. 
 
Workforce Housing Needs Overview, Kevin Germain, Vice President of Planning and 
Development, Lone Mountain Land Company 
Kevin Germain presented on workforce housing needs. The Big Sky Chamber of Commerce 
subcommittee completed a study in 2014 looking at workforce housing. There are 2,300 workers in the 
Big Sky area and 1,900 workers (83%) of the workforce lives outside of Big Sky area and commutes in 
every day. The biggest limitation to living in the Big Sky area is cost. The workforce is most likely to live 
in the Meadow Village or the Gallatin Canyon. Both areas have limitations associated with water 
resources. In order to solve community housing needs, we will need to address water and wastewater 
needs. As the community grows, the need for workforce housing won’t be linear, due to economies of 
scale. There is a goal to have 60% of the workforce living in the community based on other mature 
resort areas. Based on this goal, there is a 600 unit shortage in housing as of 2014, so it’s even greater 
today. 
 
Big Sky Area Septic System Overview, Tom Moore, Environmental Health Specialist, Septic 
Division, Gallatin City-County Health Department 
Tom Moore discussed sanitary septic systems and relayed that public health advances in this area 
directly relate to advances in quality and longevity of life along with environmental health. Public 
wastewater (and water) systems are any systems that serve 25 or more people for at least 60 days of 
the year, while individual septic systems serve individual residences. A total of 17,501 septic permits 
were issued by Gallatin County over a 50-year period between 1966 and 2016, with 963 septic permits 
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issued in the Big Sky area (Karst to the Corral) during that timeframe. In the Big Sky area, there were 
bumps in septic permits in 1973 when the lifts started running and when the building moratorium 
occurred in 1993. Early Gallatin County septic permits in the Big Sky area did not have precise locations, 
lacked soil information, and lacked information on the location of the nearest surface water. Current 
septic permits are much more detailed, but many of those old systems are still in place. State law on 
non-degradation and mixing zones require the wastewater, which mixes with underground water, to 
meet State drinking water standards for nitrates and phosphorus by the time it reaches the surface 
water. A dilution model is also required now. Neither of these were required on the older permits. In 
sensitive areas, such as the Beaver Creek drainage, Level 2 (“tertiary”) treatment methods are required, 
which are significantly more expensive, costing up to $40,000-$50,000. However, these Level 2 septic 
systems don’t work well when they are used sporadically, as they often are with second homes. One 
advantage of public water and wastewater systems is that there is regular maintenance and testing, 
while individual septic systems rely on the landowner for upkeep and monitoring. In addition, many 
small systems do have cumulative impacts. In the Gallatin Valley, the Gallatin Local Water Quality 
District found pharmaceuticals and hormones in more than 90% of the wells tested in the valley due to 
well and septic interactions. There are creative options for enhancing responsible on-site septic use 
including advanced septic design, homeowner education, such as what the GRTF has done, and required 
septic inspection when homes are sold. 
 
Municipal Wastewater Treatment Regulations, Disposal Regulations, and Funding, Todd 
Teegarden, Engineering Bureau Chief, Water Quality Division, Department of Environmental 
Quality 
Todd Teegarden discussed DEQ’s role in oversight of municipal and community public wastewater 
treatment, including systems like the Big Sky County Water and Sewer District. Treatment options 
include onsite treatment (septic systems), facilitative lagoons, aerated lagoons, and mechanical plants. If 
discharge is a point source to waters of the State, then a discharge permit is needed. Groundwater (for 
discharge greater than >5,000 gpd) and surface water discharge permits are required for certain uses. 
Permits are not required for total containment or for fully consumed water reclamation and reuse like 
landscape irrigation. From a water quality standpoint, considerations include mixing zones, water quality 
standards, non-degradation, groundwater, and storm water. DEQ design circulars, guidance and other 
information are readily available to help. DEQ also has some funding available to help with wastewater 
treatment infrastructure. These include the Drinking Water and Water Pollution Control State Revolving 
Funds, which support drinking water and wastewater pollution control projects. There is also a Drinking 
Water State Revolving Fund (DWSRF) with funding available. 
 
Connections to Ecological Impairments and Overview of Treatment and Disposal Options, Jeff 
Dunn, Watershed Hydrologist, RESPEC 
Jeff Dunn discussed existing ecological impairments to streams in the West Fork Gallatin River 
watershed and presented an overview of wastewater treatment and disposal options. A Total Maximum 
Daily Load (TMDL) is the maximum amount of a pollutant a water body can receive and still meet State 
waters quality standards. The West Fork Gallatin River TMDL was completed in 2010 and a Watershed 
Restoration Plan (WRP) was completed in 2012. In the Big Sky area, there are nutrient TMDLs for three 
impaired stream segments, including the West Fork Gallatin River (33% reduction required for 
nitrate+nitrite and 36% reduction required for total nitrogen upstream of the confluence with the South 
Fork West Fork Gallatin River), Middle Fork West Fork Gallatin River (33% reduction required for 
nitrate+nitrite upstream of Lake Levinsky), and South Fork West Fork Gallatin River (TMDL reductions 
not calculated). Nutrient TMDL targets of ≤ 0.100 mg/L for nitrate+nitrite and ≤0.320 mg/L for total 
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nitrogen are established for the summer months extending from July 1st  through September 30th since 
excess nutrient concentrations can lead to undesirable algae growth and impair a stream’s recreational 
and aquatic life beneficial uses. Nutrient source categories identified in the TMDL include natural 
background, residential and resort landscape management and maintenance, on-site septic systems, 
and unpermitted wastewater due to spray-irrigation of wastewater and potential sewer or service line 
disruptions. For E. coli, TMDL targets of 126 cfu/mL in the summer (April 1-October 31) and 630 cfu/mL 
the winter (November 1-March 31) are established since elevated instream concentrations of 
pathogenic pollutants put humans at risk for contracting water-borne illnesses and impair a stream’s 
recreational uses. E. coli source categories identified in TMDL include domestic pets, livestock, wildlife 
and waterfowl, stormwater runoff from streets, parking lots and other impervious surfaces, failing or 
malfunctioning septic systems, and broken sewer lines or domestic service lines. Some options for 
wastewater disposal include land application (irrigating the golf courses), surface water discharge, 
snowmaking, constructed wetlands, and deep well injection. 
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Big Sky Sustainable Water Solutions Forum Community Survey 

August - September 2017 

The Big Sky Sustainable Water Solutions Forum conducted a community survey between August 3 and 
September 24, 2017. 137 responses were recorded. The survey was distributed electronically, via links 
published on the Gallatin River Task Force web site, the Big Sky Sustainable Water Solutions Forum 
project page, emails to stakeholders, emails to a list of interested public, via a link in a letter to the 
editor in Explore Big Sky, the bozone-orgs listserv and through newsletters and forwarded emails from 
stakeholders to their members or colleagues. The results of this survey will be used to inform the Big Sky 
Sustainable Water Solutions Forum about community interest and opinions on the preliminary priorities 
that had been identified in June of 2017. This information will be used to help shape the final 
recommendations and priorities chosen. 

 

1. Where do you live? 
136  respondents 
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2. If you live in Big Sky, where do you live in Big Sky? 

58 responses 

 

 

One respondent to this question reported living in Bozeman. In that case, 57 people who responded 
actually live in Big Sky full or part time. Original options for responses were “Meadow Village,” 
“Mountain Village,” Canyon Area, Moonlight, Spanish Peaks, Yellowstone Club or “Other” with an 
invitation to fill that in. From responses gathered, it is clear that many people are very precise and 
identify their location within a particular subdivision. 
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3. Where does the water you use at your house come from? 

127 responses 

 

 

93% of respondents did respond. This question covered both Big Sky and the surrounding zone of 
influence. It does appear that the vast majority of respondents do know the source of their water 
supply. 
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4. Where does the water you use at your house go after your use it? 

127 responses 

 

 

Again 93% of respondents answered this question. It does appear that the majority of respondents are 
on some kind of system that they do not manage themselves, a sizable minority (35.7%) do have 
individual septic systems. 
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5. Which of the following activities do you do in the Big Sky area on or near rivers or wetlands? 
(choose all that apply) 

129 responses (respondents could choose multiple responses to question) 

 

 

 

  

47

77
70

114

37 40

10

0

20

40

60

80

100

120

Live Near
Stream, River
Pond, and/or

wetlands

Fish Boat and or
swim

Hike and/or
bike on trails

near streams or
rivers

Golf Work near
rivers or
streams

Other

Participate in Activities  on/near Water the Big Sky area



Big Sky Sustainable Water Solutions Forum Community Survey August-September 2017   6 
 

Priorities 

The next section is a set of questions pertaining to the three focus areas for the Big Sky Sustainable 
Water Solutions Forum. Preliminary priorities identified in the three focus areas in June of 2017 were 
used as the basis for the selected questions. In addition, respondents were given an opportunity to write 
in ideas or concerns. 

6. Ecological Health of the River Systems Priorities 

137 responses (not all replied to all priorities) 
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7. Water Supply and Availability Priorities 

136 responses (not all replied to all priorities) 
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8. Wastewater Treatment and Reuse Priorities 

137 responses (not all replied to all responses) 
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9. Other concerns and priorities for the three focus areas. 
 
Responses: 

Ecological Health of River Systems: 38 
Water Supply and Availability: 40 
Wastewater Treatment and Reuse: 56 

For each focus area, respondents were asked an open-ended question about their concerns and 
priorities in that area. There was a great deal of overlap in responses between the three areas. 
Several respondents also listed several issues in their responses, so each topic was counted 
separately, resulting in a higher total that the total number of responses. In a few cases, there 
were factually incorrect responses on ownership, infrastructure, or other issues. In these cases, 
the topic that they applied to were counted, but these also suggest that more public education 
and outreach could be used on those topics. 

 

Open-Ended Question Responses, by Topic 
 Focus Area 

Area of Concern or Priority Ecological 
Health of 

River 
Systems 

Water 
Supply and 
Availability 

Wastewater 
Treatment 
and Reuse 

Ecological Health of River Systems  12 4 9 
Water Supply and Availability 7 24 5 
Wastewater Treatment and Reuse 7 2 31 
Drought/Climate Change 2 1 0 
Organizational/Institutional Issues 4 1 5 
Education, Outreach, and Public Relations 2 3 2 
Economics and Growth 5 7 6 
Accountability and Transparency 4 0 8 
Other 5 3 1 

 

Ecological Health of River Systems: Water quality, current and potential impacts to fisheries, and 
damages from human activities and pollutants were the major areas listed. 

Water Supply and Availability: Limits to surface water and groundwater supply, water conservation, 
water rights, types of water use, and improvement in knowledge about water resources were major 
areas listed. 

Wastewater Treatment and Reuse: Effluent discharge and untreated wastewater spills were the most 
frequently cited concerns, but there were responses in support of future surface water discharge. Septic 
systems, treatment levels, pollutants, and ideas and questions about alternatives for reuse other than 
direct surface water discharge were the other major topics identified.  

Drought/Climate Change: Respondents either thought this was an additional issue or, in one case, 
thought climate change was not relevant or real. 
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Organizational/Institutional Issues: Issues of ownership, fragmentation and opinions about 
organizational missions, duties, decisions or contractual obligations were expressed here. 

Education, Outreach, and Public Relations: Ideas for further education and outreach were expressed, as 
well as thought on “bad PR” on the option of direct surface discharge to the river. 

Economics and Growth: Concerns about the impact of growth, current capacity to handle growth, as 
well as a concern that decisions might affect the ability for continued growth and economic 
development or impact private property rights were expressed here. 

Accountability and Transparency: Concerns on ability to know about, oversee, or limit impacts, 
particularly to the rivers were the main concern areas. 

Other: Impacts to downstream users were recorded. Impacts to river systems by recreational users and 
visitors were also recorded. 

 

10. If you could do one thing to improve water resources, what would it be?  
71 responses 

Respondents were asked to identify ideas for solutions for water resources. Ideas varied greatly, 
ranging from water conservation, improvements to water quality, riparian and wetland areas, 
existing and new wastewater reuse options (irrigation, snowmaking), changes or centralization to 
infrastructure mix in Lower Basin (“Canyon”) area, wastewater treatment levels, planning and 
changes for institutional and organizational leadership, new regulations, mechanisms for limiting 
growth, protecting economic development, improved knowledge and practices related to water, 
and greater accountability. 71 people responded, but some responses had multiple topics, so those 
were counted and reflected here. 

 

Ideas to Improve Water Resources 
Area Identified Ideas and 

Suggestions 

Ecological Health of River Systems 10 
Water Supply and Availability 25 
Wastewater Treatment and Reuse 19 
Drought/Climate Change 1 
Organizational/Institutional Issues 9 
Education, Outreach, and Public Relations 4 
Economics and Growth 10 
Accountability and Transparency 7 
Other 0 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix F 
 

Big Sky Area Subwatershed Maps 
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Appendix G 
 

Potential Environmental Indicators for Water Supply and Availability  
and Wastewater Treatment and Reuse 

 
 
 
 



Potential Environmental Indicators for Water Supply and Availability 

 

 

Potential Environmental Indicators for Wastewater Treatment and Reuse 

 

Index Environmental Indicator Monitoring Parameter
Number of Wells
Capacity of Wells
Well Water Levels 
Ground Water Rights

Groundwater Quality Nitrate Concentrations
Annual Water Yield
Baseflows
Surface Water Rights
Total Nitrogen
Nitrate + Nitrite
E. coli
Number of SFEs
Gallons per Day
Mill ion Gallons per Year
Acres of Lawn/Grass

Precipitation Annual Precipitation

Groundwater and Surface Water

Groundwater Quantity

Surface Water Quantity

Surface Water Quality

Water Use and Climate Variabil ity

Household Water Use

Irrigation Water Use

Index Environmental Indicator Monitoring Parameter
Total Nitrogen
Ammonia
Total Phosphorus
BOD
TSS
E. coli/coliform
Priority Pollutants
Whole Effluent Toxicity 
Mill ion Gallons per Year
Reservoir Storage Capacity compared to 
Commitments
Population Served
Land Application / Nutrient Loading  
Database
Transmissivity
Evapotranspiration
Nitrate Concentrations
Number of Septic Systems
Septic Condition

Ground Water Quality

Centralized Wastewater Treatment

Treated Wastewater Quality

Treated Wastewater Volume

Treated Wastewater Reuse

On-site Septic Systems



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix H 
 

West Fork Gallatin River Streamflow and Water Yield Analysis 
 
 
 
 



 

TECHNICAL MEMORANDUM 
 
To: Kristin Gardner 

Executive Director 
Gallatin River Task Force 

 PO Box 160513 
 Big Sky, MT 59716 

 
From: Troy Benn, PhD, PE, CFM  

Water Resources Engineer 
RESPEC 
3810 Valley Commons Drive, #4 
Bozeman, MT 59718 

Jeff Dunn 
Watershed Hydrologist 
RESPEC 
3810 Valley Commons Drive, #4 
Bozeman, MT 59718 

Date: January 17, 2018  

Subject: West Fork Gallatin River Streamflow and Water Yield Analysis 

INTRODUCTION 
An analysis of streamflow data within the West Fork Gallatin River watershed was conducted to 
determine annual water yields and evaluate the potential impacts of increasing amounts of impervious 
areas due to expanding development. Mean daily streamflows for the West Fork Gallatin River 
watershed were derived from streamflow data collected by the Gallatin River Task Force (GRTF). This 
data was used to develop mean monthly streamflows for the April through November timeframe, which 
were compared to Montana Fish, Wildlife and Parks (FWP’s) instream flow reservations. In addition, the 
Thornthwaite model was used to develop annual water yields and evaluate changes in streamflow due 
to increased impervious areas. 

METHODS 

Stream Gage Data 
Stream gage data has been collected by GRTF at four sites on the West Fork Gallatin River since 2006. 
Figure 1 shows the gage locations on the upper West Fork Gallatin River, lower West Fork Gallatin 
River, South Fork West Fork Gallatin River and North Fork West Fork Gallatin River. Continuous stage 
data has been collected using sonic ranging sensors and data loggers since 2009 and data from 
11/11/2009 through the present is stored as “water depth” on Montana State University’s VOEIS Data 
Hub (https://voeis.msu.montana.edu). Periodic streamflow measurements conducted by GRTF using 
current meters and velocity-area principles were used to develop stage-discharge relationships (i.e. 
rating curves) for the 2010-2016 timeframe, while additional streamflow data from 2006-2009 
previously analyzed was also included in this assessment. 

3810 Valley Commons Drive, Suite 4 | Bozeman, MT  59718 406.284.2525 406.284.2543 (fax) respec.com 

https://voeis.msu.montana.edu/
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Figure 1. West Fork Gallatin River Watershed Streamflow Gaging Locations  

Thornthwaite Model – Water Yield 
The Thornthwaite model estimates monthly basin runoff volume based on temperature and 
precipitation data and a mass balance calculation. Temperature and precipitation data for the West Fork 
Gallatin River watershed were obtained from the Natural Resource Conservation Service Lone Mountain 
SNOTEL site between 1992 and 2017. Precipitation and temperature were assumed equal across the 
basin to simplify the mass balance calculation.  Thornthwaite model parameters were calibrated based 
on mean monthly flow data from 2008 for the lower West Fork Gallatin River streamflow gage, which is 
located just upstream of the confluence with the Gallatin River mainstem. The Thornthwaite model 
output is runoff in depth units of millimeters. Model output was multiplied by the basin area to obtain a 
runoff volume, which was then converted to a mean monthly flow rate. Basin area above the lower West 
Fork Gallatin River streamflow gage was determined as 80 square miles using USGS StreamStats 
(https://ssdev.cr.usgs.gov/streamstats/). Table 1 shows the input parameters used to calibrate the 
Thornthwaite model. 
 
Table 1. Thornthwaite Model Parameters Calibrated to 2008 Stream Gage Data 

Parameter Value 
Runoff Factor (%) 74 

Direct Runoff Factor (%) 3 
Soil-Moisture-Storage Capacity (mm) 150 

Latitude (degrees) 45 
Rain Temperature (°C) 1.2 
Snow Temperature (°C) -1 
Maximum Melt Rate (%) 65 

 

Hwy 191 

https://ssdev.cr.usgs.gov/streamstats/
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Stream gage data for the lower West Fork Gallatin River site was converted from mean daily flow to 
mean monthly flow to compare with Thornthwaite model output. The 2006-2016 streamflow gage data 
is generally valid for summertime flows post-runoff due to the calibrated range of the stage-discharge 
curves. However, in 2008, an adequate rating curve was developed to capture the full runoff 
hydrograph, including high flow conditions (Dunn 2009). Therefore, the 2008 gage data were used to 
calibrate the Thornthwaite Model. The adequacy of calibration is judged on 1) matching the 2008 runoff 
hydrograph and 2) matching the post-runoff hydrograph for all years of gage data. 

RESULTS AND DISCUSSION 

Stream Gage Data 
Stream gage data from four measurement locations in the West Fork Gallatin River Watershed were 
transformed to flow estimates using rating curves. Where data were missing at the lower West Fork 
Gallatin River gage, flows from the South Fork West Fork Gallatin River and upper West Fork Gallatin 
River gages were summed as an estimate of flow at the lower West Fork Gallatin River gage. Daily mean 
flows at the lower West Fork Gallatin River gage for 2006-2016 are shown in Figure 2. Anchor ice and 
snow accumulation are known to interfere with stage measurement instrumentation, and data is only 
valid during ice free conditions from mid-April to mid-November. For the winter months, baseflow was 
estimated as 19 cubic feet per second based on an average of the last valid flow estimate of each year. 
 

 
Figure 2. Daily Mean Streamflows at the Lower West Fork Gallatin River Gage, 2006-2016 
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The red line of Figure 2 represents the average daily mean streamflow for the rising limb and peak 
runoff and much of this data is derived from flow estimates outside of the rating curve calibration. 
Therefore, low confidence is associated with the accuracy of rising limb and peaks of the hydrograph. 
The yellow line represents the average daily mean which was calculated with at least 3 or 4 values from 
within the rating curve. Therefore, more confidence is associated with the yellow line than the red. The 
highest confidence is associated with the green line, which is the average mean daily flow from July 
through October. This average was derived from 5 or more values from within the rating curve 
calibration. Tabular mean daily flow values are provided in Table 2. 
 
Table 2. Daily Mean Streamflows at the Lower West Fork Gallatin River Gage, 2006-2016 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1 19 19 19 19 71 329 233 49 27 26 23 19 
2 19 19 19 19 74 378 209 43 25 25 22 19 
3 19 19 19 19 84 419 204 41 24 28 23 19 
4 19 19 19 19 97 439 202 41 25 25 23 19 
5 19 19 19 19 110 456 189 40 25 25 22 19 
6 19 19 19 19 120 444 167 41 24 25 22 19 
7 19 19 19 19 124 403 150 40 23 25 22 19 
8 19 19 19 19 130 409 137 41 23 25 24 19 
9 19 19 19 19 142 388 128 39 23 25 24 19 

10 19 19 19 19 141 388 121 37 23 25 20 19 
11 19 19 19 19 130 343 115 36 22 28 20 19 
12 19 19 19 19 128 302 107 34 22 26 19 19 
13 19 19 19 64 142 286 100 35 21 25 19 19 
14 19 19 19 59 172 284 93 35 22 26 17 19 
15 19 19 19 52 193 283 91 34 21 27 16 19 
16 19 19 19 43 227 288 86 33 24 28 19 19 
17 19 19 19 41 265 308 87 32 25 29 19 19 
18 19 19 19 41 300 295 78 31 26 27 19 19 
19 19 19 19 43 313 280 74 30 26 26 19 19 
20 19 19 19 50 328 276 69 29 23 28 19 19 
21 19 19 19 64 344 276 67 30 24 27 19 19 
22 19 19 19 84 334 290 63 30 27 28 19 19 
23 19 19 19 98 303 286 63 30 24 27 19 19 
24 19 19 19 107 282 289 62 29 23 25 19 19 
25 19 19 19 105 278 285 59 27 24 25 19 19 
26 19 19 19 99 260 276 56 27 23 24 19 19 
27 19 19 19 109 256 259 58 26 26 24 19 19 
28 19 19 19 100 263 249 60 25 25 23 19 19 
29 19 19 19 96 292 248 55 26 24 24 19 19 
30 19 

 
19 106 303 255 52 26 25 24 19 19 

31 19   19   303   50 27   23   19 
Red = Mean calculated from less than 3 data points 
Yellow = Mean calculated from 3 or 4 data points 
Green = Mean calculated from 5 or more data points 
No shading = Estimated baseflow of 19 cfs 
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Mean daily streamflows for the lower West Fork Gallatin River were compiled into mean monthly flows 
to visualize monthly averages throughout the summer season. Figure 3 shows average mean monthly 
flows for April-November based on data collected between 2006-2016. Error bars provide insight into 
data confidence by showing one standard deviation from the mean. The error bars are greater for April, 
May, and June compared to July through November, which is explained by two factors. First, variability 
in timing and quantity of peak flows will cause larger standard deviations in runoff during May and June. 
Second, flow measurements during the rising limb and peaks of the hydrograph can be difficult to 
obtain, and therefore April-June data is plagued with values outside of rating curve calibration. 
 

 
Figure 3. Average Mean Monthly Streamflows for the West Fork Gallatin River, 2006-2016 
 

Stream Gage Data – Comparison with Instream Flow Reservations  
Another way to assess the occurrence of low flows on the West Fork Gallatin River is to compare gage 
data with instream flow reservations held by FWP, which owns a water right (41H 30008931) to protect 
26 cfs year-round in the West Fork Gallatin River from the mouth upstream to the confluence of the 
Middle West Fork Gallatin River and North Fork West Fork Gallatin River. FWP instream flow 
reservations on the West Fork Gallatin River are often not met during late summer. Figure 4 shows the 
West Fork drops below FWP’s 26 cfs instream flow for an average of 37 days during the timeframe for 
which streamflows were evaluated, generally between April and mid-November. Therefore, the West 
Fork watershed is vulnerable to seasonal instream water shortages. 
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Figure 4. Number of Days with Streamflows below FWP’s Instream Flow Reservation of 26 cfs 
 

Thornthwaite Model – Water Yield 
Since existing streamflow measurements are only validated over the July through October timeframe, 
the Thornthwaite model was used to provide estimates of annual water yield generated within the West 
Fork Gallatin River watershed. The water yield estimates provided by the Thornthwaite model were 
then used to develop a water balance examining changes in the amount of impervious surface areas 
within the watershed due to expanding development. The Thornthwaite model was calibrated with 
2008 data for which the widest-ranging rating curve was developed. Model results were then expanded 
to estimate mean monthly flows for the 2006-2016 timeframe using precipitation and temperature data 
from the Lone Mountain SNOTEL site (Figure 5). The model results adequately represent peak flows in 
years where peak flow gage measurements are missing. For example, the model estimates 2011 peak 
runoff as the highest which is known to be the highest runoff year of 2006-2016. Similarly, 2015 was 
known to be a low runoff year, which is accurately reflected in the model results. 
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Figure 5. Comparison of Lower West Fork Gallatin River Stream Gage Data with Thornthwaite 
Model Results  
 
Precipitation is the main water input to the Big Sky area headwater system. Average annual 
precipitation (1992-2016) at the Lone Mountain SNOTEL station is 33.54 inches. The West Fork Gallatin 
watershed is 51,200 acres yielding an average annual precipitation volume of 143,100 acre feet (46,629 
million gallons). However, not all precipitation contributes to streamflow; water is lost to evaporation 
and transpiration by plants. The Thornthwaite model estimates an average annual volume of 92,890 
acre feet (30,268 million gallons) in the West Fork Gallatin River (Table 3). Thus, approximately one 
third of annual precipitation does not manifest as streamflow in the West Fork Gallatin River. In 
comparison, the Gallatin River at Gallatin Gateway has average annual water yield of 584,490 acre feet 
(190,457 million gallons). Thus, the West Fork Gallatin River contributes approximately 15% of the flow 
to the Gallatin River mainstem. In addition, FWP’s instream flow reservation (41H 30008931) on the 
West Fork Gallatin River is year-round for 26 cfs. For July-October, the reservation is for 6,190 acre feet 
which is 34% of the average summertime runoff volume. Similarly, FWP’s annual reservation of 18,822 
acre feet is 20% of the modeled average annual volume derived from the West Fork Gallatin River 
watershed. 
  

Calibrated to 
2008 data 

Gage Data Peaks 
are inaccurate due 
to rating curves 

2011 is known 
high flow year. 

Fall peaks are not 
represented in 
gage data. 
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 Table 3. Modeled West Fork Gallatin River Water Annual Water Yield, 2006-2016 
 Peak Mean 

Monthly Runoff 
Flow (cfs) 

July - 
October 
Volume (AF) 

Annual 
Volume 
(AF) 

2006 586 19,183 104,371 
2007 408 8,529 68,179 
2008 689 14,376 92,712 
2009 552 15,460 87,786 
2010 636 22,848 103,661 
2011 858 20,201 114,208 
2012 569 18,311 89,286 
2013 476 18,946 76,210 
2014 595 25,493 107,570 
2015 360 15,653 81,376 
2016 521 21,083 96,428 
AVE 568 18,189 92,890 

 

Thornthwaite Model – Impervious Surface Evaluation 
Development in the Big Sky area will lead to an increased percentage of impervious surfaces and the 
Thornthwaite model was used to evaluate the effect of increasing impervious area on annual water 
yield. Figure 6 compares the calibrated Thornthwaite model, which depicts the existing conditions 
within the West Fork Gallatin River watershed, to a high-impervious scenario. For the high-impervious 
scenario, the Direct Runoff Factor in the Thornthwaite model was increased from 3% to 50%. Two 
general trends result. First, late summer/fall precipitation events lead to spikes in streamflow. This is 
due to a higher fraction of the precipitation running directly into the stream channel rather than being 
taken up by vegetation or absorbed into the groundwater system. Second, late fall/winter flows are 
diminished because fall precipitation “flashes” off and is not stored in groundwater, which is the source 
baseflow throughout the winter. Figure 7 shows these trends in more detail for 2011 data. The high-
impervious scenario leads to higher flows in August, September, and October for rain events. 
Conversely, the high impervious scenario results in lower flows in November, December, and January. 
The increase in flows during August, September, and October during rain events may be a benefit of 
increases in impervious surface area. However, the drawbacks of lower flows in November, December, 
and January may outweigh these benefits. 
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Figure 6. Existing Conditions based on Thornthwaite Calibrated Model Compared to High-
Impervious Scenario, 2008-2016 

Higher 
Rainfall Peaks 

Lower Late-
season flows 
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Figure 7. Existing Conditions based on Thornthwaite Calibrated Model Compared to High-
Impervious Scenario, July 2011-January 2012 (excerpt of blue box in Figure 6) 
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Appendix I 
 

Unanswered Questions Regarding Direct Surface Water Discharge 
 
 
 
 



What is the Ecological Impact of Direct Discharge? 
 

1. Can direct discharge have a positive impact on the ecological health of the river systems? 
 

2. Can wastewater be treated to a level that ensures no negative impact to the ecological health of 
the river systems and what is the necessary treatment level? 
 

3. What monitoring is needed to ensure there are no negative impacts to the ecological health of 
the river systems? 
 

4. Where will direct discharge occur? Gallatin River, West Fork Gallatin River or other streams? 
Where will it be most beneficial to the ecological health of the river systems? 
 

5. When will direct discharge occur? Winter, spring, summer or fall? When will it be most 
beneficial to the ecological health of the river systems? 
 

6. Can direct discharge be timed to minimize impacts to the ecological health of the river systems? 
 

7. What will the quantity of direct discharge be and what will be the impact to streamflows? 
 

8. What will the quality of direct discharge be and what will be the impact to water quality? 
 

9. Can direct discharge be conducted in a way that meets requirements for non-degradation and 
Montana’s nutrient standards? 
 

10. Is there a way to avoid or ameliorate potential negative impacts of the mixing zone on water 
quality, fish movement and habitat? 
 

11. At what point does wastewater turn from a liability into an asset? 
 

12. How does direct discharge compare to irrigation, snowmaking and shallow groundwater 
recharge in terms of “slowing the flow” of water through the system? 
 

13. Is the ecology of the Gallatin River significantly different from that of other rivers in southwest 
Montana into which direct discharge is occurring? 

 
 

What is the Economic Impact of Direct Discharge? 
 

1. Can direct discharge have a positive impact on local businesses? 
 

2. What is the impact of direct discharge on river recreation, guided fishing and rafting? 
 

3. What is the impact of direct discharge on downstream water rights holders and agricultural 
producers? 
 



4. What are the impacts to future development and housing affordability? 
 

5. What is the impact to the operations and management of BSCWSD and other wastewater 
treatment plants? 
 

6. What is the cost for technology to treat to a level needed to ensure no negative ecological 
impact to the river systems? 
 

7. What is the cost-benefit analysis for direct discharge compared to other alternatives and 
including environmental costs? How are costs borne equitably? 
 

8. How does direct discharge impact the ecological health of the river systems given the 
cumulative effects of ongoing development and increasing recreational pressures? 
 

9. Is direct discharge acceptable during times when wastewater treatment plant operators need to 
perform maintenance activities (i.e. replace pond liners), during an emergency (i.e. if ponds leak 
or if pumps fail), or if there is an exceptionally wet year and irrigation can’t be used to the 
extent planned? 
 

10. What are the risks of this alternative compared to other reuse alternatives? 

 
 

What is the Social Impact of Direct Discharge? 
 

1. Can direct discharge have a positive impact on community health? 
 

2. Do community support levels change if direct discharge can be shown to positively impact the 
ecological health of the river systems? 
 

3. Can direct discharge be conducted in a way that is supported by the community? 
 

4. If direct discharge is determined to be the most inexpensive alternative, does that make it more 
acceptable to the community? 
 

5. Are the costs of building and running a state of the art wastewater treatment system that has 
demonstrated no negative impact to the ecological health of the river systems something 
community members are willing to pay for? 
 

6. Does expanding BSCWSD to reduce the number of septic systems and small community systems 
justify a direct discharge? 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix J 
 

Big Sky Sustainable Water Solutions Forum Infographics 
 
 
 
 



Ecological Health of River Systems

healthy
RIPARIAN AREAS

E COLI
Bacteria that can come from natural and 

human sources. This is an indicator of 
fecal bacterial contamination. Increasing 

levels of E. coli correlate to increased 
health risks from waterborne illness. 
Water quality standards have been 

exceeded on the Middle Fork.

SEDIMENT
Sediment input to streams naturally 

occurs, especially during spring run-off. 
Excess sediment can harm fish and other 

aquatic life and can come from roads, 
construction and activities that degrade 
or remove riparian and wetland areas. 
Montana water quality standards have 

been exceeded on the West Fork, Middle 
Fork, and South Fork.

Changing Water and 
Temperature Factors

Hold stream 
Banks Together

Filter surface runoff & 
Shallow groundwater

provide shade, 
cooling streams

provide food & habitat 
for fish and wildlife

climate
Warmer temperatures reduce snowpack and 
make peak streamflows run earlier and late 
summer streamflows run lower and warmer. 
Increasing evaporation also means vegetation 
and soils may dry out faster.

PRECIPITATION
Local ecology is adapted to 

long winters, snowpack 
runoff in May/June and 
relies on ground water 

flowing into streams during 
late summer, fall, and winter.

drought
Limited precipitation affects 
stream flows, ground water 

recharge and vegetation.  Drought 
can negatively impact fish, 
drinking water supply, and 

increase fires.

personal care 
products

Medication and personal care products 
can get into water through wastewater 
and domestic animal waste and enter 
the water in very small quantities. No 
state water quality standards exist. 
Very limited monitoring for these 
products has occurred in Big Sky.

SLOW flood flows

healthy wetlands

Pollutants that Can Affect River Health

nutrients
Nutrients are essential for fish and 
other aquatic life. Excess nutrient 
concentrations can lead to excess 

algal growth and cause harm to fish. 
Montana water quality standards 

have been exceeded for on the West 
Fork, Middle Fork, and South Fork.

buffer flood flows and 
slow the flow of water

provide habitat 
for wildlife

Our rivers are the centerpiece of the beautiful Big Sky area. Many small impacts from our activities can cause harm 
to fish and wildlife habitat and maintaining river health is the responsibility of all of us.

Filter runoff, providing 
clean water for fish



WATER SUPPLY AND AVAILABILITY

CREEKS &
RIVERS

GROUND WATER
aquifers

SURFACE WATER
Rivers, creeks, wetlands and other 

bodies of water

Snow melts and rain falls and 
runs across the land into 
surface water. Peak 
streamflows and some 
additional water come from 
runoff. In the rest of the year, 
streams flow because water 
comes up from ground water 
aquifers into streams.

SNOWPACK
Good snow years = good runoff. 
Snowfall is the primary source of ground 
water and surface water in Big Sky.

PRECIPITATION
Rain and snow flows directly into rivers/ 

creeks or filters into ground water aquifers. 

GROUND WATER
Many different shallow and deep aquifers

Water from snow and rain filters 
through the ground into very 
complex geology that contains both 
shallow and deep aquifers. Aquifers 
also receive and deliver water to 
and from streams and are Big Sky’s 
drinking water sources.

BIG SKY’s 
drinking 
water is 
supplied by

community wells

individual wells

OR

Water Rights & Regulation

Variable Water 
Factors

Fisheries have in-stream flow reservation, 
specifying needed minimum flows.

Big Sky is entirely within a closed basin, which means that 
there are no new surface or connected ground water rights 
available. All our future water needs must be met with water 
rights that already have been claimed.

In Montana, water users must have a water right in order to 
use the water. People with older rights have priority for water 
use over those with younger, more junior rights. Big Sky’s 
water rights are all junior to more senior rights downstream.

climate
Warmer temperatures reduce 
storage in snowpack, leading to 
earlier runoff and lower, warmer late 
summer stream flows. It also affects 
ground water recharge, but the 
relationship is complex.

PRECIPITATION
The amount and timing of snow and 
rain drive water supply. At the top of 
the watershed, there is no upstream 
storage or water sources. Normally, 
snowpack stores water for much of the 
year and rainfall is heaviest in May and 
June, coinciding with peak runoff.

drought
Limited precipitation reduces 
water supply for drinking 
and in streams. 

BIG SKY WATER AND SEWER 
DISTRICT PUBLIC WELLS

Water use in 
the summer is 
7-8x higher in 
the summer 
because of 
lawn and 

landscaping 
irrigation. 

As more people discover the joy of living along our Big Sky area rivers and streams, increasing use of limited 
water for human needs must be balanced with the needs of fisheries and aquatic life.



WAstewater treatment & reuse

RESIDENCES

filtered 

STORAGE Ponds

treatment

Irrigation
Water filters through the soil and eventually 

reaches groundwater after treatment.

Wastewater is separated from solids, and 
bacteria provide initial wastewater 

treatment. Concentrated waste (septage) 
much be pumped periodically. Septage is 

primarily land applied in the Gallatin Valley. 

Treated wastewater is then stored for 
reuse during the summer season.

Effluent flows to a treatment system. Big Sky 
Water & Sewer District, Yellowstone Club, and 

Moonlight all have centralized treatment 
systems that treat water to a higher treatment 

level than the septic or onsite systems.

Water is currently reused on golf courses and 
forested land in the Big Sky area.

Septic field
Further removes nutrients and 

impurities from the wastewater.

water treatment 
facilities in big sky

DEMAND WILL 
EXCEED CAPACITY 
as soon as 2035

Storage & REUSE CAPACITY

water reuse
currently, water is 

recycled once. The goal is 
to reuse every drop of 
water again and again.

Storage Pond

Big Sky 
Town Center

Big Sky 
Resort Big Sky 

Meadow

Yellowstone
Club

Ophir School

community OR PUBLIC system

Ramshorn

Buck’s T-4

Corral
Rainbow Ranch

Firelight

Meadow Village 
Aquifer

Yellowstone 
Club

Moonlight 
Basin 

Spanish Peaks

Big Sky Water & 
Sewer District

Yellowstone Club

Big Sky Water & 
Sewer District + 

Yellowstone Club

Moonlight

TOTAL

139.1 Existing

capacity

predicted (2035)

219 313.8

146.4 237.3 337.2

155.6 273.8 450.6

7.3   18.3   23.4

9.2   36.5   113.4

1

Everyone generates wastewater from their household and business activities. Big Sky will eventually 
need new capacity to ensure that wastewater will be treated and reused wisely.

SEPTIC SYSTEM (AREAS)

THE FLOW OF WASTEWATER IN BIG SKY

Septic treatment

When used water leaves your home, it takes one 
of two paths depending on your location. 

SEPTIC 
SYSTEM

TREATMENT 
SYSTEM



big sky water improvement projects

 Big Sky is already improving its water knowledge and conducting watershed improvement projects like these.

Water Quality 
Monitoring 

Network

+
-

Tracking the health of the rivers 
through water quality monitoring 

and streamflow measurement. 
Gallatin River Task Force oversees 

the Gallatin system and the Madison 
Conservation District tracks Jack 
Creek in the Madison watershed.

Ground Water Aquifer 
Management and Modeling

Improved understanding and management of the aquifer under Meadow Village will 
enhance management of the most used aquifer in Big Sky. Montana Bureau of Mines 
and Geology is conducting the study and the Big Sky Water & Sewer District will use 

the management tools and information to help serve about 2,700 customers. west fork
restoration

project
Restoring streamside habitat 

to filter nutrients and 
sediment to keep them from 

reaching the stream, in a 
partnership with Big Sky 

Resort, the Big Sky Water & 
Sewer District, Department of 

Environmental Quality, and 
the Gallatin River Task Force.

Big Sky Water 
Conservation 

Program
Creating incentives such as 

rebates for indoor fixtures and 
outdoor irrigation to reduce water 

use at homes and businesses.

Ousel Falls Safety & 
Revegetation Project
The project will bring the Ousel Falls Trail back to 
its native state while providing a safer experience 
for all visitors.

gallatin river 
clean-up

Annual clean-up of the road 
corridor along the Gallatin River, 

led by the Gallatin River Task Force 
in partnership with the community.

drought 
management 

planning
Preparing to manage water wisely 

in times of limited community 
water supply and by stream flows.

Moose 
Creek 

Restoration 
Project

The first of many projects 
along the mainstem Upper 

Gallatin to restore streamside 
habitat and improve the 
safety and ease of river 

access for all users.

Snowmaking 
Pilot Test

This pilot in 2011 was the first 
effort in Montana to reuse 

treated wastewater to build 
snowpack. Partners testing this 

approach included the 
Yellowstone Club, Big Sky Water 

& Sewer District, American 
Rivers, and the Department of 

Environmental Quality.

municipal
compost

The Big Sky Water & Sewer 
District turns bio-solids left in the 

wastewater treatment process 
into high quality compost that is 

sold in the Big Sky area. 
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