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EXECUTIVE SUMMARY  

 

The Whitefish Lake Institute conducted this investigation for the Whitefish County Water 

District under the Department of Natural Resources Renewable Resource Grant & Loan 

program to determine the spatial and temporal extent of septic leachate to the shoreline 

area of Whitefish Lake. The study also provides a scientific basis for identifying 

ecological threats to the lake, economic threats to the community of Whitefish, and 

potential public health risks resulting from decreased water quality. Synoptic sampling of 

20 sitesðincluding one midlake reference siteðoccurred on 9 sample dates starting in 

May 2011 and concluding in October 2011. The results of this investigation are intended 

as actionable information for resource decision makers and Whitefish citizens concerning 

septic system usage around Whitefish Lake. Whitefish Lake is located in northwestern 

Montana in the larger Flathead Watershed which is part of the Columbia River Basin. 

 

Septic ñleachateò is the liquid that remains after wastewater drains though septic solids. 

The liquid contains elevated concentrations of bacteria and organic compounds from 

waste, detergents, and other household materials. When properly placed, functioning, and 

maintained, septic systems are designed to collect wastewater to neutralize these 

contaminants before they enter ground or surface water systems. Decomposition of waste 

begins in the septic tank and ends in a leachfield after undergoing a series of treatments 

whereby wastewater is chemically, physically, and biologically processed to remove 

contaminants. Modern septic systems are considered cost-effective for wastewater 

treatment, however issues such as improper initial system design, impermeability of soil, 

improper soil drainage class, improper vertical distance between the absorption field and 

the water table, improper slope, or improper maintenance may lead to system failure. 

Even when properly installed and maintained, septic systems have a finite life 

expectancy.  

In addition to basic cleaning components, 97% laundry detergents in the U.S. contain 

Optical Brightening Agents (OBAs). OBAs are added to laundry soaps, detergents, and 

other cleaning agents because they adsorb to fabrics and materials during the washing 

and cleaning processes making clothes appear brighter. Laundry wastewater is the largest 

contributor of OBAs to wastewater systems. The presence of OBAs in wastewater with 

laundry effluent as a component is therefore considered an excellent indicator of septic or 

sewage system failure. Because the specific light spectrum emitted from OBAs found in 

cleaning products is easily measurable, it is one of the key data parameters used in 

tracking ineffective sewage treatment from septic systems.  

Numerous studies have shown that septic leachate is transported by groundwater flow 

through lake-bottom sediments into lake water, elevating nutrient concentrations (Kerfoot 

and Brainard 1978; Belanger et al. 1985; Jourdonnais and Stanford 1985 in Jourdonnais 

et al. 1986). Previous studies specific to Whitefish Lake have indicated septic system 

failures, and confirmed the presence of OBAs from household cleaning products 

commonly found in septic leachate. This investigation was designed to build on the 

techniques and results of prior studies, but employ newer data collection techniques along 

with bacterial source tracking methodologies. Because septic leachates are known to 



 

 

 

 

 

contain elevated concentrations of both organic and inorganic compounds, the study 

employed a toolbox of techniques, including; fluorometry, dissolved organic carbon 

(DOC), fluorometry/DOC ratio (F/DOC), E. coli enumeration, human DNA biomarkers, 

conductivity, total dissolved solids (TDS), and GIS methodologies and tools. In addition 

to data collection and analysis, a historical record for the study area was established.  

 

In total, we identified three confirmed areas of septic leachate contamination, including 

Site 3: City Beach Bay, Site 5: Viking Creek, and Site 13: Lazy Bay. We identified two 

areas of high potential for septic leachate contamination, including Site 12: Lazy Channel 

and Site 18: Dog Bay State Park Seep. Four areas were identified as having medium 

potential for septic leachate contamination, including Site 2: City Beach Seep, Site 4: SE 

Monkôs Bay, Site 11: Brush Bay, and the East Lakeshore from Gaines Point south to 

north Monkôs Bay, including Site 8: Carver Bay and Site 7: SE Houston Pt. The 

remaining 10 shoreline sites are considered to have a low potential for contamination by 

septic leachate (Figure 24). A study conducted in 1985 reported signs of chronic 

contamination from shoreline developments at Sites 2: City Beach Seep, 18: Dog Bay 

State Park Seep, 5: Viking Creek, and the approximate location of Site 14: Central 

Beaver Bay, correlating directly with results of this study.  

 

Our results suggest that the three confirmed sites, along with the two sites with high 

potential and four sites with medium potential have also shown contamination in prior 

studies, and represent locations where action should be considered. The study concluded 

with the development of a Septic Leachate Contamination & Risk Assessment Map 

(Figure 24) which identifies confirmed sites of septic leachate contamination as well as 

areas of low, medium, and high potential for future contamination.   

 

General and site specific recommendations included herein, largely based on examples 

from other wastewater management programs, are provided as examples of actions that 

can be taken to support the common goal of protecting Whitefish Lake water quality. 

They include Education & Outreach and Regulatory programs. 
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1.0 INTRODUCTION  
 

1.1  Purpose 

 

The purpose of this investigation is to identify the spatial and temporal extent of septic 

leachate to the shoreline area of Whitefish Lake. Septic ñleachateò is the liquid that 

remains after wastewater drains though septic solids. The remaining liquid contains 

elevated concentrations of bacteria and organic compounds from waste, detergents, and 

other household materials. This study was designed to accomplish two goals. First, it will 

help determine the potential extent of septic contamination to the lake. Second, it will 

provide a scientific basis for identifying ecological threats to the lake such as 

eutrophication, and economic threats to the community of Whitefish resulting from 

decreased water quality, as well as potential public health risks such as pathogenic 

viruses and bacteria. The results of this investigation will  provide information to resource 

decision makers regarding septic systems and wastewater conveyance issues, and create 

public awareness of concerns relating to septic system usage around the lake.   

 

Numerous studies have shown that septic leachates are transported by groundwater 

through lake-bottom sediments into lake water, elevating nutrient concentrations (Kerfoot 

& Brainard, 1978; Belanger et al, 1985; Jourdonnais & Stanford, 1985; Jourdonnais et al, 

1986). The Jourdonnais et al study Investigation of Septic Contaminated Groundwater 

Seepage as a Nutrient Source to Whitefish Lake, Montana (1986) indicated contamination 

of Whitefish Lake from cultural influences, with one siteðDog Bay Seepðconfirming 

the presence of chemical whiteners from household cleaning products commonly found 

in septic leachate. The survey also identified septic-related groundwater nutrients 

entering the lake at several specific points. This current study builds on the results of the 

1986 Jourdonnais study by using some similar data collection techniques, but employing 

newer technology and additional methodologies. 

 

1.2  Study Area 

 

Whitefish Lake (48.4536°N, 114.3796°W) is located in northwestern Montana at an 

elevation of 914m (2998.5 ft) above sea level. It is 9.3 km (5.7 miles) long and 2.2 km 

(1.4 miles) wide with 25.5 km (15.85 miles) of shoreline. The lake is approximately 70.7 

m (232 ft) at its deepest point (Constellation Services, 2006) (Figure 1). Whitefish Lake 

is classified by the Montana Department of Environmental Quality (MDEQ) as an A-1 

water body meaning it is ñsuitable for drinking, culinary, and food processing purposes 

after conventional treatment for removal of naturally present impurities. Under this 

classification, water quality must be suitable for bathing, swimming and recreation; 

growth and propagation of salmonid fishes and associated aquatic life; waterfowl and 

furbearers; and agricultural and industrial water supplyò (MDEQ, 2011). Whitefish Lake 

has been identified as fully supporting aquatic life, however categorized as ñThreatenedò 

with siltation/sediment, PCBs, and mercury as the source of impairment.  
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In addition to being a source for drinking water, Whitefish Lake is a popular recreational 

lake. In 2005, WLI conducted a survey of 461 Whitefish school students in grades 4, 8, 

and 11 to determine their contact with Whitefish Lake water. The survey, which had a 

response rate of almost 90%, showed that 85 to 90% of respondents recreated at the 

lakeðspecifically swimmingðwith 25-30% swimming more than 20 days (Koopal, 

2006). Water contact recreation at Whitefish Lake is considered high, influenced by the 

convenience of City Beach, Whitefish State Park, and Les Mason Park. For this reason, 

understanding the extent of bacteria in the lakeðhuman and non-humanðin addition to 

other pollutants is particularly important. 

 

The lake basin is the result of Pleistocene Epoch glaciation, with morainal deposits of 

glacial till at its southern and eastern shores. The till is a heterogenous mixture composed 

of unsorted gravels in a silt-clay matrix, suggesting widely varying hydraulic 

conductivities as well as varied seepage rates. The mix includes lacustrine silt, clay, 

gravel, and glacial drift. The glacial till of the area was mostly deposited beneath 

extensive ice sheets, leaving a dense core. Further toward the surface, the till is less dense 

having been exposed to progressive weathering. Esker deposits of sand, gravel, and 

cobbles also occur along the shoreline of Whitefish Lake. (Montgomery et al, 2006; 

Jourdonnais et al, 1986; USDA, 1960). 

 

The Whitefish and Stryker Faults run northwest to southeast along the east and west 

sides, respectively, of the lake. Outcroppings of Precambrian dolomitic limestone occur 

parallel to and along the lakeôs west shore, dipping perpendicularly into the lake at 

approximately a 30-degree angle. In general, limited groundwater seepage occurs along 

this west section of shoreline because flows are limited to fractures and joints in confined 

bedding planes. Hydrolyzed illi te and chlorite clays cover these formations, sometimes 

further restricting groundwater movement. The highest seepage rates are found in the 

alluvial deposits along the north shore of the lake near Swift Creek where deposits are 

composed of stratified, well sorted gravels that yield high hydraulic conductivities. Aside 

from these areas, the glacial soils around the lake are typically non-porous or poorly 

drained. (City of Whitefish, 2006; Johns et al, 1963; Jourdonnais et al, 1986).  

 

The lake is fed by six perennial tributaries including Swift Creek, Lazy Creek, 

Hellroaring Creek, Beaver Creek, Smith Creek, and Viking Creek. Swift Creek is the 

largest tributary to the lake, draining 63% of the total watershed along the Whitefish 

Range (Craft et al, 2003). Lazy Creek is a meandering lowland second order stream 

draining 13% of the total watershed. Lazy Creek runs parallel to Swift Creek in the 

northern valley, also draining into the north end of the lake (Craft et al, 2003). Fine silts 

and clays high in organic matter contribute reduced hydraulic conductivities and low 

groundwater inflows near Lazy Creek (Jourdonnais et al, 1986). The remaining 24% of 

the Whitefish Lake Watershed is drained by several smaller tributaries and groundwater 

seeps. The largest of the small tributaries is Hellroaring Creek which originates on Big 

Mountain draining about 2.5% of the watershed. 

 

A 2008 summary of two USDA soil surveys reported 63 specific soil types in the 

Whitefish area (City of Whitefish, 2008). According to the City of Whitefish (1997), the 
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Soil Conservation Service (1970), and the Whitefish County Water and Sewer District 

(1984), the majority of the soil types occurring along all the developed shorelines of 

Whitefish Lake have characteristics such as low soil permeability rate, stoniness, low 

depth to bedrock, and shallow groundwater that limit adequate treatment of septic 

effluents. In addition to functional restrictions to septic systems, there may also be issues 

regarding slope stability and the placement of septic tanks and leachfields associated with 

these landtypes. Slope failures and landslides pose a threat to Whitefish Lake water 

quality because of the potential for heavy sediment pollutant contributions. In addition, 

septic system placement in a steep slope environment could lead to system failure 

potentially allowing wastewater to reach the lake. Pre-installation evaluation is conducted 

by engineers to determine site-specific soil characteristics and proper septic system type 

and placement.  

 

Unlike any other large lake in the State of Montana, Whitefish Lake is located entirely 

within the boundaries of a municipality, having been annexed by the City of Whitefish in 

2005. The community of Whitefish is located primarily south of the lake on a glacial 

outwash plain dissected by the Whitefish River and several smaller streams. Glacial 

features include morainal deposits (lateral, recessional, and terminal), lacustrine 

sediments, the occasional kettle (pothole), and small pockets of stratified drift.  

 

The City of Whitefish, a popular resort community, has a population of approximately 

6,357 people (Whitefish Chamber of Commerce, 2011). U.S. Census Bureau data show 

that the population of Whitefish increased 36% since 1980, and 20% since 1990 (U.S. 

Census Bureau, 2011). Recent demographic reports show Whitefish remains one of the 

fastest growing communities in the state of Montana, with a 26.3% population growth 

between 2000 and 2010 (Montana Department of Labor and Industry, 2011). Land 

ownership around Whitefish Lake is mostly private, with some DNRC State Trust land at 

the north end of the lake and the Beaver Lake area. There are two state parksðLes 

Mason on the east shore and Whitefish Lake State Park on the lower west shore that are 

managed by Montana Fish Wildlife & Parks. Small parcels of U.S. Forest Service lands 

are found north and northwest of Whitefish Lake. (Figure 2) 

 

Based on information from a Whitefish Weather Station (WRCC, 2012), average 

temperatures in the Whitefish Lake area (1948-2005) ranged from an average -9.16°C 

(15.5°F) in January/February to 27.2°C (80.9°F) in July/August. July also had the 

warmest monthly average max for Whitefish (PBS&J, 2006). The Watershed receives an 

average 60-66 cm (22-26 inches) of precipitation annually (NOAA, 2011).  

 

Whitefish Lake supports a native fish assemblage including bull trout, westslope 

cutthroat trout, mountain whitefish, pygmy whitefish, long-nosed sucker, large-scale 

sucker, northern pikeminnow, peamouth chub, redside shiner, and 3 species of sculpin 

(Koopal, 2011; Deleray, 2012; Deleray & Knotek, 1999). Bull trout and westslope 

cutthroat trout have persisted in the Whitefish Lake Watershed for  
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Figure 2: Whitefish Lake Land Ownership 
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approximately 10,000 to 12,000 years through droughts, flooding, fires, and human 

development. They are considered important indicator species for environmental  

disturbance because of their specific spawning and rearing requirement for clean, 

sediment-free rivers and streams, and for their sensitivity throughout their life histories 

(Curtis, 2010; Muhlfeld, 2010). Bull trout have been listed as ñthreatenedò since 1998 

under the Endangered Species Act (ESA). Several introduced fish species also have  

been historically documented in Whitefish Lake, including lake whitefish, lake trout, 

yellow perch, brook trout, northern pike, and Kokanee salmon (now extirpated) (Koopal, 

2011; Deleray, 2012; Deleray & Knotek, 1999). 

 

1.3 Septic & Sewer Systems 

 

Septic Systems 

The French are credited with having developed underground septic tank systems in the 

1870s. By the mid 1880s, two-chamber, automatic siphoning septic tank systems, not 

unlike those used today, were being installed in the United States. Now, more than a 

century later, septic tank systems continue to be a major residential wastewater treatment 

option. Almost one in four households in the U.S. uses individual or small community 

septic systems to treat wastewater (U.S. Environmental Protection Agency, 2011a). 

Septic systems are designed to collect household waste in a tank and then filter 

wastewater and pollutants through leach fields. Functioning leach fields break down and 

neutralize contaminants before they enter ground or surface water systems.  

Decomposition of waste begins in the septic tank where wastewater separates into layers. 

The solids that settle to the bottom of the tank are digested by naturally occurring bacteria 

that transform up to 50% of the solids into liquids and gasses. Once the wastewater leaves 

the tank and enters the drainfield, further digestion of organic matter occurs. Wastewater 

is processed chemically, physically, and biologically. Chemical treatment occurs when 

wastewater comes into contact with soil. Nutrients adsorb to soil particles preventing 

them from moving into groundwater. Physical treatment occurs as wastewater moves 

through pores in the soil which act as a filter removing particulate contaminants (solids). 

Finally, biological treatment occurs as microorganisms feed on the wastewater. Every 

square inch of soil contains millions of naturally occurring beneficial microscopic 

organisms which complete the wastewater treatment process by killing disease-causing 

organisms in the sewage and by removing excess nutrients (Hart et al, 2006).  

Modern septic systems can be cost-effective options for wastewater treatment; however 

poor septic performance or even system failure can arise from a number of scenarios, 

including improper initial system design, impermeability of soil, improper soil drainage 

class, improper vertical distance between the absorption field and the water table, and  

improper slope. For instance, an absorption field must be located below the frost line, 

within a biologically active zone, and above the seasonal water table. Low permeability 

of soil may force effluent toward the surface. Shallow or coarse soils may be too 

permeable, allowing effluent to move laterally or downward too quickly for sufficient 

decomposition, potentially transporting untreated or improperly treated effluent into 

groundwater, tributaries, or the lake.  
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After septic systems are in place and operating, they require periodic maintenance. If 

maintenance is ignored or done improperly, system failures can occur. Even when 

properly installed and maintained, septic systems have a finite life expectancy  (U.S. 

Environmental Protection Agency, 2011a). Flathead County reported that the effective 

lifespan of septic systems varies according to a number of factors, including system type, 

overall soil suitability, installation, maintenance, and usage. Prior to advancements in 

septic system technology starting in 1990, septic systems generally lasted 15 to 20 years. 

Given optimal conditions, the average lifespan of post 1990 systems is approximately 30 

years, after which time systems may fail and nutrients may leach into groundwater 

(Flathead County Health Department, 2012). In 1998, the Flathead County Health 

Department estimated that more than 50% of the individual septic systems in Flathead 

County were over 20 years old (Flathead Lakers, 2002).  

There are several constituents of concern to human health from wastewater, including 

biological contaminants (bacteria & viruses); synthetic organic contaminants (algaecides, 

pesticides, and herbicides); and inorganic contaminants such as phosphorus, nitrogen, 

metals (lead, tin, zinc, copper, iron, cadmium, and arsenic), sodium, chlorides, potassium, 

calcium, magnesium, and sulfates (U.S. Environmental Protection Agency, 1984). 

Pathogenic viruses are a major concern because they can enter groundwater from 

numerous sources, the most common being livestock waste, landfill effluent, and septic 

systems. Infective viruses have been shown to move 50 m (164 ft) in depth from septic 

tanks to drinking wells, and controlled studies have shown horizontal movement of up to 

1.6 km (just under one mile) (Dodds, 2002). Deborde et al (1999) demonstrated that the 

poliovirus moved approximately 20 m (65.6 ft) in a course cobble aquifer resulting in a 

virus mortality rate of less than 1%. Soil properties, temperature, organic matter, 

microbial activity, and virus survival times all potentially influence the spread of viruses 

through groundwater. 

Another set of health concerns emanating from groundwater contamination come from 

nitrates. High nitrate concentrations in drinking water have been linked in studies to 

Methemoglobinemia and ñblue babyò syndrome (Avery, 1999), hypertension (Malberg et 

al, 1978), central nervous system birth defects (Dorsch et al, 1984), certain cancers (Hill 

et al, 1972) non-Hodgkinôs lymphoma (Ward et al, 1996 & Weisenberger, 1991), and 

diabetes (Parslow et al, 1997). Additional research is needed to further understand these 

linkages, but concern for nitrate related health risks from sewage outfall remains high. 

Some high nitrate readings have been recorded in the west Flathead Valley. 

In addition to creating general human health hazards, one of the other main concerns 

regarding septic systems is the potential for long-term chronic nutrient, pollutant and 

bacterial loading to lakes. Bacteria, degradable organic compounds, synthetic detergents, 

and chlorides can enter and contaminate water and can increase eutrophication of lakes.  

The eutrophication process in lakes is natural. Typically as lakes age, nutrients, sediment, 

and plant material accumulates, slowly filling a lakeôs basin.  

 

The basin eventuallyðover centuriesðbecomes inhabited by terrestrial vegetation. The 

timing is highly variable, depending on the climate and characteristics of the basin and its 
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watershed. However, by altering nutrient and sediment inputs, humans have greatly 

increased the rate at which eutrophication takes place. Depending on the lake and degree 

of human impact on it, this cultural eutrophication can take place in a much shorter 

timeframe. 

 

Cultural eutrophication occurs when the addition of nitrates, phosphates, and sediment 

above natural background levels promotes excessive plant growth and decay, showing 

preference to algae and plankton over other aquatic plants. Enhanced growth of algae and 

phytoplankton can lead to a partial lack of available dissolved oxygen (hypoxia) or a total 

lack of available dissolved oxygen (anoxia) needed by fish and other aquatic life forms to 

survive, thereby disrupting normal ecosystem functioning. Algae normally produce 

oxygen through photosynthesis, but under eutrophic conditions, water clarity is reduced, 

as is underwater light needed by algae to produce oxygen. When algae lose the ability to 

produce oxygen, they begin to consume it, quickly reducing available dissolved oxygen 

for other aquatic life forms.  

 

Further complications also arise as algae blooms die and precipitate to the lake bottom 

where bacterial and microbial decomposers further deplete available dissolved oxygen. 

Eutrophication can rapidly turn a lake into an anoxic and lethal environment. In addition 

to impacting fisheries, eutrophication also decreases the value of lakes for swimming, 

boating, fishing, and aesthetic enjoyment which can have significant economic impacts.  

Household detergents contribute cultural eutrophication. There are two basic components 

found in most household detergentsðsurfactants and builders. The surfactants (surface-

acting agents) are the main cleaning components. Builders are water softeners that 

function by sequestering calcium ions. The most commonly used builder is sodium 

triosphate. In the 1950s and 1960s, sodium phosphate was the most commonly used 

builder in household detergents, leading to major eutrophication problems in water bodies 

around the globe. In the 1960s, governments, detergent manufacturers and consumers 

worked to reduce the use of phosphates in detergents, while wastewater treatment 

facilities began removing phosphorus from treated water. Phosphorus concentrations in 

water bodies have subsequently been reduced. Today, laundry and dishwashing 

detergents containing phosphates are banned in the state of Montana and 15 other states 

in the U.S.   

In addition to surfactants and builders, 97% of laundry detergent products in the U.S. 

contain Optical Brightening Agents (OBAs) to make clothes appear cleaner (Hartel et al, 

2007 & Hagedorn et al, 2005). Also known as Fluorescent Whitening Agents, OBAs 

have replaced ñbluingò which was previously used for the same reason. OBAs are added 

to products such as laundry soaps, detergents, and other cleaning agents because they 

adsorb to fabrics and materials during the washing and cleaning processes. They are also 

used in paper production and cosmetic manufacturing (Khan & Ansarni, 2005).  

Laundry wastewater is the largest contributor of OBAs to wastewater systems. Although 

the total volume of whiteners in most laundry detergents is less than 0.5%, up to 80% of 

its concentration can remain as dissolved compounds in ineffectively treated wastewater. 
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The presence of OBAs in human wastewater that includes laundry effluent as a 

component is therefore an excellent indicator of septic or sewage system failure 

(Hagedorn et al, 2005; Hartel et al, 2008; Hartel et al, 2007; Tavares, et al, 2008; Turner 

Designs, 2011).  Because the specific light spectrum emitted from OBAs found in 

cleaning products is easily measurable, it is one of the key data parameters used in 

tracking ineffective human sewage treatment from septic systems and sewer 

infrastructure.  

Sewer Systems 

The earliest covered sewer systems were discovered by archaeologists in the early 

planned cities of the Indus Valley Civilization (3300ï1300 BCE) in the northwest region 

of the Indian subcontinent. Community wastewater and sewer systems were later 

designed to prevent flooding in large cities like London and Paris. The stormwater and 

sewer system infrastructure in London dates back to the 13th century but it was not until 

the early 1800s that they were used for wastewater. The municipal sewer system in Paris 

was built in the 16th century but fewer than five percent of the households had connected 

to it as late as the turn of the 20th century. In the U.S., it was not until the early 1700s 

that a drainage system was built in Boston, Massachusetts (Schladweiler, 2005). 

 

Today, the City of Whitefish sewer system includes about 46 miles of conventional 

gravity sewer mains, 17 lift stations, 13 duplex grinder pump stations which each serve 

1020 residences, and two septic tank pump systems on the east shore of Whitefish Lake. 

The wastewater treatment plant is located on 40 acres south of town alongside the 

Whitefish River and has a capacity of 1.8 million gallons per day. The system collects 

wastewater, delivers it to the main sewage liftstation then to an aerated lagoon treatment 

system for the removal of phosphorus, finally discharging the water to the Whitefish 

River.  

 

Liftstation installation dates range from 1960 to 2003, with the main liftstation having 

undergone a rehabilitation effort in 2003. The lagoons were built in 1979. An alum based 

phosphorus removal process was added and improvements to the main lift station were 

made in 1986. The lagoons were upgraded in 2002 with sludge removal and new aeration 

filters. In 2009, an automated 5mm bar screen was installed to replace the 2ò bar screen 

that required manual cleaning. A second clarifier was also brought online. In 2012, the 

State is mandating disinfection before effluent enters the Whitefish River. (Cassidy et al, 

2008). The City has continued to contract with engineers to identify wastewater system 

weaknesses and make improvements to the system including the 2011 project to 

rehabilitate 11,400 linear feet of sewer mains. 

 

The bulk of the sewer system includes conventional gravity sewers, augmented by lift 

stations where required by terrain (Figure 3). Lift stations located in close proximity to 

the lake include Mountain Park, Boat House, Birch Point, City Beach, Viking, Monkôs 

Bay, and Houston Point. According to an engineering report prepared for the City of 

Whitefish (Anderson-Montgomery, 2005), the Cityôs gravity sewers have performed 

satisfactorily with the exceptions of typical root intrusions, cracked pipe sections, and 

occasional joint separations in older vitrified clay pipe sections. Manholes have been 



Investigation of Septic Leachate to the Shoreline Area of Whitefish Lake, Montana 

 

 

10 Whitefish Lake Institute 

 

 

upgraded or replaced as needed due to structural deterioration. Hydraulic performance of 

the existing gravity system is good and the capacity of the treatment plant is sufficient to 

serve current customers and growth through the year 2020 (City of Whitefish, 2012b). 
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Figure 3: Whitefish City Sewer System 
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1.4 History  

 

From 1911 

Local historical anecdotal accounts refer to methods of sewage disposal along the 

shoreline of Whitefish Lake involving the use of outhouses, cess pools, dry wells and 

direct deposit of effluent into the lake (Engelter & Schafer, 1973). The City of Whitefish 

began collecting sanitary wastewater around 1911 (Anderson & Montgomery, 2005). The 

City passed Ordinance 82, 12-7-1911 which led to the construction of one sewer system 

for storm runoff and one for sanitary sewage. According to the City, the 8ò diameter clay 

tile pipe was designed to ñécollect wastewater from area residents and convey it to 

several large septic tanks located throughout town (Anderson & Montgomery, 2005).ò 

Use of the sewer was broadened to attempt to lower the groundwater table either by 

creating gaps between pipe lengths, or omitting gasket materials. It was thought that the 

additional clear water would enhance solids flushing velocity. Septic tanks were 

discharged to drainfields along the banks of the Whitefish River that were likely 

hydrologically connected to the river (Anderson & Montgomery, 2005). 

 

1960s 

In 1962, the City of Whitefish constructed its first centralized treatment system located at 

the current wastewater treatment plant site. It also constructed a 12ò diameter interceptor 

pipe along the northeast bank of the Whitefish River to collect wastewater from various 

systems in town. Septic tanks and drainfields were abandoned in place. In 1973, the city 

abandoned the use of clay pipes and opted for PVC pipe for extensions to the sanitary 

system. However, virtually all of the original vitrified clay pipe system remains in use 

today (Anderson & Montgomery, 2005).  

 

1970s 

Flathead County started requiring septic permits in 1970, even though the permitting 

process was voluntary for the first two years. As a result, it is not possible to determine 

septic system density pre-1970 (Flathead County, 2006).  

 

After a 1977 study on the trophic status of Whitefish Lake, (U.S. Environmental 

Protection Agency National Eutrophication Survey), the lake was classified as 

oligotrophic at that time, but the EPA warned that any significant increased nutrient 

loading to Whitefish Lake could result in degradation of water quality, and they urged 

that ñevery effort be made to limit phosphorus inputs to the lakeò (U.S. Environmental 

Protection Agency, 1977). An oligotrophic lake has low nutrient content, therefore low 

primary productivity, low algal production, and clear, high-quality, drinkable water that 

also supports numerous fish species.  

 

1980s 

Dye tests conducted by the Flathead County Sanitarian in 1981 confirmed that septic tank 

effluent was entering Whitefish Lake from a number of sites along the east lakeshore. In 

addition, the Sanitarian determined that septic systems were failing in a number of areas 

other than along the lakeshore (Whitefish County Water and Sewer District, 1984). In 

September of 1984, the U.S. Environmental Protection Agencyôs Region 8 Water 
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Division requested laboratory analysis of color infrared aerial photographs of Whitefish, 

including the developed sections of the Whitefish Lake shoreline. The photos were 

stereoscopically examined for indications of malfunctioning septic systems. In October of 

1984, several suspected failing septic systems were inspected.  

 

The ground observations provided an added level of detail that identified and isolated 

issues other than septic failureðsuch as Fairyring fungus, natural grass species patterns, 

and old filled-in drainage channelsðso that actual septic system failures were correctly 

identified. Results of the study showed 85 possible failed septic systems of the 147 

investigated, 55 with high confidence (U.S. Environmental Protection Agency, 1985). 

These historical results corroborate our current findings at sites where older septic 

systems remain in operation. 

 

A limnological study of Whitefish Lake in the early 1980s by the Flathead Lake 

Biological Station indicated that the lake was in a transitory phase toward eutrophication 

(Golnar & Stanford, 1984). They reported that most metrics measured at that time 

(primary productivity, phytoplankton structure and density, total organic carbon, and total 

nitrogen) were within the typical ranges of an oligotrophic water body. However, oxygen 

depletion in the hypolimnion (the dense bottom layer of waterðbelow the metalimnion 

(the transition layer between surface and deep water)ðin a thermally stratified lake) 

during late summer, combined with high total phosphorus concentrations in the 

epilimnion (the top-most layer in a stratified lake) were associated with mesotrophic lakes 

(lakes with intermediate productivity, generally clear with submerged plant life and a 

medium level of nutrients). 

 

A study sponsored by the Whitefish County Water and Sewer District and conducted by 

the Flathead Lake Biological Station investigated septic contaminated groundwater 

seepage as a nutrient source to Whitefish Lake (Jourdonnais et al. 1986). That study 

found evidence of septic contaminated groundwater and surface water along shoreline 

locations around the lake. Figure 4 shows the locations with the highest elevated 

conductivity (>170 µmhos/cm) and fluorometry (>1,000 RFVs) readings compared to 

mid-lake reference values of conductivity (150 µmhos/cm) and fluorometry (400 RFVs). 

The Jourdonnais et al report (1986) was instrumental in providing baseline data for 

comparison in this study. The study was also used to support a grant application to extend 

the sewer system along a portion of the east shore of Whitefish Lake. This work was 

completed in the late 1980s.  

 

The Flathead Lake Biological Station returned to Whitefish Lake to gather data in 1986, 

1987, and 1993, and select data were later reported in their Whitefish Lake Water Quality 

Report (Craft et al, 2003). The Montana Department of Natural Resources and 

Conservation (DNRC) has, since 1976, measured total phosphorus, nitrates, and nitrogen 

entering Whitefish Lake from Swift Creek. Prior studies on Whitefish Lake have been 

generally limited in duration and/or scope.  
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1990s 

A 1997 Wastewater Facilities Plan for Whitefish Montana (Peccia & Associates) allowed 

the City to proceed with implementing a capital improvement program for wastewater 

collection and treatment systems for a 24-year period. Included in the findings and 

recommendations were growth projections; recommendations for problematic collection 

systems, interceptors, lift station improvements, and treatment upgrades; and funding 

allocation and rate increase plans to fund the work. 

 

2000s 

Data from the Flathead County Department of Environmental Services reported there was 

a 44% increase in septic system installations from 2000-2005. There were 668 permits 

issued for new septic systems in 2005. After an increase to 727 new permits in 2006, 

issued permits declined continuously from 611 in 2007 down to 245 in 2011 (Flathead 

County, 2012) (Figure 5). 

 

WLI formed in 2005 with the objective of implementing a long-term Whitefish Lake 

Water Quality Monitoring Program. The goal of the program is to provide a 

comprehensive understanding of the lake resource by consistently gathering physical, 

chemical, and biological data for the lake and its tributaries over time and to gain an 

 

Figure 4. Locations of Highest Fluorometry & Conductivity (Jourdonnais et al, 1986) 
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understanding of Whitefish Lake watershed processes. While the program takes into 

account past studies, it offers a higher level of consistency and coordination, a baseline 

data set, and an integrated long-term analysis of the lake. WLI monitors two sites on 

Whitefish Lake along with five tributaries (Hellroaring Creek, Lazy Creek, Smith Creek, 

Swift Creek, and Viking Creek) (Figure 6) and two sites on the Whitefish River. 

Monitoring of Swift Creek is done in partnership with DNRC. Chemical sampling 

includes total organic carbon (TOC), total phosphorus (TP), total persulfate/nitrogen 

(TPN), total suspended solids (TSS), soluble reactive phosphorus (SRP), and a standard 

Hydrolab profile using a DS5 Sonde. This profile includes sample date, time, temperature 

(°F), water depth (m), conductivity (aeS/CM), resistivity (ke-cm), salinity (ppt), total 

dissolved solids (TDS), pH, oxygen reduction potential (ORP), luminescent dissolved 

oxygen (LDO) (% sat), and LDO (mg/l).  Tributary sampling also includes measuring 

stream flow and developing stage discharge relationships. Atmospheric bulk loading data 

(wet and dry) is collected from the Weather Station WLI installed and maintains near 

Lazy Creek. Data collected includes ammonia (NH3), nitrates (NO3), nitrites (NO2), and 

total phosphorus (TP). 

 

Also in 2005, sewer outflows overwhelmed the pumps at the Viking Liftstation during 

spring snowmelt and rain events on 2 or 3 occasions. Large amounts of stormwater runoff 

and groundwater entered the collection system upstream from the lift station. Entry points 

included leaking pipes and manholes in the Crestwood subdivision area, one poorly 

installed manhole at the Iron Horse subdivision, and roof drains from one of the newer 

lodges on Big Mountain that were improperly connected to the sanitary sewer. The City 

of Whitefish was fined by the Department of Environmental Quality. Inflow problems 

have since been corrected and the pumping system and forcemain were upgraded to 

accommodate seasonal peak flows and future growth (City of Whitefish, 2012b). 

 

In 2006, the City of Whitefish completed the groundwork for planning for the future of 

the Cityôs stormwater system. The resulting report (Anderson Montgomery, 2006) 

included; an evaluation of growth trends and projected land use, identification of 

deficiencies in the existing system, definition of regulatory impacts, description of 

improvements to protect water resources, evaluation of lands of critical concern  with 

regard to stormwater infrastructure, evaluation of stormwater management and design 

standards, development of a capital improvements plan, development of operations and 

maintenance requirements, and provision of a financial plan to ensure the Cityôs 

stormwater management goals.  

 

The report concentrated on stormwater challenges in areas of increased development 

pressure, including State Park Road Area, Monegan-Voerman Area, Karrow Avenue 

Area, Armory Area, and Northeast Whitefish Area. Recommended improvements were 

prioritized by a set of criteria, including: protection of public health and environmental 

quality, regulatory compliance, system reliability and redundancy, operator safety, 

operational flexibility, and coordination and compatibility with other capital programs.  

 

Also in 2006, the City of Whitefish enacted Urgency Ordinance 06-08 which prohibited 

certain types of development that did not comply with critical stormwater conveyance 
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restrictions, critical area protection provisions, and groundwater monitoring 

requirements. The ordinance was superseded by the Critical Areas Ordinance which has 

been rewritten, renamed, and formally adopted by the Council on February 6, 2011 as 

Ordinance No. 12-04 Water Quality Protection Ordinance.  
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Figure 6. WLI Monitoring Sites on Whitefish Lake & Tributaries  


