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EXECUTIVE SUMMARY

The Whitefish Lake Institute conducted this investigatmrthe Whitefish County Water
District under the Department of Natural Resources Renewable Resource Grant & Loan
program to determinthe spatial and temporal extent of septic leachate tshihiesline
areaof Whitefish Lake The study als@rovides a scientific basis for identifying
ecological threats to the lakeconomic threats to the community of Whitefiahd
potential public health riskesulting fromdecreased water qualitgynoptic samplingf

20 site® including one midlake reference sit®ccurred on 9 sample dates starting in
May 2011 and concludg in October 2011The results of this investigati@reintended

as actionable information foesource decision makeaad Whitefish citizensoncerning
septic system usage around Whitefiské.aVhitefish Lake is located in northwestern
Montana in the larger Flathead Watershed which is part of the Columbia River Basin.

Septic fileachateo is the | iquid that remains
The liquidcontains elevated conugations of bacteria and organic compounds from

waste, detergents, and other household matevidien properly placed, functioning, and
maintained, sptic systems are designed to collect wastemtatneutralize these
contaminants before they enter grdwr surface water systems. Decomposition of waste
begins in the septic tardnd ends in a leachfield after undergoing a series of treatments
whereby wastewater is chemically, physically, and biologiqaibzessed to remove
contaminantsModern septic syemsare consideredosteffective for wastewater

treatment, however issusach asmproper initial system design, impermeability of soail,
improper soil drainage class, improper vertical distance between the absorption field and
the water table, impropstope or improper maintenanamay lead to system failure.

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

In addition tobasic cleaning componen&7%laundry detergestin the U.S. contain

Optical BrighteningAgents (OBAs)OBAs are added to laundry soaps, detergents, and
other cleaning agents because they adsorb to fabrics and materials during the washing
and cleaning processemaking clothes appear brightéaundry wastewater is the largest
contributor of OB\s to wastewater systems. The presence of OBAsstewatewith
laundry effluent as a componentl®refore considereah excellent indicator of septic or
sewage system failurBecause 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 ineffectivesewaye treatment from septic systems

Numerous studies hawshown that septic leackastransported by groundwatéow
through lakebottom sediments into lake water, elevating nutreamcentrationgKerfoot
and Brainard 1978; Belanget al. 1985; Jourdonnais and Stanford 1@83ourdonnais
et al 1986) Previous studies specific Whitefish Lake havéndicatedseptic system
failures, and confirmethe presence ddBAsfrom household cleaning products
commonly found in septic leachaféhis investigation was designed to build on the
techniques and results of prior studimst employnewerdata collectiortechniques along
with bacterial source tracking methodologiBecause eptic leachates are known to



contain elevatedoncentrations dboth organiand inor@nic compoundghe study
employedatoolboxof techniques, including; flrometry, dissolved organic carbon
(DOC), fluorometryDOC ratio (F/DOC), E. colienumerationhumanDNA biomarkers,
conductivity, total dissolved solidsTDS), and GIS methodologies and tools. In addition
to data collection and analysis, a historieglordfor the study area was established.

In total, we identified three confirmed areaseptic leachateontaminationincluding

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 identifiadiag medium

potential for septic leachate contamination, including Site 2: City Beach Seep, Site 4: SE
Monko6és Bay, Si t dhe Eabt:Laké&hore $rdtaimea Boint seuttod
north Monkdos Bay, I ncl udi ng SiPtTee 8: Carver
remaining 1Gshorelinesites are considered to have a low potential for contamination by
septicleachatgFigure24). A study conducted in 1985 reportsigns of chronic

contamination from shoreline developmentSiats 2:City Beach Seef,8: Dog Bay

State Park Seep,; Viking Creek, andite approximatéocationof Site 14:Central

Beaver Baycorrelating directly with results of this study

Our results suggest that the three confirmed sites, along with the two sites with high
potential and far sites with medium potentive also shown contamination in prior
studies, andepresentocationswhere action should be considered. The study concluded
with the development of &eptic 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 specifiedcommendations included herein, largely based on examples
from other wastewater managempragrams, 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 Regulatopgpams.
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1.0 INTRODUCTION

1.1  Purpose

The purpose of this investigation to identify the spatial and temporal extenteyfts
leachate to the shoreline aaWVhitefish LakeSept i ¢ Al eachateo i s
remains aftewastewater drainthoughseptic sads. The remaining liquicdtontains
elevated concentrations of bactearedorganic compoundsom waste detergents, and
otherhouseholdnaterials.This studywas designed taccomplish two goals. First, it will
helpdetermine th@otentialextentof septt contamination to the lak&econd, it will
provide a scientific basis for identifyirerological threats to the lake such as
eutrophication, and economic threats to the community of Whitefish resulting from
decreased water quality, as wellpadgential pblic health risksuch as pathogenic
viruses and bacteridhe results of this investigatiomll provide information taesource
decision makersegarding septic systerand wastewater conveyanissuesand create
public awareness @oncerngelating to septic system usage around the. lake

Numerous studies have shown that septic leachates are transported by groundwater
through lakebottom sediments into lake water, elevating nutrient concentrations (Kerfoot
& Brainard, 1978; Belangest al, 1985; Jourdonnais & Stanford, 1985; Jourdonetaé,
1986).The Jourdonnaist al studylnvestigation of Septic Contaminated Groundwater
Seepage as a Nutrient Source to Whitefish Lake, Morii&&6)indicated contamination
of Whitefish Lakefrom cultual influences, with one sideDog Bay See@ confirming
thepresence othemical whitenerfflom household cleaning produasmmonly found

in septic leachatelrhe survey also identifieskepticrelated groundwater nutrients
entering the lake at sevesglecifc points This currentstudy buildson the results of the
1986 Jourdonnais studhy usingsomesimilar data collection techniqudsjt employing
newer technologgnd additional methodologies

1.2  Study Area

Whitefish Lake(48.4536°N, 114.3796°W3 located in northwestern Montana at an
elevation of 94m (298.5ft) above sea levelt is 9.3 km (5.7 miles) longnd2.2km

(2.4 mileg wide with25.5 km(15.85 mile$ of shoreline Thelakeis approximately 70.7

m (232 ft) at its deepest poif@onstellation Services, 20P@igurel). Whitefish Lake

is classifiedoy theMontana Department of Environmental Quality (MDE&3)an Al

wat er body sotabderorduirking, dulinarys andifood processing purposes
after conventional treatmefdr removal of naturally present impuritidgnder this
classification, vater quality must be suitable for bathing, swimming and recreation;
growth and propagation of salmonid fishes and associated aquatic life; waterfowl and
furbearers; and agriculturalin d i ndust r i MDEQwv2alN)&Vhitefsshulpke | y 0
has been identified dslly supporting aquatic lifeh owever cat egori zed
with siltation'sediment, PCBs, and mercuay the source ampairmet.

1] Whitefish Lake Institute
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Figure 1. Whitefish Lake Bathymetric Map (courtesy Constellation Services)

Brush
Bay

Lazy
Bay

Primaive

Inez
Point

Fuel

Paved Roads
K Point of Interes
u Docks
W Day Use Area
= Boar Launch

Miles

Hole in the Wall \\ R\

Hell Roaring
Point

Cove

Py N N

Les Mason Park,
Gaines
Point

Shaflow Shoals

Mackinaw PR
Point WA\

Mackinaw Vi

Bay d
Moo Lug ~ ) (
\\ A\
| /
¢! )
B S
ﬁl“‘ ) Houston
(AR Point
{1
Beitver. ‘ Sunset Beach

Monks
Bay
Fuel
Dog
Bay Shalton: Shoals
Whitefish < p ™ Bay
State Park Point
2 doker soen
Whitefish Boat Access
Ochard e

Park Point =
o g

City Beach BB veamess 7"

Lake Str
Fli Shop

Whitefish Lake Institute

cam



Investigation of Septic Lehate to theShoreline Areaf Whitefish Lake, Montana

In addition to being a source for drinking water, Whitefish Lakepspaularrecreational

lake. In 2005WLI conducted a survey of 461 Whitefish school students in grades 4, 8,
and 11 to determine their contact with Whitefish Lake water. The survey, iduch
responseate of almost 90%, showed that 85 to 90% of respondetisated at the

laked specifically swimming with 25-30% swimming more than 2fays Koopal

2006). Water contact recreation at Whitefish Lake is considered high, influenced by the
cornvenience of City Beach, Whitefish State Park, and Les Mason Park. For this reason,
understanding thextent of bacterian the laké human and nohumar® in addition to

other pollutantss particularlyimportant.

The lake basin ithe result ®Pleistocend=poch glaciationwith morainal deposits of

glacial till at its southern and eastern shofé till is a heterogenous mixture composed

of unsorted gravels in a sittay matrix, suggesting widely varying hydraulic

conductivities a well as variedeepageates.The mix includedacustrinesilt, clay,

gravel, and glacial driffThe 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 poogressive weatheringsker deposits of sand, gravel, and

cobbles also occur along the shoreline of Whitefish L&dentgomeryet al, 2006

Jourdonnai®t al, 1986;USDA, 1960.

The Whitefish and Stryker Faults run northwest to southeast along trendaséest

sides, respectively, of the lakeutcroppings of Precambrian dolomitic limestone occur
parallel to and along the | akeds west shore,
approximately a 3@egree angldn general,imited groundwater seepa@ecurs along
this westsection of shorelinbecausdlows are limitedto fractures and joints in confined
bedding planeddydrolyzedilli te and chloritelays cover thestormatiors, sometimes
further restricting groundwater movemernhe highest seepagatesare found inlie
alluvial deposits along theorth shore of the lakeearSwift Creek where deposits are
composed oftratified, well sorted gravels that yield high hydraulic conductiviesde
from these areas, the glacial s@iteund the lakare ypically norrporousor poorly
drained.(City of Whitefish, 2006Johnset al, 1963;Jourdonnai&t al, 1986)

The lake is fed by six perennial tributaries includBwift Creek, Lazy Creek,
Hellroaring CreekBeaverCreek, Smith Creek, and Viking €¥k.Swift Creek is the
largest tributary to the lake, draining 63% of the total wateralwed) the Whitefish
Range (Crafet al, 2003).Lazy Creek is a meandering lowland second order stream
draining 13% of the total watershed. Lazy Creek runs paraleWift Creek in the
northern valley, also draining intogmorth end of the lake (Cradt al, 2003).Fine silts
and clays high in organic matter contribute reduced hydraulic conductivities and low
groundwater inflows near Lazy CrheéJourdonnaigt al, 1989. The remaining 2% of
the Whitefish LakéVatersheds drained by several smallgibutariesand groundwater
seeps. The largest of the small tributaries is Hellrgatireek which originates on Big
Mountaindrainng 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).ccording tothe City of Whitefish (1997), the

3] Whitefish Lake Institute
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Soil Conservation Service (197@ndthe Whitefish County Water and Sewer District
(1984) the majority of the soil types occurriadpngall the developed shorelisef
Whitefish Lake have characteristiegch asow soil permeability rate, stoninedew
depth to bedrockand shallow groundwatéhmat limit adequate treatment of septic
effluents In addition to functional restrictiorte septic systemsheremay alsdeissues
regardingslope stabilityand the placement gkptic tanks and leachfieldssociated with
these landtypesSlope failures and landslides pose a threat to Wiiitéfake water
guality because of the potential for heaegimenpollutant contributiondn addition,
septic system placement in @ep slope environment codlehd to system failure
potentiallyallowing wastewater to reach the lalreinstallation @aluation isconducted
by engineerso determine sitspecific soil characteristics and proper septic sysype
andplacement.

Unlike any other large lake in the State of Montana, Whitefish Lake is located entirely
within the boundaries of a municip@ii having been annexed by the City of Whitefish in
2005. The community of Whitefisls iocatedorimarily south of the lake oaglacial
outwash plain dissected by the Whitefislwé&iand several smaller strear@dacial
features includenorainal depositglateral,recessional, and terminalgclstrine

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

The City of Whitefish, a popular resort community, has a populatiap@foximately
6,357people (Whitefish Chamber ofo@merce, 2011). U.S. Census Bureau data show
that the population of Whitefish increased 36% since 1889,20% since 199W.S.
Census Bureau, 201Becent demographic reports show Whitefish remains one of the
fastest growing communities indfstate oMontana, with a 26.3%opulation growth
between 2000 and 2010 (Montana Department of Labor and Industry, Raad).
ownershiparoundWhitefish Lakels mostly private, with somBNRC State Trust landt
the north end of the lake atite Beaver Lake aredhere are two state partkd.es

Mason on the east shore and Whitefish Lake State Park on the lower west shore that are
managed by Montana Fish Wildlife & Parl&mall parcels ob).S. Forest Service lands
are foundnhorth and northwest of Whitefish Lak@&igure 2)

Based on information fromWhitefishWeatherStation(WRCC, 2012, average
temperatures in the Whitefish Lakeea(19482005)rangeal from an average9.16°C
(15.5°F) in January/February to 27.2°C (80.9°F) in July/Auglust.alsohad the
warmest monthly average max for Whitef{§tBS&J, 2008 The Watershedeceives an
averages0-66 cm (2226 inches) of precipitatioannually(NOAA, 2011)

Whitefish Lakesuppors a nativefish assemblagmcludingbull trout, westslope
cutthroat troutmountain whitefish, pygmy whitefislong-nosed sucker, largecale
sucker, northern pikeminnow, peamouth chub, redside slainé8, species of scpin
(Koopal,2013, Deleray, 2012Deleray & Knotek, 199P Bull trout and westslope
cutthroat trouhave persisted ithe Whitefish Lake Watershed for

4| Whitefish Lake Institute
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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 reatugrementor clean,
sedimendfreerivers and streamgndfor their sensitivity throughout their life histories
(Curtis, 2010 Muhlfeld, 2010.Bu | | trout have been | isted
under the Endangered Species &$A). Several introducefish species alshave
beenhistoricallydocumentedn Whitefish Lake including lake whitefishlake trout,

yellow pert, brook trout,northern pikeand Kokanesalmon(now extirpated{Koopal,

20171 Deleray, 2012Deleray & Knotek, 1999

1.3 Septic& Sewer Systems

SepticSystems

The French areredited with having developeohderground septic tank systems in the
1870s. By the mid 1880s, twahamber, automatic siphonisgptic tank systems, not

unlike those used today, were being installed in the United States. Now, @roie th

century later, septic tank systems continue to be a major residential wastewater treatment
option Almost one in four households in theSJusesndividual or small community

septic systems to treat wastewaterSUEnvironmental Protection Agency, 2@)1

Septic systems are designed to collect household waste in a tank and then filter
wastewater and pollutants through leach fiekisictioning leach fieldbreak down and
neutralize contaminants before they enteugtbor 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 digesgtedthrallyoccurring bacteria
that transformup to 50% of the solids iatliquids and gasse®nce the wastewater leaves
the tank and enters the drainfield, further digestion of organic matter odastewater

is processed chemically, physically, and biologically. Chemical treatment occurs when
wastewater comes into contadath 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 treatrant occurs as microorganisms feed on the wasteviatery

square inch of sotontains millions of naturallgccurring beneficial microscopic
organisms which complete the wastewater treatment process by Killing eiseassy
organisms in the sewage doglremovingexcessutrients(Hart et al, 2006)

Modern ®ptic systems can be ceaffective options for wastewater treatmedmwever

poor septic performance or even system failure can arise from a number of scenarios,
includingimproperinitial systemdesign,impermeabilityof soil, improper soil drainage
class,improper vertical distance between the absorption fieldlmmdvater table, and
improper slopeFor instance, an absorption field must be located below the frost line,
within a biologically atve zone, and above the seasonal water table. Low permeability
of soil may force effluent toward the surface. Shallow or coarse soils may be too
permeablgallowing effluent to move laterally or downward too quickly for sufficient
decomposition, potentigltransporting untreated or improperly treated effluent into
groundwater, tributaries, or the lake.

6 | Whitefish Lake Institute
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After septic systems are in place and operating, they require periodic maintenance. If
maintenancés ignored or done improperlgystemfailurescan occu. Even when

properly installed and maintained, septic systérave a finite life expectandju.S.
Environmental Protection Agency, 2@ 1Flathead County reportehblat the effective
lifespan ofseptic system variesaccording to a number of factors, lading system type,
overall soil suitability, installation, maintenance, and usBger to advancements in
septic system technology startingli®9Q septic systesigenerally lasted5to 20 years.
Given optimal conditions, theveragdifespan of post 990systens is approximately 30
years, after which time systems may fail and nutrients may leach into groundwater
(Flathead County Health Department, 2D1n 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 Heatttwastewaterincluding
biological contaminantbfcteria &viruses) synthetic organic contaminants (algaecides,
pesticides, and herbicidesndinorganiccontaminants such ghosphorusnitrogen,

metals (lead, tin, zinc, copper, iron, cadmium, and arsenic), sodilondels, potassium,
calcium, magnesium, and sulfates$LEnvironmental Protection Agency, 1984).
Pathogenic virusesre a major concern because thag enter groundwater from
numerous sources, the most common beusgtock wastelandfill effluent, ard septic
systems. Infective viruses have been shown to move 50 m (164 ft) in depth from septic
tanks to drinking wellsandcontrolled studies have shown horizontal movement of up to
1.6 km(just undemonemile) (Dodds, 2002). Debords al(1999) demonséted that the
poliovirus moved approximately 20 (65.6 f) in a course cobble aquifezsulting ina

virus mortalityrateof less than 1%Soil properties, temperature, organic matter,
microbial activity, and virus survival times all potentially influetice 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 limkstudieso
Methemoglobinemia aniblue baby syndrome (Avery, 1999), hypertension (Malbetg

al, 1978), central nervous system birth defects (Doeselty 1984), certain cancers (Hill
etal 1972)noAHod gk i n 6 s | yebal A396naWe(sélberger, 1991), and
diabetes (Parsloet 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 wekt-lathead Valley.

In addition tocreatinggeneral huranhealth hazards,ne of theothermain concerns

regarding septisystemds the potential fofong-term chronic nutrient, pollutant and

bacterial loading to lakeBacteria, degradable organic compounds, synthetic detergents,

and chlorides can enter andntamnate water andan increaseutrophicationof lakes

The eutrophication processlakesis natural.Typically as lakes age, nutrients, sediment,

and plant materi al accumul ates, slowly fil/l/i

The basin eventualdy over centurie8 becomes inhabited by terrestrial vegetation. The
timing is highly variable, depending on the climate and characteristics of the basin and its

7| Whitefish Lake Institute
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watershed. However, by altering nutriamd sedimennputs, humans have gréat
increased the rate at which eutrophication takes plz&gending on the lake and degree
of human impact on ithis cultural eutrophicatiorcan takeplacein a much shorter
timeframe.

Cultural autrophicationoccurswhen the addition of nitratephosghates and sediment
above natural background leveiomotes excessive plant growth and decay, showing
preference to algaand plankton over othequaticplants.Enhanced growth adlgae and
phytoplanktorcan leado apartiallack ofavailabledissolvedoxygen(hypoxig or a total
lack of availabledissolvedoxygen(anoxig needed by fish and other aquatic life forms to
survive therebydisrupting normal ecosystem functionidgae normally produce
oxygenthrough photosynthesibut under eutrophic cortdins, water clarity is reduced,
as is underwater light needed by algae to produggesx When algae $& the ability to
produce oxygen, they begin to consumejitickly reducing availabldissolvedoxygen

for other aquatic life forms

Further complicaons also arise as algae bloomsatiel precipita to the lake bottom
wherebacterialand microbiadecomposers further depleteailabledissolvedoxygen.
Eutrophication can rapidly turn a lake into an anoxic and lethal environmeaddition

to impacting fisheries, eutrophication also decreases the value of lakes for swimming,
boating, fishing, and aesthetic enjoyment which can have significant economic impacts.

Household detergent®ntribute culturatutrophicationThere are tw basic components
found in most household detergentsurfactantsandbuilders The surfactants (surface
acting agents) are the maileaning components. Builders are water softeners that
function by sequesteringalciumions. The mostommonly usedbuilder is sodium
triosphateln the1950s 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 manufacturecsisunthers
worked to reduce the use of phosphates in detergents, while wastewater treatment
facilities began removinghosphorugrom treated water. Phosphgiconcentrations in
water bodiehavesubsequentipeenreducedToday,laundry and dishwashing
detegents containing phosphates are banned in the state of Montabaathdrstates

in the U.S.

In addition to surfactants and builde®3% of laundrydetergent producis the U.S.
containOptical Brightening Agent§OBAs) to make clothes appealeaner(Hartelet al,
2007& Hagedornet al, 2009. Also known as Fluorescent Whitening Ager@8As
have replacedbluingd which was previously used for the same rea@BAs are added
to products such as laundry soaps, detergents, and other cleamtgjmgpause they
adsorb to fabrics and materials during the washing and cleaning processemeldley
used in paper production and cosmetic manufactkhgn & Ansarni, 2005)

Laundry wastewater is the largest contributoO&As to wastewater systes. Although
the total volume of whiteners in most laundry detergents is less than 0.5%, up to 80% of
its concentration can remaas dissolved compoundsineffectively treatedvastewater.
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The presence dBAsin human wastewater that includes laundry effluent as a
component ishereforean excellent indicator of septic or sewage system failure
(Hagedorret al, 2005; Hartekt al, 2008; Hartekt al, 2007;Tavareset al, 2008;Turner
Designs, 2011)Becauselte specific light spectrum emitted fradBAs found in
cleaning products isasilymeasurable, it is one of tikeydata parameters used in
tracking ineffective human sewatfeatment from septic systems and sewer
infrastructure

Sewer Systems

The earliestovered sewer systems were discovered by archaeologists in the early
planned cities of the Indus Valley Civilization (332300 BCE) in the northwest region

of the Indian subcontinenEommunity wastewater and sewer systems were later
designed to prevefiiboding in large cities like London and Paris. The stormwater and
sewer systennfrastructuren London dates back to the 13th century but it was not until
the early 1800s thaiheywere usedor wastewaterThe municipal sewer system in Paris
was built n 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 Bostdassachusett&Schladweiler, 2006

Today, he City of Whitefish sewer system includabout 46 miles of conventional

gravity sewer maingl,7 lift stations 13 duplex grinder pump stations which each serve
1020 residencesndtwo 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 Riverand has capacityof 1.8 million gallons per day'he system collects
wastewater, delivers it to the main sewage liftstation then to an aerated lagooariteatm
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 rehabilitation effort in 2003 he lagoons were built ib979. Analum based

phosphora removal processas adde@nd improvements to the main lift station were

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

filters. In 2009, an automated 5mm bar screen was installed 'ocepl t he 20 bar sc
that required manual cleaning. A second clarifier was also brought online. In 2012, the

State is mandating disinfection before effluent enters the Whitefish. Riessidyet al,

2008. The City has continued to contract with engnsee 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 thesewersystem mcludesconventional gravity sewers, augmented by lift
staionswhere required by terraifrigure 3). Lift stationslocatedin close proximity to

the | ake include Mountain Park, Boat House,
Bay, and Houston PoinAccording toan engineering report prepared for the City of

Whitefish (AndersoaMontgomery, 200t h e  Cravityyséwers ltave performed

satisfactorily with the exceptions tyfpical root intrusions, cracked pipe sections, and

occasional joint separations in older vitrified clay pipe sections. Manholes have been
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upgraled or replaced as needed due to structigt@rioration. Hydraulic performance of
the existing gravity system is goadd he capacity of the treatment plant is sufficient to
serve current customers agibwth through the year 20ZQity of Whitefish, 2@ 2b).
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Figure 3: Whitefish City Sewer System
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1.4  History

From 1911

Local hstorical anecdotal accounts refer to methods of sewage disposal along the
shoreline of Whitefish Lake involving the use of outhouses, cess poolselisyand
direct deposit of effluent into the lakBngelter & Schafer, 1973The City of Whitefish
began collectinganitary wastewater around 19#inflerson & Montgomery2005).The
City passed Ordinance 82,-¥21911 which led to the construction ofeosewer system
for storm runoff and one for sanitary sewafjecording to the City, th&80 diameter clay
tile pipe wacsleaivastewaiar feoth asrasideiit® and convey it to
several large septitanks located throughout toAnderson & Mongomery 2005.0
Use of the sewewras broadenetb attemptto lower the groundwater tabéitherby
creating gaps between pipe lengiisomitting 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 rivéknderson & Montgomery2003.

1960s

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

the current wastewater tr eatdmameatetintggeptarnt si t e.
pipealong the northeast bla 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, virtuallgll of the original vitrified clay pipe system remains in use

today Anderson & Montgomery20095.

197Gs

Flathead County started requiring septic permits in 1970, even though the permitting
process was voluntary for the first two years. As a resustnibt possible to determine
septic system density pd®70(Flathead County, 2006)

After a 1977 studyn the trophic status of Whitefish LaKe&.S. Environmental

Protection Agencational Eutrophication Survey), the lake was classified as

oligotrophicat that time, but the EP¥arned that any significant increased nutrient

loading b Whitefish Lake could result in degidation of water quality, antheyurged

t hat fAevery ef phosphorubbrep mas et ¢.DEnkinmierslk e 6 (U
ProtectionAgency 1977) An oligotrophic lake has low nutrient content, therefore low

primary productivity, low algal production, and clear, highality, drinkable watethat

also supportaumerous fish species.

1980s

Dye tests conducted by the flaad 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 alondhe lakeshore (Whitefish County Water and Sewer District, 1984).
September of 1984, the U.S. Environment al Pr
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Division requested laboratory analysis of color infrared aerial photographs of Whitefish,
including the develomksections of the Whitefish Lake shoreline. The photos were
stereoscopically examined for indications of malfunctioning septic systems. In October of
1984, severatuspectedailing septic systems were inspected.

The ground observatioqsovided @ addedevel of detail that identifiednd isolated
issues other than septic faildrsuch as Fairyring fungueaturalgrass species patterns,
and old filledin drainage channdsso that actual septic system failures were correctly
identified Results of the stly showed 85 possible failed septic systems of the 147
investigated, 55 with high confiden@d.S. Environmental Protection Agency, 1985).
Thesehistoricalresults corroborate oaurrentfindings at sites where older septic
systems remain in operation.

A limnological study of Whitefish Lake ithe early 19808y the Flathead Lake

Biological Stationindicated that the lake was in a transitory phase toward eutrophication
(Golnar & Stanford1981). 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@igotrophicwater bodyHowever, oxygen
depletion in thénypolimnion(the dense bottom layer of wadebelow themetalimnim

(the transition layer between surface and deep vdaiara thermally stratified lake)

during late summer, combined with high total phosphorus concentrations in the
epilimnion(the topmost layer in a stratified lakevereassociated witimesotrophidakes
(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 (Jourdastredisl 986). That study
foundevidence of septic contaminated groundwater and surface water along shoreline
locations around the lakEigure4 shows thdocations with the highest elevated
conductivity (>17Qumhos/cnm andfluorometry(>1,000RFVSs) readings compared to
mid-lake referace values of conductivity (158mhos/cn) andfluorometry(400RFVs).

The Jourdonnaist alreport(1986)wasinstrumental in providing baseline data for
comparison in this studyhe study was also used to support a grant application to extend
the sewergstem along a portion of the east shore of Whitefish Lakes. work was
completed in the late 1980s.

The Flathead Lake Biological Station returned to Whitefish Lake to gather data in 1986,
1987, and 1993&ndselect dataverelater reported in their Whitefish Lake Water Quality
Report Craftetal, 2003) The Montana Department of Natural Resources and
Conservabn (DNRC) has, since 1976neasured total phosphorus, nitrates, and nitrogen
entering Whitefish Lake from Swift CreeRrior gudies on Whitefish Lake have been
generallylimited in durationand/or scope.
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Figure 4. Locations of Highest Fluorometry & Conductivity (Jourdonnais et al, 1986)

I Km

Figure 4. TLocalions (A-7, ‘Table 3) on Whitefish Lake where in itu
measurementy of fluorometry wnd/ue conductivity were significantly
higher Lhun values taken ot mid-luke.

1990s

A 1997Wastewater Facilities Plan for Whitefish MontgRa&ccia &Associatesallowed
the City to proceed with impmenting a capital improvement program for wastewater
collection and treatment systems for ay&ar period. Included in the findings and
recommendations were growth projections; recommendations for pratidesollection
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 Environale3grviceseportedthere was
a 44% ircrease in septic system installations frodd@2005 There were 668grmits
issuedfor new septic systenis 2005.After an increase to 727 ngyermits in 2006,
issued permits declined continuously from 611 in 2007 down to 245 in(EGithead
County, 2a2) (Figure 5)

WLI formed in 2005 with the objective of implementing a kiagn Whitefish Lake

Water Quality Monitoring Prgram. The goal of the programto provide a
comprehensive understanding of the lake resource by consistently gathering physical,
chemical, and biological data for the lake and its tributaries timeand togain an
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understanding of Whitefish Lake watershed processes. While the prograrmtake
account past studies,atfersahigher levelof consistency and coordinatiocsm baseline
data setand an integrateldng-termanalysis of the lak&VLI monitors two sitesn
Whitefish Lakealong with five tributaries (Hellroaring Creek, Lazy Creek, Smith Creek,
Swift Creek, and Viking CreeKJigure6) and two sites on the Whitefish River
Monitoring of Swift Creekis donein partnership with DNRGChemical sampling
includes total organic carbon (TOC), total phosphorus (TP), tetalffaténitrogen
(TPN), total suspended solids (TSS), soluble reagiinesphorus (SRP), and a standard
Hydrolab profile using a DSSonde This profile includesampledate, time, temperature
(°F), water depth{m), conductivity (aeS/CM)esistivity (kecm), salinity (ppt), total
dissolvedsolids (TDS), pH,oxygenreductionpotential (ORP)|uminescentlissolved
oxygen(LDO) (% saj, and LDO (mg/l). Tributary samplinglsoincludes measuring
stream flow and developirgjagedischarge relationshipAtmospheric bulk loadindata
(wet and dry) is collected from the Weatheatin WLI installed and maintainsear

Lazy Creek Datacollectedincludesammonia(NHs), nitrates (NDs), nitrites (NQ), and
total phosphorus (TP).

Also in 2005 sewer outflows overwhelmed the pungighe Viking Liftstationduring
spring snowmelt andhin event®n 2 or 3 occasions.acgeamounts of stormvaterrunoff
and groundwater entealthe collection system upstredrom the lift station. Entry points
includedleaking pipes and manholes in the Crestwswalodivisionarea, one poorly
installed manhie atthe Iron Horsesubdivision and roof drains from one of the newer
lodges on Big Mountain that were improperly connected to the sanitary JéweeCity

of Whitefish was fined by the Department of Environmental Quadhfiow problems
have since beetorrected and the pumping system and forcemain were upgraded to
accommodate seasonal peak flows and future gr@@ith of Whitefish, 2012

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

t he Cityo0s temiTleresutirgtrepaitAndeyssn 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

improvementgo 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 requr e ment s, and provision of a financi 8
stormwater management goals.

The report concentrated on stormwater challenges in areas of increased development
pressure, including State Park Road Area, Mondgaerman Area, Karrow Avenue

Area, Armory Area, and Northeast Whitefish ArBecommended 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 Ordinanc@®&@hich prohibited
certain types of development that did not comply with critical stormwater comeeya
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restrictions, critical area protection provisions, and groundwater monitoring
requirements. The ordinance wagersedetly the Critical Areas Ordinance whiblas
beenrewritten,renamed, and formally adopted by the Council on February 6, 2011 as
Ordinance No. 1204 Water Quality Protection Ordinance.
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Figure 6. WLI Monitoring Sites on Whitefish Lake & Tributaries
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