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1.0 SUMMARY

85)

The wastewater collection and treatment system serving Big Sky was evaluated for its ability to

n transport and treat current flows and 20-year projected flows. The system currently serves

approximately 1928.7 single family equivalents (SFE). Wastewater flow records show the

m average daily flow ranged from 189,299 gallons per day in 1989 to 320,500 gallons per day in

' 1993. The highest flows have historically occurred during the spring and early summer
f> indicating substantial infiltration and inflow into the collection system. High flows also occur

on weekends and holidays during the ski season.

^

The collection system consists of approximately 213.99 inch«diameter*miles of sanitary sewer

with diameters from 6 inches to 24 inches. The entire collection system is a gravity flow

system. Infiltration and inflow (I/I) into the collection system has been a major problem during

the spring of the year.

In 1993, it is estimated that VI averaged approximately 174,000 gallons per day. The majority

of the 171 problem occurs in the spring of the year during the snowmelt period. In order to

reduce the VI problem, the Sewer District undertook a major repair program in the summer and

fall of 1993. The early results, during the spring of 1994, indicate a reduction of I/I flows of

approximately 38 percent However, the flows observed during the spring of 1994 may not be

a good indicator of the success of the I/I reduction program. The spring runoff occurred much

earlier than normal and the runoff period was short

The District should continue to monitor the I/I flows and continue a program of trying to

eliminate as much I/I as possible. Typical infiltration allowances for collection systems range

from 200 gallons per day per inchdiametermile for new lines to 1000 gallons per day per

inchdiametermile for older systems. If the 38 percent reduction in I/I during high groundwater

periods is maintained, the VI in Big Sky's collection system will amount to 541 gallons per day

per inchdiametermile. While it may be possible to eliminate additional I/I flow, it is not

expected that dramatic flow reductions will occur. The majority of easily identified leaks were

repaired during the summer of 1993.

-1-
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The existing treatment system consists of an 8.2 million gallon (MG) hypalon lined aerated

pond. Two unlined storage ponds are used to store treated water during the non-irrigation

season. The storage ponds have capacities of 13.6 MG and 34.3 MG, for a total capacity of

47.9 MG. At the existing flow rates, approximately 62 MG of storage is required. It is

estimated approximately 47 to 60 million gallons peryear seeps out of the storage pondandinto

the groundwater. Water from the storage ponds is used to irrigate the golf course during the

summer.

(K^

1^

The recommended plan consists of providing tertiary levels of treatment by constructing a

Sequencing Batch Reactor with effluent filtration. The treatment plant would belocated adjacent n>

to the existing storage ponds. The recommended plan for disposal consists of a combination of

continued irrigation of the golf course in the summer and snowmaking in the fall and winter.

The existing pump station used to irrigate thegolfcourse would be upgraded to provide a firm

capacity of1,075 GPM. The irrigation system on the golf course would be expanded from the "1
current 80 acres to 165 acres.

A total storage volumeof 118 million gallons is required for thisalternative. The existingponds

provide a storage volumeof56.1 million gallons which includes theexisting aeration pond. The

existing ponds would be drained, cleaned, and lined with a synthetic liner. An additional 62
pa

million gallon lined storage pond would be constructed at the Michener Creek site. A 16-inch J
PVC line would allow water to be transferred between the existing storage ponds and the new

ponds at Michener Creek. A low head pump station would pump water from the Michener ]
Creek site to the existing storage ponds.

A new pump station,with three 350 HP pumps, wouldbe constructed to pump from the existing

storage basins to an intermediate surge tank located part way between the Meadow Village and

the Mountain Village. A second pump station, with two 350 HP pumps, would pump from the

surge tank to the snowmaking pumps located at Lake Levinsky. A new 14-inchsteel line would

be installed from the existing storage pond to the snowmaking pumps at Lake Levinsky.

F:\WP\O4\M357102\CMC07086.RPT
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The total projectcost of the sequencing batch reactor, filter, pump stations, storage ponds, golf

courseupgradeand transfer line is estimatedat approximately $13.1 million dollars. Depending

on the outcome of current litigation between Boyne USA and RID 305, the average user charge

could vary from $21.78 per month per account to $95.75 per month per account.

F:\WP\04\fcO57102\CMC07086.RPT
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2.0 INTRODUCTION

2.1 GENERAL

BigSky, Montana is anunincorporated community located withinthe Gallatin Canyon. Big Sky

is a resortcommunity featuring a nationally recognized ski area. The areais a destination resort

andtherefore has a highly variable population. The developmentconsists of two major housing

areas, the Mountain Village located at the base of the ski hill and the Meadow Village located

above the confluence of the South and Middle Forks of the West Fork of the Gallatin River.

HKM Associates was retained on August 26, 1992 to perform an analysis of the wastewater

collection and treatment system at Big Sky. The analysis of the wastewater system is contained

in this facilities plan, which has been prepared in accordance with the Facilities

Plan/Environmental Review checklist contained in the Handbook of Procedures for State

Revolving Loan Fund.

2.2 HISTORICAL BACKGROUND INFORMATION

Planning for the Big Sky Resort began in the late 1960's by Chet Huntley and Chrysler Realty

Corporation. In August of 1969, Big Sky of Montana, Inc. was formed with a Certificate of

Incorporation issued in Delaware.

Prior to 1965, land in the West Fork area was controlled by the Forest Service and private

landowners. Three land exchanges between the U.S. Forest Service and Burlington Northern,

Inc. occurred between 1967 and 1972. The land exchanges were intended to consolidate lands

within the Gallatin and Beaverhead National Forests andYellowstone National Park to promote

more effective land management. In the three land exchanges Burlington Northern acquired,

approximately 15,189 acres of which 11,523 acres were located in the West Fork area.

Following the land exchange, 1,927 acres were then sold to Big Sky. Prior to the land

exchanges, Big Sky had purchased 8,721 acres of land in the West Fork area from private

individuals. The land purchases gave Big Sky of Montana ownership and control of 10,648

F:\WP\O4\M3571O2\CMCO7086.RPT
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acres in the West Fork area. Big Sky also obtained Forest Service special use permits for a

portion of the ski runs and lifts.

The first land exchange between the Forest Service and Burlington Northern was not opposed

and wascompleted in 1967. The second and third land exchanges werequitecontroversial. The

Regional Forester approved exchange #2 on June 26, 1970 and exchange #3 on December 9,

1970. The approval was appealed by a citizens group. The appeals were denied by the Chief

Forester in October of 1971 and by the Secretary of Agriculture in 1972. The citizen group then

sued the Secretary of Agriculture in federal district court The district court decided in favor

of the Secretary of Agriculture on May 23,1972. The district courts decision was appealed to

the NinthCircuit Court ofAppeals. In September 1973, the appellate courtaffirmed the district

court decision.

In March of 1971, Big Sky of Montana, Inc. created and provided covenants for the Meadow

Village Subdivision. The covenants require that "all improvements or structures designed for

occupancy or use by humans shall be connected with the water and sewer facilities constructed

or installed by Big Sky or a special improvement district. No private well, septic tank, leaching

field or other private sewage treatment facility shall be used or installed in the subdivision."

The protective covenants were referenced in the July 1, 1971 Environmental Impact Statement

prepared by the Forest Service for Land Exchanges Number 2 and 3 between Burlington

Northern, Inc. and the Forest Service.

Li August 1971, the Gallatin County Special Improvement District No. 305 was created. The

boundary for the Districtwas essentially the Meadow Village area plus the wastewater treatment

site. Li April of 1973, the District was expanded to include the Mountain Village area.

In October of 1972, the Big Sky Owner Association, Inc. (BSOA) was issued a Certificate of

Incorporation. The purposes of BSOA is stated in their Articles of Incorporation as summarized

below are:

a) To manage, operate, and maintain the area described as Big Sky of Montana, Inc.

-5-
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b) Tobuy, own, acquire, sell, lease, rent, encumber, and possess real and personal property

to carry out the functions of the corporation.

c) Either directly orby agreement with third parties toprovide municipal orquasi-municipal

services and functions.

d) To make assessments, collect assessments, file liens for unpaid assessments, and

prosecute foreclosures.

e) To administer and enforce all protective covenants.

In May 1976, Boyne Mountain Lodge, Inc. bought the controlling interest of Big Sky of

Montana, Inc. Boyne Mountain Lodge, Inc. merged with Boyne Highlands, Inc. in May of

1978. The new corporation was named Boyne USA, Inc.

In May of 1982, theWestfork properties (Westfork Meadows Subdivision) dedicated its entire

sewer system to RID 305. In return, the RID agreed to provide hook-ups in the subdivision

sufficient for a peak daily flow of 48 thousand gallons per day.

In an August 1985 court decision, a 1971 agreement between Westland Enterprise

(Simkins/Taylor land) and Big Sky of Montana, Inc., (Boyne USA successor in interest) was

confirmed. The court decision was laterupheld by the MontanaSupreme Court in April 1989.

The court ruled that the Simkins lands have rights to sewer capacity of up to 43 million gallons

per year (or 3700 population equivalency), without a financial obligation to share in facility

costs. In addition, lands are entitled to free treatment for up to 1 million gallons per year until

the year 2001. As of January 1, 1994, there were no sewer hook-ups to these properties.

In October 1991, Boyne USA, Inc. filed a complaintin the Montana Eighteenth Judicial District

Court against RID 305 asking the court to declare that Boyne USA has no continuingobligation

to pay all or partof the cost of expanding the wastewater collection and/or treatment facilities

of RID 305. As of March 1994, this litigation is unresolved.

F:\WP\O4\M357102\CMCO7086.RPT
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Li January 1992, RID 305placed a moratorium on specified new sewer hook-ups to the system.

The moratorium does not apply to the following:

• Original Platted Subdivisions

• Sweet Grass Hills

• Meadow Village

• Cascade

• Court required capacity for Westland Enterprises.

• Contractual arrangements with West Fork Meadows.

• Tracts involved in BSOA/Boyne pond agreement.

• All developments officially granted a hook-up prior to the moratorium.

In March of 1993, a Memorandum of Understanding (MOU) was entered into by Boyne USA,

RED 305, and BSOA. The MOU allowed and directed BSOA to take all steps necessary to

create a County Water and Sewer District without effecting the position, rights, obligations or

liabilities of the parties in the litigation between BoyneUSA and RID 305. On July 26, 1993,

the voters did approve the creation of the Water and Sewer District 363.

Just prior to thevote to create theWater and Sewer District, the Montana Department of Health

and Environmental Sciences (DHES) issued a Compliance Order to RID 305 which restricted

RED 305 from issuing further permits to connect to the sewage system without prior approval

from the DHES. In part, the Compliance Order stated "A building or facility that is not under

construction or fully constructed at this time may only be connected to the existing Big Sky

sewage system if:

(a) Respondents demonstrate to the Department that the connection will not result in

biochemical oxygen demand loading to StateWaters that exceed the Department

approved Maximum Annual Load..."

F:\WP\O4\M3J7102\CMCO7086.RPT
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The Compliance Order also stated that "approximately 47 million gallons of partially treated

sewage seeped from the treatment and disposal facility to State ground waters in 1991."

However, the amount of seepage is not known with any accuracy since the actual volume applied

f to the golf course is not known.
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3.0 PLANNING AREA

In August of 1971, the Gallatin County Commissioners created by Resolution the Gallatin

County Special Improvement District No. 305. At that time, the boundary for the District was

essentially the Meadow Village area which is in Gallatin County. In April of 1973, the

boundaries of RID 305 were expanded to includethe MountainVillage areawhich is in Madison

County. The expansion was created by joint resolution of both Madison and Gallatin County.

Water and Sewer District 363 was organized under Title 7, Chapter 13, Parts 22 and 23, MCA.

The district boundaries are located in both Madison and Gallatin Counties. A petition to create

the district was presented to the County Commissioners of both Madison and Gallatin Counties.

The County Commissioners of both Madison and Gallatin Counties conducted a public hearing

and made changes in the proposed boundaries in response to public input, and subsequently gave

a notice of election to create the district. In July of 1993, the voters approved the creation of

a County Water and Sewer District.

Figure 3.0-1 shows the boundaries of the County Water and Sewer District 363 and also the

boundaries of RID 305 that existed prior to the creationof WSD 363. As indicated, WSD 363

has slightly expanded the previous RID boundary. The new planning area in WSD 363 consists

of approximately 6,240 acres versus approximately 4,800 acres in the previous RID 305. The

District expansion included the area of the existing wastewater treatment lagoons.

Land use and zoning at the resort is complicated by the fact that the resort lies in both Madison

County and Gallatin County. The Meadow Village area lies in Gallatin County while the

Mountain Village lies in Madison County. A draft land use plan was prepared in 1992 for

Gallatin County by an Advisory Committee. The draft land use plan addressed general

development concepts for the area. It stopped short of formulating zoning ordinances and zoning

maps. In 1993, a document was published which proposed guidelines and design standards for

hillside development, ridgeline development, view shed protection, and stream access and

preservation in the Gallatin Canyon/Big Sky Planning District. No land use planning studies

have been initiated for the Madison County portion of the resort.
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Development at the resort consists primarily of residential, commercial, and recreational areas.

Commercial core areas are located at the Mountain Village base lodge area and the Meadow

Village area.

It is emphasized that, through the public hearing process, the lower basin area along US

Highway 191 had the opportunity to be included in the district boundary. Lacking a consensus

of support from the lower basin area, it was not included in the Water and Sewer District.

State and County records were reviewed to determine the number of approved subdivisions

within the planning area. The District records were reviewed to determine the actual number

ofconnections and Single Family Equivalents (SFE's) associated with each development. Table

3.0-1 lists the number of housing units which have sewer connectionsor which the District has

legal commitments to provide connections to once they are developed. The table also lists the

number of SFE's associated with each development. The schedule used to calculate an SFE is

shown in Table 3.0-2.

The total of SFE's resulting from all state approved subdivisions and developments including

Westlands represents the minimum capacity to which the Sewer District is obligated to serve.
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TABLE3.0-1
NUMBEROFSEWERCONNECTIONCOMMITMENTSINTHEPLANNINGAREA

COMMITMENTSCURRENTLY
OCCUPIED

CONDO

OCCUPASSN.

TOTALSFEIEDSFE(SFE)

1.MEADOWVILLAGEAREA

A.Homes*(Lots)
MeadowVillage249412.8119197.3

SweetgrassHills90165.03462.4

PinewoodHills59.459.4

SouthFoik2542.500

B.Condominiums*(Units)
Silverbow(TR1&1A)7084.07084.06.35

Yellowstone(TR3BLK1)4248.64248.66.35

Glacier(TR7BLK2)6477.06477.06.35

Broadwater(TR9BLK5)1616.01616.0

Teton(TR4BLK1)4069.335.2

Park(TR2BLK1)2938.92938.93.75

Tract5BLK22229.000

Tract6BLK25065.900

Tract8BLK66484.300

Tract11BLK46079.000

HiddenVillage144242.0142.0242.04.75

BlueGrouse120158.400

SweetgrassTract2113149.500

C.HotelsandMotels

GoldenEagle(rooms)4228.04228.0

WestForkHotel2919.32919.3

LoneMountainRanch—39.2—39.2

D.Commercial***

MeadowCenter
—

6.756.8

GolfCourse—
5.45.4

ChaseMontanaBuilding—
16.416.4

MeadowVillageMinor#91—
7.07.0

TennisCourts—
1.01.0

MinorSub-CamperVillage—4.74.7

SUBTOTALFORMEADOWVILLAGEAREA1899.4908.627.55

TOTALSFE'S(+27.55)1927.0936.6

WESTFORKCURRENT&PROJECTED192.9157.6

WESTLANDSPROJECTED1435.30

SUBTOTALWESTLANDS/WESTFORK3555.21093.8
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TABLE3.0-1(CONTINUED)
NUMBEROFSEWERCONNECTIONCOMMITMENTSINTHEPLANNINGAREA

COMMITMENTS

CURRENTLY

OCCUPIED

TOTALSFE

OCCU

PIEDSFE

CQNDQ

ASSNt
(SFE)

H.MOUNTAINVILLAGEAREA

1A.Homes(Lots)
]Cascade362757.12348.1

IB.Condominiums(Units)
Hill-Cascade

Skycrest-Cascade
Tract1-Cascade**

Tract2-Cascade**

Tract4-Cascade**

Tract5-Cascade**

Stillwater

Beaverhead

Lake

Arrowhead

Bighorn
Shoshone

180

335

70

no

36

338

63

60

135

25

70

94

180.0

475.7

72.1

113.3

37.1

348.1

63.0

64.8

156.5

61.3

72.0

94.0

180

35

0

0

0

0

63

12

29

25

31

94

136.8

49.7

0

0

0

0

59.9

13.0

33.6

61.3

31.9

94.0

C.HotelsandMotels

HuntleyLodge
MountainLodge(Cascade)

204

84

125.9

51.8

204

84

125.9

51.8

D.EmployeeHousing
DormSpace(156beds)
MarriedHousing

85

4

39.0

4.0

85

4

39.0

4.0

E.Commercial***

Estimated170.085.9

SUBTOTALFORMOUNTAINVILLAGE

TOTALMEADOW/MOUNTAINVILLAGE

TOTALWITHWESTLANDS/WESTFORK

2885.7

4812.7

6440.9

834.9

1771.1

1928.7

*Inadditiontolistedconnections,thereisaflowcommitmenttoWestforkof48,000gpdpeakflowanda
commitmenttoWestlandsof43mg/year.

**Condominiumsareestimatedat12unitsperacreonundevelopedtracts.

***NoincreaseincommercialdevelopmentisprojectedforMeadowarea.Approximately50%increaseis
assumedforMountainarea.

F:\WP\O4\M357102\CMCO7086.RPT

06/16/94

•13-



TABLE 3.0-2

SINGLE FAMILY EQUIVALENT UNIT
CONVERSION SCHEDULE (KERIN, 1990)

USE1 (1)

SFE'S

PER

UNIT

(3)

Single-Family Residences, Townhouses and Condominiums:24
- Two bedrooms or less

• Each bedroom in excess of two

- Eachbath, or portion thereof, in excess of two
- PrivateJacuzzi or hot tub, each

1.0

0.4

0.2

0.35

Studio ApartmBnts/Condominiums: (single room less than 500S.F. with single bathroom): 0.7

Hotel, Motel or Lodge, per rental room.-2
- Jacuzzi, spa or hot tub, each
- Swimming pool
- Banquet rooms, per seat
- Conference rooms, per seat

0.75

2.0

0.03

0.02

Employee Housing:
- CondominiumType, Per Unit
- Dormitory Type, Per Bed

1.0

0.25

Snack Bars and Delicatessens:4

- 500 S.F. or less

- Each S.F. in excess of 500 S.F.

1.9
0.003

ConvenienceType Food Stores and Shoppettes: 1.0

Cafeteria, Lounges and Bars, per seat: 0.07

Full Service Restaurants, per seat: 0.07

Self-Service laundromat, per washing machine: 1.3

Beauty Salon, Barber Shops, Hairdresser, per station: 0.35

Fire Stations, Maint Bldgs., Machine Shops, Warehouses and Garages, per 1,000 S.F.: 0.15

Offices and Office Buildings, per 1,000 S.F.: 0.75

Retail Stores, per 1,000 S.F.: 0.5

Ski Areas, summation of SFE Units from other applicable use categories plus 85% of total
hourly lift capacity times: 0.001

Public Restrooms, per toilet unit: 0.50

Non-Public Restrooms, per toilet unit: 0.20

Health Spas/Fitness Centers, per 1,000 S.F.: 1.5

Residential Swimming Pools w/controlled sewer connection, per 1,000 S.F. of pool area:
- Single-Family
- Multi-Family

1.0

3.0

F:\Wtt04\M357102\CMC07086.RPT
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1 If more than oneusecategory is applicable to a particular building, the Building willbe divided intoareas
of similaruse categories and the SFE Units for the buildingwill be computed by addmg the SFE Units
determinations for each use category area. For example, if a portionof a single-familyhome is used as

p an office, thesingle-family home willbedivided intoa "single-family residence" area and an"office" area
and the SFE Units for theentire Building willbe the sumof theSFE Units determined separately for the
uses notspecifically described in thisTable, such ascondominium recreational facilities, pools, dormitory-
style quarters, etc., the number of SFE Units to be assigned shall be determined on a case-by-case basis
by the Manager. No less than 1.0 SFE Unit will be assigned any Building or portionthereof that has a
separate Service line and/or that is to be billed individually for sewer service.

1 For the purpose of SFE Unit determination, a "loft" area shall be equivalent to a minimum Qf one
bedroom. More than 1.0 SFE Unit may be assigned ifwarranted by the size andcharacteristics of the loft
area. For the purpose of SFE Unit determinations, an area designated as a "den", "library", "study",
"sewing room" or the like shall be equivalent to a minimum of one bedroom if such area has an
accompanying closet.

1 For the purpose of the Table: (a) aresidential building or portion thereof shall beconsidered aduplex if
it has more than one kitchen area, and (b) any portion of a residential building or unit that can be used
independentlyof the remainderof the residential building or unit (e.g. lock-off unit) shall be considered
a separate residentialbuilding or unit

4 In computingarea, the "totalusablearea" shall be used. "Total usablearea" includesbut is not limited
to: kitchen areas, serving areas, washingareas, occupant areas, waiting rooms, store room, restrooms,
lunch rooms, halls, entryways, show rooms, and retail areas.

-15-
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4.0 EXISTING CONDITIONS

4.1 ENVIRONMENTAL

4.1.1 Geology and Soils

The Big Sky area lies at the southern end of the Northern Rocky Mountain Physiographic

Province. The mountains were formed by the Madison-Gallatin uplift, which is a broad

anticlinaluplift and faultedblock with exposures ofPre-Cambrianto Tertiary rock. The Gallatin

River flows north along a structural low in the middle of the uplift, separating the Madison

Range on the West from the Gallatin Range on the east (Montagne, 1971).

The Big Sky area is located within a northwest trending basin in the Madison Range. The major

surface drainage of the Big Sky area is the West Fork, which is a tributary of the West Gallatin

River. The West Fork basin is not only a topographic basin, but is also a geologic structural

basin. That is, the underlying geologic units (which are sedimentary rocks which were

originally deposited in horizontal layers) have been structurally folded into a basin, that roughly

coincides with the topographic drainage basin of theWest Fork. The geologic materials exposed

at the surface in the basin are primarily fine-grained sedimentary rocks (claystones and shales)

from theCretaceous geologic period, orare relatively thin mantles ofglacial, alluvial, colluvial,

landslide, or other deposits from the Quaternary geologic period. There are also scattered

intrusive volcanics throughout the basin.

WestFork Basin is bounded to the south by theBuckCreek anticline and the Andesite Anticline.

It is bounded to thenorth by theSpanish Creek Fault, which is a northwest trending, high angle

reverse fault. The rocks northof the fault arean upliftedblock of relatively resistant crystalline

rockwhich form the Spanish Peaks. Dudley Ridge, a prominent northwest trending hogback,

forms the north flank of the basin both structurally and topographically. The sedimentary units

that form Dudley Ridge dip steeply to the southwest.

F:\WP\O4\M3571O2\CMC070S6.RFT

06/16/94

-16-



The West Fork basin is bounded to the west by Lone Mountain, which is formed of multiple

andesitic intrusions alternating with the sedimentary layers of the country rock. Fan, Cedar, and

Pioneer Mountains to the southwest are similar to Lone Mountain.

The Quaternary (the most recent geologic time period) geology of the West Fork Basin was

studied in some detail byWalsh (1971), Kewhew (1970), and Montagne (1971) prior to the Big

Sky development. The specific area of the Big Sky Wastewater Treatment Facility was studied

by Walsh (1971). The West Fork Basin was altered primarily by glaciation and extensive

landsliding during the Quaternary.

The Big Sky Wastewater Treatment Facility is located near the trough of the West Fork basin

on an outwash terrace that was deposited on the underlying sedimentary bedrock of the late

Cretaceous geologic time period. The terrace is formed ofalluvial deposits of glacial meltwater.

The terrace deposits are primarily sand and gravel, but also include silt and clay at depth. The

underlying bedrock is primarily claystones and shales, but may contain some thin sandstone

interbeds. The bedrock dips gently to the southwestat the location of the Wastewater Treatment

Facility.

The outwash terrace that is occupiedby the Big Sky Wastewater Treatment Facility is bounded

to the south by the South Fork (of the West Fork) and bounded to the north by the Middle Fork

(of the West Fork). The site is located about 4000 feet above the confluence of these streams.

The present day stream bed of the South Fork is incised into the underlying sedimentary rocks

to an elevation well below the terrace deposit. The shalebedrock is exposed and easily visible

in the stream cut bank of the South Fork.

Based on the relatively impervious nature of the upper-Cretaceous shales exposed near the

surface, the surface streams and near-surface aquifers are probably completely isolated from the

deeper aquifers in the vicinity of the Big Sky Wastewater Treatment Facility. The near-surface

aquifers consist primarily of the coarser-grained Quaternary deposits such as stream alluvium

and outwash deposits. Based on the surrounding private wells, small amounts of water can also

be obtained from the near-surface (shallower than 150 feet), fine grained, sedimentary bedrock.

-17-
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1 The water from the near-surface bedrock probably comes from thin interbeds of slightly more
p pervious materials such as siltstones and sandstones.

*» As was previously described, the Big Sky Wastewater Treatment Facility is located on an

outwash terrace that separates the South Fork (of theWest Fork) and the Middle Fork (of the

* West Fork). The present day stream bed of the South Fork is incised into the underlying

sedimentary rocks (shale) toan elevation well below theterrace deposit By being incised below

n the terrace deposits, the stream and the stream alluvium of the South Fork is effectively

decoupled from the gravelly terrace deposits. This means thatotherthan the lateral seepage that

may spill (seep) from the terrace deposits into the stream, the stream and the terrace are

hydraulically unconnected. For example, the groundwater levels in the terrace would not be

affected by rising andlowering surface flows in the South Fork. Incidentally, smalldampareas

and seepage zones can be observed in the South Fork stream cut near the contact of the terrace

gravels and the underlying shale.

The stream bed of the Middle Fork is also incised 15 to 20 feet below the surface of the terrace

deposits, and appears to be decoupled from the surface flows and stream alluvium. The

underlying shale bedrock is exposed in a seepage arealocated just east of the aerationcells and

southeastof Storage Cell Number 1. Assuming this is representative of the location of the base

of the terrace deposits, groundwater would not flow from the stream alluvium into the terrace

gravels even during relatively high flow events.

Since the outwash terrace that is occupied by the Big Sky Wastewater Treatment Facility appears

to be decoupled from the adjacent streams, the only natural groundwater flows in the terrace

deposits would be derived from precipitation falling on the immediate upslope vicinity (presently

the golf course). It is suspected that the natural groundwater flows in the terrace materials are

relatively minor amounts, and that the most significant flows are derived from leakage from the

storage ponds, and from infiltration of irrigation water on the golf course.

Most of the surface infiltration into the terrace deposits probably flows vertically to the

underlying shale barrier, and then laterally to drain into the adjacent streams. If the suspected

thin zones of interbedded siltstone and sandstone exist in the shale bedrock, a small amount of

T?*l

w\
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flow may infiltrate into interbeds where they outcrop beneath the terrace gravels. This is a
potential pathway ofcontamination tothe nearby shallow wells, although presently unconfirmed.

The District currently has monitoring wells in place around the lagoons and regularly monitors

the groundwater.

Soils data for the area was obtained from the U.S. Soil Conservation Service (SCS). The data

is included in the appendix. Soils in the golfcourse area are primarily of the Libeg series. The

soil is a well drained moderately permeable soil. To a depth of7-inches, the soil is cobbly loam

containing approximately 15 percent cobbles and 15 percent gravels. From 7 to 22 inches, the

soil is very gravelly sandy clay loam with45 percent gravels and 15 percent cobbles. From 22

to 45 inches, the soil is extremely cobbly sandy clay loam with 40 percent cobbles and 25

percent gravel.

4.1.2 Surface Water Quality and Hows

Surface Water. Two streamsrun in the vicinity of the existing treatment site. The Middle Fork

of the West Fork of the Gallatin River runsdirectly north of the treatment site. The South Fork

of the West Fork of the Gallatin River runs on the south side of the treatment site. Both streams

converge downstream of Big Sky and are a contributory to the West Gallatin River.

While recent water qualitydata for the surface streams including the Gallatin River is limited,

data collected during the early 1970's provides an indication of the water quality in the area

(Stuart, et.al. 1976). The study by Stuart measured water quality for several parameters from

1971 through 1974. Figure 4.1.2-1 shows the stream sampling sites used in the 1976 study.

Tables 4.1.2-1 and 4.1.2-2 summarize the data collected at Stations 4 and 4A on the West Fork

and for Stations WG10 and WG11 located on theWest Gallatin. A complete copy of the data

from the 1976 study is included in the appendix (more recent water quality data are shown in

Table 4.1.2-4).

-19-
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TABLE 4.1.2-1

WATER QUALITY DATA FOR WEST FORK
SAMPLE SITES 4 AND 4A

YEAR

NITRATE

mg/INOfN
AMMONIA

mg/INH,-N
ORTHOPHOSPHATE

mg/l PQ,-»-P
FECAL/COLIFORM

#/100ml

SITE

#4 # SAMPLES MEAN f SAMPLES MEAN # SAMPLES MEAN MEAN

1971 14 0.06 11 0.02 13 0.01

1972 13 0.04 12 <0.01 13 0.01

1973 5 0.05 3 0.02 5 0.02

1974 4 0.01 3 <0.01 4 0.04 1

sire

#4A

1973 8 0.02 7 0.01 8 <0.01 4

1974 11 0.02 10 <0.01 11 <0.01 2

TABLE 4.1.2-2

WATER QUALITY DATA FOR WEST GALLATIN
SAMPLE SITES WG10 AND WG11

NITRATE

mg/l NO.-N
AMMONIA

mg/l NHrN
ORTHOPHOSPHATE

mg/l PO.-P
FECAL

COUFORMS

Ofganimi/lOOml

YEAR # SAMPLES MEAN # SAMPLES MEAN i SAMPLES MEAN Number/100 ml

WGU

1970 7 0.03 8 <0.01 8 0.02

1971 8 0.08 8 0.01 8 0.02 5

1972 13 0.01 12 0.02 12 0.02 9

1973 12 <0.0l 9 0.05 12 0.02 5

1974 10 <0.01 9 0.01 10 0.05 7

WG10

1970

1971 9 0.01 9 0.01 9 0.01 15

1972 9 0.01 8 <0.0l 9 0.02 27

1973

1974

A 1987 study (Kerin) listed the test results for the Middle Fork and South Fork given in table

4.1.2-3.
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TABLE 4.1.2-3

WATER QUALITY DATA FOR MIDDLE FORK AND SOUTH FORK

LOCATION

NITRATE AS N

(mg/l)

TOTAL

PHOSPHORUS

(mg/l)

Upstream of Plant on Middle Fork 0.09 0.018

Downstream of Plant on Middle Fork

(150 yds. downstreamat pumphouse)
0.0S 0.019

Downstream of Plant on Middle Fork 0.08 0.013

South Fork Below Plant 0.02 0.011

South Fork Below Plant 0.02 0.021

Test results collected recently on the Middle Fork and Gallatin River are shown in Table 4.1.2-

4.

The historical and recent data show that the surface water in the vicinity of Big Sky is of very

high quality.

The mean monthly flows in the Gallatin River were obtained from the publication Water

Resources Data for Montana. Water Year 1992. The gaging station for the Gallatin River flow

measurements is located 0.3 miles downstream from Spanish Creek and covers a drainage area

of 825 square miles. The published mean flows were adjusted to account for the smaller

drainage area at Big Sky (557 square miles) than at the gaging station. The adjustment was

made using the following equation obtained from Analysis of the Magnitude and Frequency of

Floods and Peak Flow Gaging network in Montana:

Ungaged Flow = funeaged area!085 x gaged flow
[gaged area]

Table 4.1.2-5 shows the published and calculated mean flows.

F:\WP\O4\M357102\CMCO7086.RPT
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TABLE 4.1.2-4

WATER QUALITY DATA FOR MIDDLE FORK, SOUTH FORK AND WEST GALLATIN

PARAMETER

DATE

SOUTH

FORK

MIDDLE

FORK

ABOVE

MEADOW

MIDDLE

FORK

BELOW

MEADOW

MIDDLE

FORK

BELOW

WWTP

GALLATIN

RIVER ABOVE

CONFLUENCE

GALLATIN

RIVER BELOW

CONFLUENCE

RIVER

BODj mg/l 8/28/92 1.0

9/10/92 2.0 2.0

9/15/92 2.0 2.0

1/26/94" 1.0 2.0 1.0 1.0

2/23/94 <1.0 1.0 1.0 1.0 1.0

3/29/94 1.0 <1.0 2.0 1.0 1.0 <1.0

4/25/94 1.0 1.0 <1.0 <1.0 <1.0 <1.0

5/25/94 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Total Suspended Solids-mg/l 1/26/94 2.0 5.0 12.0 <1.0

3/23/94 <1 1 2 26 3

3/2/94 3 2 36 13 11 20

4/25/94 52 30 62 64 46 60

5/25/94 188 38 42 37 112 64

Total Phosphorus-mg/1 as P 3/23/87 0.01

8/28/92 0.11

9/10/92 0.12

9/15/92 0.08

1/26/94 0.05 0.03 0.04 0.03

F:\WP\O4\M3S7102\CMCO7086.RPT
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TABLE 4.1.2-4

WATER QUALITY DATA FOR MIDDLE FORK, SOUTH FORK AND WEST GALLATIN

PARAMETER

DATB

SOUTH

FORK

MIDDLE

FORK

ABOVE

MEADOW

MIDDLE

FORK

BELOW

MEADOW

MIDDLE

FORK

BELOW

WWTP

GALLATIN

RIVER ABOVE

CONFLUENCE

GALLATIN

RIVER BELOW
CONFLUENCE

RIVER

2/23/94 0.08 0.1 0.1 0.09 0.1

3/29/94 0.04 0.07 0.06 0.08 0.14 0.08

4/25/94 0.14 0.10 0.09 0.09 0.08 0.10

5/25/94 0.07 0.09 0.07 0.08 0.17 0.06

Nitrate & Nitrite as N 1/26/94 0.15 0.25 0.24 0.10

2/23/94 0.16 0.14 0.24 0.27 0.09

3/29/94 <0.05 0.08 0.22 0.21 <0.05 0.12

4/25/94 0.12 0.09 0.10 0.10 0.11 0.12

5/25/94 <0.05 0.05 0.06 0.05 0.07 <0.05

Ammonia-mg/1 as N 1/26/94 <0.1 <0.1 <0.01 <0.1

2/23/94 <0.01 <0.1 <0.1 <0.01 <0.1

3/29/94 <0.1 <0.1 <0.1 <0.01 <0.1

Fecal Coliforms #/100ml 1/26/94 42 9 1

2/23/94 <1 18 7 4 4

3/16/94 <1 4 6 35 <1 3

4/25/94 9 5 12 12 12 4

5/25/94 <1 6 3 6 12 1

F:\WP\O4\M3J7102\CMCO7086.RPT
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TABLE 4.1.2-5

MEAN FLOWS IN GALLATIN RIVER (cfe)

Month gaged site ungaged site Month gaged site ungaged site

January 306 219 July 1276 914

February 305 218 August 601 430

March 309 221 September 491 352

April 500 358 October 455 326

May 1765 1264 November 383 274

June 2908 2082 December 322 230

Limited data is available for streamflows in the Middle Fork and West Fork of the Gallatin

River. A 1972 report by Van Voast lists flow measurements taken at 12 sites in the West Fork

drainage during 1970 and 1971. The 1971 measuring sites are shown in Figure 4.1.2-2.

Measured flows are listed in Table 4.1.2-6.

TABLE 4.1.2-6

STREAMFLOWS FOR WEST FORK DRAINAGE

LOCATION DATE

DISCHARGE

(eft) LOCATION DATE

DISCHARGE

(eft)

Sution 1 - Wert Fork Maintfem 8/2/70 111.33 Sution 7 - North Fork Gaging
Sution

8/10/70 8.03

10/200 29.70 10/1/70 5.63

10/31/70 26.98 10/31/70 4.43

12/2/70 19.72 12/2/70 2.66

1/3/71 8.88* 1/3/71 1.21

2/2/71 18.52 2/2/71 1.97

2/25/71 17.74 2/25/71 2.41

3/25/71 12.25 3/25/71 1.23

4/27/71 36.13 4/27/71 2.22

Sution 2 • We* Fork Below Dawei

Bridge
8/2/70 105.29 Sution 8 - Middle Fork .4

Mile Above North Fork

Junction

10/31/70 5.70

2/26/71 4.96

3/26/71 3.40

4/26/71 11.77

5/25/71 57.90
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TABLE 4.1.24
STREAMFLOWS FOR WEST FORK DRAJNAOB

LOCATION DATE

DISCHARGE

(CO) LOCATION DATE

DISCHARGE

(c6)

Sution 3 • North and Middle Forks

at Culvert Under Road

8/2/70 47.12 Sution 9 • Beehive Creek at

Culvert

2/3/71 1.16

10/31/70 13.08 2/26/71 .80

120/70 12.36 3/26/71 .71

2/2/71 9.64 4/28771 1.03

2/25/71 7.85 Sution 10 - Middle Fork

Below Upper Forks
2/3/71 1.93

3/25/71 6.72 2/26/71 .90

4/27/71 21.31 3/26/71 1.45

Sution 4 - South Fork Gaging
Sution

vim 52.84 4/28/71 1.81

10/2/70 20JO Sution 11 • North Fork of

Middle Fork (upper forks) at
Road

1/2/71 .98

10/31/70 21.04 2/3/71 1.21

12/1/70 6.50* 3/26/71 1.10

1/3/71 7.08 4/28/71 US

2/2/71 7.88 Sution 12 - North Fork of

Middle Fork (upper forks) at
Road

1/2/71 .63

2/25/71 11.86 2/3/71 SI

3/25/71 6.61 2/26/71 .81

4/27/71 16.66 3/26/71 .42

Sution 5 • North and Middle Forkf

at Crail Ranch Bridge
12/2/70 9.44 4/28/71 .99

Sution 6 • North and Middle Forks

in Meadow Above Crail Creek
8/2/70 37.51

f'Denotes probably poor accuracy
12/2/70 7.54

Van Voast notes that during the 1971 period of lowest flow (March 25, 26) more than one-half

the streamflow leaving the West Fork drainage originated in the South Fork subdrainage.

A hydrologic budget developed in theVan Voast study indicates the average annual runoff from

the West Fork watershed is 60,600 acre-feet (83.7 ftVs). The Middle Fork, North Fork, and
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West Fork mainstem drainages contribute 24,000 acre-feet (33.1 ftVs).

4.1.3 Groundwater

In order to monitor the groundwater condition around the lagoon, 7 monitoring wells were

installed in 1987 (see Figure 4.1.3-1). The average values for 4 samples collected from April

8, 1987 to May 3, 1988 are shownin Table 4.1.3-1 (more recent groundwater data are shown

in Table 4.1.3-4).

TABLE 4.1.3-1

GROUNDWATER SUMMARY

WELL

#1

WELL

#2

WELL

#3

WELL

#4

WELL

#5

WELL

#6

WELL

Conductance umho/cm 516 508 506 589 549 337 429

Chloride mg/l 3.5 19 15 20 21 12 <1.25

Phosphorus mg/l <0.03 <0.03 <0.04 <0.05 0.03 <0.02 <0.04

Ammonia mg/l 0.48 1.25 <0.10 <0.68 <0.22 0.2 <0.15

Nitrate + Nitrite mg/l 0.35 <0.14 0.38 1.08 <2.01 <0.08 <0.82

These values are generally higher than the adjacent surface water. One of the sources of

groundwater in these terrace deposits is probably seepage from the wastewater plant storage

ponds and the irrigation of the golf course.

In addition to the data listed in Table4.1.3-1, background ground water quality data is contained

in a 1972 report titled Hydrology of the West Fork Drainage of the Gallatin River. Southwestern

Montana. Prior to Commercial Recreational Development by Van Voast.

In the Van Voast study, wells and springs were sampled in the West Fork basin and along the

Gallatin River upstream of the confluence with the Middle Fork. A copy of the location map

and test data is included in Appendix G. Table 4.1.3-2 shows the background nitrate

concentrations measured in 1970 for wells located in the vicinity of the golf course and the

storage pond.
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TABLE 4.1.3-2

BACKGROUND NITRATE CONCENTRATIONS

IN GROUND WATER (VAN VAST)

WELL* WELL LOCATION NO, -N (mg/l)

Cabin WeUs

1

5
17

18

06.04.31 dba

06.04.31 cab

06.04.31 dab

1.8

2.9

1.4

1.3

Test Wells

4

6

06.03.36 caa

06.03.36 bdd

1.2

1.5

The Compliance Order issued by the DHES listed the nitrate plus nitrite test results shown in

Table 4.1.3-3.

TABLE 4.1.3-3

GROUNDWATER DATA FROM COMPLIANCE ORDER

MONITORING WELL DATE VALUE ppm NOj+NOj-N

1 4/8/87 1.04

5 4/8/87 4.6

4 5/12/87 3.9

5 5/12/87 3.36

7 5/12/87 1.00

1 5/3/88 0.81

3 5/3/88 0.85

7 5/3/88 1.33

1 5/10/89 10.4

3 5/10/89 1.07

5 5/10/89 4.00

7 5/10/89 1.92

F:\WP\W\M357IO2\CMC07O86.RPT

06/16/94

-30-



Test results collectedby the District from the 7 wells from January 1994to May 1994are shown

in Table 4.1.3-4.

TABLE 4.1.3-4

1994 GROUNDWATER TEST RESULTS (MG/L)

WELL

#1

WELL

n

WELL

#3

WELL

#4

WELL

#5

WELL

#6

WELL

m

Nitrate + Nitrite

asN

01/26/94

03/02/94

03/29/94

04/25/94

05/25/94

1.24

<0.05

12.2

9.68

<0.05

3.83

0.38

0.09

0.10

0.30

<0.05

<0.05

0.23

0.06

<0.05

0.46

<0.05

<0.05

<0.05

<0.05

0.40

0.53

<0.05

0.83

0.61

<0.05

0.37

<0.05

0.05

<0.05

Ammonia N

01/26/94

03/02/94

03/29/94

04/25/94

05/25/94

<0.1

<0.1

<0.1

<0.1

1.0

0.3

0.4

0.6

0.6

0.9

5.0

0.9

<0.1

<0.1

<0.1

<0.1

5.4

5.8

5.6

5.7

1.9

<0.1

1.6

2.5

2.0

0.6

0.4

<0.1

<0.1

<0.1

Total Phosphorus
asP

01/26/94

03/02/94

03/29/94

04/25/94

05/25/94

0.01

0.05

0.49

0.04

0.13

0.07

0.09

0.07

0.03

0.12

0.40

0.09

0.11

0.04

0.07

0.03

0.96

0.74

1.7

1.33

0.05

0.07

0.09

0.04

0.13

0.14

0.09

0.02

0.04

0.05

Fecal Coliforms

#100ML/S

01/26/94

03/02/94

03/16/94

04/25/94

05/25/94

<1

<1

<1

<1

<1

4

<1

<1.2

<1

100

<1

<1

<1

<1

2600

1178

2100

170

5

<1

<1

5

<l

4

<1

<1

<1

<1

<1

<1.2

<1

4.1.4 aimate

The Big Sky area lies east of the Continental Divide and therefore storms and weather fronts

moving from the Pacific Coast often lose much of their intensity and moisture west of the

Divide. Areas eastof the Continental Divide, suchas Big Sky, are often influenced by dry cold

air from Canada, and southerly, moist air moving up from the Gulf of Mexico. Storms and
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fronts from the Gulf of Mexico are strongest in the springand early summer and producemuch

of the precipitation in the area.

Thunderstorms arecommon in late spring andsummer. They may producelocally strongwinds,

hail, and high intensity storms.

Weather data from four weather stations were reviewed to determine typical precipitation

statistics for the Big Sky area. Two of the stations are located in the vicinity of the Meadow

Village. The third and fourth stations are in the vicinity of the Mountain Village. Station 0775

(Big Sky 3S) is located at a latitude of45° 13' and a longitude of 111°17' at an elevation of 6600

feet. Station 11D22 (Big Sky Meadow) is at latitude 45° 16', longitude 111°19\ and an

elevation of 6350. Station 0775 is a precipitation station while Station 11D22 is a snow station.

Stations 11D17 and MH17 are located in the vicinity of the Mountain Village at a latitude of

45° 12' and a longitude of 111°25' at an elevation of7700 feet. Station 11D17 is a snow station

and MH17 is a precipitation station. Tables 4.1.4-1 and 4.1.4-2 summarize the data obtained

from the two stations in the vicinity of the Meadow Village. Tables 4.1.4-3 and 4.1.4-4

summarized the data from the Mountain Village stations.

-32-
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TABLE 4.1.4-1

WEATHER DATA (STATION 0775)* MEADOW VILLAGE

MONTH

AVERAGE

PREC INCHES

MAXIMUM

PREC. INCHES

MINIMUM

PREC. INCHES

AVERAGE*

TBMP°F

January 1.22 2.97 0.11 17.9

February 0.97 1.87 0.13 21.6

March 1.37 3.76 0.30 28.9

April 1.39 2.80 0.25 38.0

May 2.48 5.46 0.66 45.8

June 2.84 9.28 0.60 54.8

July 1.65 4.05 0.17 59.5

August 1.58 3.98 0.21 58.0

September 1.77 3.89 0.06 50.0

October 1.29 2.85 0.00 41.1

November 1.25 2.56 0.44 25.9

December 1.32 3.76 0.33 18.7

TOTAL 19.13 — —

*39 Years of Record 1953 - 1991

+ 1985-1991 Data

TABLE 4.1.4-2

SNOW DATA (STATION 11 D22]T MEADOW VILLAGE

MONTH

YEARS

OF

RECORD

AVERAGE

DEPTH

INCHES

MAXIMUM

DEPTH

INCHES

AVERAGE

SWE-

INCHES+

MAXIMUM

SWE-INCHES

January 1 15 15 2.6 2.6

February 2 26 29 5.4 6.6

March 18/29** 32 42 8.7 12.8

April 18/29 31 43 10.1 16.0

May 17 9 34 3.3 11.5

First of Month Measurements

+ SWE - Snow Water Equivalent
+ + 18 Years of Depth Records, 29 Years of SWE Records
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TABLE 4.1.4-3

WEATHER DATA (STATION MH17)* MOUNTAIN VILLAGE

MONTH

AVERAGE

PREC. INCHES

MAXIMUM

PREC. INCHES

MINIMUM

PREC. INCHES

January 2.29 4.7 0.3

February 1.94 6.2 0.6

March 2.80 6.10 0.50

April 2.88 5.50 0.5

I May 4.23 7.0 1.5

j June 3.78 9.5 1.0

I July 2.09 6.3 0.2

JAugust 2.01 6.3 0.3

September 2.71 6.1 0.1

October 2.18 5.6 0.2

November 2.24 4.3 0.8

December 2.44 6.3 0.5

TOTAL 31.59

* 31 years of record

TABLE 4.1.4-4

SNOW DATA (STATION 11D17)* MOUNTAIN VILLAGE

MONTH

YEARS OF

RECORD

AVERAGE

DEPTH

INCHES

MAXIMUM

DEPTH

INCHES

AVERAGE+

SWE-INCHES

MAXIMUM

SWE-INCHES

January 21 29 43 6.6 9.5

February 21 37 54 9.7 14.5

March 22/32+ + 46 64 13.2 19.8

April 22/32 53 74 16.4 24.2

May 22/32 43 69 16.3 25.3

June 1 10 4.5

* First of Month Measurement

+ SWE - Snow Water Equivalent
+ + 22 Years of Depth Records, 32 Years of SWE Records
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The DHES Circular WQB 2 - Design Standards for Wastewater Facilities. 1994 requires that

designs for spray irrigation systems be based on the wettest year in ten. Table 4.1.4-5 and

Table 4.1.4-6 show the monthly precipitation valuescalculated for a 10 year recurrence interval

for annual precipitation at Station0775 andStation MH17, respectively. The 10-yearrecurrence

interval was calculated using the Weibull plotting distribution to determine the wettest year in

ten. The monthly values are distributed based on the ratioofaveragemonthly to averageannual

precipitation.

TABLE 4.1.4-5

CALCULATED MONTHLY PRECIPITATION (STATION 0775)
(10 YEAR RECURRENCE INTERVAL)

MEADOW VILLAGE

MONTH

PREC.

INCHES MONTH

PREC.

INCHES MONTH

PREC.

INCHES

January 1.70 May 3.46 September 2.47

February 1.35 June 3.96 October 1.80

March 1.91 July 2.30 November 1.74

April 1.94 August 2.20 December 1.84

TABLE 4.1.4-6

CALCULATED MONTHLY PRECIPITATION (STATION MH17)
(10 YEAR RECURRENCE INTERVAL)

MOUNTAIN VILLAGE

MONTH

PREC.

INCHES MONTH

PREC.

INCHES MONTH

PREC.

INCHES

January 3.07 May . 5.68 September 3.64

February 2.60 June 5.07 October 2.92

March 3.76 July 2.80 November 3.00

April 3.86 August 2.70 December 3.27

TOTAL 42.37
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Winds in both the Meadow Village and Mountain Village are typically light to variable. During

the fall and winter, winds in the Meadow Village have an average speed of approximately 3.3

miles per hour. Winds in the Mountain Village hadan average speed of approximately4 miles

perhour. The meanresultant wind during the fall and winterof 1973-74 in the MeadowVillage

was reported at approximately 267° negative at 1.0 mph and at approximately 276° negativeat

0.85 mph in the Mountain Village (Stuart, 1974).

4.1.5 Plants and Wildlife

The Gallatin River is part of the Missouri Headwaters drainage. Hie West Gallatin originates

in Yellowstone National Park and flows north for about 100 miles to the town of Manhattan

where it is joined by the East Gallatin. Once the East and West Gallatins come together, the

river flows for about 10 miles before becoming partof the Missouri River. Based on the Pacific

Northwest Rivers Study, high sport fishery values dominated the fishery assessment in the

Gallatin River. The 30-mile stretch of the West Gallatin from the West Fork to Gallatin

Gateway received a Class I rating in sport fishery value. A Class I rating signifies that fish

production is based on natural reproduction and trout areabundant. The fishery assessment data

for the reach between the West Fork of the Gallatin and Spanish Creek indicated a trout biomass

of 275 pounds per 1000 feet with 1013 fishing days/year/mile.

The Montana Natural Heritage Program was contacted concerning potential sensitive species in

an area comprising roughly a 5 mile rectangle surrounding Big Sky. In the areas under

consideration for treatment systems, the only plant identified was Yellow Springbeauty which

was located 0.33 miles east of the highway up Porcupine Creek. The plant was rated with a

global rankof G5, state rankof S3. The rankings are defined below:

G5 Demonstrably secure, though it may be quite rare in parts of its range, especially

at the periphery.

S3 Either very rare and local throughout itsrange, or found locally (even abundantly

at some of its locations) in a restricted range, or vulnerable to extinction
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throughout its range because of other factors; in the range of 21 to 100

occurrences.

The plant is rated by the U.S. Forest Service as sensitive. The Federal status is C2 which is

defined below:

C2 Notice of review; current information indicates that proposing to list as

endangered or threatened is possibly appropriate, but substantial biological

information is not on file to support an immediate ruling.

While the grizzly bear was also identified by Montana Natural Heritage Program asa sensitive

species in theWest Fork Drainage area, therecommended alternative would nothave anyimpact

on grizzly bears. Most alternatives under consideration would be located in or near areas that

experience significant human activity and are unlikely to be part of the bear's normal range.

The recommended alternative discussed in Section 8 of this report would not involve any

construction or human activities in remote areas. Therefore, the potential for human/grizzly

conflict resulting from this project is small.

A review of the Gallatin Forest Plan West Side Management map shows that the West Fork

Basin is outside the Grizzly Bear recovery zone.

The Porcupine Creek drainage is one areaconsidered as a potential spray irrigation site. The

location under consideration falls within an area classified as MS2 (Grizzly Management

situation). A MS2 area is described as follows by the Montana Fish Wildlife & Parks.

1. Population and habitat conditions. Current information indicates that the area lacks

distinct population centers; highly suitable habitat does not generally occur, although

some grizzly habitat componentsexist andgrizzlies may be presentoccasionally. Habitat

resources in Management Situation 2 eitherareunnecessary for survival and recovery of

the species, or the need has not yet been determined but habitat resources may be

necessary. Certain management actions are necessary. The status of such areas is

subject to review and change according to demonstrated grizzly population and habitat

-37-
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needs. Major Federal activities mayaffecttheconservation of the grizzly bear primarily

in that they may contribute toward (a) human-caused bear mortalities or (b) long-term

displacement where the zone of influence could affect habitat use in Management

Situation 1.

2. Management direction. Thegrizzly bear is an important, butnottheprimary, use of the

area. In some cases, habitat maintenance and improvement may be important

management considerations. Minimization of grizzly-human conflict potential that could

lead to human-caused mortalities is a high management priority. In this management

situation, managers would accommodate demonstrated grizzlypopulations and/or grizzly

habitat use in other land use activities if feasible, but not to the extent of exclusion of

other uses. A feasible accommodation is one which is compatible with (does not make

unobtainable) the major goals and/or objectives of other uses. Management will at least

maintain those habitat conditions which resulted in the area being stratified Management

Situation2. When grizzly population and/orgrizzly habitatuse and other land use needs

are mutually exclusive, the other land use needs may prevail in management

consideration. Li cases where the need of the habitat resources for recovery has not yet

been determined, other land uses may prevail to the extent that they do not result in

irretrievable/irreversible resource commitments which would preclude the possibility of

eventual restratification to Management Situation 1. If grizzly population and/or habitat

use represents demonstrated needs that are so great (necessary to the normal needs or

survival of the species or a segment of its population) that they should prevail in

management considerations, then the area should be reclassified under Management

Situation 1. Managers would control nuisance grizzlies.

4.1.6 Land Use - Gallatin County

In 1990 the Board of commissioners of Gallatin County created a Planning District and

appointed an Advisory Committee to prepare a proposed plan and zoning ordinance for the

District. In November 1992 the Advisory Committee published a draft Land Use Plan. The

following excerpt is from the draft publication.
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The Gallatin Canyon/Big Sky Planning District, because of its location and
mountainous terrain and its limited population, has a distinct land use pattern.

The area is predominately forested, with the Forest Service having jurisdiction
over a substantial portion of the District. This jurisdiction includes fire
protection, garbage and waste disposal, the granting of grazing and logging
permits, wildlife management, visitoraccommodations andcontrol,andrangeand
forest maintenance. These forest lands are utilized for timber, water, wildlife,
grazing, and recreation.

The strongest defining features of the District are the steep, heavily timbered
mountain slopes and the Gallatin River. The mountains constrain access, while
providing ideal opportunities for recreation. The topography creates separate
distinct identities for the different regions of the District

Commercial activities in the Gallatin Canyon area are located alongside U.S.
Highway 191. A substantial commercial area is located at the junction of U.S.
Highway 191 and the Big Sky Spur Road. The commercial uses are mainly
tourist-oriented facilities (bars, restaurants, mini-marts, fly fishing shops, antique
shops, etc.).

Commercial activities in the Big Sky section of the District are limited to the
Meadow Village Center and another commercial area adjacent to the Big Sky
Spur Road. The commercial uses are resident and tourist oriented, and include
restaurants, a general store, the post office, and real estate offices.

Residential areas in the Canyon are located along U.S. 191, and also in several
subdivisions located in adjacentdrainages such as Beaver Creek. There has been
a minimal amount of development on hillsides that overlook the Gallatin River.

Residential areas in the Big Sky area range from condominium developments to
large lotswith single family homes. The condominium developments aremainly
located in the center of the Meadow Village, with the single family residential
areas radiating out from the area.

Agricultural usage within the planning area is limited primarily to grazing
activities. Most of the acreage in agricultural use produces feed for livestock.
In the Canyon, this forage crop is generally used for on-site grazing practice.
Both the Forest Service arid private landowners issue grazing permits to allow
their land to be used as pasture by others. Other than limited grazing use, there
are virtually no agricultural uses within the District.

Recreational opportunities in the District are abundant. Downhill and cross
country skiing are bothavailable. There are miles of multi-use trails. Hunting,
fishing, camping, and back-packing are enjoyed by residents and visitors alike.
A golf course is popular in the summer season.

-39-
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Figure 4.1.6-1 and 4.1.6-2 are also from the draft land use plan and show the planning district

boundary and the proposed land use map. The land use categories as defined in the draft

planning document are explained below.

Commercial/ Land use classification that permits offices and facilities for the buying and

Office selling of commodities and services. The zoning ordinance will further

categorize, such is tourist commercial, neighborhood commercial, recreational

commercial, neighborhood office, and mixed use.

pi Natural

Resource/

p* Open

^

- Low

B Density

W>

W

Any parcel or area of land or water that is essentially unimproved and used

for the preservation of natural resources, the managed space production of

resources, outdoor recreation, buffer zones, view protection or public health

and safety.

This type of land use is characterized by a combination of open space land

with very low density residential development. Clustered housing is

encouraged to allow the maximum amount of open space to be preserved.

Highly visible ridgelines and hillsides will be retained as open space.

Development of land in this category is often limited by physical constraints,

such as steep slopes. Development should occur carefully and will be

evaluated on an individual basis. Development must be compatible with

environmental considerations.

Residential Land designated for buildings consisting only of dwelling units and accessory

structures.

Light Allows for uses not inconsistent with community needs, including, but not

Industrial limited to, equipment storage, rental storage units, satellite dishes and

receiving equipment, gravel pits, warehouses, sewage treatment ponds, cement

mixing plants, bus storage, and utility use. The zoning ordinance will have

specific regulations, such as siting requirements and conditional uses.
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Institutional Includes parks, schools and other community owned facilities.

Transfer Environmentally sensitive and valuable lands whichhave been identified as in

Density need of protection from development. These areas will be assigned a number

of permitted dwelling units per acre (development rights) in the zoning

ordinance. The development rights will then be transferred or conveyed to

other parcels of land.

As discussed in Section 3, land use planning for the Gallatin County portion of the resort is an

ongoing process. Figure 4.1.6-3 shows the land use planning for the Mountain Village area as

shown in the original Big Sky Master Plan (Stuart, 1976). Figure 4.1.6-3 also showsthe unique

and critical areas delineated in the report Impacts of Large Recreational Developments Upon

Semi-Primitive Environments: The Gallatin Canvon Synthesis Report (Stuart, 1976).

4.1.7 Flood Plain

The 100 year flood plain in the vicinity of the existing lagoons is shown in Figure 4.1.7-1.

4.1.8 Air Quality

No scientific studiesof the airqualityin the Big Sky area have been done since the early 1970's.

At that time, no evidence of reduced air quality was noted except during periods of temperature

inversions when a large number of trucks passed the air monitoring site during construction

activities (Stuart, 1974).

The area is susceptible to temperature inversions as cold air flows downhill on windless nights

to form cold-air lakes in the low lying basins. These temperature inversions tend to trap air

pollutants in the low lying areas.
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Even though no scientific studies have been done recently, the air quality is considered to be

high. As stated in the Gallatin Canyon draft land use plan, one of the goals is to preserve the

clean air and water in the area.

4.2 POPULATION AND POPITLATION CHARACTERISTICS

Because Big Sky is not incorporated, there is no census data available which deals strictly with

the Big Sky area. In addition, due to the pattern of use at a resort it is difficult to correlate

flows with a certain number of residents that would be accounted for in a census. In order to

address this problem, the concept of a single family equivalent (SFE) has been used. The SFE

establishes a standard basis for comparing different types of developments. Establishing the

number of SFE's associated with each development takes into account the number of bedrooms,

number of baths over two, hotel/motel units, swimming pools and hot tubs, and a full range of

commercial operations. As shown in Table 3.0-1, there are currently 1928.7 SFE's that are

currently contributing flow to the sewer system.

As census data is not available which deals strictly with the Big Sky resort area, it is difficult

to define the social characteristics with much precision. The 1992 draft land use plan for

Gallatin Canyon and Big Sky area contains results of a questionnaire mailed to members of the

BigSky Owners Association. Of 1500 questionnaires mailed, approximately 425 werereturned.

The results are summarized below in Table 4.2-1.
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TABLE 4.2-1

POPULATION CHARACTERISTICS FOR BIG SKY, MONTANA
(FROM DRAFT LAND USE PLAN)

Type of Dwelling Owned
Condominium

Single Family
51%

49%

Number in Household

1 person
2 person
3 person
4 person
5 person
6 person
7+ person

9.4%

53.6%

11.9%

13.5%

8.3%

1.9%

1.4%

Household Income

100,000+
80,000 - 100,000
60,000 - 80,000
40,000 - 60,000
20,000 - 40,000
<20,000

47.5%

11.2%

12.6%

18.1%

9.3%

1.4%

4.3 WATER SUPPLY AND CONSUMPTION

Water for the Big Sky area is supplied by wells. Estimated water usage for 1991 and 1992 are

shown below in Table 4.3-1.
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TABLE 4.3-1

ESTIMATED WATER USAGE - MILUON GALLONS

MONTH

1991 1992

MEADOW

VILLAGE

HIDDEN

VILLAGE

MOUNTAIN

VILLAGE

MEADOW

VILLAGE

HIDDEN

VILLAGE

MOUNTAIN

VILLAGE

Jan 8.6 No-Meter 8.1 10.1 1.06 15.3

Feb 8.5 No-Meter 12.5 9.3 0.97 11.3

Mirch 9.2 No-Meter 8.0 10.4 1.15 12.6

April 10.3 No-Meter 11.4 9.5 0.63 9.5

M«y 11.1 No-Meter 13.7 10.9 0.97 9.03

June 11.3 No-Meter 14.6 11.3 1.01 11.4

July 12.9 No-Meter 8.6 12.9 1.09 13.4

August 11.1 No-Meter 6.5 14.0 .079 12.5

September 7.6 No-Meter 11.7 10.0 0.85 12.4

October 6.6 0.91 11.3 8.7 0.93 11.2

November 4.6 No-Meter 8.9

December 9.1 No-Meter 9.0

TOTAL 110.9 9.1 124.4 107.2 9.4 118.7

TOTAL ANNUAL 244.4 235.4

4.4 WASTEWATER FLOWS AND LOADS

The daily wastewater flow records furnished by Big Sky have been used to estimate the future

daily flow into the treatment system. Flow records are available for the period October, 1986,

to the present. Although data is available for 1992, there is some question as to the validity of

this data since the flow meter may nothave been functioning correctly. Therefore, data for the

years 1988 through 1993, excluding 1992 has been used in this analysis.

A 1988 study entitled Addendum I Current Capacity Wastewater Treatment Plant for Big Sky

Sewer District (Kerin 1988) indicated the Palmer Bowlus flume consistently gave flow readings

approximately 10 percent higher than readings from a V-notch weir. As a result, the study

recommended derating the Palmer Bowlus readings by 10 percent. A separate study in 1991

(TDH, 1991) concluded that it was just as likely that the V-notch weir was reading 10 percent
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low and recommended against derating the flow records. We concur with the 1991 study

recommendation and have used the Palmer Bowlus records without any adjustments being made.

Table 4.4-1 was developed based on the actual flow records. A new flow meter and recorder

was installed and calibrated on January 14, 1993.

TABLE 4.4-1

WASTEWATER FLOWS

MILLION GALLONS PER MONTH

1987 1988 1989 1990 1991 1993 1994

January 8.4 5.2 5.3 5.9 5.8 7.2 7.07

February 8.2 8.4 5.9 6.4 6.5 7.3 6.99

March 8.3 10.5 7.0 7.8 7.8 9.2 9.82

April 8.6 18.3 7.4 10.7 5.1 6.9 7.84

May 8.3 14.2 11.8 7.9* 15.9 16.3 5.08

June 9.5 7.4 7.9 11.7 14.0 13.5

July 8.4 5.9 6.4 8.5 10.1 14.8

August 6.9 5.4 5.3 6.1 8.6 12.5

September 5.3 3.0 3.0 3.6 5.6 14.0

October N/A 1.9 2.2 2.5 2.8 6.0

November 1.9 2.2 1.9 1.8 4.4 4.1

December 4.5 4.1 4.9 5.6 4.9 5.2

TOTAL ANNUAL 76.6 69.1 78.5 91.5 117.0

AVG. DAY

GALLONS 209,895 189,299 214,975 250,686 320,500

AVG. MONTH 6.4 5.8 6.5 7.6 9.8

PEAK MONTH/

AVG. MONTH 2.22 2.05 1.79 2.08 1.66

*From TDH Data

N/A Not Available

+Meter appears bad. Use average of 88, 89, 90
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Figure 4.4-1 is a plot showing the daily flows from July 1, 1990 to June 30, 1991. The plot

illustrates how the flow into the sewer system varies throughout the year and it also shows the

peak daily flows that the system is currently receiving. From the plot of Figure 4.4-1, it is

apparent that the peak day can be expected to occur during the periods of high skier activity or

during the spring.

In order to determine trends over the years during the ski season and the spring, the plots of

Figures 4.4-2 and 4.4-3 were developed. The plots given in Figure 4.4-2 are for the period

November IS to March 30 (the ski season) for three years beginning November IS, 1988.

Figure 4.4-3 contains plots for the period from April 15 to June 30 for three years beginning

in 1989.

Figure4.4-2 illustrates that the peak day flow during the ski season typically occurs during the

Christmas vacation period and is approximately 350,000 gallons per day. Figure 4.4-3 shows

thatthe peakday during spring runoff will be approximately 600,000 gallons per day (neglecting

the high flow in 1991 caused by a sewer line break). It is apparent from the figures that

infiltration/inflow (I/I) constituteda substantial portionof the flow during the spring and summer

in 1991. As discussed later in Section 4.8, the District made major repairs to the sewer system

in 1993 in order to reduce the I/I flows.

Several studies have been completed regarding VI at Big Sky. The 1986 facility plan, reported

that through the 1985-1986 ski season I/I averaged 110 gpm (160,000 gpd). A 1988 study

(Kerin, 1988) estimated the VI ranged from 45 to 60 gpm from January 1988 to April 7, 1988.

However, during this time period the I/I did increase to approximately 125 gpm when a plug on

a sewer stub dislodged. After the plug was re-inserted the flow attributed to I/I decreased to 45

to 60 gpm (65,000 - 86,400 gpd). This 1988 report also indicated the VI jumped to 148 gpm

during a period of high snow melt. As discussed later in Section 4.8.1, repairwork completed

during the summer and fall of 1993 reduced the minimum night time flow to 42 gallons per

minute from 56 gallons per minute measured in January and February 1993.
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A month by month analysis of the 1993 flows was completed to separate the infiltration and

domestic components of the flow. Table 4.4-2 lists the resulting flow components.

TABLE 4.4-2

ESTIMATED WASTEWATER FLOW COMPONENTS (1993)

MTT.T.TON GALLONS PER MONTH

MONTH INFILTRATION DOMESTIC TOTAL

January 1.3 5.9 7.2

February 1.2 6.1 7.3

March 1.3 7.9 9.2

April 6.2 0.7 6.9

May 14.6 1.7 16.3

June 10.9 2.6 13.5

July 10.4 4.4 14.8

August 5.6 6.9 12.5

September 8.1 5.9 14.0

October 1.3 4.7 6.0

November 1.3 2.8 4.1

December 1.3 3.9 5.2

TOTALS MG/YR 63.5 53.5 117.0

AVERAGE - GPD 173,972 146,575 320,547
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Based on the number of existing SFE's thatcontribute flow to the system (1928.7 SFE's), the

domestic portion of the flow equates to a flow of 76.0 gpd/SFE (27,739 gallons per year per

SFE). It is emphasized that this calculation does not take into account the occupancy rate at the

resort. If the occupancy rate increases, the total domestic flow would increase while the number

of SFE's would remain fixed. This would result in an increase in the calculated value for the

flow per SFE. Tiie use and occupancy rate at the resort can vary significantly throughout the

year. During the ski season the majority of condominiums and houses are occupied, while

during the summer the occupancy rate drops significantly.

Data is limited for the existing (Biochemical OxygenDemand) BODsloadon the treatmentplant.

A total of 6 influent samples were collected between December 10, 1987 to April 22, 1991.

Eleven additional samples were collected from December 1993 through March 1994. It should

be noted that most of the first 6 samples were collected during the non-ski season. The influent

BODj concentrations are low and do notappear to be representative of the influentload during

the ski season. The eleven samples collected recently show high BODs values indicative of a

strong wastewater. The sample date and results are shown in Table 4.4.3. Table 4.4.3 also

shows the BOD5 values measured in the storage pond on the same dates.
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TABLE 4.4-3

EXISTING WASTEWATER BOD5 CONCENTRATIONS

Date Influent BODs mg/l Storage Pond BOD5 mg/l

12/10/87 83

05/03/88 23 33

05/10/89 29 55

09/17/89 ~ 127

04/18/89 12 81

10/30/90 57 9

04/22/91 28 49

12/29/93 302 12

01/03/94 311 17

01/11/94 286 24

01/18/94 244 22

01/25/94 269 34

02/02/94 266 21

02/07/94 299 35

02/16/94 316 28

02/23/94 366 30

03/02/94 320 30

03/09/94 194 42

4.5 EFFLUENT LIMITATIONS

The existing wastewater treatment facility was intended to store treated wastewater over the

winter and then irrigate the golfcourse with the stored water during the summer. Consequently,

a discharge permit was not required.
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In planning for an expansion of the wastewater treatment facility, there are two alternatives for

the ultimate disposal of the treated wastewater. (1) The treated water or a portion of the treated

water could be discharged into a surface stream or, (2) a land application system such as spray

irrigation or rapid infiltration basin could be used.

Stateregulations pertaining to the required quality of state waters are contained in the Montana

Water Quality Act. This legislation classifies waters based on present and future "most

beneficial uses". The West Gallatin River in thevicinityofBig Sky is classified as B-1. Waters

classified B-1 aresuitable fordrinking, culinary and food processing purposes afterconventional

treatment and bathing, swimming and recreation. A completedescription of the specific water

quality standards for B-1 water is included in the Appendix.

More importantly theWater Quality Act also adopts a non-degradation policy which is intended

to protect the water quality of streams that have a higher water quality than the established water

quality standards. This policy is described in Section 75-5-303 MCA; and states:

75-5-303. Nondegradation policy.

(1) Existing uses of state waters and the level of water quality necessary to
protect those uses must be maintained and protected.

(2) Unless authorized by the department under subsection (3), the quality
of high-quality waters must be maintained.

(3) The department may not authorized degradation of high-quality waters
unless it has been affirmatively demonstrated by a preponderance of
evidence to the department that: "1

(a) degradation is necessary because there are no
economically, environmentally, and
technologically feasible alternatives to the
proposed project that would result in no «,
degradation;

(b) the proposed project will result in important *
economic or social development that exceeds the ]
benefit to society of maintaining existing high-
quality waters and exceeds the costs to society of "»
allowing degradation of high-quality water; J
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(c) existing and anticipated use of state waters will
be fully protected; and

(d) the least degrading water quality protection
practices determined by the department to be
economically, environmentally, and
technologically feasible will be fully implemented
by the applicant priorto and during the proposed
activity.

(4) The department shall issuea preliminary decision eitherdenying or authorizing
degradation and shall provide public noticeand a 30-day commentperiod prior
to issuing a final decision. The department's preliminary and final decisions
must include:

(a) a statement of the basis for the decision; and

(b) a detailed description of all conditionsapplied to
any authorization to degrade state waters,
including, when applicable, monitoring
requirements, required water protection
practices, reporting requirements, effluent limits,
designation of mixing zones, the limits of
degradation authorized, and methods of
determining compliance with the authorization
for degradation.

(5) An interested person wishing to challenge a final department decision
may request a hearing before the board within 30 days of the final
department decision. The contested case procedures ofTitle 2, Chapter
4, Part 6, apply to a hearing under this section.

(6) Every 5 years, the department shall review authorizations to degrade
state waters. To enable the department to adequately review
authorizations as required under this section, the authorization holder
shall revise the initial authorization application no sooner than 3-1/2
years and no later than 4 years after thedate of theauthorization or the
date of the latest department review. The specific revised information
required must be determined by the department. If, based on the
review, the department determines that the standards and objectives of
75-5-303 or the rules adopted pursuant to 75-5-303 are not being met,
it shall revoke or modify the authorization. A decision by the
department to revoke or modify an authorization may be appealed to
the board.
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(7) the board shall adopt rules to implement his section.

fWB

Recently passed legislation (Senate Bill 401) made several amendments to the Water Quality ^

Laws. Specifically, the law requires the Board of Health and Environmental Sciences to adopt

administrative rules. The law directs the Board to develop rules specifying the level of H

protection or treatment required if degradation is allowed. In the law, degradation is defined

as "a change in water quality that lowers the quality ofhigh-quality water for aparameter. The ^
term does not include those changes in water quality determined to be non-significant...". In

addition, SB 401 allows amixing zone where water quality standards may be exceeded. "j

The Water Quality Bureau has recently published proposed rules for implementating the new H
statutory changes contained in the Non-degradation Policy and for the determination of mixing

zones. A copy of the draft policiesare included as Appendix E. The proposed rules state that

for a new or increased source that may affect the quality of high-qualitywaters, the department

shall determine whether the resulting change in water quality is non-significant. 1

The rules for implementing the non-degradation policy and the mixing zone policy have been

the subject of much debate within the State. At this time, rules have not been adopted by the

Board of Health regarding how non-significant discharges will be determined.

4.6 WASTEWATER COLLECTION SYSTEM

The collection system was built over a four-year period from 1971 to 1974. The system serves

both the Mountain Village area and the Meadow Village. A 4-1/2 mile long sewer line

transports the sewage flow from the Mountain Village area to the Meadow Village area and the

treatment plant. A map of the collection system is included as Appendix A.

The system consists of the sizes and lengths of pipe given in Table 4.6-1 (Kerin, 1986).

-59-
F:\WF\M\M3571Q2\CMC07C86.RJT

06116m

n?5

)

i
j

pin*

fflJl

flfM

i



pi

W\

ml

1w(

W\

J?l

W1

^

^>

$$

PW

TABLE 4.6-1

COLLECTION SYSTEM CHARACTERISTICS

SUBSYSTEM LENGTH OF PIPE SIZE INCH-DIAMETER-

SEWER (UF.) (Inches Diameter) MILES

I. Meadow Village

1. Collccton

a. Dull Knife/Crazy Hone/Two Gun-WhHeCalf 3^69 8 5.408

0): 4 0.040

b. Rain-In-Face/Crazy Hone/Bobtail Hone 5,205 8 7.887

0) 4 0.260

c. Spotted Elk 1.902 8 2.882

(11) 4 0.420

d. Lone Mountain Guest Ranch 4,290 8 6400

e. Crow King/ChiefJoseph 2,645 8 4.008

f. Two Moona/Black Qttcr/Curicy Bear 2452 10 4.833

5.456 8 8.267

(25) 4 0.950

g. YellowtaU 3.133 8 4.747

0D 4 0.420

h. West Fork Meadows 5,881 8 8.911

150 6 0.110

(35) 4 1.320

i. 1. Mobile Home Village West 629 8 0.953

282 21 1.123

2. Mobile Home Village East 680 8 1.030

282 22 1.177

j. HiddenVillage 3412 8 5.321

556 6 0.632

(94) 4 3.650

k. Chief loaepb 2,617 8 3.965

1. Commercial Area* 144 16 0.436

481 8 0.729

323 6 0.367

(?) 4 0.400

998 24 4.536

ra. Outfall 1419 8 2.302

n. Looking OlaM/LoneWalker 994 8 1406

o. Sweet Grasa Hills Subsystem 1482 8 2.340

p. Two Gun White Calf

2. Interceptors
a. Little Coyote (MT Hwy #64-MH7) 1,239 16 3.755

1495 14 3.699

1^99 12 2.952

4,258 10 8.064

1.030 8 1J61

(43) 4 1.620

b. Black Otter/Curfey Bear/Two Moons 2452 10 4.833

5,456 8 8.267

c. Black Otter 1,626 10 3.080

Subtotal 125.261

( ) Number of 4" Services
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TABLE 4.6-1

COLLECTION SYSTEM CHARACTERISTICS

SUBSYSTEM LENGTH OF PIPE SIZE INCH-DIAMETER-

SEWER (L.F.) (Inches Diameter) MILES

E. Mountain Village

1. Collccton

a. Sitting Bull 118 10 0.223

4,301 8 6.517

b. Custer Lake Condos 1460 16 4.727

630 10 1.193

c. Low Dog/Commercial Core 1.880 8 2.848

d. Black Eagle 987 8 1.495

e. White Otter/Sioux 3.482 8 5.276

f. Washakie/Cheyenne/LoneMountain 3,428 8 5.194

g. Heavy Runner 1,606 8 2.433

h. Turkey Leg 961 8 1.456

2. Interceptor-LowDog to Montana Highway #64 3,514 18 11.980

1,123 16 3.403

1,200 14 3.182

7,899 12 17.952

11,010 10 20.852

Subtotal 88.731

TOTAL 213.992

4.7 WASTEWATER TREATMENT SYSTEM

4.7.1 Introduction

The original wastewater facility at Big Sky was constructed in 1972-1973 with modifications

being made in 1981-1982. The present facility (Figure 4.7.1-1) consists of an influent metering

flume, one 8.2 MG aeration pond, two storage ponds of 13.5 MG and 34.3 MG, a recirculation

pump station, a chlorine contact tank, and a golfcourse irrigation system.

The existing treatment facility was intended to store all of the treated wastewater and use it for

irrigation of the golfcourse in the summer months. Consequently the facility has never obtained

a discharge permit.

Over the years there have been several agreements made with property owners regarding

reserving treatment capacity in the sewage treatment plant. An agreement was made with

Westland's Inc. to provide treatment of sewage generated by the development of theWestland
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property. Through litigation the courtrequired that sufficient wastewater treatment capacity be

available to handle 43 million gallons per year of flow from an additional 3700 people when

needed. In addition, an agreement was madewith Westfork Properties, Inc. in May of 1982 to

provide sufficient capacity in the sanitary collection and treatment system for an additional peak

daily flow of 48,000 gallons for a population of 800 people.

4.7.2 Aeration Pond

The existing aeration pond is an 8.2 MG hypalon lined pond. The effective volume, when the

bottom two feet is reserved for sludge storage, is 7.4 MG. Based solely on the DHES

requirement of maintaining a minimum of 15 days hydraulic detention time the pond has

adequate capacity to treat a flow of approximately 500,000 gallons per day. However,

maintaining a minimum 15 day detention time in itself does not ensure adequate treatment is

being obtained. Treatment efficiency is also highly dependent on the wastewater temperature

and theavailable oxygen supply. Treatment efficiency slowsin the winter, as microbial activity

decreases, which corresponds to the highest use periods at the resort. At current winter flow

rates (0.24 MGD) the expected BOD5 removal efficiency in the aeration pond would be

approximately 80 percent. Discharge standards for lagoons are normally set at 30 mg/l BOD5.

As indicated in Table 4.4.3, BOD3 levels in the storage pond are frequently above 30 mg/l.

Air to the aeration pond is supplied by two 50 HP blowers, model H9PDR12 manufactured by

Gardiner-Denver. The blowers operateat 10 psig. Basedon the blower curve, each blower has

an inlet capacity of 800 CFM. Each blower can supply 16,290pounds/day of oxygen that can

be delivered to the aerators; assuming an inlet pressure of 11.69 psia and an inlet temperature

of 60°F. With a transfer efficiency of 10 percent, 1629 pounds of oxygen will be transferred

to the water. This is adequate to treat a BOD5 load of 814 pounds per day with one blower.

4.7.3 Storage Ponds

Two unlined storage ponds are used to store water from the aeration pond during the non-

irrigation season. The storage ponds have capacities of approximately 13.6 MG and 34.3 MG
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(47.9 total). The smaller pond (trout pond) is maintained at full capacity for aesthetic reasons,

and as-such is not serving as part of the storage system. Since the pond is never emptied,

storage volume is not madeavailable. At the 1993 flow rates, approximately 62 MG of storage

is required to store water from October to June (240 days). It appears that approximately 47

to 60 million gallons per yearseeps out of the ponds and into the ground. In fact, seepage has

been observed on the east side of the aeration cell and storage cell #1.

In past litigation covering the Westland, Inc. property, it was apparently agreed that storage

capacity of the facility should be a minimum of 225 days, although 240 days may be more

appropriate based on weather data. The data from 1972 to 1989 indicates the average snow

depth in the Meadow Village at the first of May is 9 inches with a snow-water-equivalent of 3.3

inches. In 1982 through 1984 the snow depth ranged from 31 inches to 14 inches in the

Meadow Village on the first of May. Given this data, it is unlikely that irrigation of the golf

course could be routinely started before the first of June. Irrigation normally continues until the

first part of October. With irrigation from June through September a storage time of 240 days

is required.

Based on the above analysis it is apparent that the storage ponds are inadequate to store the

existing flows. Expansion of the treatment system using spray irrigation or a periodic

discharging system may require constructing new storage ponds. The treatment system utilized

in the plant expansion will dictate the size of the storage ponds if necessary. A treatment

system, such as spray irrigation, must provide enough storage capacity to store all winter flows

until the irrigation season beings.

4.7.4 Irrigation

The existing treatment system uses treated wastewater to spray irrigate the golf course. A

review of the irrigation system indicates that approximately 80 to 90 acres are currently being

irrigated. The course manager has indicated there are plans to eventually expand the system to

irrigate approximately 165 acres (Kremer, 1994). Leakage from the existing storage ponds

significantly reduces the volume of water that must be disposed of by spray irrigation.
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Two 20 HP pumps, each rated at 500 GPMat 100 feet total head, are used to pump to the golf

course irrigation system. Assuming a 12 hour perday irrigation schedule, the pump station has

a firm capacity of 360,000 gallons per day or 43.2 million gallons per year based on 120 days

of irrigation.

Hydraulic Loading. As discussed previously in Section 4.1.1, theexisting lagoon site and the

golfcourse area are located on an outwash terrace consisting primarily of sand and gravel, but

also includes silt and clay at depth. The terrace deposits are approximately 15 to 20 feet thick

and are underlain by bedrock which is primarily claystone and shale. The bedrock is relatively

impervious. Because of this bedrock, the irrigation capacity of the golf course will be limited

by evaporation, precipitation and crop uptake. Deep percolation past the root zone should be

minimized to preventlateral flow in the underlying gravels which may surface at the stream cuts

bordering the golf course. Over irrigation of the golf course may result in ponding in low areas

of the golf course.

The golf course fairways are seeded to Kentucky Blue Grass and the greens are seeded with

Penncross and Penneale bent grasses. The Montana Irrigation Guide lists a consumptiveuse of

20.28inches for turf grass based on a weather station at the Belgrade airport anda consumptive

use of 19.43 inches for pasture grasses based on a weather station at Ennis. These weather

stations are at elevations of 4451 feet and 4953 feet respectively. The Meadow Village at Big

Sky is at an elevation of approximately 6200 feet and it is reasonable to assume the crop

consumptive use will be lower than would be found in the lower valleys.

Evapotranspiration (ET) is the combination of evaporation from plant and soil surfaces and

transpiration through plant tissues into the atmosphere. ET and consumptive use have slightly

different definitions but are approximately the same and both terms are used interchangeably

throughout this document. The net irrigation requirement (NIR) of a crop is equal to ET minus

effective precipitation. Effective precipitation is that part of the total precipitation during the

growing season which is available to meettheconsumptive userequirements of a crop. In order

to minimize deep percolation, the hydraulic capacity of the golf course was estimated based on
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the net irrigation requirement. The gross irrigation requirement makes an allowance for

evaporation in the irrigation process.

A recently published document, which updates Wyoming's irrigation guide, gives an annual

consumptive use of 16.24 inches for turf grass at Lake Yellowstone (elevation 7762). It was

assumed thatLake Yellowstone's consumptive useestimates aremorerepresentative ofMeadow

Village and Mountain Village than either Belgrade or Ennis and were used herein. Local

precipitation data from Meadow Village and Mountain Village were used to estimate irrigation

requirements and total water use at both sites.

The irrigation capacity of the golf course was estimated using the monthly consumptive use

estimates for turf grass at Lake Yellowstone, precipitation and soils data from Meadow Village

and acreages from the Meadow Village golfcourse. Based on the golf course soils, the available

water capacity in the turf grass root zone is about 1.2 inches.

The Wyoming irrigation guide used 35 years of climatic data at Lake Yellowstone to estimate

monthly turf grass ET estimates. The 35 years of monthly data were ranked and probabilities

were calculated using the Weibull plotting positions method. The 10% and 90% values were

calculated to represent the driest, warmest year in 10 years and the wettest, coolest year in 10

years, respectively. The sameET estimates from Lake Yellowstone were used for both Meadow

Village and Mountain Village.

Climatic factors affecting ET include temperature, humidity, radiation, and wind speed. ET

literature explains that high temperature, low humidity, high radiation, high wind areas have

higher measured ET rates than cooler, humid, cloudy, calm locations. This fact being generally

recognized, it can be assumed that the 10% warm season ET would approximately correspond

with the 10% dry precipitation year and vice versa.

The land application of effluent will take place annually during varying climatic conditions

(average, wet, and dry years). Three scenarios have been examined herein representing each
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of the three conditions. Each scenario assumed that the golf course (165 acres) at Meadow

Village could be utilized for land application.

Depending on the climatic conditions, the irrigation capacity of the golf course could vary.

During a cool wet year the irrigation capacity of the golf course is limited to 47.5 million

gallons. During a dry warm year the irrigation capacity of the golf course is 92.8 millon

gallons. Tables 4.7.4-1 through 4.7.4-3 showthevalues usedto calculate the irrigation capacity

of the golf course.

Nitrogen Loading. The irrigation of the golf course can be limited by either the hydraulic

capacity or nitrogen loading. The non-degradation law makes it necessary to limit the nitrogen

loading to a level that limits percolation of nitrate into the ground.water. Kentucky Bluegrass

has a nitrogen uptake rate of approximately 150 to 200 pounds per acre per year. Using the

calculation procedure contained in the EPA publication LandTreatmentofMunicipal Wastewater

andassuming a denitrification andvolatilization rateof 15 percent, the appliedwastewater could

have a nitrogen concentration of 38 mg/l at the highest hydraulic loading of 92.85 million

gallons per year. This application ratewouldbe equivalent to a nitrogen loading of 178 pounds

nitrogen per acre. As the nitrogen concentration in the applied wastewater is below 38 mg/l,

it is concludedthe irrigation of the golf courseis controlled by the hydraulic loading rather than

the nitrogen loading if the commercial fertilizer applied to the golf course is not considered.

Data on the actual irrigation volume is extremely limited. A flow meter was installed in the fall

of 1992 to record the actual waterpumped to the golf course. Therefore only one yearof actual

irrigation records are available. Also, the summer of 1993 was an extremely wet year so the

irrigation was not typical of a normal year.

The golfcourse manager has indicated he typically fertilizes twice peryear atan annual nitrogen

loading of 100pounds nitrogen peracre per year. As discussed above, Kentucky Bluegrass has

a nitrogen uptake rate of approximately 150 to 200 pounds per acre per year. Therefore, one-

half to three quarters of the nitrogen requirement is being supplied by a commercial fertilizer.

If the application of a commercial fertilizer is continued, the nitrogen concentration in the
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TABLE 4.7.4-1

GOLFCOURSE IRRIGATION CAPACITY (COOLYEAR)

MONTH

10% PROBABILITY
COOL YEAR"
LAWN GRASS

ET*

(INCHES)

MEADOW VILLAGE
WETTEST YEAR

IN 10 TOTAL
PRECIPITATION

(INCHES)

WETTEST YR IN 1
EFFECTIVE"*

PRECIPITATION
(INCHES)

WETTEST YR INI
NETIRR.REQT

(INCHES)

(using 70% Irrigation
applicationefficiency)
WETTE8TYRIN10
GROSS IRR. REQT

(INCHES)

WETTE8TYRIN10
GROS8 IRR. REQT

(FT)

GOLF

COURSE
IRRIGATED

AREA
(ACRES)

TOTAL""
POTENTIAL

WATER

U8E

(AC-FD

TOTAL""
POTENTIAL

WATER

USE
(MG)

MAY 0.73 3.46 1.48 0.00 0.00 0.00 165 0 0.00
JUN 2.99 3.08 1.80 1.10 157 0.13 185 22 7.03
JUL 4.17 2 JO 1.25 181 4.16 0JS 16S 57 18.64
AUO 3.61 2.20 V7 2.44 3.48 0.28 185 48 15.62
8EP 1.42 2.47 1r« 0.27 0.38 0.03 185 5 1.75

SEASON 14.37 14.38 ess 7.42 10.60 0.88 165 146 4750

ETVALUES FROM WYOMING IRRIGATION GUIDE Q LAKE YELLOWSTONE. WY (Calculated from WetbuO plotting positions method)
TheETIn anygrvtn month canbe expected to equal orexceed thegrvenvarues8outofav«ry1Oye*n(le.Theralsa0O%probabnty
EFFECTIVE PRECIPITATION FROM SCS TR-21: PeMp)I1^S(Pl)^.K4-2.83nO^P.O0(»55ETe)

where:

((DHunctlon to accountfor depthof soilmoisturedepletion othertrm 75 nim,(d) and-0.77 fw a (d)* 1.00Inches
Pt *> Totalmonthly precipitation (mm)
ETe • monthly ET (mm)

Seasonal ETandGross Irrigation Requirements do notequal the sum ofthe monthlyvalues because ofthe probability analyses usedherein.
The 80% values for seasonal ET and Gross Irr. Recto appfy toseasonal vahiea and do r^
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TABLE 4.74-2

GOLF COURSE IRRIGATION CAPACITY (AVERAGE YEAR)

MONTH

MEAN
LAWN GRASS

ET
(INCHES)

MEADOW VILLAGE

MEAN
PRECIPITATION

(INCHES)

MEAN
EFFECTIVE M

PRECIPITATION
(INCHES)

MEAN
NETIRR.REQT

(INCHES)

(using 70% Irrigation
application efficiency)

MEAN
GROS8IRR.REQT

(INCHES)

MEAN
GROSS IRR. REQT

(FT)

GOLF
COUR8E

IRRIGATED
AREA

(ACRES)

TOTAL
POTENTIAL

WATER USE
(AC-FT)

TOTAL
POTENTIAL

WATER USE
(MG)

MAY 056 248 1.12 0.00 0.00 0.00 165 0 0.00

JUN 351 284 1.49 242 3.46 0.29 165 48 15.49

JUL 450 1.6S 0.97 353 5.62 0.47 165 77 25.19

AUG 4.19 1.58 0.89 3.30 4.71 0.39 165 65 21.12

SEP 228 1.77 0.89 1.39 1.99 0.17 165 27 8.90

SEASON 16J24 10.32 5.36 11.04 15.78 ^3^ 165 217 70.69

ET VALUES FROMWYOMING IRRIGATION GUIDE@ LAKE YELLOWSTONE, WY
EFFECTIVE PRECIPITATION FROM SCS TR-21: Pe»f(D)[155(Rr0.824-293]*1(),,(p.000955ETc)

where:
f(D)"function toaccount for depth of sol! moisture depletion other than75 mm,(d) and«1.00for a (d)= 295 Inches
Pt • Total monthly precipitation (mm)
ETc • monthly ET (mm)
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TABLE 4.7.4-3

GOLF COURSE IRRIGATION CAPACITY(WARM YEAR)

MONTH

10% PROBABILITY
WARM YEAR"
LAWN GRASS

ET*
(INCHES)

MEADOW VILLAGE

DRYESTYEAR

IN 10 TOTAL
PRECIPITATION

(INCHES)

DRYESTYRIN1
EFFECTIVE"*

PRECIPITATION
(INCHES)

DRYESTYRIN1
NET IRR. REQT

(INCHES)

(using 70% Irrigation
application efficiency)
DRYESTYRIN10

GROSS IRR. REQT
(INCHES)

DRYESTYRIN10
GROSS IRR. REQT

(FT)

GOLF

COURSE
IRRIGATED

AREA
(ACRES)

TOTAL*"*

POTENTIAL
WATER

USE
(AC-FT)

TOTAL**"

POTENTIAL

WATER

USE
(MG)

MAY 1.31 1.60 0.77 0.54 0.77 0.06 165 11 3.44
JUN 4.90 1.83 1.08 3.84 5.48 0.46 165 75 24.60
JUL 5.S9 1.08 0.66 453 7.04 0.59 165 97 31.56
AUG 4.87 1.02 0.61 4.28 6.08 0.51 165 84 27.25
SEP 3.01 1.14 0.61 240 3.42 0.29 165 47 15.35

SEASON 18.22 6.65 3.71 14.50 20.72 1.73 165 28S 92.85

ETVALUES FROM WYOMING IRRIGATION GUIDE © LAKE YELLOWSTONE, WY (Calculated from WeibuO plotting positions method)
TheETIn anygiven month canbeexpected toequal orexceed thegiven vah)es1cutcfevery10yeare(to.Tr»ereba10%probaM
EFFECTIVE PRECIPITATION FROM SCS TR-21: Pe=f(D)[1^5(Pt)*O.824-253ri0A(0.00095SETc)

wnftfK

f(D)"functkm to account for depthof sodmoisture depletion otrmthan 75 rrm,(d)ar^ ^.77 for a (d)« 1.00 Iriches
Pt« Totalmonthlyprecipitation (mm)
ETo • monthly ET (mm)

Seasonal ETandGross Irrigation Requirements do notequal the sum of the monthly valuesbecauseof the probability analyses used herein.
The 10% values for seasonal ETand Gross Irr. Retftsappry toseasonal values and cbiidassurrothat the10% rrtonmV values occur m
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applied wastewater should be maintained below 12.5 mg/lin order to match thenitrogen uptake

rate of Kentucky Bluegrass.

Soil analyses have been performed onthe golfcourse since 1982. Recent data from 1989,1990,

1993 are shown in Table 4.7.4-4. Data from 1982 is also shown for comparison.

TABLE 4.7.4-4

SOIL ANALYSIS ON GOLF COURSE
(NUTRIENT RESULTS IN MG/L)

DATE CEC I*

SOLUBLE

SALTS

EXCHANGE

ABLE

CA

EXCHANGE-

ABLE

MG

EXCHANGE

ABLE

NA

AVAILABLE

K>4

9/17/93 12.4

11.8

6.2

9.2

7.9

7.9

7.7

7.1

0.24

0.28

0.14

0.50

2046

1792

833

1578

218

287

205

104

12

18

12

28

10

9

3

65

6/20/90 17.9

9.1

5.6

7.4

6.9

7.1

0.17

0.19

0.11

3053

1438

866

263

179

111

28

27

26

29

79

86

8716/89 8.6

10.2

8.7

8.6

8.4

7.0

7.3

7.1

7.1

7.1

0.20

0.21

0.23

0.24

0.26

1290

1583

1302

1337

1278

188

191

179

173

182

51

62

69

44

44

66

48

66

66

68

6/4/82 7.6

5.7

8.9

21.1

6.8

6.6

6.7

6.7

1200

900

1500

3300

160

no

130

420

22

21

19

18

84

68

77

66

These sixteen soil samples were taken from scattered locations in four different years over a

period of twelve years. Except for green 8, which was sampled three of the four years there

is no consistency in sample locations. This makes it difficult to draw conclusions about soil

chemical changes over time. The available data indicates that,of the parameters measured, most

are within the normal ranges for agricultural soil. The pH soluble salts and exchangeable

sodium are all at low levels.

The available P04 in almost all samples is high enough that typical phosphorus application is,

for the most part, unwarranted. According to the laboratory report, however, routine

applications of 0.5 lb/acre of P205 would notbe detrimental to the turf. Based on the Montana

Irrigation Fertilizer Guide, a grass has a phosphorus requirement of approximately 30 to 40
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pounds per acre. Assuming a phosphorus removal plant is constructed, phosphorus levelapplied

would be approximately 3 to 5 pounds per acre. Therefore, the high existing soil phosphorus

levels will gradually be reduced.

4.7.5 Disinfection

Before the treated wastewater is used for golf course irrigation, chlorine is added for

disinfection. Chlorine is applied at the inlet of the chlorinecontact chamber.

The chlorinecontact chamber is located in the existing treatment plant building and consists of

a 4-pass-baffied chamber. The contact chamber has avolumeofapproximately 25,920 gallons.

The state regulations require that 15 minutes of contact time be provided at the peak hourly

flow. Therefore, the contactchamber has the capacity to disinfect a peak hourly flow of 1,728

gallons per minute (2.49 MGD).

4.8 INFILTRATION AND INFLOW

4.8.1 General

Infiltration is defined as water that enters a sewer system and service connections from the

ground, throughdefective pipes, pipe joints, connections, manholes, or other means. Infiltration

may be due to either a high groundwater or rainfall. The magnitudeof groundwater infiltration

depends on groundwater levels, which fluctuate throughout the year. At Big Sky, groundwater

infiltration is the main source of infiltration and is severe during spring runoff.

Inflow is defined as water discharged into a sewer system and service connections from sources

such as roof drains, cellar, yard and area drains, foundation drains, cooling water discharges,

and manholecovers. As inflow is characterized by a directconnection or discharge to the sewer

system, inflow will result in a rapid flow increase during a storm event.
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Typically, the EPA considers wastewater flows over 120 gallons per capita per day as excessive

(EPA, 1984). Another technical source uses a flow quantity with units of gallons per day per

inch diameter per mile of sewer. In one study with 128 cities reporting, 59% had infiltration

allowances of 500 gpd/inch-diameter-mile or greater (ASCE No. 60). Infiltration allowances

ranged from 50 to 1,500 gpd/inch-diameter-mile. A value of 200 gpd/inch-diameter-mile is

typically used for acceptance tests on new sewers.

Since the population at the resort is highly variable, it is difficult to correlate a flow with a

specific population. Therefore, a better estimate of the severity of the I/I problem can be

obtained by looking at the flow per inch-diameter-mile. As previously shown in Table 4.4-2,

inflltration/inflow averages 173,972 gallons per day. Based on the collection system containing

213.99 inch-diameter-miles, the annual average infiltration equates to 812.9 gpd/inch-diameter-

mile.

The VI in the collection system varies throughout the year and is the most severe during the

spring and early summer snow melt period. Figure 4.8-1 shows a graph of the weekly

maximum and minimum instantaneous flows for the spring of 1993. As the figure indicates,

during the winter of 1993 the minimum flow was approximately 56 gallons per minute.

However, during April and May the minimum flow rises to approximately 186 gallons per

minute and 406 gallons per minute respectively. During the same time frame, the domestic

flows show a downward trend starting at the end of February. This indicates that the domestic

sewage component of the flow is decreasing while at the same time the I/I portion of the flow

is increasing.

Extensive repair work was performed on the collection system during the summer and fall of

1993. As a resultof the repair work minimum night time flows were reduced to approximately

42 gallons per minute from the 56 gallons perminute measured in January and February 1993.

The first step in the infiltration/inflow analysis for Big Sky was an analysis of the wastewater

flows on a system wide basis. This analysis documented the severity of the I/I problem. The

second step in the I/I analysis involved checking flows in individual drainage areas to locate
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sources of high I/I. The analysis of the individual drainage areas was limited to instantaneous

flow measurements during the early morning hours of November 11, 12, 13, 1993. As

groundwater levels are low during the fall, the measured flows do not provide a good

representation of where groundwater infiltration is occurring during the spring. It is

recommended that additional monitoring be completed on the individual drainage areas during

May and June when high groundwater conditions exist and snow meltrunoffis occurring.

4.8.2 SYSTEM WIDE ANALYSIS

The wastewater treatment plant flow records from January 1993 through December 1993 were

reviewed to determine the monthly flow patterns at Big Sky. The 1993 monthly flows were then

compared to the monthly flows from 1987 through 1991 (Refer to Table 4.4-1). Data from

1992 is not included due to inaccurate meter readings. A new meter was installed in January

1993.

Due to the seasonal nature of the resort, it is necessary to evaluate the dataduring the ski season

and also during a non-ski season period. Figure 4.8.2-1 shows the January, February and

March flows from 1987 through 1993 (excluding 1992). As the figure indicates the flows

decreased from 1987 to 1989. From 1989 the flows have shown an increase. To determine if

the flowincrease during the 1993 ski season wasdue to infiltration or increased usage, the ratio

of total flow during January through March to skier days was checked. Table 4.8.2-1 shows

the data used to develop the gallons per skier day ratio.

TABLE 4.8.2-1
1

RATIO OF GALLONS PER SKIER DAY

TOTAL FLOW

JANUARY-MARCH NUMBER OF GALLONS/SKIER

YEAR GALLONS SKIER DAYS DAY

1988 24,097,550 162,814 148.0

1989 18,293,820 168,000 108.9

1990 20,003,010 192,000 104.1

1991 20,061,470 212,000 94.6

1993 23,787,123 225,300 105.6

1994 23,880,000 218,000 109.5
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The data indicates that the flow increase during the 1993 slti season was due primarily to the

increase in usage. The data also reflects the decrease in gallons per skier day achieved since

1988.

Figure 4.8.2-2 is a graph of the flows recorded on January 22 and 23, 1993. This time period

reflects the flows during the ski season, when groundwater infiltration is low. The average flow

forthe two dayswas 249,557 gallons perday(173.3 gpm). The minimum flow observedduring

the two days was 56 gpm. It canbe assumed that the minimum night time flow is made up of

two components: (1) groundwater infiltration and (2) night time domestic flow. An estimate

of the infiltration component was made by looking at the flow reduction achieved after repairs

were made in 1993 and estimates of infiltration from the television inspection in 1993. Repair

work completed during the summer of 1993 reduced the minimum flow observed during the fall

of 1993 to approximately 42 gpm, a reduction of 14 gpm. From the television inspection, it is

estimated an additional flow of 12 gpm can be attributed to infiltration. Therefore, the

infiltration component of flow during low groundwater periods of January, February, March,

October, November, and December is estimated to be 30 gpm.

Duringthe non ski season, when groundwater levels and I/I flows are high, the domestic portion

of the minimum nighttime flows are insignificantin comparison to the I/I flow. Therefore, the

infiltration component of flow was assumed to be represented by the minimum flow observed.

Figure 4.8.2-3 is a graph of the flows recorded on June 3rd and 4th, 1993. This time period

represents the non-ski season during high groundwater conditions.

While the percentage of infiltration in the system is high compared to the domestic portion of

the flow, it must be remembered that the area served is rather unique. The collection system

coversa large area but serves a relatively small population. The collection system is comprised

of a variety of pipe sizes with a total of 213.99 inch*diameter«miles of pipe. The infiltration

acceptance standard for newly installed sewer line is 200 gallons per day per

inch»diameter»mile of pipe (Montana Public Works Standard). Therefore, even with a newly

installed system, meeting state standards, the allowable infiltration volume would be 42,798
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gallons per day or 1,301,800 gallons per month (15.6 MG/YR). It would be expected that as

the collection system ages, infiltration would increase. It is not uncommon to see infiltration

allowances of up to 500 gpd per inch*diameter*mile. (ASCE No. 60). An infiltration

allowance of 500 gpd/inch*diameter*mile would result in a monthly infiltration volume of

3,254,431 gallons (39.0 MG/YR). Comparing the infiltration flows previously in Table 4.4-2

to the typical infiltration allowances discussed above, it is apparent that the infiltration flows in

October through March are well within acceptable limits. In contrast the infiltration flows in

April through September are well above acceptable limits.

Repairs were made to many sections of the collection system during the fall of 1993. The

success of the I/I reduction program cannotbe determined with much confidence until the spring

runoff period is complete. Based on the flows measured in April 1994 to May 17, 1994, it

appears the reduction in springtime I/I is in the vicinity of 38 percent. If a 38% reduction in

VI is also obtained during the remaining high groundwater period (June through September), the

annual VI flow would be approximately 42.29 million gallons per year. However, the I/I

entering the system in the spring of 1994 may not be a good representation of what will occur

during a normal year. The winter of 1993-1994 was a dry year at Big Sky and snowfall and

runoff were below average.

4.8.3 Drainage Area Analysis

The analysis of individualdrainage areas was limited to instantaneous flow measurements during

the early morning hours of November 11, 12, and 13, 1993. The flows measured for each

drainage area are shown below in Table 4.8.3-1. Table 4.8.3-1 also shows the flows that were

measured during 1986.
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TABLE 4.8.3-1

INFILTRATION BY DRAINAGE AREA

MH 1985 FLOWS 1986 FLOWS 1986 FLOWS 1993 FLOWS

NUMBER FLOW GPM FLOW GPM FLOW GPM FLOW GPM

(DATE) (DATE) (DATE) (DATE)

MOUNTAIN SYSTEM

292 1

(12/85)
0

(11/93)
Sky Crest

Stillwater 313 13.3 12.6 5

(4/86) (7/86) 01/93)

TutkeyLeg 296 IS
(12/85)

1.5

(4«6)

0

01/93)

Sitting Bull 300 0

(12/85)
5

(4«6)
0.5

(7/8«)

2

(11/93)

Low Dog Flume 6

(11/93)

OUTFALL UNE 112 151

(4/86)
31

11/93)

HIDDEN VILLAGE 131 US

(12/85)
5.3

(4/86)
4.1

(7/86)
2

(U/93)

MEADOW SYSTEM

YeUowuil IS 19.3 19.3 38.1 13

(12/85) (4/86) (7/86) (U/93)

Weitfork Meadow* 51 1 0.5 0.5 <1

(12/85) (4/86) (7/86) (11/93)

Sweet Grata Hillt 91 0

(1/86)
<1

(U/93)

Spotted Elk 80 1

(12/85)
0.5

(4/86)
1

(U/93)

WASTEWATER PLANT 107-116

(12/85)

44

(U/93)

The previous table indicates that flows from most of the drainage areas have decreased.

However, it is emphasized that the 1993 flow measurements were taken in November when

groundwater levels were down. The flows from the individual drainage areas should be

measured again during May and June to isolate areas of high infiltration.

From the spot flow measurements, it appears that the Yellowtail line is contributing

approximately 13 gpm in infiltration flow. It also appears that the outfall line may have some

infiltration. The measured flow at the bottom of the line was 31.0 gpm while the measured flow

at the top was 6.0 gpm. While the difference in flows may not be entirely infiltration, it is

expected that a portion of the 25 gpm flow difference is groundwater infiltration.
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5.0 FUTURE CONDITIONS

5.1 POPULATION PROJECTION

As discussed in Section 4.2 the population of Big Sky is difficult to estimate because of the

highly variable influx of people on weekends and holidays. In order to estimate the future

growth rate of development at Big Sky, the historical growth rate was determined. Table 5.1-1

shows the number of new unit building permits that have been issued from 1986 through 1992.

TABLE 5.1-1

NEW UNIT BUILDING PERMITS ISSUED

|_ Big Sky
EXISTING

1985 '86 '87 '88 '89 '90 '91 '92

BIG SKY

TOTAL

1263 25 28 10 110 24 26 49

%

GROWTH

2.0 2.2 0.8 8.3 1.7 1.8 3.3

ADJUSTED

GROWTH

3.0 3.0 3.0 3.0 3.0 3.0

Note: Adjusted growth is the average growth for the six years 1987 - 1992. This assumes a
large complex such as Shoshone Lodge (94 units) once every six years.

The Draft Land Use Plan for the Gallatin Canyon/Big Sky Planning and Zoning District reported

that past studies have estimated population growth in the "primary service area" as follows:

YEAR POPULATION % CHANGE

1986 1269

1987 1307 2.99

1988 1346 2.98

1989 1386 2.97

1990 1428 3.0

1991 1428 3.0
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The draft land use plan also reported recent annual growth rates of 3.9% for electric meter

installations, 14.6% for residential telephones and 17.6% for business telephones.

Based on the figures and discussions above an average annual growth rate of 3.0 is assumed.

Table 5.1-2 shows the projected SFE's connected to the sewer system at 5 year increments

assuming the average 3% per year growth rate is maintained. As noted in Chapter 3.0, the

District has legal commitments to provide treatment capacity to 6440.9 SFE's that havealready

been approved through the subdivision review process.

TABLE 5.1-2

PROJECTED SINGLE FAMILY EQUIVALENTS

YEAR SFE YEAR SFE

1993 1928.7 2018 4038

1998 2236 2023 4681

2003 2592 2028 5427

2008 3005 2033 6291

2013 3483 2038 7293

5.2 WASTEWATER FLOW

5.2.1 Conservation Measures

Reducing the amount of wastewater that must be treated can be a viable and cost effective

method of reducing treatment costs. Reducing water use and hence wastewater generally

involvesthreeaspects; 1) publiceducation on the importance and impactsof water conservation

and 2) use of improved plumbing fixtures suchas low flow shower heads and low flush toilets,

and 3) a price structure designed to discourage excess water use.
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The District has already begun a water conservation program. Specifically the District has

m contacted theWater Quality Bureau to assist in establishing aWater Conservation training class.

The District is currently in the process of establishing a water conservation ordinance thatwill

m be instituted in 1994. The ordinance will require low flow plumbing fixtures. The District is

also in the process of developing a rate structure to encourage conservation.

Requiring the use of low flow plumbing fixtures in all new construction will help reduce

p> wastewater flows. The amount of wastewater reduction that can be achieved by improved

plumbing fixtures has been reported to range from a low of approximately 3 percent to a high

P of 26.5 percent.

m A study conducted in Seattle, Washington showed a decline in per capita water use of 6.4 and

2.1 percent from a complete installation oflow-flow showerheads and toilet displacement devices

m respectively. A study in the North Marion, California District reported a 3.6% reduction in

indoor water use as a result of installing low flow shower heads and toilet tank displacement

p devices (Nelson). The Contra Costa Water District showed reductions of 9.7 percent for low-

flow shower heads and 3.9 percent for toilet displacement devices (Whitcomb, 1991). Water

use reduction of 14.6% and 26.5% were reported for apartment buildings in Houston after the

installation of low flush toilets (Langendoen, 1992).

In planning for future flow rates, water conservation measures are assumed to reduce the flow

from existing users by 5% and by 10% from new users.

[ 5.2.2 Flow Projections

The projection of future flow rateis based on the current domestic flow rateand the assumption

that the flow rate will increase proportional to the growth rate. A design year of 2018 has been

[ used which will provide approximately 20 years ofplant life once the plant is completed. The
following assumptions were used to project the 20-year design flow rate:

_, • The current domestic flow is 53.5 MG per year.

. -84"
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• Conservation measures could reduce the current domestic flow per SFE by

5%.

• Conservation measures could reduce future domestic flow rates per SFE by

10%.

• Domestic flow rates will increase in proportion to increased growth at the

resort (3% per year).

• The occupancy rate at theresort will increase 20% from current levels during

the 20-year design period.

Using these assumptions, domestic flow contribution for the year 2018 can be calculated as

shown below:

20-year Domestic Flow = [(53.5 MGY)(.95)+(53.5(1.03)25-53.5)(.90)]1.2

= 124.18 MGY

Infiltration and Inflow (171) will also enter the collection system and must be treated. In 1993,

I/I constituted over half of the flow measured at the lagoons. In order to reduce the I/I volume,

the water and sewer district has instituted an aggressive repair program. During the summer

of 1993, approximately 28,300 feet of sewer line was inspected with a television camera and

repairs were madeat many locations where infiltration was occurring. As discussed in Section

4.8.2, it appears from the flow measurements in April and part of May, 1994 that the repair

work completed in 1993 may haveachieved some flow reduction. The early results indicate a

38% reduction in VI flows during the high groundwater period. If these results are maintained

throughthe remaining high groundwater period, the annual I/I flow would be approximately42.3

million gallons per year. However, the VI observed during the spring of 1994 may not be a

good indicator of the I/I during a normal year at Big Sky. Snowfall at the resort was below

normal and the runoff period was short. Because of uncertaintyof the actual I/I flow reduction,

it is recommended an additional allowance of 5 MG/year be included in the design flow. This

would correlate to an I/I allowance of 47.3 million gallons per year in the system. With the
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current collection system consisting of 213.992 inch«diameter*miles of line, an I/I allowance

of 47.3 million gallons per year equals a flow of 605 gpd/inch«diameter*mile. This allowance

is still within acceptable limits as reported by several cities (ASCE No. 60). Additional I/I

reduction may be achieved by future rehabilitation work but substantial flow reduction is not

anticipated. The work completed in 1993 removed the majority of easily identified I/I.

Li addition to the current I/I flow of 42.3 MG/YR, an allowance should be added for the

installationof new sewer lines installed when currently platted subdivisions are developed. An

estimate of the allowance for I/I that may result from future sewer lines installed to serve platted

but undeveloped subdivisions was made by measuring the road length in each platted

subdivision.

The following lengths of sewer line were assumed for the new sewer lines.

Blue Grouse Hills 3,292 L.F. of 8 inch sewer

South Fork Basin 5.300 L.F. of 8 inch sewer

TOTAL 8,592 L.F. of 8 inch sewer

An allowance of approximately 9,000 L.F. of line was also made for additional development in

the Mountain Village area and service lines. With these additions, a total of 27.0 inch*

diameter* miles of new sewer lines are allowed for in the facility plan.

Using an allowance of200 gpd/inch»diameter» mile equates to an annual volume of 1.97 million

gallons. The additional 1.97 million gallons of VI is assumed to be added in equal increments

during the 20-year design period. This results in an VI flow of 49.3 million gallons per year

for the 20-year design flow.

Through litigation, the court has required that sufficient wastewater treatment capacity be

available to treat 43 million gallons per year from the Westland Inc. property when the property

is developed. Currently, the Westland Inc. property is not developed and there are no

indications that development will occur in the immediate future. Therefore, for planning
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purposes, a 3% annual growth rate starting with theconstruction of 10homes in 1997 has been

assumed. It is assumed that each home will be equivalent to 1.47 SFE's and the domestic flow

per SFEis 29,958 gallons per year. The flow per SFEis based on the current flow rate taking

into accountconservation measures and increased occupancy. An allowance for I/I should also

be included with the Westland flows. Since the land is currently undeveloped and no plans are

available to estimate the length of the sewer lines, an VI flow allowance was based on the

current I/I flow per SFE of 0.022 MG/YR/SFE. A similar VI allowance is added to the

projected domestic flow for the Westland property.

The projected annual average flows are shown in Table 5.2-1.

TABLE 5.2-1

PROJECTED ANNUAL FLOWS

YEAR SFE

DOMESTIC

FLOW

MG/YR

I/I

FLOW

MG/YR

WESTLAND

CAPACITY

MG/YR

TOTAL

FLOW

MG/YR

AVG.

DAY

MGD

1998 2236 70.2 47.7 0.763 118.26 0.324

2003 2592 80.9 48.1 0.885 129.88 0.356

2008 3005 93.2 48.5 1.027 142.73 0.391

2013 3483 107.5 48.9 1.189 157.59 0.432

2018 4038 124.2 49.3 1.378 174.88 0.479

2023 4681 143.4 49.7 1.597 194.70 0.533

The projected flow distribution throughout the year is assumed to have the same pattern as the

existing domestic flow. The projected annual flow of 174.88 MGD in the year 2018 will be

distributed as shown in Table 5.2-2.

F:\WP\04\M3571O2\CMCO7086.RPT

06/16/94

-87-



pi

Wt

TABLE 5.2-2

PROJECTED FLOW DISTRIBUTION

MONTH

MONTHLY

FLOW-MG MONTH

MONTHLY

FLOW-MG

January 19.27 July 14.37

February 19.94 August 22.55

March 14.07 September 19.27

April 14.07 October 15.37

May 5.56 November 9.15

June 8.50 December 12.76

In order to plan and design a wastewater treatment plantit is necessary to determine the design

peak day. The peak flows will be a combination of domestic flows and infiltration flows. Prior

to the repair work completed in 1993, the peak day flows were due primarily to the amountof

infiltration in the system. As growth occurs, the domestic component of the flow will make up

a greater percentage of the flow. As shown previously in Figure 4.4-3, the current peak day

flows typically occur during spring runoff and are approximately 550,000 gpd (ignoring the

unusually high flow in 1991 which resulted from a broken line).

Peak day flows during the ski season aretypically around 350,000gallons perday. Of this flow

approximately 43,330 gallons are attributed to 171 (from Table 4.4-2, 1.3 MG + 30 day =

43,330gal.). Therefore, the current peak flow per SFE is (350,000 - 43,330) * 1928 = 159

gpd.

It was shown previously in Section 4.4, that the existing average domestic flow component per

SFE is 76.0 gpd, at the existing occupancy rate. The existing peak day flow is 159 gpd/SFE.

This gives a peak day to average day flow ratio of 2.09 for the domestic flow. As the

occupancy rate increases, it is expected the domestic flow per SFE will also increase. Typically,

the peakday to average day ratio is approximately 2.9. (Metcalf and Eddy, 1979). Therefore,

the projected peak day domestic flow is estimated based on a peak day to average day ratio of

2.9.
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Based on the abovepeaking factor and the flows in Table 5.2-1 the projected peak day flow for

the year 2018 is calculated as follows:

Peak Day How = H24.2 MG + 1.378 MG1 2.90+49.3 MG = 1.13 MGD
365 day

It is pointed out that since the peaking factor is not applied to the I/I component, the overall

peaking factor is 2.35. Based on the above discussion and calculations it is recommended that

thenew facility be designed for an average day flow of 0.48MGD and a peakdaily flow of 1.13

MGD. It is emphasized that these design flows are based on I/I flow reductions observed

through May 17, 1994.

It is pointed out thata treatment anddisposal system designed for the 20-yearperiod would not

have adequate capacity to treat flow from the subdivisions and developments that have already

been approved through the State andlocal subdivision review process. It is not anticipated that

all of the approved subdivisions would be fully developed during the 20-year design period but

it must be assumed that at some future date, the District may have to provide treatment and

disposal capacity to all the approved development. As shown previously in Table 3.0-1, the

Water and Sewer District has an original commitment to provide service to 4812.7 SFE's. In

addition to the 4812.7 SFE commitment, a recent court decision has mandated a capacity of 43

milliongallons per year must be available for theWestland property ifthe property is developed.

In addition, a peak day capacity of 48,000 gpd must be available for the Westfork properties.

With the court decision and past agreement with Westfork properties, the district is legally

obligated to provide treatment capacity to 6440.9 SFE's.

At full build out of the existing treatment commitments and court mandated capacity, the annual

flow is estimated as shown below:

Domestic flow (4812.7 SFE) = 147.27 MG/year

Westland Capacity = 43.0 MG/year

Westfork Capacity = 6.04 MG/year

171 42J MG/year

TOTAL 246.01 MG/year

-89-
F:\WP\04\M357102\CMC07086.RPT

06/16/94



While it is not necessary to design for full build out now, the planning process must assume that

atsome future point it is likelyall of theexisting service commitments will have to be satisfied.

As such, the treatment method, treatment plant site, and disposal method must be planned for

a future flow of 246.01 MG/year. Also, while a 20-year design period is normally used for

treatment plants and pumping stations; pipelines and storage reservoirs can be expected to have

a useful life of over 50 years. Due to the expense and difficulty of adding increased pipeline

capacity, major transmission lines to storage reservoirs or disposal sites have been sized to

provide adequate capacity for a flow of 246.01 MG/year.

5.3 WASTEWATER LOAD PROJECTIONS

Since the discharge into the Big Sky sewer system is primarily from domestic waste, service

industries, and I/I, the load on the treatment facility should be typical of domestic waste. Big

Sky does not foresee industrial development at any time in the future and the treatment facility

should not have to treat industrial waste.

The influent BODs samplescollected from December 1993 throughMarch 1994indicatea fairly

high strength waste averaging 288 mg/l. With flow conservation measures it is anticipated that

influent concentration could increase. Therefore an influent BOD5 concentration of 315 mg/l

has been used for planning. The Recommended Standards for SewageWorks indicates the ratio

of suspended solids to BOD5 is typically 1.176. Based on this ratio, an influent TSS

concentration of 370 mg/l has been used for planning.

5.4 DESIGN CONDITION SUMMARY

Table5.4-1 summarizes the design criteria that havebeen developed in the previous sections of

the report. The design criteria are based on the expected flow in the 20-year design period.

However, as discussed previously in Section 5.2, the District is legally committed to provide

treatment capacity in excess of the 20-year design values. Even though treatment and disposal

capacity, for full buildout may not be needed during the next 20 years, the alternatives must

allow for the additional treatment and disposal commitments. Land disposal sites and storage
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sites have been identified based on the capacity required at full build out of the existing

treatment commitments. Major transmission pipelines havebeen sized to haveadequate capacity

for the full build out of the existing legal commitments.

TABLE 5.4-1

20-YEAR DESIGN CRITERIA

Design Year 2018

Single Family Equivalents 4038

Occupancy Rate 20% Increase from Existing

Design Flow - Annual 174.88 MG/YR

Average Day 0.48 MGD

Peak Day 1.13 MGD

Minimum Day 0.1 MGD

BOD5

Average Day - lbs/day 1,261

Peak Day - lbs/day 3,152

TSS

Average Day - lbs/day 1,481

Peak Day 3,703

Phosphorus Average day - mg/l 12

Total Nitrogen - mg/l 60

Ammonia - mg/l 40

Organic Nitrogen mg/l 20

5.4.1 Sludge Disposal Requirements

Sludge generated must be disposed of in accordance with the recently adopted 503 regulations

aspromulgated by theEnvironmental Protection Agency February 19,1993. The 503regulation

consists of general requirements, pollutant limits, management practices, operational standards,

and requirements that address frequency of monitoring, record keeping and reporting. The

regulations cover land application, disposal and incineration of sewage sludge.
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Sewage sludge applied to land must meet one of two pollutant limits. The sludge must meet

pollutant concentration limits in addition to ceiling limits. Ceiling limits arc set for 10 pollutants
shown in Table 5.4.1-1. Any sewage sludge that does not meet the ceiling concentration in

Table 5.4.1-1 cannot be land applied.

TABLE 5.4.1-1

CEILING CONCENTRATIONS FOR SLUDGE DISPOSAL

POLLUTANT CEILING CONCENTRATION
mg/kg*

Arsenic 75

Cadmium 85

Chromium 3000

Copper 4300

Lead 840

Mercury 57

Molybdenum 75

Nickel 420

Selenium 100

Zinc 7500

*Dry Weight Basis

In addition to the ceiling limits, sludge applied to agricultural land, or forest lands, must not

exceed the cumulative loading rates or annual pollutant loading rates shown in Table 5.4.1-2.
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TABLE 5.4.1-2

CUMULATIVE AND ANNUAL SLUDGE POLLUTANT LOADING RATES

POLLUTANT

CUMULATIVE LOADING RATE

Pounds/Acre

ANNUAL LOADING RATE

POUNDS/ACRE/YEAR

Arsenic 36.6 1.78

Cadmium 34.8 1.69

Chromium 2,676.6 133.83

Copper 1,338.3 66.92

Lead 267.7 13.38

Mercury 15.2 0.76

Molybdenum 16.0 0.80

Nickel 374.7 18.74

Selenium 89.2 4.46

Zinc 2,498.2 124.9

The 503 regulations also specify management practices that must be followed in the land

application process. The required management practices are summarized below.

• Sludge shall not be applied if it is likely to adversely affect a threatened or

endangered species.

• Sludge shall not be applied to agricultural land, forest, a public contact site,

or a reclamation site that is flooded, frozen, or snow-covered so that sludge

enters a wetland or other waters of the United States.

• Sludge shall not be applied to agricultural land, forest, or a reclamation site

that is 10 meters or less from waters of the United States.

• Sludge shall be applied to agricultural land, forest, a public contact site, or a

reclamation site at a whole sludge application rate that is equal to or less than

the agronomic rate.
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1 The 503 regulations also specify operational standards for pathogen and vector attraction

p reduction. When sludge is applied to land, either Class A pathogen requirements or Class B

pathogen requirements must be met. The regulations list six alternatives thatallow a sludge to

m be classified asClass A and three alternatives for a sludge to be classified asClass B. Basically,

' Class A sludge requires treatment to a higher level so that the density of fecal coliforms in the

m sewage sludge is less than 1000 Most Probable Number per gram of total solids, or the density

of Salmonella species in the sewage sludge shall be less than three most probable number per

f four grams of total solids. A Class B sewage sludge must have a fecal coliform density of less

than 2,000,000 most probable number per gram of total solids or 2,000,000 Colony Forming

m Units per gram of total solids. A sewage sludgecan also be classified as Class B if it is treated

by a Process to Significantly Reduce Pathogens (PSRP). The PSRP include.

1. Aerobic digestion with a mean cell residence time of 40 days at 20 degrees

P celsius and 60 days at 15 degrees Celsius.

w 2. Air drying for a minimum of three months. During two of the three months
the ambient average daily temperature must be above zero degrees celsius.

3. Anaerobic digestion with a mean cell residence time of 15 days at 35 to 55

degrees celsius and 60 days at 20 degrees celsius.

I 4. Composting where the temperature of the sewage sludge israised to40 degrees

celsius or higher and remains at 40 degrees celsius or higher for five days.

For four hours during the five days, the temperature in the compost pile

exceeds 55 degrees celsius.

When the sludge is Class B with respect to pathogens, restrictions areimposed on the sitewhere

sewage is applied.
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The site restrictions imposed by the 503 sludge regulations for Class B sludgeare listed below:

1. Food crops withharvested parts thattouch the sewage sludge/soil mixtureandaretotally

above the land surface shall not be harvested for 14 months after application of sewage

sludge.

pro

{M\

2. Food crops with harvested parts below the surface of the land shall notbe harvested for

20 months after application of sewage sludge when the sewage sludge remains on the n

land surface for four months or longer prior to incorporation into the soil.

3. Food crops with harvested parts below the surface of the land shall notbe harvested for

38 months after application of sewage sludge when the sewage sludge remains on the

land surface for less than four months prior to incorporation into the soil.

4. Food crops, feed crops, and fiber crops shall not be harvested for 30 days after

application of sewage sludge.

5. Animals shall not be allowed to grazeon the land for 30 days after application of sewage

sludge.

6. Turf grown on land where sewage sludge is applied shall not be harvested for one year

after application of the sewage sludge when the harvested turf is placed on either land

with a high potential for public exposure or a lawn, unless otherwise specified by the

permitting authority.

7. Publicaccess to land with a high potential for public exposure shallbe restricted for one

year after application of sewage sludge.

8. Public access to land with a low potential for public exposure shall be restricted for 30

days after application of sewage sludge.
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6& ANALYSIS OF POTENTIAL ALTERNATIVES

6.1 LAND APPLICATION SYSTEMS

Several potential land application sites have been identified in addition to the existing golf

course. The first site consists of approximately 50 acres located south of the Big Sky turn off

near Michener Creek. Figure 6.1-1 shows the location of the Michener Creek site. Based on

sizeand slope considerations, theMichener Creek sitewasconsidered asa potential location for

rapid infiltration basins or storage basins.

As discussed in Section 5.7.4, the golf coursecurrently irrigates approximately 80 to 90 acres.

There is a potential irrigation area of 165 acres. In order to maximize the use of the golf

course, the pump system will have to be upgraded and the irrigation system expanded.

6.1.1 Rapid Infiltration fRD Basins

The Michener Creek site sits on a gravel layer approximately 14 to 20 feet thick. Underlying

the gravel, is a shale layer that is essentially impermeable. Flow applied to the site will

percolate vertically to the shale layer and will then flow horizontally through the gravel layer

to the Gallatin River. Snow melt and precipitation on the upper slopes causes the groundwater

in the gravel layer to fluctuate throughout the year. During the spring and summer the

groundwater level may rise to just belowthe ground surface. Test holes drilled in February of

1993 showed an aquifer thickness of approximately 4 to 6 feet over the shale layer. The drill

holes identified the underlying soil as silty gravel (see Appendix D for gradation),

shows a cross section of the geological conditions at the Michener Creek site. As the above

discussion and Figure6.1.1-1 indicate, the infiltration capacity of the site will be limited by the

capacity of the gravel layer to transmit flow horizontally to the Gallatin River. The pondswould

be located approximately 1500 feet from the Gallatin River and roughly 40 feet above the river

surface. From the soils observed at the site, it does not appear that the site has adequate

horizontal hydraulic conductivity to transmit the required volume of water to the river. As
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^ Figure 6.1.1-1 shows, exceeding the infiltration capacity of the site could lead to springs
developing along the toe of the slope.p>
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It is possible to mitigate the development of springs and to increase the infiltration capacity of

thesiteby installing a groundwater drain system that would discharge intoMichener Creek. The

surface discharge would have to meet non-degradation requirements or a waiver would have to

be obtained.

Two types of underdrain systems have been investigated. The first system would involve placing

a drain along the toeof the Michener Creek terrace to intercept groundwater as it flows toward

the Gallatin River. This type of drain system would maximize phosphorus removal as the

wastewater passes through the soil. The second type of underdrain system would consist of a

series of underdrain lines placed 5 to 10 feet below the bottom of the RI basins. This type of

underdrain system maximizes theinfiltration capacity of RI basins however phosphorus removal

is reduced due to the shorter flow path through the soils.

Calculations indicate an underdrain placed at the toe of the slope would not increase the

hydraulic capacity of the siteenough. Therefore, this is not considered a viable alternative.

The second option evaluated involves placing an underdrain system approximately 5 to 10 feet

below the bottom of the I/P beds. Underdrains would be placed at approximately 40 foot

intervals. With this type of underdrain system approximately 10 acres would be required for

the infiltration basins based on the 20-year design flow and operating the basins from April

through November. Freezing weather can hinder theoperation of thebasins during thewinter.

Storage cells would be required to store flows from December through March.

It is expected that the percolate collected in the underdrain system would have a phosphorous

concentration of 2.0 to 2.5 mg/l-P and a total nitrogen concentration of 2 to 3 mg/l. Both the

nitrogen and phosphorus level in the percolate would exceed the background levels in the

Gallatin River. Sincethe percolate wouldnotmeetnon-degradation criteria a waiverwouldhave

to be obtained. Obtaining a waiverwouldbe difficult and wouldlikely result in a Vh to 2 year

-98-
F:\WP\O4\M357102\CMCO7086.RPT

06/16/94



i

U
J

-
1

P
O

N
D G
R

A
V

E
L

(S
IL

T
Y

)

'/
//

//
//

//
//

/>

S
H

A
L

E

C
M

U
J

B
IG

S
K

Y
W

A
S

T
E

W
A

T
E

R
F

A
C

IL
IT

Y
P

L
A

N

G
E

O
L

O
G

IC
A

L
C

O
N

D
IT

IO
N

S
M

IC
H

E
N

E
R

C
R

E
E

K
S

IT
E

M
A

N

M
A

D
E

F
IL

L

T

7
7

7
7

?
?7

77
,

F
lo

-L
o

w
.

(
FI

GU
RE

6.
11

-1
)

H
O

!
A

S
S

O
C

IA
T

E
S

B
M

IB
E

B
M

•
P

L
A

S
S

B
M

v
4M

3S
7.1

02
J

JU
NE

19
94

a



^t

!w)

delay in the project. Therefore, constructing rapid infiltrationbasins on the Michener Creek site

is not considered a viable alternative.

During the public meeting process, there has been some discussion regarding the option of

continuing to use the existing storage pondsas infiltration ponds. The option hasbeen proposed

in which a mechanical plant would be constructed ahead of the storage ponds to remove the

majority of pollutants. Then the existing leaking storage pond would be allowed to continue

functioning as a quasi infiltration pond. Additional studies would be necessary before this option

could be used as a long term solution. However, it may be possible to continue to use this as

a short term solution.

p The infiltration capacity of the existing storage pond site is questionable. Currently the ponds

1 are estimated to leak approximately 47 million gallons per year. At the twenty year design
m flows, assuming continued irrigation of the golf course, the percolation rate would have to be

approximately 127 million gallons peryear. It is unlikelythe infiltration rate could be increased

P to this level without substantial seepage occurring along the stream banks. The high infiltration

rates could also result in a bank failure caused by pipingof the fine material out of the bank.

? The 1978 renovation of the aeration pond was necessitated by a piping failure of the

embankment (ECI, 1986).

In summary, it does not appear that the use of rapid infiltration basins is a feasible alternative

m unless awaiver of the non-degradation requirement isobtained. The Michener Creek site would

require the use of an underdrain system to prevent springs from developing along the hillside.

^ The underdrain system would require asurface discharge which could not meet surface water
non-degradation requirements without further treatment. As other less degrading options are

available, the use of rapid infiltration ponds on the Michener Creek site has not been evaluated

further.
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6.1.2 Sprav Irrigation System

As indicated previously, the golf course pump system will have, to be upgraded in order to

irrigate the full 165 acres. During adry year the golf course has a gross irrigation requirement

of 92.85 MG/YR. Assuming a 12hour pumping schedule for 120 days, the golf course pump

station should have a firm capacity of 1,075 gallons per minute.

In order to fully utilize thegolfcourse for irrigation, theexisting pump station willbe upgraded

to a firm capacity of 1,075 gpm and laterals and risers will be installed in the 85 acres thatare

currently not irrigated.

The 1994draft editionofthe Montana Department ofHealth and EnvironmentalSciences Design

Standards for Wastewater Facilities specifies the treatment requirements for irrigation of golf

courses with reclaimed water. The regulationsrequire that reclaimed water used for unrestricted

golf courses "shall be at all times an adequately disinfected, oxidized, coagulated, clarified,

filtered wastewater or a wastewater treated by a sequence of unit processes that will assure an

equivalent degree of treatment and reliability." The regulations also require that the median

number of coliform organisms in the effluentdoes not exceed 2.2 per 100 milliliters.

In addition to the draft State regulations, the EPA has recently published a document entitled

Guidelines for Water Reuse. The guidelines address all important aspects of water reuse,

including recommended wastewater treatment processes, treatment reliability provisions,

reclaimed water quality limits, monitoring frequencies, setback distances, and othercontrols for

various water reuse applications. Table 6.1.2-1 shows a portion of the EPA guidelines.

The golf course is currently irrigated with water that has been treated in an aerated lagoon and

disinfected. While it may be possible to continue irrigating with this level of treatment by

claiming theprocess should be "grandfatheredH under theoldregulations, we donotrecommend

this approach.
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TABLE 6.1.M

EPA GUIDELINES FOR WATER REUSE

(SOURCE: U.S. ENVIRONMENTAL PROTECTION AGENCY, 1992)

-™!

TYPES OF REUSE TREATMENT

RECLAIMED

WATER

QUALITY

RECLAIMED

WATER

MONITORING

SETBACK

DISTANCES COMMENTS

Urban Reuse

All types of landscape
irrigation, (e.g., golf
courses, parks,
cemeteries) - also
vehicle washing, toilet
(lushing, use in (ire
protectionsystems and
commercial air

conditions and other

uses with similar access

or exposure to the
water.

• Secondary

• Filtration

• Disinfection

• pH = 6-9

• <. 10 mg/L BOD

• .< 2NTU

• No detectable

fecal coli/100 Ml

• 1 mg/L CI,
residual (min.)

• pH •» weekly

• BOD •= weekly

•Turbidity =
continuous

• Coliform = daily

• CLj residual =
continuous

• 50 ft. (15 m)
to potable
water supply
wells

• At controKed-access irrigation siteswhere designandoperational measures significantly
reduee the potential of public contact with reclaimed water, a lower leverof treatment, e.g.
secondary treatment anddisinfection to achieve 14 fecal coli/100 Ml, maybe appropriate.

• Chemical (coagulant aad/orpolymer)additioa priorto filtration may be accessary to meet
water quality recommendations.

• The reclaimed watershould notcontain measurable levelsof pathogens.

• Reclaimed water should be clear, odorless, andcontain no substances thatare toxicupon
ingestion.

• A higherchlorine residual aad/ora longercontact time may be necessary to assure that
viruses and parasites are inactivated or destroyed.

• A chorineresidual of0.S mg/L or greater in the distribution systemis recommended to
reduce odors, slime, aad bacterialregrowth.

Recreational

Impoundments

Incidental contact

(e.g., fishing and
boating)and full body
contact with reclaimed

water allowed

• Secondary

• Filtration

• Disinfection

• Fh = 6-9

• <. 10 mg/L BOD

• <.2NTU

• No detectable

fecal coli/100 Ml

• lmg/LCI,
residual (min.)

• Ph «• weekly

• BOD = weekly

• Turbidity =
continuous

• Coliform •= daily

• CL, residual «=
continuous

• 500 ft. (150
m) to potable
water supply
wells

(minimum) if
bottom not

sealed.

• Dechlorinationmay be necessaryto protect aquaticspeciesof floraand fauna.

• Reclaimed water should be non-irritating to skin andeyes.

• Reclaimed water should be clear,odorless,aadcontain no substances thataretoxic upon
ingestion.

• Nutrient removalmay be necessary to avoid algaegrowth in impoundments.

• Chemical (coagulant and/orpolymer) addition priorto filtration may be necessary to meet
water quality recommendations.

• The reclaimed water shouldnot containmeasurable levels of pathogens.

• A higherchlorineresidual and/ora longercontacttime may be necessary to assurethat
viruses and parasitesan inactivated or destroyed.

• Fish caught in impoundmentscan be consumed.
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Due to the close proximity of the housing to the golf course, the level of exposure to treated

wastewater is higher than would occur with the houses set back from the fairways. Normally

a buffer zone would be provided between the irrigated lands and homes along the golfcourse.

At Big Sky no buffer zone is proved.

Exposure to bacteria and enteric viruses can occur by several routes including drinking

contaminated water, aerosols created from irrigation, or handling items such as golf balls that

have come into contact with contaminated water. While treatment in a lagoon with disinfection

may achieve a reduction in enteric viruses of approximately 98 to 99 percent, the number

remaining may still approach 500,000 per liter. In contrast, tertiary treatment utilizing

coagulation, filtration, and disinfection following a secondary plant can reduce enteric virus

levels to approximately 170 per liter (USGA, 1994).

The existing golf course can continue to be used as a spray irrigation site. However, we

recommend that the wastewater be treated to meet current requirements for golf course

irrigation. As discussed in Section 4.7.4, the golf course has an irrigation capacity of

approximately 47.5 million gallons per year during a cool wet year. During a dry year, the

irrigation capacity of the golf course is 92.85 million gallons per year. A site is needed that is

capable of handling 174.88 million gallons per year in the design year 2018. The additional land

required for the spray irrigation alternative must have a capacity to treat 127.38 million gallons

per year. At full development of the existing treatment commitments, the wastewater flow is

estimated at 246.01 million gallons per year. At a flow of 246.01 MG/YR the spray irrigation

site(s) musthavea capacity to treat 198.51 million gallons per year in addition to the golf course

capacity. While the continued irrigation of the golf course does provide a disposal site for a

portion of the wastewater, the need to treat the wastewater to a higher level results in a potential

cost increase. Therefore, the spray irrigation options have been evaluated under two options:

1) continue treatment withan aerated lagoon and dispose of all water at a new site or, 2) provide

advanced treatment, continue to use the golf course and additional land at a new site.

In order to locateadditional spray irrigation sites a factor overlay methodology was used to make

a first cut in eliminating areas from consideration for spray irrigation. The technique used for

-103-
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the first cut was to physically overlay a base map of the area with transparent sheets depicting

favorable orunfavorable conditions for spray irrigation based on three specific factors: (1) slope

stability; (2) elevation; and (3) slope. (HKM, 1993). The factor overlay method eliminated

lands from consideration if any of the following conditions occurred: (1) landslide area; (2)

elevation greater than 8000 feet; and (3) slopes greater than 40%. Based on the factor overlay

the following areas were evaluated further.

The Beaver Creek Area

Drainage basins of the upper tributaries to the South Fork

Upper Buck Creek

Upper Jack Creek Basin

Scattered areas on the Hidden Lake Quadrangle

Gallatin River bottom land

Porcupine Creek area

Land surrounding Meadow Village

After further evaluation, the majority of these sites were considered as poor irrigation sites due

to a combination of factors which fell just outside the screening criteria.

Two potential spray irrigation sites were identified and are discussed in this report. The

Porcupine Creekarea andthe drainage basins of the upper tributaries to the South Fork (Yellow

Mule site).

For the Porcupine Creek site, it is estimated thatan area of approximately 566 acres would be

required for the20 year design flow of 174.88 million gallons peryear. When allof the legally

committed treatment capacity is fulfilled the annual flow is estimated to be 246.01 million

gallons per year. At an annual flow of 246.01 million gallons per year approximately 793acres

would be required.

The land in the Porcupine Creek area would have to be acquired or leased. The land is

currently included in a land trade being negotiated between the Forest Service and a private
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lumber company. If the trade is completed, the land at the Porcupine Creek site would be

transferred to the Forest Service. Discussion with the Forest Service indicates a special use

permit would have to be obtained in order to use the site for spray irrigation. The Forest

Service also indicated a special use permit would noteven be considered until the land trade is

complete. Our contact with the Forest Service has indicated that:

1) The Forest Service policy has been notto allow theapplication of sewage on their lands

unless there are absolutely no available private lands. In general, they do not look

favorably on that use of Forest Service land.

2) The presentland swap negotiations will have to be complete before serious consideration

can be given to spray irrigation. After that, there would be a substantial public

involvement period and environmental assessment The net result is there would be a

long time period involved in acquiring these lands for spray irrigation. Local Forest

Service personnel estimated that at least 3 years would be required before an answer

could be given.

3. As the Porcupine Creek site is located in a Grizzly Bear Management Area (MS 2),

additional study may be required to determine the effects of the spray irrigation on the

grizzly bear.

Given the Forest Service policy and the possible public involvement in a plan which utilizes

approximately 800 acres of land in a Grizzly Bear Management area for irrigation, it is likely

that it would be atleast 3 years before a system design could begin. It is also possible that the

Forest Service would deny the special use permit. For these reasons, the Porcupine Creek site

was not evaluated further.

The second siteconsidered for spray irrigation is the Yellow Mule site located in the South Fork

drainage. Figure 6.1.2-1 shows the location of the Yellow Mule site.
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Two options were considered for irrigation on the Yellow Mule site. The first option involved

continuing to treat the wastewater with an aerated lagoon and disposing of all the treated water

in a three month period when there is a gross irrigation requirement. The existing lagoon would

have to be upgraded to handle the projected organic loadings. By irrigating in a three month

period when there is a gross irrigation requirement, surface runoff can be eliminated or

minimized. The second option involves constructing an advanced nutrient removal treatment

plant and irrigating on the golf course and the Yellow Mule site. As shown later in Table 7.1-

13, both options have a high equivalent annual uniform cost and have not been selected as the

recommended alternative. As the Yellow Mule site falls just outside a grizzly bear management

area, there was also a concern about potential impacts from the project.

In the first option, an irrigation area of 805 acres is required for disposal of the 20-yeardesign

flows. A winter storage volume of 138 MG is required. At a flow of 246.01 million gallons

per year, an irrigation area of 1134 acres is required and a winter storage volume of 195 MG

is required. The area in thevicinity of theYellow Mule siteis relatively steep and is nota good

location for a large storage reservoir. For the 195 MG storage at full build out of the legal

commitment, approximately 35 acres of relatively flat land would have to be acquired.

A 20-inch steel line would be installed between the existing plant site and the spray irrigation

site. Water from the storage reservoirs would be pumped to theYellow Muleirrigation sitewith

the transfer pumps. A surge tank would be located at the Yellow Mule site to function as a

pump suction reservoir for the irrigation pumps.

A transfer pump station consisting of three 600 HP pumps would be required. Each pump

would have 50% of the total capacity requirements. In addition to the transfer pumps, large

irrigation pumps would also be required. Three 600 HP pumps would be provided with each

pump having 50% of the total capacity. One pump would serve as a backup pump.
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The second option involves constructing an advanced nutrient removal wastewater treatment

plant and disposal of the treated water on the golf course and the Yellow Mule site. In this

option it is assumed irrigation at the Yellow Mule site would occur for 5 months of the year.

An area of 528 acres is required in addition to the 165 acres on the golf course. A storage

volume of 138 MG should be provided for the 20 year design flows. A spray disposal area of

896 acres is required, in addition to the golf course area, for the flow of 246.01 MGY projected

for the legallycommitted hookups. A storage volume of 195 million gallons shouldbe provided

for the full build out flows.

By increasing the length of the irrigation season and utilizing the golf course, the transfer line

to the irrigation site can be reduced to 12-inches, the transfer pumps could be reduced to 300

HP pumps, and the irrigation pumps could be reduced to 250 HP pumps. Two pumps would

be installed at each pump station with each pump having 100 percent capacity. One pump in

each station would serve as a backup pump.

6.2 SEQUENCING BATCH REACTOR

A sequencing batch reactor (SBR) is a biological treatment process that combines thebiological

reactor and the final clarifier into a single basin. The SBR is a fill and draw process in which

discrete treatment cycles occur ina single basin. The cycles can beeither time orvolume based.

The specific treatment cycles are:

Fill (raw wastewater is fed to the reactor),

React (aeration/mixing of the contents),

Settle (quiescent settling),

Decant (withdrawal of treatment wastewater),

Idle (removal of sludge from basin).

Figure 6.2-1 illustrates the treatment cycles in the SBR process.
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Theprocess allows a substantial amount of operational flexibility as thecycle times and volumes

can be varied to accomplish nutrient removal.

The process flow diagram for the SBR system is shown in Figure 6.2-2. The treatment system

consist of the following components:

Pretreatment

Bar Screen

Grit Removal

SBR Basin and Equipment

Filter and Backwash System

Flotation Thickener and Related Equipment

Aerobic Digester

Sludge Holding Basin

Chemical Addition Equipment

Sludge Pumps

Disinfection

The SBR system would consist of three basins each approximately 50 feet square with a

maximum waterdepth of approximately 19.0 feet. Two of the basins would be equipped with

full aeration and decant equipment. The third basin would function as a standby equalization

basin should one of the functioning basins be down for maintenance. Minimal aeration and

mixing would be provided in the standby basin. While it is possible to use a singleSBR basin

and a large equalization basin, two complete functioning basins are recommended.

Aeration would be required to meet both the carbonaceous and nitrogen oxygen demand. It is

estimated that three (3) seventy five (75) horsepower blowers would be required to supply the

oxygen demands.
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In order to achieve the desired level of nutrient removal it is necessary to provide an anoxic

*» cycle in which the contents of the reactorbasin are mixed without the addition ofair. Therefore

each basinwould containa mixer assembly which would accomplishmixing without the addition

» of oxygen. In addition, each basin would contain a decant system to allow the settled and

1 clarified water to be drawn off.

Wl

fat

Effluent from the reactor basin would be discharged to a post equalization basin and a mixed

media filter.

The post filtration system would consist of two (2) filters providing a filtration area of 157

square feet in each filter. A mixed media filter consisting ofa anthracite, silicasand, and garnet

sand would be used in the filtration process. In order to clean the filters, a backwash system

would be required. The backwash system would consist of:

a backwash storage basin
backwash pumps
surface wash pumps
reclaim basin

reclaim pumps
and sludge transfer pumps.

The site layout for the SBR System is shown in Figure 6.2-3.

As with any biological system, sludge generated during the treatment process must be removed

from the reactor basin. This would be accomplished with sludge pumps which would transfer
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1 • Labor costs are based on $20.00 per hour which includes direct labor costs,

m workmen's compensation insurance, and fringe benefits.

f • Power costs were estimated at $0.2845 per kilowatt - hour.

p • Demand charges were estimated of $5.30/KW.

s> • Manpower needs were estimated from the publication Estimating Staffing for

Municipal Wastewater Treatment Facilities fUS EPA. 1973).
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TABLE 7.L7

ESTIMATED ANNUAL OPERATION AND MAINTENANCE COSTS

ALTERNATIVE

OPERATION

COST

S/YEAR

MAINTENANCE

COST

S/YEAR

POWER

COST

S/YEAR

CHEMICAL

COST

S/YBAR

ADMINISTRATIVE

COST

S/YEAR

LAB

COST

S/YEAR

TOTAL

O&M

COST

S/YEAR

Sequencing Batch
Reactor with filter 102,400 51,100 33,200 20,000 6,900 8,000 221,600

Aerated Lagoon
with Spray
irrigationat Yellow
Mile (3 month)

54,300 110,200 72,100 5,000 6,400 4,800 252,800

Advanced

Treatment with

•pray irrigationat
Yellow Mule (5
monthi)

88,000 110,100 74,400 20,000 6,900 8,000 307,400

Advanced

Treatment with

inowmaking
110,000 65,900 54,300 20,000 6,900 8,000 265,100
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Tables 7.1-8 through 7.1-12 show the estimated salvage value for each of the alternatives.

TABLE 7.1-8

SALVAGE VALUE FOR SEQUENCING BATCH REACTOR WITH FILTER

ITEM COST LIFE

SALVAGE

VALUE

20 YR.

Pre-Treatment $ 128,000 30 $ 42,900.00

SBR Basins 636,000 30 213,200.00

Flotation Thickener 225,000 30 75,400.00

Aerobic Digestion 244,000 30 81,800.00

Sludge Storage 45,000 50 27,000.00

Sludge Transport 320,000 20 0.00

Control/Lab/Maintenance 229,200 50 137,500.00

Chemical Feed Equipment 75,000 20 0.00

Site Work 140,000 — 140,000.00

Excavation/Fill 125,000 — 125,000.00

Electrical 211,600 30 70,900.00

Controls & Instrument 95,000 20 0.00

Yard Piping 125,000 50 75,000.00

HVAC 47,600 30 16,000.00

Filters 300,000 30 100,600.00

Backwash Basin 45,000 50 27,000.00

Reclaim Basin 40,000 50 24;000.00

Reclaim Pumps 6,000 20 0.00

Filter Building 235,000 50 141,000.00

Backwash Pumps 14,000 20 0.00

Sludge Transfer Pumps 6,000 20 0.00

TOTAL $1,297,300.00
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TABLE 7.1-9

SALVAGE VALUE FOR AERATED LAGOON

ITEM COST LIFE

SALVAGE

VALUE

20 YR.

New Cell $ 200,000 — $200,000.00

Aeration Tubes 23,000 20 0.00

Surface Preparation 17,000 — 17,000.00

Liner 417,950 30 211,700.00

Airline 26,400 50 15,840.00

Blower & Motor 20,000 20 0.00

Interior Piping 15,000 50 9,000.00

TOTAL $ 453,540.00
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TABLE 7.1-10

SALVAGE VALUE FOR SNOWMAKING SYSTEM

HEM COST LIFE

SALVAGE

VALUE

20-YEAR

Advanced Treatment Plant $3,477,400.00 varies $1,342,300.00

16-inch PVC 479,500.00 50 287,700.00

Valves 14,000.00 50 8,400.00

JLand Purchase 400,000.00 — 400,000.00

Clearing and Grubbing 37,500.00 — 37,500.00

New Storage 810,000.00 — 810,000.00

Liner 729,950.00 30 244,500.00

Access Road 63,000.00 — 63,000.00

Fencing 40,000.00 50 24,000.00

Surface Preparation 20,000.00 -- 20,000.00

14-inch Steel 1,800,000.00 50 1,080,000.00

Cathodic Protection 37,500.00 30 12,600.00

14-inch Valves 30,000.00 50 18,000.00

Pump Station (40 HP) 90,000.00 50 54,000.00

Pump Station (1050 HP) 700,000.00 50 420,000.00

Pump Station (700 HP) 550,000.00 50 330,000.00

Telemetry 20,000.00 20 0.00

TOTAL 5,152,000.00
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TABLE 7.1-11

SALVAGE VALVE FOR SPRAY IRRIGATION SYSTEM
AT YELLOW MULE SITE (3 MONTH)

ITEM COST LIFE

SALVAGE VALUE

20-YEAR

Aerated Lagoon 868,650 453,500

Liner 471,250 30 157,900

Land Purchase 700,000 — 700,000

Surface Preparation 21,000 — 21,000

Embankment 1,440,000 — 1,440,000

Clearing & Grubbing 50,000 — 50,000

20-inch Line 3,000,000 50 1,800,000

Cathodic Protection 20,000 30 6,700

Pump Station (1800 HP) 750,000 50 450,000

Surge Tank 15,000 50 9,000

Valves 26,00 50 15,600

Pump Station (1500 HP) 700,000 50 420,000

20-inch Steel Irrigation
Line

720,000 50 432,000

Laterals & Risers 2,240,000 50 1,344,000

Telemetry 10,000 20 0.00

Electrical Extension 400,000 — 400,000

TOTAL 7,699,700
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TABLE 7-1-12

SALVAGE VALUE FOR SPRAY IRRIGATION SYSTEM

AT YELLOW MULE SITE (5 MONTH)

ITEM COST LIFE

SALVAGE

VALUE

20-YEAR

Advanced Treatment Plant $3,4777,400 Varies $1,342,300.00

Liner 845,500.00 30 283,200.00

Surface Preparation 40,000.00 — $40,000.00

Land Purchase 800,000.00 — 800,000.00

Excavation and Embankment 922,500.00 — 922,500.00

Clearing and Grubbing 50,000.00 — 50,000.00

12-inch Pipe 1,375,000.00 50 825,000.00

Valves 19,500.00 50 11,700.00

Cathodic Protection 20,000.00 30 6,700.00

Pump Station (600 HP) 450,000.00 50 270,000.00

Surge Tank 15,000.00 50 9,000.00

Surface Restoration 125,000.00 — 125,000.00

Pump Station (450 HP) 375,000.00 50 225,000.00

12-inch Steel Pipe 302,500.00 50 181,500.00

Laterals and Risers 1,848,000.00 50 1,108,800.00

Telemetry 10,000.00 20 0.00

Electrical Extension 400,000.00 -- 400,000.00

TOTAL 6,600,700.00

Table 7.1-13 illustrates the equivalent uniform annual cost(EUAC) for each viable alternative.

The EUAC includes the capital cost, estimated operation and maintenance cost, and the salvage

value at the 20-year design life. The salvage value has been determined using a straight line

depreciation.
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TABLE 7.1-13

Alternative

Capital

Cost

Annual

Cost

of

Capital

Annual

O&M

Salvage

Value

Annual

Worth

of

Salvage

Equivalent

Annual

Uniform

Cost

Aerated Lagoon with Spray

Irrigation at Yellow Mule (3 months)

$15,068,000 $7,699,700

($163,600) $1,652,500$1,563,300 $252,800

Advanced Treatment with Filtration

and Spray Irrigation of Yellow Mule

(5 months)

$15,172,800 $6,600,700

$1,574,200 $307,400 ($140,300) $1,741,300

Advanced Treatment with Filtration

and Snowmaking

$13,109,250 $5,152,000

$1,515,900$1,360,100 $265,100 ($109,300)
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7.2 FUTURE EXPANSION BEYOND 20-YEAR PLANNING PERIOD

Due to the difficulty and inaccuracies of predicting populations and flows for a greater time

period, a 20-year planning period is generally used in evaluating wastewater treatment plans.

However, it must be assumed that at some future time the treatment facility may have to be

upgraded or expanded again. Therefore, it is prudent to give consideration to the future

expansion possibilities for each treatment alternative considered.

Spray Irrigation

Two sites were being considered for spray irrigation; the Porcupine Creek site and the Yellow

Mule site. The Porcupine Creek site was ruled out as a viable option due to the length of time

required to acquire the land. The Yellow Mulesitewasruled out as otherless expensiveoptions

were available.

The Yellow Mule site is privately owned. The current owner has indicated approximately 900

acres could be madeavailable for spray irrigation. Depending on the irrigation option selected,

the land required for the 20-year design flow is either 528 acres or 805 acres. For the projected

flow of 246.01 MG/YR, the land required would be either 896 acres or 1134 acres, depending

on the irrigation options selected. An agreement for additional land would be required for any

future expansion in the Yellow Mule Area.

Sequencing Batch Reactor

The sequencing batch reactor is a fairly compact plant and could easily be expanded at the

present wastewater treatment plant site.

Aerobic Lagoons

Adequate room is available at the existing plant site to construct an additional 18 MG pond.

This would provide adequate expansion capability.
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Snowmaking

Boyne USAcurrently has snowmaking on 4 runson Andesite Mountain covering approximately

200 acres. Ten guns are used for snowmaking. Currently, approximately 32 million gallons

per year are used in the snowmaking operation (Tout). Boyne has indicated they are planning

to expand the snowmaking operation to 40 guns. Future snowmaking is planned for the

Southern Comfort runs on the south facing slopes of Andesite. In addition, snowmaking is

planned for the intermediate slopes in the vicinity of the gondolas. With an expansion to a 40

gun system, it is estimated 128 million gallons would be used in a typical season.

Under the design conditionsof a cool summer, when only limited irrigation of the golf course

would occur, 127.4 million gallons would need to be disposed of by snowmaking. The

expansionof the snowmaking operationcurrently planned by Boyne USA will cover the runs on

the southsideof Andesite and one run served by the gondola. Additional runs are available to

expand the snowmaking operation beyond the currently planned expansion.

The level of treatment provided in the alternative will also allow reuse in urban type irrigation

systems. Therefore, it would be possible to expand the irrigation disposal area to include new

subdivisions when they are approved for development.

7.3 ENVIRONMENTAL IMPACTS

In this section, differences among alternatives as they effect the environment will be discussed.

7.3.1 Groundwater

Potential impacts to the groundwater are greatest in land disposal options such as spray

irrigation, rapid infiltration basins or the snowmaking systems. While spray irrigation systems

are designed to match the nutrient uptake rate of the crop, some leaching of nutrients will most

likely occur. Slow rate spray irrigation systems are reported to have total nitrogen removal

efficiencies of 67 to 84% (EPA, 1981). When a SBR or oxidation ditch process is used, the
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expected total nitrogenconcentration will be 5 mg/l as N. Assuming a further nitrogenremoval

of67 percentoccurs in the land disposal system, the total nitrogen concentration of the leachate

would be 1.65 mg/l-N. Background nitrateconcentrations ranging from 0.06 to 4.9 mg/l were

measured in the Big Sky vicinity in 1970 (Van Voast). Therefore, minimal or no impacts to the

groundwater are expected from the land disposal options in which a nutrient removal treatment

plant is used for the initial treatment.

Land disposal of aerated lagoon effluent has a greater potential to impact the groundwater than

water from a nutrient removal plant simply due to the higher total nitrogen concentrationin the

sprayed water. Total nitrogen concentrations of 15 to 25 mg/l-N could be expected in the

effluent of an aerated lagoon. Assuming an 84% removal efficiency in the irrigation process,

due to the higher initialconcentration, a totalnitrogen concentration of 2.4 to 4.0 mg/l-N would

be expected in the leachate.

The alternative utilizing snowmaking is expected to have minimal or no impact on groundwater.

A study completed in 1975using lagoon effluent for snowmakingat SteamboatSprings, reported

significant reductions in dissolved solids, BOD, and totalphosphorus in the snowpack compared

to the effluent (Wright-McLaughlin). The Steamboat Springs study also showed the ammonia

nitrogen concentration in the snowpack was reduced from 12 mg/l to a mean of 1.8 mg/l. The

reduction was attributed to volatilization because of the air movement through the snowpack.

A separate study conducted in Canada in 1989 (Novatec Consultants, Inc.) reported that typically

morethan 90 percent of the total nitrogen and 65 to 75 percent of the total phosphorus initially

present in the snowpack was released in the first 30 percent of the meltwater. The majority of

the initial meltwater will percolate into the soil. The study reported a positive effecton most

of theagricultural parameters of the soil with significant increases in the available nitrogen and

phosphorus. Phosphorus was readily adsorbed onto the soil. The study also reported that "up

to 50 percent of the applied nitrogen may have been absorbed by the upper 1 meterof soil".

It is expected that meltwater from an artificial snowpack made from treated and recycled

wastewater will have minimal impact on the groundwater. Any phosphorus percolating into the
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ground will be removed by the top soil layers. While some nitrate from the meltwater may

reach the groundwater, the concentration is expected to be near background levels. r"

7.3.2 Surface Water

The pollution parameters of primary concern for surface waters are nitrate and phosphorus. ^

Nitrate and phosphorus are nutrients that can stimulate algae growth in streams and reservoirs.

Streams in the West Fork basin and the West Gallatin River are considered to be nitrogen H

limited. This implies that any increase in instream nitrogen concentrations has the potential to

stimulate increased algae growth.

Surface waters in the West Fork drainage are generally of high quality. As shown previously

in Table 4.1.2-1, meannitrate concentrations ranged from 0.01 to 0.06 mg/l N03-N in samples

collected from 1971 through 1974. Samples collected recently on the MiddleFork (Table4.1.2-

4) showed nitrate + nitrateconcentrations ranging from <0.05 to 0.25 mg/l N03-N.
PS

Of the alternatives considered, two would result in treated water entering a surface water. The

two alternatives are 1) advanced treatment plant with land disposal at the Yellow Mule site for ]
5 months, and 2) advanced treatment plant with snow making.

Both the spray disposal alternative of the Yellow Mule site for 5 month and the snowmaking

alternative would be expected to have minimal and nonsignificant impacts to surface waters.

Both alternatives involve treating the wastewater with an advanced nutrient removal treatment

plant with filtration before disposing of the treated water in a land application system. The

expected quality of the water from the treatment plant is shown below.

Ammonia 1 mg/l -NH3 -N ™

Nitrate 2 mg/l N03 -N J

P04 1 mg/l P04 i-

BOD5 <10 mg/l 1
TSS <5 mg/l n.
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Based on studies completed in Canada (Novatec Consultants Inc., 1989), it is expected that the

m majority of nutrients present in the snowpack would be concentrated in the early portion of the

snowmelt, which would percolate into soil. The potentialincrease in nitrateconcentration in the

m streams is not anticipated to result in any increased algaegrowth. During runoff conditions, the

I streams are turbid which will limit light penetration in the streams. Algae growth is significantly
™ reduced in low light conditions. Also stream temperatures are low which will inhibit algae

growth.

^1

While increased nitrogen concentrations in the streams during spring runoff is not anticipated

to result in any increased algae growth, the effect on downstream reservoirs (such as Canyon

Ferry) must also be considered. The fact that nitrate runoff may occur from the Big Sky area

does not necessarily mean that all of the nitrate reaches Canyon Ferry. A study conducted in

a second-order mountain stream in North Carolina suggests that in-stream depletion of nitrate

may represent a portion of the nutrient cycling in forest systems. (Swank and Caskey, 1982).

The study reported that denitrification in sediments of well oxygenated streams may be a

significant route of nitrogen depletion in a flowing stream. The North Carolina study reported

in-stream nitrate depletions of approximately 50 percent in the two years following a periodof

watershed disturbance. The 50 percent depletions were measured in a stream length of

approximately 2500 feet. The in-stream depletions were related to denitrification in the stream

sediments.

Even when the possibilities of in-stream denitrificationand percolation of melt water into the soil

are neglected, the possible impacts to Canyon Ferry Reservoir from runoff at Big Sky are

minimal. A mass balance of nutrients entering Canyon Ferry Reservoir was reported in a 1986

study (Priscu). From April 15, 1986 to October 29, 1986 approximately 456,350 pounds of

nitrate entered Canyon Ferry Reservoir. If all the nitrate in the recycled water used in the

snowmaking operation, reached Canyon Ferry it would only represent 0.4% of the inlet load

measured during a 6 month period at Canyon Ferry.
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7.3.3 Historical and Archeolorical Sites

The existing treatment plant site has previously been disturbed by construction activities.

Additional construction on the siteis not expected to impact anyhistorical or archeological sites.

The snowmaking alternative would require installing a new line to the Mountain Village area.

The line would parallel the existing sewer outfall line and therefore, construction would be in

a previously disturbed area.

7.3.4 Floodplain and Wetlands

None of the alternatives being considered would be constructed in the floodplain. No wetlands

have been identified that would be impacted by the alternatives under consideration. Pipeline

alignments would be routed to avoid any wetland areas.

7.3.5 Plant and Wildlife Protection

The land disposal alternatives would provide a greater degree of protection for fish than the

otheralternatives. It is possible that substances toxic to fish could pass through any biological

treatment system and be discharged to the receiving stream. However, as no industrial

discharges are present in Big Sky, this possibility is remote.

The Yellow Mule site is just outside the Grizzly Bear Management area. For all practical

purposes, the construction and management practices would be the same as if the site was in the

management area. The goal would be to minimize grizzly-humanconflict potential. The Forest

Service has indicated that if construction occurs in these areas, restrictions should be placed on

the contractor to avoid potential grizzly-human contact. The restrictions suggested included not

allowing any camping or storing of food at the construction site.

The ForestService did suggest that grizzly bearsmight be attracted to a sprayirrigation site due

to the increased vegetation growth.
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As discussed in Section 4.1.5 the only plant identified in the area as a sensitive species was

p Yellow Springbeauty which was located inthe Porcupine Creek area. The Porcupine Creek area

is not included in the recommended plan and, therefore, no impact is foreseen for the Yellow

m Springbeauty.

* 7.3.6 Air Quality

p As noted in Section 4.1.8, the air quality in the area is considered to be high. However, the

area is subject to temperature inversions which tend to trap air pollutants in low lying areas.

The primary sources of air pollutants is expected to be automobile exhaust and smoke from

fireplaces. Baseline studies completed in 1973 indicated that the Mountain Village tended to

have less winds and would be more apt to have problems with air quality (Stuart, 1976).

The policy recommendation contained in Stuart's 1976 report is still valid and would serve to

mitigateimpactson the air quality. The recommendation included limiting the amount ofwood

burning by limiting the number of new fireplaces or by eliminating burning during periods of

highpollution potential. It was also recommended that zoning be implemented that wouldlimit

the number of fireplaces per given area.

The 1976 report also noted road dust from traffic over gravel roads as a source of airborne

particulates. This problem has been substantially eliminated with the paving of road to the

Mountain Village.

7.3.7 Traffic

Traffic volumes have increased significantly in the Big Sky area during the past 10 years. A

traffic count station located between the US 191 and Highway 64 intersection and the Meadow

Village shows the annual daily traffic (ADT) volume has increased nearly 130% since 1981

(Robert Peccia Associates, 1993). Traffic count data show the present ADT volume between

US 191 and Meadow Village is 2,457 vehicles per day.
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It is expected that traffic volumes will continue to increase in the Big Sky area as a result of

development both inside and outside the water and sewer district. Increased commercial and

residential development along US 191 will undoubtedly increase traffic in the resort area.

Improvements required to serve the increased traffic volume have been detailed in the1993 draft

report entitled Gallatin Canyon/Big Skv Capital Improvement Plan.

Public transit systems are one means of reducing traffic volumes in the area. A shuttle bus

service does operate in the area and provides local travel access to and from points in the

Mountain Village, Meadow Village, and along US 191. The service only operates for sixteen

weeks during the ski season. During the 1992-1993 season, total ridership on the shuttle buses

was 49,231 passengers. This was an increase of 98% over the 1991-1992 season. The

increased usage was attributed to the fact that the service was provided at no charge during

1992-1993 where in previous years there was a charge. As pointed out in the Gallatin

Canyon/Big Skv Capital Improvement Plan, onemeans of mitigating traffic impacts is to expand

the shuttle bus service.

7.3.8 Demands on Government Services

Fire Protection. The Gallatin Canyon Rural Fire District provides fire protection in the area.

The District operates on a volunteer system with one full time paid position and approximately

23 volunteers. The District operates a three-bay fire station located in Westfork Meadows.

The effect on fire protection needs will be the same regardless of the wastewater treatmentand

disposal method selected. Increased development will lead to more fire calls and more

emergency medical calls. However, the increased population will also provide a greater pool

of potential volunteers to serve the area needs.

Police Protection. Police protection is provided by the Gallatin County Sheriff. Currently, the

area is served by three deputies. In 1992, the Sheriff Department responded to 396 complaints

and made 34 arrests.
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Thecurrent levelof service is funded through acooperative agreement between Gallatin County,

Madison County and the Big Sky Resort Tax.

It is expected that resort tax funds may also be used to help offset some of the costs of

constructing and operating the wastewater treatment system.

7.4 MUTABILITY

Sprav Irrigation Disposal

Spray irrigation disposal of the effluent from a treatment system is highly reliable, assuming a

suitable siteis available. The successful useof spray disposal will depend primarily on the soil

conditions, crop selection, and application rates.

Sequencing Batch Reactor (SBR1

The SBR technology has only recently been utilized in the United States and therefore the

published performance data is limited. Table 7.4-1 shows the published performance data from

five operating SBR plants (Water Environment Federation, 1991).

TABLE 7.4-1

SBR PERFORMANCE DATA

PLANT EFFLUENT

BOD

mg/l
T-P

mg/l
NH4-N
mg/l

NO4-N
mg/l

Oak Pt., Michigan 5.0 2.0 0.4 3.7

Grundy Center, Iowa 5.0 4.3 0.5 3.5

Culver City, Indiana 9.2 0.61 1.0 1.3

Armada, Michigan 10.3 0.48 3.43 —

Manchester, Michigan 3.0 0.50 0.43 —

* Achieved with chemical addition
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As Table7.4-1 showsthe SBR process is capable ofproducing a highquality effluent. The SBR

process relies heavily on automated controls to open and close valves in the process sequence.

While the reliability of automated controls has improved in recent years, it is expected that the

plant operators will have to be familiar with programmable process controllers so that the

process variables can be modified to suit different operating conditions.

The EPA publication Nitrogen Control lists operating data for 13 full scale SBR plants. The

data shows the average total nitrogen concentration from the plants was 3.74 mg/l and the

average nitrate concentration was 2.16 mg/l.

Reverse Qsmosjs

The reverse osmosis process is very reliable however it can requireextensive maintenance. The

primaryconcern with the reverse osmosis process is biofouling of the membranes. This can be

controlled to a limited extent with chemical addition. It is estimated the membranes will have

to be replaced on a two to three year interval. In order to ensure the proper operation of a full

scaleplant it will be necessaryto conducta pilot plant study using the actualwater to be treated.

Reverse osmosis plants are normally used to treatbrackish sea water or well water for potable

drinking water. While they have been used as an advanced treatment for municipal wastewater

reclamation in a few locations, there is a lack of operational data over a wide range of influent

conditions. Because the use of RO plants for municipal wastewater reclamation is a fairly new

technology, a pilot plant study will be needed to ensure adequate pretreatment is provided to

reduce biofouling problems.

The reverse osmosis process will produce an extremely high quality effluent.

Snowmaking

The reliability of the snowmaking operation is highlydependent on the qualityof water produced

in the treatment plant. Snowmaking is considered a disposal method and not a treatment
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process. However, as discussed in Section 7.3.1, some reduction in BOD5, total dissolved

solids, and total phosphorus can be expected.

When snowmaking for winter disposal is coupled with irrigation of golf course for summer

disposal, another level redundancy is added to the system. With a distribution system

established on the ski area, it would be possible to utilize the area for summer spray irrigation

disposal if required.
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8.0 RECOMMENDED ALTERNATIVE

8.1 DESCRIPTION AND PRELIMINARY DESIGN DATA

8.1.1 General

The recommended alternative for Big Sky consists of constructing a sequencing batch reactor

(SBR) to providetertiary levels of treatment. The SBR will be designed as a nutrient removal

plant to remove nitrogen and phosphorus. The SBR system will consist of pretreatment,

biological treatment, a post equalization basin, chemical feed, effluent filtration, disinfection,

aerobic digestion, and sludge storage with land disposal.

Effluent disposal will involve a combination of irrigation of the golf course in the summer and

snowmaking in the winter. Storage of the effluent would be required between seasons. In

addition to the existing storage ponds, a 62 million gallon lined storage pond would be

constructed to provide the required storage volume. The new storagepond would be constructed

at the Michener Creek site. A 16-inch PVC line would allow water to be transferred between

the existing storage ponds and the new ponds at Michener Creek. A low head pump station

would pump water from the Michener Creek site to the existing storage ponds.

Water from the storage basins will be disposed of on the golf course during the summer and on

the skihill during the fall and winter. It is anticipated that irrigation of the golf course will occur

from June through September with snowmaking occurring in late October, November and

December. The existing golf course irrigation system would be expanded and upgraded by

installing new laterals and risers on approximately 85 acres of golf course land. The existing

golf course pump station would be upgraded to larger pumps to match the increased irrigation

requirements.

For the snowmaking operation, a pump station consisting of three 350 HP pumps will be

constructed to pump water from the storage basins to an intermediate surge tank located at an

elevation of approximately 6960. A second pump station with two 350 HP pumps would draw
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water from the surge tank and pump to the snowmaking pumps located at Lake Levinsky. A

new 14-inch steel line would be installed from the existing storage ponds to the snowmaking

pumps.

8.1.2 Description of SBR Process

The process flow diagram for the recommended alternative is shown in Figure 8.1.2-1. The

treatment and disposal system consists of the following components: m-

• Pretreatment

Bar screen

Grit removal

SBR Basin and Equipment

Two filters and backwash system

Flotation thickener and related equipment

Aerobic digesters

Sludge storage lagoon

Sludge injector and transport truck

Chemical feed equipment

Sludge pumps

Disinfection

Effluent pump stations

62 MG storage basin at Michener Creek

]

In the SBR process, the influent flow would continue to be measured at the existing metering

station. After being metered, the flow would pass through a mechanical bar screen to remove J

large objects which could damage downstream equipment. A handcleaned bar screenwould be

provided as a back-up.
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sludge from the SBR basin to a dissolved air flotation (DAF) thickener. The purpose of the

DAF thickener is to reduce the volume of sludge that must be stabilized in downstream

processes. Sludge pumped from a SBR basin typically has a solids concentration of 1.0 to 1.5

percent solids. After thickening in a DAF, solids concentrations of 4.0 to 6.0 percent are

typically obtained.

After thickening, the sludge would be transferred to a digester for further stabilization. As

discussed in Section 5.4.1, the sludgemust be treated to meet the requirementsofFederal sludge

regulations (40CFRParts 257,403, and 503). The four mostcommon stabilization process are:

• Anaerobic digestion,

• Aerobic digestion,

• Composting, and

• Lime stabilization.

An additional process, Autothermal Thermophilic Aerobic Digestion (ATAD), has been used in

Europe but no plants areoperating in theU.S. Of the five alternatives, anaerobic digestion and

aerobic digestion are considered as viable alternatives for Big Sky.

The ATAD process was eliminated as a possible stabilization process primarily due to the lack

of operating plants in the U.S. Even with the plants operating in Europe, there was a lack of

data for the system performance in stabilizing sludge produced from activated sludge systems

with low food-to-mass ratio.

The composting process and lime stabilization process were not considered as good options for

Big Sky. The composting process can require a large land area, has a high operational cost, and

has a potential for odors. The lime stabilization process was ruled out due to similar concerns.

The two stabilization processes considered for Big Sky are:

• Anaerobic digestion

• Aerobic digestion
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Both processes are used extensively throughout the U.S. Anaerobic digestion is more common

in larger facilities while aerobic digestion is commonly used in plants under 5 MGD.

As phosphorous is released from thebiological sludge under anaerobic conditions, it is important

to maintain the sludge in an aerobic condition. This requirement favors the use of DAF

thickening and aerobic digestion.

An aerobic digester is beingproposed for theBig Sky project primarily due to ease ofoperation,

lowerodorpotential, and the lowerphosphorous concentration in the digester supernatant. The

high concentration of ammonia and phosphorous in the supernatant of an anaerobic digester

could severely impact the SBR process. It is generally recommended thatanaerobic digesters

not be supernated in a nutrient removal plant, but that the entiredigested flow be sent directly

to final disposal. This would result in a much larger volume of sludge for disposal.

Two aerobic digesters would be constructed. This would provide redundancy in the system.

The digesters would provide a mean cell residence time of approximately 60 days in accordance

with the 503 regulations for Class B sludge. A mixer would be required to keep the contents

of the digester in suspension. The final disposal of the sludge would be to agricultural land.

A sludge injector truck and a sludge tanker truck would be required for sludge disposal.

6.3 SNOWMAKING

The use of treated wastewater for snowmakingat ski areas is a relatively recent occurrencewith

only 1 or 2 resorts reusing treated wastewater for snowmaking. The EPA guidelines for water

reuse presented previously in Table 6.1.2-1 do not deal explicitly with reuse for snowmaking.

However, the guidelines do provide recommendations for recreational impoundments where

incidental contact or full body contact with reclaimed water may occur. Following the EPA

guidelines would require secondary treatment, filtration, and disinfection.
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Table 6.2-1 provides a comparison of the advantages and disadvantages of each process.

TABLE 6.2-1

COMPARISON OF ANAEROBIC vs. AEROBIC DIGESTION

PROCESS ADVANTAGES DISADVANTAGES

Anaerobic

Bdigestion
Good VSS destruction (40 to
60%)
Net operational costs can be low
if gas (methane) is used
Broad applicability
Solids residue suitable for

agricultural uses
Good pathogen reduction
Reduced total sludge mass
Low net energy requirements

Requires skilled operators
May experience foaming
Methane formers are slow

growing, hence "acid digester"
sometimes occurs

Recovers slowly from upset
Supernatant strong in COD,
BOD, SS, and NH3
Cleaning is difficult (scum and
grit)
Can generate nuisance odors
resulting from anaerobic nature
of process
High initial cost
Potential for struvite (mineral
deposit)
Safety issues concerned with
flammable gas
Flame associated with burning
waste gas may be objectionable
in the reset setting

Aerobic digestion Low initial cost, particularly for
small plants
Supernatant less objectionable
than anaerobic

Simple operational control
Broad applicability
Low odor potential with proper
design and operation
Reduces total sludge mass

High energy costs
Generally lower VSS destruction
than anaerobic

Reduced pH and alkalinity
May experience foaming
Potential for pathogen spread
through aerosol drift
Sludge is typically difficult to
dewater by mechanical means
Cold temperatures adversely
affect performance
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When snowmaking is combined with a summer spray irrigation system, winter storage

requirements, pump sizes and line sizes can be reduced. In addition, the runoff from the

snowmaking operation would occur during high stream flow periods when any impact to surface

waters would be minimal.

The existing snowmaking system at Big Sky consists of 10 guns that utilize approximately 40

to 50 gpm each. Approximately 200 to 300 acres are used in the snowmaking system. The

distribution lines extend to the top of Andesite Mountain. One 250 HP pump with a capacity

of 500 gpm is used to pump to the snowmaking guns. With the existing operation,

approximately 32.5 MG of water is used to make snow. Currently, Boyne makes snow in

October and November.

Boyne has indicated they are planning on expanding the snowmaking operation to operate 40

guns (Tout, 1994). Five 400 HP pumps are planned. Two of the five pumps are scheduled to

be installed in the summer of 1994. With the expanded snowmaking system, approximately 130

MG of water will be required for snowmaking.

The snowmaking alternative would consist of constructing an advance nutrient removal plant,

such as a SBR, continuing to use the existing storage ponds after they are lined, pumping to a

small intermediate storage pond located in Section29 east of the Mountain Village, and pumping

from the intermediate storage pond to the snowmaking pumps near Lake Levinsky. During the

summer, the golf course would continue to be used for irrigation. Expansion and upgrading of

the golf course system would involve changing out the existing pumps to provide a pump station

with a firm capacity of 1,075 gpm. Laterals and risers would be installed to cover the 85 acres

that are currently not irrigated.

A storage volume of 118 MG is required for this alternative. The existing ponds have a total

storage volume of 56 MG which includes the aeration pond and the smaller "trout pond". New

pond(s) with a storage volume of approximately 62 million gallons will be required for the 20-

year design flows.
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The existing treatment plant site does not have enough land area to place an additional 62 million

gallon pond at the site. Therefore, an offsite storage pond would be required. Approximately

15 to 20 acres would be required to construct the new pond. The Michener Creek site has

previously been identified as a potential site for storage. While additional sites may be able to

be obtained nearer to the current site, the Michener Creek site has been used for cost estimation

purposes. Figure 6.3-1 shows the proposed storage pond site at Michener Creek along with the

proposed pipeline route to the Michener Creek site. A potential pond site in Section 32 is also

identified.

Approximately 13,700 feet of 16-inch PVC pipe would be installed from the existing plant site

to the Michener Creek storage pond. The line would allow water to be transferred between the

existing storage ponds and the new ponds at Michener Creek. A low head pump station would

be located at the Michener Creek site to pump water back to the existing storage pond site. The

low head pump station would consist of two 20 HP pumps. Each pump would have 100% of

the required capacity.

A high head pump station would be located at the existing treatment plant site to pump water

to the intermediate surge tank. Three 350 HP pumps would be used to pump to the intermediate

surge tank. Each pump would have 50 percent of the required pumping capacity. One pump

would function as a backup pump. Approximately 25,000 feet of 14-inch steel line would be

installed from the existing storage pond to the intermediate tank. Another 5,000 feet of 14-inch

steel line would be installed from the intermediate pump station to the snowmaking pumps. It

is estimated two 350 HP pumps would be used to pump from the intermediate tank to the

snowmaking pumps. The final sizing of the intermediate pumps would have to be coordinated

with the snowmaking pumps.

While the primary means of disposal in this option are irrigation of the golf course and

snowmaking, irrigation of future subdivisions and green spaces can also be utilized in future

phases of development. This would require that when future subdivisions are planned,

provisions be incorporated to provide a separate irrigation line into the subdivision.
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6.4 DEEP WELL INJECTION

The possibility of discharging the effluent by deep well injection is discussed in this section.

Li general, the method is to pump the effluent into a deep formation via an injection well. Deep

well injectionis used in the petroleumindustry to disposeofundesirable brines that are extracted

from oil wells. Brinesare generally injectedinto formations after the crude oil hasbeen pumped

out, or to displace the crude oil toward other production wells.

In the oil industry, the environmental consequences of injecting an undesirable liquid into a deep

formation is generally considered inconsequential becausethe original source of the brine is the

same formation. This would not be the case for disposing of the wastewater treatment plant

effluent. In general, in order for the process to be environmentally sound, it is expected that

the effluent would have to be discharged into a formation that did not produce acceptable

drinking water (i.e. non-degradation of the groundwater would not apply). In addition, the

accepting formation would also have to be pervious enough to accept the injected flow.

For this site, the near surface geologic formations are dominated by fine-grained shales,

siltstones, and claystones. The Kootenai Sandstone andthe Madison Limestoneare probably the

nearest formations that could accept the relatively high discharge rates required. However, since

these are both aquifers of regional significance, that produce high quality drinking water, the

environmental consequences of discharging the effluent into these formations would be

unacceptable. On this basis, any discharge by deep well injection would require a well at least

2,000 feet deep to get below these aquifers. The actual depth to a suitable accepting formation

with poor water quality could easily be significantly deeper than 2,000 feet.

Otherproblems with deep well injection includeclogging from particulates and biofouling of the

well screen and surrounding formation. Wastewater treatment plant effluent is especially

vulnerable to biofouling. A fairly highrisk of clogging exists for long-term, deepwell injection

of wastewater treatment plant effluent. These risks are substantial when the high cost ofdrilling

new deep wells is considered.
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Based on the above listed problems, deep well injection is not considered a viable method of

disposing of the wastewater plant effluent On this basis, we do not recommend further

consideration of this method as an alternative disposal method.

6.5 ADVANCED TREATMENT ALTERNATIVES

In order to meet the stringent effluent limits that maybe required for a surface water discharge,

an advanced treatment system would be required following the secondary treatment plant. The

alternatives discussed below are treatment methods that would follow the SBR. The advanced

treatment alternative would treat onlythewater that could notbe disposed ofby spray irrigation.

6.5.1 Ion Exchange

One alternative for advanced treatment is an ion exchange system. The operative principle in

the ion exchange process is the transfer of an ion in solution for an ion fixed to the surface of

a resin. As the exchange process continues, the resin becomeexhausted, i.e. the fixed ions have

all been exchanged for ions in the solution. Therefore the resin must be regenerated. Sodium

chloride (salt) is used to regenerate the resin.

The regeneration process involvespumping a concentrated saltsolution (brine) through the resin.

The brine disposal problem is the majordrawback to the ion exchange process. It is estimated

that approximately 14,000 gallons per day of concentrated brine solution would be produced

each day and approximately 1600 pounds of salt would be required each day. This quantity of

brine solutioncould not be disposed of in any economical mannerand therefore the ion exchange

process is ruled out as a viable treatment alternative.

6,5,2 Reverse Osmosis

Reverse osmosis is a process in which water is separated from the dissolved salts in the solution

by filtering through a semipermeable membrane at high pressure. The pressure must be great

enough to overcome the natural osmotic pressure which tends to cause water in a diluted solution
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to migrate toward a more concentrated solution. The reverse osmosis process is highly effective

in removing the majority of ions in water supplies. Table 6.5.2-1 shows typical removal levels

for the reverse osmosis process.

Reverse osmosis plants are normally used to treat brackish well water or sea water to drinking

water standards. Only recently has it been used to reclaim municipal wastewater for reuse.

Because of the lack of widespread use of the RO process to treat municipal wastewater, a pilot

plant study would be required to ensure adequate pretreatment is provided, and the proper

membranes are selected to reduce problems with biofouling of the membranes.

The major problem foreseen with the RO system is a fouling or plugging of the membranes.

Fouling results in declining production from the membranes and the need for higher operating

pressures. Membrane fouling can occur from the growth of microorganisms or the deposition

of calcium salts on the membrane surface. While biofouling can be alleviated to a limited

degree by die selection of the membrane material and chlorination, biofouling cannot be

eliminated.

Due to the membrane fouling typical in RO systems, an in-place cleaning system is used. The

frequency of cleaning could vary and a pilot study would be needed to accurately estimate the

cleaning requirements. Even with cleaning, it is expected the membranes would have to be

replaced every 2 to 3 years.

Before the construction of a reverse osmosis plant, a pilot study shouldbe conducted to evaluate

the type of membrane, the effect of chlorination, and the need for prefilters in front of the RO

members.

Unlike the ion exchange system, the concentrated reject water would still be suitable for spray

irrigation. In a RO system, water recovery is defined as the percent of feed water recovered

as treated water. It is expected that the water recovery would be approximately 80 percent.
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TABLE 6.5.2-1

TYPICAL REMOVAL EFHCIENCY

FOR REVERSE OSMOSIS PROCESS (WEBER, 1972)

SOLUTE PERCENT REJECTION
MAXIMUM

PERCENT REJECTION
MINIMUM

AVERAGE

Calcium, CA3+ 99.7 96.3 >99

Magnesium, Mg*+ 99.9 93 >99

Sodium, Na+ 97 88

Potassium, K+ 97 83

Iron, Fe»+ and Fe»+ -100 99.9 -100

Manganese, Mn2* -100 -100

Aluminum, AP* 99.9 97.3 >99

Chromium, Cr4* pH 2.6 92.6

4.2 97.2

7.6 98.6

Ammonia, NH«+ 95 77

Bicarbonate, HC03' 80-98

Sulfate, SO/ -100 99+ >99

Chloride, Cr 97 86

Nitrate, NO," 86 58

Fluoride, F 98 88

Boron (at pH5) 60 38

Silica (at pH5) 95 80

Orthophosphate,PO/ -100 >99

Polyphosphate -100 >99

Total dissolved solids (TDS) 99 89

COD-secondary effluent 97 94

BOD-secondary effluent 94 81

Color -100

Turbidity -100
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Following treatment in a RO system, the permeate would be discharged to the West Gallatin

River. This would require the construction of an outfall line to the river.

The reverse osmosis option would involve constructing an RO plant that would treat water that

is in excess of the irrigation capacity. In addition to constructing the RO plant, the existing

storage ponds would be cleaned and lined with a synthetic liner to prevent leakage.

While the reverse osmosis option may meet the non-degradation criteria when the rules are

finalized, it wouldresult in a pointsource discharge to the Gallatin River. Even though a point

source discharge is a legally authorized option if non-degradation criteria are met, the District

has indicated they do not wish to pursue a point source discharge to the Gallatin at this time.

Therefore, the reverse osmosis option is not evaluated further.

&£ ADDITIONAL CONSIDERATIONS

6.6.1 Two Treatment Plants

Duringmeetings with the planning committeeandat the public meeting, a suggestion was made

regarding the possibility of maintaining separate treatment plants for the Mountain Village and

the Meadow Village. In order to evaluate thisoption, it is necessary to estimate the volume of

wastewater flow generated at each location.

The domestic wastewater flow was estimated by allocating the flow based on the number of

Single Family Equivalents in the Meadow Village area and the Mountain Village Area. The

allocation of the I/I flow was based on the ratio of inch*diameter«miles of pipe in each area.

The domestic wastewater flow from each village was estimated by multiplying the projected

design year domestic flow by the ratio of SFE's in each village to the total SFE's. The

allocation ofVI flow was based on the ratio of inch«diameter»mile of pipe in eacharea. Using

this approach, the flow allocation is shown below in Table 6.6.1.
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TABLE 6.6-1

FLOW ALLOCATION BETWEEN THE MOUNTAIN VILLAGE MG/YEAR
| AND THE MEADOW VILLAGE

YEAR 2018 FULL BUILD OUT

MEADOW MOUNTAIN MEADOW MOUNTAIN

Estimated Domestic Flow 63.17 56.5 59.42 87.85

| Estimated I/I Flow 29.0 20.31 18.40 13.0

| Westland Flow 1.378 0.0 43.0 0.0

Westfork Flow 4.49 0.0 6.04 0.0

| Estimated Total Flow 98.0 76.8 126.86 100.89

As Table 6.6-1 indicates, even at the 20-year flows the anticipated flow from the Meadow

Village would exceed the irrigation capacity of the golf course. Therefore, a new disposal site

for the Meadow Village site would still be needed.

In addition, at full build out flows of the legal commitments, a storage volume of approximately

88 MG would be required for the Mountain Village. This would require a relatively flat site

of approximately 18 acres. A review of the quad maps indicates a suitable site is not available

in the Mountain Village area. Based on these considerations, the two plant option does not

appear to be a viable option.

6.6.2 Waiver Request of Non-Degradation Requirement

The RID 305 has previously filed an application for a permit to discharge with the Water Quality

Bureau. The application was filed in order to determine what treatment levels would be required

in order to discharge to a surface stream. The Water Quality Bureau has not yet processed this

MPDES application. Action on the application was delayed pending the findings and

recommendation of this facility plan. RID 305 has also filed an application for determination

of significance under the draft implementation rules. A ruling on the application for significance

cannot be resolved until rules are passed by the Board of Health and implementation procedures
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havebeen developed. Depending on the final rules, it may be possible for a surface discharge

m to be classified as nonsignificant in which case a waiver would not be required. In issuing a

discharge permit, theWQB mustcomply with the Montana Water Quality Act dealing with non-

" degradation. The Water Quality Act also provides a mechanism to appeal the Department's

decision to the Board of Health and Environmental Sciences.

6.7 REGIONALIZATION

The only possible regional system in the Big Sky area would be to include the lowerbasin area

9 into the service area. Septic tanks and drainfields are currently used in the lower basin. As

discussed previously, the lowerbasin chose not to be included in the sewer district.

During the public meeting process, both support and opposition have been expressed toward

I including the lowerbasin area in the District boundary. People favoring increased development

of the lower basin area have expressed support for including the lower basin in the sewer

district, while people wishing to maintain the current development level have expressed

opposition to the district. As mentioned, the lower basin area currently uses septic tanks and

[ drainfields for sewage treatment. Consequently, extensive development in the lower basin area
will be limited by the land required for drainfields. Since the groundwater in the lower basin

area can rise to within 3 to 4 feet of the ground surface, the extensive use of drainfields is

questionable.

Currently, the plant is located in a highly visible area adjacent to a commercial mall area. A

plant located on the Michener Creek site would be fairly well hidden from view even from

housing and commercial areas in the lower basin area.

Wastewater treatment plants are a potential source of odors. Process upsets canoccur that can

cause offensive odors. A treatment plant located at the Michener Creek site wouldbe less likely

to result in odor complaints due to the greater distance from the plant to the nearest

development.

s^l
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6.8 NO ACTION

The no-action alternative would simply allow the existing facility to continue operating as is.

This alternative is not considered a viable alternative as it would not correct the leakage

problems with the existing lagoons. Further, failure to correct the leakage would violate the

Compliance Order.
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7.0 EVALUATION OF VIABLE ALTERNATIVES

7.1 COST COMPARISON

The cost effectiveness analysis presented in this section is based on equivalent uniform annual

costs (EUAC). The EUAC is an expression of a series of expenditures, made at various

intervals overa period of time, as a uniformannual amount. The capital cost, the annual O&M

cost, and the salvage value of each alternative is included in the computation of the EUAC.

Inflation has not been included in the cost analysis. It has been assumed that prices will tend

to change over time by approximately the same percentage for all alternatives. Differences in

EUAC costs among alternatives are of most importance at this stage of the planning process.

The cost of land for the spray irrigation options has not been included on the assumption that

irrigable land would be obtained by a long term, no-cost lease arrangement. The cost of land

required for the storage basin has been included on the assumption that the land would have to

be purchased.

The EUAC analysis includes the salvage value of each alternative. The salvage value is based

on a straight-line depreciation from the initial cost to the end of the 20-year planning period.

Capital costs are presented for the following alternatives:

1. Sequencing Batch Reactor

2. SBR with Post Filtration

3. Aerated Lagoon Upgrade for Spray Irrigation

4. Snowmaking

5. Spray Irrigation at Yellow Mule Site

a. 3 months using aerated lagoon for treatment

b. 5 months using advanced treatment plant for treatment

Tables 7.1-1 through 7.1-6 present the capital cost for the various alternatives.
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Table7.1-7 shows the estimated annual operation and maintenance costs for the various options.

Tables 7.1-8 through 7.1-12 show the estimated salvage value for each option.

Table 7.1-13 presents the equivalent uniform annual costs for the alternatives presented in

Section 6.0. Table 7.1-13 is based on capital costs, annual operating costs, and salvagevalues

developed in this section. The annual cost has been computed with an interest rate of 8.25%

and a planning period of 20 years. For planning purposes, the engineering administration and

legalcosts are based on a percent of construction. The actual fees will typically be negotiated

based on a defined scope of work and may vary from the estimated percent of construction.

Table 7.1-1 shows the cost estimate for a sequencing batch reactor (SBR). It is assumed that

the SBR would be located at the existing lagoon site. As it may be necessary to add an effluent

filter to the SBR, in some options, the cost associated with the filter is shown separately in Table

7.1-2.
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TABIF 7 1-1

SEQUENCING BATCH REACTOR COST ESTIMATE

Description Unit Quantity
Unit

Price Total

Pretreatment L.S. 1 $128,000.00 $ 128,000.00

SBR Basins (one standby basin) Each 3 $212,000.00 $ 636,000.00

Flotation Thickener L.S. 1 $225,000.00 $ 225,000.00

Aerobic Digestion L.S. 1 $244,000.00 $ 244,000.00

Sludge Storage L.S. 1 $ 45,000.00 $ 45,000.00

Sludge Transport and Application L.S. 1 $320,000.00 $ 320,000.00

Control/Lab/Maintenance Building L.S. 1 $229,200.00 $ 229,200.00

Chemical Feed Equipment L.S. 1 $75,000.00 $ 75,000.00

Process Piping L.S. 1 $135,000.00 $ 135,000.00

SUBTOTAL UNIT PROCESS $2,037,200.00

Mobilization L.S. 1 $50,000.00 $ 50,000.00

Site Work L.S. 1 $140,000.00 $ 140,000.00

Excavation/Fill L.S. 1 $125,000.00 $ 125,000.00

Electrical L.S. 1 $211,600.00 $ 211,600.00

Controls and Instrumentation L.S. 1 $95,000.00 $ 95,000.00

Yard Piping L.S. 1 $125,000.00 $ 125,000.00

HVAC L.S. 1 $47,600.00 $ 47,600.00

SUBTOTAL CONSTRUCTION COMPONENTS $ 794,200.00

SUBTOTAL $2,831,400.00

CONTINGENCY 15% $ 424,700.00

SUBTOTAL $3,256,100.00

ENGINEERING AND LEGAL 15% $ 488,400.00

TOTAL $3,744,500.00
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TABLE 7.1-2

l| SBR POST FILTRATION COST ESTIMATE

Description Unit Quantity
Unit

Price Total

Mixed Media Filters With Surface Wash Each 2 $150,000.00 $300,000.00

Backwash Basin Each 1 $45,000.00 $45,000.00

Reclaim Basin Each 1 $40,000.00 $40,000.00

Reclaim Pumps Each 2 $3,000.00 $6,000.00

Filter Building L.S. 1 $235,000.00 $235,000.00

Backwash Pumps Each 2 $7,000.00 $14,000.00

Sludge Transfer Pumps Each 2 $3,000.00 $6,000.00

SUBTOTAL $646,000.00

CONTINGENCY 15% $96,900.00

SUBTOTAL $742,900.00

ENGINEERING AND LEGAL 15% $111,435.00

TOTAL $854,335.00

Table 7.1-3 shows the estimated capital cost for the option consisting of constructing an

advanced nutrient removal plant, continuing to irrigate the golf course, and pumping to the

snowmaking system at the Mountain Village.
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TABLE 7.1-3

SNOWMAKING COST ESTIMATE

TOTAL

DESCRIPTION UNITS QUANTITY UNIT COST COST

1. SBR PLANT WITH FILTRATION

! (Tables 7.1-1 and 7.1-2) L.S. 1 $3,477,400.00 $3,477,400.00

2. TRANSFER LINE TO

MICHENER CREEK

16-inch PVC Line Ft. 13,700 $35.00 $479,500.00
Creek Crossing Ea. 4 $15,000.00 $60,000.00

i Road Crossing (Bored) Ea. 1 $25,000.00 $25,000.00

Surface Restoration Ft. 13,700 $3.00 $41,100.00

Valves Ea. 7 2,000.00 $14,000.00

3. STORAGE

Land Purchase Acre 20 $20,000.00 $400,000.00
Clearing & Grubbing
New Storage (62 MG)

Acre 15 $2,500.00 $37,500.00
C.Y. 180,000 $4.50 $810,000.00

Line new Pond S.F. 553,000 $0.65 $359,450.00
Sludge Removal L.S. 1 $25,000.00 $25,000.00
Surface Preparation L.S. 1 $20,000.00 $20,000.00
Line Existing Pond L.F. 570,000 $0.65 $370,500.00
Access Road L.F. 1,800 $35.00 $63,000.00
Fencing 4,000 $10.00 $40,000.00

4. TRANSFER LINE TO

MOUNTAIN

14-inch Steel Line L.F. 30,000 $60,000 $1,800,000.00
Cathodic Protection

1 Surface Restoration
L.S. 1 $37,500.00 $37,500.00
L.F. 30,000 $3.00 $90,000.00

Valves Each 15 $2,000.00 $30,000.00

5. PUMPING

Michener Creek (40 HP) L.S. 1 $90,000.00 $90,000.00
Plant Site (1050 HP) L.S. 1 $700,000.00 $700,000.00
Intermediate Station (700 HP) L.S. 1 $550,000.00 $550,000.00
Telemetry L.S. 1 $20,000.00 $20,000.00

I 6. GOLF COURSE UPGRADE
Lift Station Upgrade L.S. 1 $75,000.00 $75,000.00
Laterals & Risers Acres 85 $3,500.00 $297,500.00

SUBTOTAL 9,912,450.00

CONTINGENCY 15% $1,486,900.00

SUBTOTAL $11,399,350.00

ENGINEE:RING & LEGAL $1,709,900.00

TOTAL $13,109,250.00
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Table 7.1-4 shows the cost estimate to upgrade and expand the existing aerated lagoon system

to the 20-yeardesign flow. The aerated lagoon system would be used in conjunction with spray

irrigation. The cost shown in table 7.1-4 include only costs to expand the existing lagoon

system.

TABLE 7.1-4

AERATED LAGOON COST ESTIMATE

Description Unit Quantity
Unit

Price Total

New Aeration Cell L.S. 1 $200,000.00 $200,000.00

Aeration Tubes Each 23 $1,000.00 $23,000.00

New Blower & Motor Ea. 1 $20,000.00 $20,000.00

Interior Piping Modifications L.S. 1 $15,000.00 $15,000.00

Surface Preparation - Aeration L.S. 1 $8,000.00 $8,000.00

New Aeration Pond Liner S.F. 73,000 $0.65 $47,450.00

Surface Preparation - Existing Storage L.S. 1 $20,000.00 $20,000.00

Pond Liner-Existing Storage Cells #1 & 2 S.F. 570,000 $0.65 $370,500.00

New Air Line L.F. 800 $33.00 $26,400.00

Sludge Removal From Existing Pond L.S. 1 $25,000.00 $25,000.00

SUBTOTAL UNIT PROCESS $755,350.00

CONTINGENCY 15% $113,300.00

SUBTOTAL $868,650.00

ENGINEERING AND LEGAL 15% $130,300.00

TOTAL $998,950.00
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Table 7.1-5 shows theestimated capital cost for irrigation of the Yellow Mule site when an

aerated lagoon is used for treatment and irrigation is limited to 3 months of the year. In this

alternative, irrigation of the golf course is discontinued.

TABLE 7.1-f

ESTIMATED CONSTRUCTION COST FOR IRRIGATION AT YELLOW MULE SITE
(AERATED LAGOON WITH 3 MONTH IRRIGATION)

Description Unit Quantity Unit Price Total Price

1. UPGRADE EXISTING AERATED
LAGOON AND STORAGE (TABLE 7.1-4) LS. 1 $ $755,350.00

2. NEW STORAGE (81 nig)
Land Purchase Acres 35 $20,000.00 $700,000.00

liner S.F. 725,000 $0.65 $471,250.00
surface preparation L.S. 1 $21,000.00 $21,000.00
excavation & embankment C.Y. 320,000 $4.50 $1,440,000.00

clearing & grubbing Acre 20 $2,500.00 $50,000.00

3. PUMPING & TRANSFER LINE

20-inch pipe L.F. 25,000 $120.00 $3,000,000.00

valves Ea. 10 $2,600.00 $26,000.00
cathodic protection L.S. 1 $20,000.00 $20,000.00
pump station (1,800 HP) LS. 1 $750,000.00 $750,000.00

surge tank L.S. 1 $15,000.00 $15,000.00
surface restoration L.F. 25,000 $3.00 $75,000.00

4. IRRIGATION SYSTEM

Pump Station (1500 HP) L.S. 1 $700,000.00 $700,000.00

20 inch steel line L.F. 6,000 $120.00 $720,000.00

laterals and risers Acre 640 $3,500.00 $2,240,000.00
Telemetry LS. 1 $10,000.00 $10,000.00
Electrical extension LS. 1 $400,000.00 $400,000.00

SUBTOTAL $11,393,600.00

CONTINGENCY 15% $1,709,000.00

SUBTOTAL $13,102,600.00

ENGINEERING & LEGAL 15% $1,965,400.00

TOTAL $15,068,000.00

Table 7.1-6 shows the estimated capital cost for irrigation at the Yellow Mule site when an

advanced treatment plant is constructed and irrigation occurs for 5 months. In this alternative,

the golf course irrigation continues to be used.
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TABLE 7.1-6

ESTIMATED CONSTRUCTION COST FOR IRRIGATION AT YELLOW MULE SITE
(ADVANCED TREATMENT WITH 5 MONTH IRRIGATION)

Description Unit Quantity Unit Price Total Price

1. ADVANCED TREATMENT PLANT

SBR with filter

(Tables 7.1-1 and 7.1-2)

1, $3,477,400.00 $3,477,400.00

2. EXISTING STORAGE
sludge removal
liner

surface preparation

L.S.

S.F.

L.S.

1

570.000
1

$25,000.00
$0.65

$20,000.00

$25,000.00
$370,500.00
$20,000.00

3. NEW STORAGE (82 MG)
land purchase
liner

surface preparation
excavation & embankment

clearing & grubbing

Acre

S.F.

LS.

C.Y.

Acre

40

731.000
1

205.000
20

$20,000.00
$0.65

$20,000.00
$4.50

$2,500.00

$800,000.00
$475,000.00
$20,000.00

$922,500.00
$50,000.00

4. PUMPING AND TRANSFER LINE

12-inch pipe
cathodic protection
pump station (600 HP)
surge tank
surface restoration

valves

LF.

L.S.

L.S.

L.S.

L.F.

EA.

25.000
1

1

1

25,000

13

$55.00
$20,000.00

$450,000.00
$15,000.00

$5.00
$1,500.00

$1,375,000.00
$20,000.00

$450,000.00
$15,000.00

$125,000.00
19,500.00

5. IRRIGATION SYSTEM

pump station (500 HP)
12-inch steel line

laterals & risers

telemetry
electrical extension

L.S.

L.F.

Acre

LS.

L.S.

1

6,050
528

1

1

$375,000.00
$50.00

$3,500.00
$10,000.00

$400,000.00

$375,000.00
$302,500.00

$1,848,000.00
$10,000.00

$400,000.00

6. GOLF COURSE UPGRADE

Lift Station Upgrade
Laterals & Risers

LS.

Acres

1

85

$75,000.00
$3,500.00

$75,000.00
$297,500.00

SUBTOTAL $11,472,900.00

CONTINGENCY 15% $ 1,720,900.00

SUBTOTAL $13,193,800.00

ENGINEERING AND LEGAL $ 1,979,000.00

TOTAL $15,172,800.00

Table 7.1-7 gives the estimated operation and maintenance costs for the various options.

The operation and maintenance costs for each option were estimated based on the following:
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Grit removal will follow the bar screens. A vortex type grit removal system is proposed. A

vortex type system is proposed for two reasons: (1) it has less odor potential than an aerated

grit chamber and (2) the nutrient removal process in the SBR requires an anoxic phase as the

first step to maximize phosphorous removal. A vortex typesystem will minimize turbulence and

the addition of oxygen in the pre-treatment stage.

The SBR basins are the main treatment component in the system. Three basins would be

provided. Each basin would be approximately 50 feet square with a water depth of 19 feet.

Two of the basins would be equipped with full aeration and decant equipment. The thirdbasin

would function as a standby equalization basin should one of the functioning basins be down for

maintenance.

Aeration in the basins would be provided by three 75 HP blowers and coarse bubble diffusers.

Each of the blowers would have 1/2 the required capacity. The additional blower acts as a back

up so that 100 percent aeration capacity is providedeven with one blower out of service. Each

basin will also contain a mixer and decant equipment.

During the decant cycle, water will flow to a post equalization basin before being pumped to

filters.

Granular media filters will be used to reduce the effluent suspended solids and phosphorus

levels. A multimedia filter consisting of anthracite, sand, and garnet sand will be used as the

filter media. A surface wash and backwash system will be used to clean the filters. Backwash

water will flow to a reclaim basin where the solids will settle out. The clarified backwash water

will be pumped back to the post equalization basin. Solids that settle in the reclaim basin will

be pumped to the flotation thickener.

Effluent from the filters will be pumped to the existing storage basins for irrigation of the golf

course. The existing golf course pump station will be upgraded to pump from the storagebasins

to the golf course spray irrigation system.
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A pump station located at the existing treatment plant site would pump to a surge tank located

approximately 25,000 feet from the ponds. The pump station would contain three 350 HP

pumps. Each pump would have 50 percent of the required capacity.

A second pump station, containing two-350 HP pumps located at the surge tank, would pump

from the surge tank to the snowmaking pumps located near Lake Levinsky.

Sludge generated from the SBR and filtration process would be transferred to a flotation

thickenerand then pumped to an aerobic digester for sludge stabilization. Two digesters would

be constructed to providea total mean cell residence time of 60 days. Sludge from the digester

would be transferred to a lined holding pond. A pump station would be used to load sludge into

a tanker truck to haul to a disposal site. A sludgeinjector truck would be used to inject sludge

into the ground.

Landowners ofpotential sludge injection sites havebeen contacted. Sites near Gallatin Gateway

and near 4 Comers have been identified. The area near Gallatin Gateway lies in Township 2S

Range 5E Sections 29, 30, 31, and 32. The 4 Comers site consists of Sections 13 and 24 in

T2S 4E and Sections 18 and 19 in T2S R5E.

Sludge injection sites and application rates will comply with the requirements of the 503

regulations discussed in Section 5.4.1. The actual application rate and land area required will

depend on the crop nitrogen requirement and the pounds of nitrogen available in the sludge.

Assuming a crop such as winter or spring wheat with a nitrogen fertilizer requirement of

approximately 80pounds per acre, an area of approximately 25 acres willbe required for sludge

disposal.

The preliminary design criteria for the SBR, filtration process is shown in Table 8.1.1-1.
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TABLE 8.1.1-1

PRELIMINARY DESIGN CRITERIA - SBR

FLOW. MGD

Average Day
Peak Day
Peak Hour

Minimum Day

0.48 MGD

1.13 MGD

1.92 MGD

0.1 MGD

LOADING

BOD5 - Average Day
BODj - Peak Day

TSS - Average Day
TSS - Peak Day

Total Nitrogen - N

Total Phosphorus - P

1,261 lbs/day
3,152 lbs/day

1,481 lbs/day
3,703 lbs/day

240 mg/l

48 mg/l

PRE-TREATMENT

Mechanically Cleaned Bar Screen
Number

Capacity
Spacing between bars

Manually Cleaned Bar Screen
Number

Capacity
Spacing between bars

1

2.0 MGD
1-inch

1

2.0 MGD

2.5 inches

GRIT REMOVAL

Number

Type
Inlet Velocity

1

Vortex

3.0ft/s
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SBR BASINS

Number of basins

Volume per basin
Cycles/day/basin
F/M ratio

MLSS at Minimum Depth
Decant Volume at Peak Flow

Sludge Yield

3 (1 standby)
421,000 gallons

4

0.06

4500 mg/l
141,250 gallons

0.93 lbs. solids/lb. BODs removed

POST EQUALIZATION BASIN

Number

Volume

1

95,000 gallons

FILTERS

Number

Loading Rate @ Avg. Day
Loading Rate @ Peak Day
With One Filter

Backwash Rate

Backwash Volume

2

l.Ogpm/ft2

Sgpm/ft2
15gpm/fi?

35,700 gallons

RECLAIM BASIN

Number

Volume
1

71,500 gallons

BACKWASH PUMPS

2

2,355 gpm
Number

Capacity

FLOTATION THICKENER

1

1.5 lbs/hr/ft2
0.4 to 0.5%

4.0%

Number

Solids Loading Rate
Inlet Concentration

Outlet Concentration
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PIGESTER

Number 2

Type
Volume/Digester
MCRT

Aerobic

168,00 gallons

Solids Loading
Avg. Day
Peak Month

60 days
1,281 lbs/day
1,868 lbs/day

SLUDGE STORAGE

Type
Volume

Lined Pond

800,00 gallons

8.2 O&M REQUIREMENTS

This section summarizes the personnel, procedures, and budget that will be necessary to operate,

maintain, and manage the proposed treatment system.

Annual O&M Budget

The estimated annual O&M budget for the recommended alternative presented below in Table

8.2-1. Costs shown in Table 8.2-1 are based on the following assumptions.

1. It is anticipated that three full time employees will be required to operate and

maintain the SBR plant in addition to the system manager. One part time

position will also be needed to covervacations, sickdays, when system repairs

are needed and during the summer when sludge is being applied. The labor

costs associated with the system manager and part time position are included

in the existing system budget.

Labor costs are based on $20.00 per hour which includes direct labor costs,

workmen's compensation insurance, and fringe benefits.

•162-
F:\WP\04\M357102\CMC07086.RPT

06/16/94



3. Power costs were estimated at $0.02845 per kilowatt-hour.

4. Demand charges were estimated at $5.30/KW.

5. The following chemical costs were assumed:

Chlorine $0.50 per pound

Alum $0.15 per pound

Polymer $2.10 per pound

TABLE 8.2-1

ESTIMATED ANNUAL O&M COSTS

SBR WITH SNOWMAKING

Operation Cost 110,000

Maintenance Cost 65,900

Power Cost 54,300

Chemical Costs 20,000

Administrative Cost 6,900

Lab Cost 8,000

SUBTOTAL PLANT BUDGET $265,100

EXISTING COLLECTION SYSTEM BUDGET $126,850

TOTAL SYSTEM BUDGET $391,950

The budget shown in Table 8.2-1 represents the estimated cost to operate the new facility. The

existing budget for operating the sewer collection and treatment system is approximately

$166,850. Of theexisting budget,approximately $126,850are expenses related to operating the

collection system, providing office space, miscellaneous engineering and legal expenses, and

personnel costs that will continue after the new system is constructed.
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Staffing

It is estimated that three full time employees will be required to operate and maintain the SBR

plant in addition to the system manager. A part time employee will also be required to cover

vacations, sick days, and during sludge injection in the summer. The system will require

operation by a certified Class I operator.

The operation of the plant will require skilled operators that have knowledge of biological

systems, chemistry and laboratory procedures, and mechanical skills. The SBR system, likeany

mechanical plant, will require preventative maintenance of the equipment in order to keep the

plant functioning properly.

The operation of biological treatment plants is greatly affected by the motivation and training

of the individual operator. The system management has the responsibility of ensuring that the

operator has adequate time and funding to attend training seminars. The State of Montana

requires that two continuing education credits be earned per two year period for Class I

operators. A credit consists of 10 hours of qualified training time.

Laboratory Testing

Routine laboratory testing will be required to monitor and control the treatment process. A

laboratory space and testing equipment will be provided in the design to allow the operators to

run routine control testing.

Sludge Removal and Disposal

Sludge disposal must be made in accordance with the recently adopted 503 regulations as

promulgated by the Environmental Protection Agency, February 19, 1993. The sludge disposal

requirements were discussed previously in Section 5.4.1.
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In the recommended alternative, it is proposed that sludge from the aerobic digesters will be

stored in a lined storage lagoon during the winter. Sludge from the storage lagoon will be

hauled out during the summer and injected onto agricultural land. It isestimated approximately

0.7million gallons of sludge per year would have tobetransported and disposed of atthe twenty

year design flow. Approximately 25 acres will beneeded todispose of the sludge. Agreements

for sludge disposal on 100 to 150 acres should be secured in order to allow a rotation of

application sites.

The site selection for land application sites will depend on topography, soil permeability, site

drainage, depth to groundwater, subsurface geology, proximity to critical areas, and

accessibility. Table 8.2-2 lists typical guidelines that should be used for evaluating sludge

application sites.

TABLE 8.2-2

TYPICAL SOIL LIMITATIONS FOR

SLUDGE APPLICATION SITES

CHARACTERISTIC SLIGHT MODERATE SEVERE

Slope <6% 6-12% >12%

Depth to Water Table >4ft 2-4 ft <2ft

Flooding and Ponding None None Occasional to Frequent

Depth to Bedrock >4ft 2-4 ft <2ft

Permeability of the Most
Restricting Layer Above 3 Feet 0.1-0.3 in/hr 0.3-1.0 in/hr

<0.03 in/hr

> 1.0 in/hr

Available Water Capacity > 1.0 in/hr 0.5-1.0 in/hr <0.5 in/hr

As discussed in Section 8.1.2, landowners of two potential sites have been contacted regarding

sludge application. Final site selections will need to be made in coordination with the

landowners.
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[ 8.3 FINANCING

Financing of the improvements is expected to be through the State Revolving Loan (SRF)

p program. Loans through the SRF program have been at an interest rate of around 4.0%. It is

doubtful that Big Sky could obtain funding from sources, such as Community Development

p Block Grants (CDBG) orFmHA loans. Those grants and loans are targeted toward low income

areas. Use of the resort tax to fund a portionof the capital cost or to pay partof the annualdebt

m service cost could be used to lower the annual user charge.

=1 Average annual user charges per Single Family Equivalent (SFE) for constructing the

' recommended alternative are established inTable 8.3-1. Costs shown inTable 8.3-1 are based

?» on financing 100% of the project through the State Revolving Loan Program. If the RID

prevails in their litigation withBoyne USA, Inc., theuser charges shown would be substantially

3 reduced. If theRID prevails, theusers would payonly theoperation and maintenance costsand

Boyne USA would pay all of the capital costs. With annual O&M costs of $391,950, the

a average user charge would be $16.93/month/SFE which equates to $21.78 per month per

account.

It is anticipated revenue bonds would be sold by the District or other entity. If revenue bonds

* are used, it will be necessary for the District to adopt, prior to the bond sale, a system of rates

and charges that will produce revenues sufficient to pay the costs of operating and maintaining

P the system and providing net revenues equal to 125% of the annual principal and interest on the
bonds.

^

S
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TABLE 8.3-1

AVERAGE ANNUAL USER CHARGE FOR SBR PLANT

WITH FILTRATION AND SNOWMAKING

CAPITAL COSTS

Total Capital Cost (Table 7.1-3)

O&M MANUAL. OPERATOR TRAINING. PLANT START-UP

LOAN COSTS

Bond Counsel

Debt Service Reserve

Administration Fee

Origination Fee
TOTAL LOAN AMOUNT

ANNUAL COST

Net Revenues (125% annual P&I)
Annual O&M

TOTAL ANNUAL COST

Average User Charge for 1928.7 SFE's

Average User Charge Per Account (1500 accounts)

F:\WP\04\M357102\CMC07086.RPT
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$13,109,250

$ 60,000

$ 15,000
1,065,250

83,250
144.775

$14,477,525

$1,331,550
391.950

$1,723,500

$893.61/yr
$ 74.47/mo

$l,149.00/yr
$ 95.75/mo
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9.Q IMPLEMENTATJON

On July 26, 1993, the voters approved the creation of Water and Sewer District 363. The

formation of the District provided the legal structure to allow financing of the project

This section of the report discusses the major tasks that are necessary to implement the project.

Figure 9.0-1 identifies the tasks and the approximate time frame for each task.

Review Draft Facilities Plan

The Water and Sewer Board and staff will need to review the Draft Facilities Plan in detail to

ensure that the recommended plan satisfactorily addresses their social, political, and economic

interests. The Water Quality Bureau will need to review the Draft Facilities Plan to ensure that

the proposed project will meet water quality objectives, will meet the prerequisites for loan

assistance, and will satisfy state and federal statutory requirements.

Adopt Facility Plan bv Resolution

The Water andSewer District will needto formally accept the Facilities Plan by resolution. The

resolution will be included as an Appendix to the Facilities Plan.

Prepare Final Facilities Plan

The final Facilities Plan will address the District's and WQB's comments resulting from their

reviews, the public's comments offered during the Public Hearing, and interested governmental

agencies' comments resulting from the Clearing House review.
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ACTIVITY

SUBMIT FINAL DRAFT FACILITY PLAN

REVIEW DRAFT PLAN

ADOPT PLAN BY RESOLUTION

SUBMIT FINAL PLAN

REVIEW FINAL PLAN

ARRANGE FINANCING

RESPONSIBILITY

ENGINEER (OWNER)

WQB. OWNER

OWNER

ENGINEER (OWNER)

WQB. OWNER

OWNER (ENGINEER)

OBTAIN AGREEMENTS FOR GOLF COURSE IRRIGATION OWNER

OBTAIN AGREEMENTS FOR SNOWMAKING

PROCURE DESIGN & CONSTRUCTION ENGINEER

PROCURE BOND COUNSEL

SUBMIT SRF LOAN APPLICATION

DEVELOP USER CHARGE SYSTEM

PREPARE PREUM. PLANS k SPECIFICATIONS

REVIEW PREUM. PLANS k SPEanCATIONS

PREPARE FINAL PLANS k SPECIFICATIONS

OBTAIN APPROVAL TO BID

ADVERTISE FOR BIDS

REVIEW BIDS. AWARD CONTRACT

CONSTRUCT FACIUTY

INITIATE OPERATION OF FACIUTY

PREPARE O&M MANUAL

ONE-YEAR PERFORMANCE EVALUATION

OWNER

OWNER

OWNER

OWNER (ENGINEER)

OWNER. ENGINEER

ENGINEER (OWNER)

WQB. OWNER

ENGINEER (OWNER)

WQB, OWNER

OWNER (ENGINEER)

OWNER (ENGINEER) (WQB)

CONTRACTOR (ENGINEER) (OWNER)

OWNER (ENGINEER)

ENGINEER (OWNER)

ENGINEER (OWNER)

1994 1995
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CONTINUOUS ACTION
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Arrange Financing

It is anticipated that the project will be funded through the SRF Loan program. This program

requires a bond sale by the District. Bond counsel should be contacted to obtain a reliable

estimateof costs related to a bond sale and to ensure that all legal requirements are satisfied.

Obtain Agreements for Irrigation. Snowmaking. and Sludge Disposal

The Districtwill need to obtain long term agreements to utilize the golf course and the ski area

for effluent disposal.

Agreements with landowners for sludge disposal sites also need to be obtained.

Procure Bond Counsel

In order to receive a loan from the SRF loan program the District will have to sell bonds to

secure the loan. It is important that the District retain bond counsel to ensure that proper

procedures are followed in preparing for the bond sale.

Bond counsel will review the resolution calling for the bond election, advise the District with

respect to statutory requirements, and prepare the final bond resolutions.

Submit Loan Application

Anapplication for loan assistance can besubmitted to theWater Quality Bureau after theFacility

Plan hasbeenapproved by theWQB. With the loan application, the Districtwill needto submit

an Wastewater Facilities Financial Information Sheet to demonstrate that they have the legal,

institutional, managerial, and financial capability to ensure adequate construction and O&M of

the proposed project.
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Develop User Charge System ]

Loan regulations require the recipient to establish a user charge system which distributes the

costs of operation, maintenance and replacement of the system to the users in proportion to the

total loading of each user. The existing User Charge System (UCS) and SewerUse Ordinance

(SUO) will need to be reviewed to ensure that they comply with loan requirements. The UCS

and SUO needto be approved by the WQB beforethe plans and specifications will be approved

by the WQB.

Prepare Preliminary Plans and Specifications

No discussion necessary. j

Review Preliminary Plans and Specifications "j

No discussion necessary. j

Prepare Final Plans and Specifications

No discussion necessary.

Advertise for Bids

A 30-day advertisement period is required.

Review Bids, Award Contract \

Bids will need to be reviewed to ensure that the contract is awarded to the lowest responsible 1

bidder. The low bidder will need to provide documentation that he has taken affirmative steps ™

to assure that small, minority and women's businesses and labor surplus areas are used when J
possible in accordance with State's procurement regulations.
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Construct Facility

The District will need to provide and maintain competent andadequate engineering supervision

and full-time inspection.

Prepare O&M Manual

An O&M Manual will need to be prepared to provideessential information and guidance for the

treatment facility for day-to-day operations.

Initiate Operation of Facility

Start-up services in an amount commensurate with the project's size and complexity will need

to be obtained from the design and construction engineer.

One Year Performance Evaluation

In accordance with loan regulations, one year following initiation of operation of the facility,

the District must certify to the WQB whether or not the project is meeting its performance

standards. The performance standards will have been established during design by the WQB in

cooperation with the design engineer. The engineer will need to prepare a basis of certification

report to the District for review by the WQB.
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10.0 PUBLIC PARTICIPATION

A public meeting was held on April 8, 1993 to discuss the alternatives being considered for the

project and to solicit input from the public. A total of 27 persons were in attendance. The

attendance list is attached. A formal Public Hearing was held August 31, 1993 to discuss the

draft facility plan. A total of 36 persons were in attendance. The attendance list for the Public

Hearing is also attached.

Relevantquestionsthat were raised during the April 1993 meeting are listed below. A response

is also included.

1. What are the chances for getting a waiver for a discharge permit? If it is possible to use

the SBR with filtration plus ion exchange in order to meet non-degradation, why not do

it?

Response: It is difficult to assess the possibility of obtaining a waiver from non-

degradation criteria. At the time of this writing, the rules are not finalized so it is not

possible to determine criteria for requesting a waiver. In all probability, a waiver

request would be strongly opposed by environmental groups. It is our belief that the

opposition and reviews required for a waiver would delay the project by one to two

years.

2. How would a separate plant on the Mountain effect the project?

Response: The option of constructing two treatment plants was evaluated and is

discussed in the Facility Plan. With two plants, a large storage basin is required at the

Mountain Village. In reviewing USGS quad maps in the vicinity of the Mountain

Village, no sites suitable for a reservoir were located. Therefore this alternative was

eliminated from further consideration.
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3. Can we pump our effluent to another Town that has a discharge permit?

Response: The remoteness of the site makes this alternative unfeasible.

4. Has a discharge into Jack Creek been investigated?

Response: Pumping water to agricultural land nearEnniswas investigated. The costwas

estimated to range from 18 to 20 million dollars.

During the Public Hearing on August 31, 1993, questions were again raised on the possible

benefit of constructing separate plants for the Mountain Village and the Meadow Village. The

two plant option is discussed in the Facility Plan.

In the PublicHearing, the impacts of the I/I fiow on the treatment process was discussed. The

design flow has been revised to reflect the results of the sewer system repairs completed during

the summer and fall of 1993.

In the Public Hearing, a letter was received which proposed the use of an electrocoagulation

process for treatment. The electrocoagulation process is an add on process that would be used

after a conventional treatment process. The manufacturer was proposing the use of a trickling

filter as the pretreatment process. With the selected alternative, an add on process after

advanced treatment and filtration is not required.

When all of the public input, environmental impacts, and costs were considered, the alternative

of constructing a Sequencing Batch Reactor for treatment and utilizing spray irrigation of the

golf course in the summer and snowmaking in the winter was selected as the recommended

alternative.
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GALLATIN FOREST AREA
SOIL SURVEY

Draft

MAP UNIT OESCR1PT10H

H.U. 64-2A

HAP UNIT SUHKABY

H.U. SETTING' The landfora consists of nearly level terraces, floodplains, and alluvial fans (center and lower left of
the block diagram). Delineations occur throughout the survey area.

H.U. COKPOHSHTS Soils trt wderately coarse toModerately fine textured with dark colored surface layers. They are
formed in floodplain or glacial outwash deposits derived froa a Mixture of rock types. Native vegetation Is Mountain
shrubIand. Mountain grassland, and open grown Douglas-fir or subalpine forest.

A0J0IH1HG H.U. Adjacent units have steep slopes with dense forest vegetation.

TOPOGRAPHY

SLOPE It)

0-10

as pea

Southern

ELEVATION (FT.)

6.500-8,000

ROCK OUTCROP (t\

0

The unit consists of nearly level glacial outwash terraces and streaa floodplains in valley bottoas.
alluvial fans and streaa terraces. These deposits are dissected by well defined perennial streaes.
sional dry streaa channels.' The drainage systea has a dendritic pattern with low chattel gradients,
often contain one Major streaa, and ere subject to flooding after prolonged, high Intensity storas.
surface water storage capacity and surface runoff occurs rarely.

VEGETATION

Included are soae
there are occa-
Tbese landforas
They have high sub-

HABITAT TYPE (KT1 OCCURRENCE

with dissiailar Management implications are subalpine fir HTs

The unit consists of big sagebrush/Idaho fescue (ARTR/FEIO) or Idaho fescue/bluebunch
'A6SP) - 55 percent; Dougtas-<fIr HTs with shrub or bunchgrass understories - 90 percent. Included NTs

10 percent or riparian coaaunity types - S percent.
heatgrass

HABITAT TYPE DISTRIBUTION ARTR/FEIO and FEI0/A6SP occur la a Mosaic throughout the unit. Oouglat-fir HTs are included
as slatiar. Mara, somewhat dry cllaates and Moderately productive range sites are associated with these HTs in this
unit.

Included are up to 15 percent dissiailar HTs. Subalpine fir HTs occur at higher elevations and are more productive as
timber sites. Riparian communities occur along perennial streaas and are more productive range sites.

EXISTING VEGETATION consists of Mountain grasslands and shrublands with open grown Douglas-fir or subalpine fir forest,
ine grasslands are dominated by Idaho fescue, bluebunch wheatgrass, Junegrass, western needlegrass and common forbs.
The shrublands have a canopy of big sagebrush with an understory dominated by Idaho fescue and common forbs. On aore
moist sites, sticky geranium, bearded wheatgrass, mountain brome, and timber oatgrass are included. The forest has an
understory dominated by low shrubs or grasses. Oouglas-fir seedlings frequently Invade mountain grasslands and
shrublands.

GEOLOGY

OCCURRENCE The un'tt contains glacial outwash and alluvial deposits - 100 percent.

The deposits are derived from a variety of recks. They are Pleistocene or Holocene in age. These deposits are medium
to moderately fine textured and contain numerous rounded cobbles and pebbles.

Included are some deposits with dissimilar properties. Deposits which contain few rock fragments are near low gradient
streams or seeps. Soils formed in these deposits are aore productive and have lower bearing strength.

SOILS

GENERAL NATURE OF SOILS Soils *rt well to moderately well drained, with moderately coarse to moderately fine textures.
Subsoils contain 10-50 percent rock fragments.
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GALLATIN FOREST AREA
SOIL SURVEY

Draft

HAP UNIT DESCRIPTION

H.U. 66-1A

HAP UNIT SUHWRY

H.U. SETTING The landforoi consists of nearly level stream floodplains and terraces (central portion of the block
diagram). Delineations occur throughout the area.

H.U. COHPONEHTS This unit contains an undifferentiated group of soils. Soils have variable textures and are seasonally
or permanently wet. They are formed in recent alluvial deposits. Native vegetation is wet meadow and riparian com-
•unitles.

ADJOINING H.U. Adjacent units have steep slopes with forested vegetation.

TOPOGRAPHY

SLOPE (t) ASPECT ELEVATION (FT.) ROCK OUTCROP (t)

0-10 Variable 6,600-8,600 0

The unit consists of nearly level terraces and floodplains. They contain stream channels, ponds, and bogs, and are
dissected by well defined, large, perennial streams. The drainage system has a dendritic pattern with low channel gra
dients. These landforms are subject to frequent flooding. They have high subsurface water storage capacity and surface
runoff occurs rarely.

VEGETATION

HABITAT TYPE IHT1 OCCURRENCE The unit consists of tufted halrgrass/sedge (DECA/CAREX) and willow conmuntttes -
90 percent. Included HTs with dissiailar management Implications are forest and moist meadow HTs associated with better
drained soils - 10 percent.

EXISTING VEGETATION consists of wet mountain meadows and willow with occassional forest or moist meadows. The wet
meadows contain tutted hairgrass, timber oatgrass, timothy, rushes, and bentgrass.

HABITAT TYPE DISTRIBUTION OACA/CAREX and willow communities dominate the unit. Cool, very wet sites and highly produc
tive range sues are associated with the HTs In this unit.

Included are up to 10 percent dissimilar HTs associated with better drained sites on benches and terraces. The moist
meadows are less productive range sites and the forest HTs are most productive as timber sites.

GEOLOGY

OCCURRENCE The unit consists of recent alluvial deposits - 100 percent.

These deposits are derived from a variety of rock types. They are Holocene In age. Typically these deposits have
variable textures and are seasonally or permanently wet.

Included are deposits having better drainage. They occur on benches and small knolls. They trt less productive range
sites but more productive timber sites.

SOILS

GENERAL NATURE OF SOILS Soils are somewhat poorly to poorly drained, with variable textures. Subsoils contain 0 -
bu percent rock fragments.

OCCURRENCE AND DISTRIBUTION The unit contains an undifferentiated group of somewhat poorly or poorly drained soils.
Soils in this group have dark to light colored surface layers and variable textures. They occupy 90 percent of the
unit.
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Included are up to 10 percent dissiailar soils. Slightly better drained soils are on benches and knolls. They are
either less productive range sites or aore productive timber sites and have higher bearing strengths.

GENERAL DESCRIPTION The surface layer is light gray to very dark grayish brown silt loam about IS inches thick. The
subsoil is grayish brown, mottled with yellowish brown, sandy clay loaa about 17 Inches thick. The substratum, a gray,
sandy clay loam, loam, or silt loam, overlies bedrock at depths greater than S feet. The water table fluctuates between
depths of 0 and 20 Inches. Soil descriptions 1 and 2 are representative of some soils in this wilt. Soils vary from
one area to another.

CLASSIFICATION REHARKS The soils with dark colored surface layers are Cryoquolls. The soils with light colored surface
layers are Cryaquents.

The Included dissimilar better drained soils are Argic Cryoborolls and Aquic Cryoboralfs.

HANAGEHSNT IMPLICATIONS

TIMER The unit contains only scattered trees and is poorly suited to timber management.

ROADS The unit is poorly suited to road construction. The high water table severely Halts excavation. The base
material has low bearing strength. Suitable subgrade material and drainage design are required when crossing wet areas.
Care Is required when constructing roads In and near streaa channels to keep sediment from entering the channel system.

RANGE The unit is moderately suited to range aangenent. Soils too wet to support grazing animals severely limit access
to forage. Livestock trampling damages soils and vegetation when soils are wet. Livestock prefer these sites and tend
to overutilize the vegetation before grazing adjacent uplands. The potential native plant community produces about
3,190 pounds per acre of air dry herbage in normal years. Timothy may have invaded these wet meadows. This aay affect
grazing season and utilization.

WILDLIFE-FISHERIES This unit is potentially good sunnier, fall, and winter moose habitat. It also Is potentially good
simmer grizzly bear and elk habitat. Only major streams within the unit normally contain trout habitat.

Landslide Hazards

Soil Erodibility

Sediment Delivery Efficiency

Timber Productivity

Forest Regeneration Limitations

Forest Understory Forage Productivity

Grassland and Shrubland Productivity

See Use and Management Section for more detail.

CLIMATIC FEATURES

Hean Annual Precipitation (inches) 20-50

Precipitation Distribution variable

Average Winter Snow Depth (inches)

Spring Runoff

Length of Frost Free Season (days)

Potential Evapotranspiration

Hydrologic Soil Groups

INTERPRETATIONS

low

low

moderate

high to very high

10-60*

April-June

50-120

Moderate

B, C, D
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GALLATINFORESTAREA
SOILSURVEY

Oraft

HAPUNITDESCRIPTION

H.U.71-18

HAPUNITSUMMARY

H.U.SETTINGThelandforaconsistsofahuanockylandsurface(blockdiagram).Delineationsareaainlyinthesouthern
GallatinRange,southernHadtsonRangeandwestofHebgenlake.

H.U.COHPONENTSThisunitcontainsacomplexofModeratelyfinetexturedsoils.TheyareformedInlandslidedeposits
derivedprimarilyfromsandstoneandshale.Nativevegetation1sMountaingrasslandandMountainshrublandwithsome
Douglas-firorlowersubalpineforest.

ADJOININGH.U.Adjacentunitshavesteeperslopesorforestvegetation.

TOPOGRAPHY

SLOPE(X)ASPEaELEVATION(FT.)ROCKOUTCROPit)

1-20Variable6.800-7.6000

Theunitconsistsofhuanockylandsurfacescharacterizedbyaregularpatternofmoundsanddepressions.Indicatorsof
aoveaentsuchaslargecracks,slipscars,andlobateshapeddepositsarepresent.Theseslopesaredissectedbypoorly
definedstreams.Thedrainagesysteahasaderangedorirregularpatternwithnumerousseepsandpondsindepressions.
Wherestreamshavewelldefinedchannels,thebanksarenearlyvertical.TheselandforashaveModeratelandslide
hazardson20-40percentoftheunit.Theyhavehighsubsurfacewaterstoragecapacityandthederangeddrainagesystea:
divertssurfacerunoffintopondsandbogs.

Includedaresomestructurallycontrolledsandstoneridgeswhicharestable.H

VEGETATION

HABITATTYPE(NT)OCCURRENCETheunitconsistsofIdahofescue/bluebunchwheatgrass(FEID/AGSP)-30percentandbig
sagebrush/Idahofescue(AKIR/FEIO)-30percent;andsubalpinefir(ABLA)HTswithgrassyandshrubbyunderstories-
20percent.IncludedHTswithdissiailarmanagementimplicationsareOouglas-flr/snowberry(PSHE/SYAL)-15percent;
tuftedhairgrass/sedges(DECA/CAREX)-Spercent.>

HABITATTYPEDISTRIBUTIONFEID/AGSPandARTR/FEIOoccurinamosaicthroughoutthemapunit.AstellarHT.Idaho
fescue/beardedwheatgrass(FEIO/AGCA)Isindepressiooalareas.TheABLAHTsoccurinlodgepolepineforestsatupperm,
elevations.WarmmoistclimatesandModeraterangeproductivityareassociatedwiththemountaingrasslandandI
shrublandHTsinthisunit.ModeratetimberproductivityisassociatedwiththeABLAHTs.J

Includedareupto20percentdissimilarHTs.PSHE/SYALisatlowerelevationsandhaslowtimberproductivity.This
HTrequiresdifferentsilviculturaltreatmentthantheABLAHTsbecauseofregenerationlimitations.OECA/CAREXisin
wetlandscapepositionsandrangeproductivityIshigh.

EXIST1H6VEGETATIONconsistsofMountaingrasslandandshrublandwithscatteredstandsofdenselodgepolepineforest,
megrasslandisdominatedbyIdahofescue,bluebunchwheatgrass,junegrass,westernneedlegrassandcommonforbes.The
shrublandhasacanopyofbigsagebrushwithanunderstorydominatedbyIdahofescueandcommonforbes.Onmoistsites,
stickygeranium,beardedwheatgrass.Mountainbrome,andtimberoatgrassarecommon.Douglas-firseedlingsareinvading
thesemountaingrasslandsandshrublandsinsomeareas.

(GEOLOGY

OCCURRENCETheunitconsistsoflandslidedepositsandstructuralfeaturesassociatedwithlandslides-100percent.

Thelandslideshavedevelopedinweatheredbedrockand/orglacialtilldeposits.Thesedepositsarecomposedof
aaterialderivedfromshale,mudstone,siltstone,andsomesandstone.ThesebedrocksareIncludedinformationsfrom
theCretaceousandJurassictimeperiods.Typicallytheselandslidedeposits*r»finetexturedandcontainfewrock
fragments.Somehaveafewhardcrystallinebouldersscatteredonthesurface.
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GALLATIN FOREST AREA
SOIL SURVEY

Draft

HAP UNIT DESCRIPTION

H.U. 71-1E

HAP UNIT SUMMARY

H.U. SETTING The landfora consists of a humaocky land surface (block diagraa). Delineations are aainly in the northern
6aI latin Range, eastern Brldger Range, southern Madison Range, and north of Hebgen Lake.

H.U. COMPONENTS This unit contains a complex of soils with dark colored and somewhat dark colored surface layers,
are formed in landslide deposits derived primarily from sandstone and shale. Native vegetation is Douglas-fir and
subalpine fir forest intermixed with mountain meadows.

A0J0IN1N6 H.U. Adjacent units have steeper slopes or have grassland or subalpine forest vegetation.

TOPOGRAPHY

SLOPE It)

0-20

ASPECT

Southern

ELEVATION (FT.)

6.700-7.500

ROCK OUTCROP («)

0

They

The unit consists of an Irregular series of benches Intermixed with some huanocky land surfaces. Bedrock outcrops are
lacking but rock rubble Is common on prominent ridges. These slopes are dissected by poorly defined streams. The
drainage systea has a deranged or irregular pattern with occasional seeps in depressions. Where streams have well
defined channels, the banks are nearly vertical. These landforas have Moderate landslide hazards in less than
20 percent of the unit. They have high subsurface water storage capacity and the. deranged drainage systea diverts sur
face runoff into seeps and swales.

Included are some structurally controlled sandstone ridges which are stable.

VEGETATION

HABITAT TYPE (HT) OCCURRENCE The unit consists of Oouglas-flr/blue huckleberry (PSKE/VAGL) and Oouglas-fir/snowberry
(KhE/SVAL) -45 percent; subalpine fir/blue huckleberry (ABLAAAGL) - 30 percent. Included HTs with dissiailar Manage
ment implications are Idaho fescue/bluebunch wheatgrass (FEIO/AGSP) - 15 percent; Douglas-fir and Haber pine with
grassy understory unions - 10 percent.

HABITAT TYPE DISTRIBUTION PSME/YAGL and PSHE/SYAL are at lower elevations or on southern exposures. Included similar
His are Douglas-flr/ninebark (PSHE/PHKA). Oouglas-flr/whlte spirea (PSHE/SPfiE), Engelaann spruce (PIEN) with forb and
shrub understory unions and subalpine fir/plnegrass (ABU/CARU). Warm, moist cliaates and Moderate timber productivity
are associated with these HTs. ABLA/VAGL Is at upper elevations and Includes the slatlar subalpine fir/grouse whortle
berry (ABLA/VASC) HT. Cool climates and Moderate timber productivity are associated with these HTs.

Included are small areas of dissimilar HTs. FEIO/AGSP is at lower elevations or on southern exposures, and May include
some big sagebrush (ARTR) HTs. Douglas-fir and limber pine HTs with grassy understortes are often adjacent to these
Mountain grasslands. Warm, dry cliaates are associated with these non-timbered or sparsely timbered HTs.

EXISTING VEGETATION consists of open grown to dense Douglas-fir and lodgepole pine forest with scattered Mountain
grasslands. The forest understory is composed of a Moderately thick stand of shrubs dominated by snowberry and blue
huckleberry. Bunchgrass and pinegrass are common. The Mountain grasslands are dominated by Idaho fescue, bluebunch
wheatgrass and common forbs. Some are being invaded by Douglas-fir seedlings.

GEOLOGY

OCCURRENCE The unit consists of landslide deposits and structural features associated with landslides - 100 percent.

The landslides have developed In weathered bedrock and/or glacial till deposits. These deposits are composed of
material derived from shale, mudstone, siltstone, and some sandstone. These bedrocks are typically Included in for
mations from the Cretaceous and Jurassic time periods. Typically these landslide deposits are fine textured and contain
few rock fragments. Some have a few hard crystalline boulders scattered on the surface.
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HAP UNIT DESCRIPTION

H.U. 86-2A

HAP UNIT SUMMARY i

H.U. SETTING The landfora consists of gently sloping to moderately steep, structurally controlled slopes (block
diagraa). Delineations are aainly in the Gallatin Range, southern Madison Range, Hebgen Lake area, and
Absaroka-Beartooth Range.

H.U. COMPONENTS This unit contains an association of soils. Soils are moderately fine textured. They have formed In '
material weathered from thickly bedded sandstone and shale. Native vegetation is dense lower subalpine forest and moun
tain aeadows. m

ADJOINING H.U. Adjacent units have steep structurally controlled slopes. Mountain grassland or dense upper subalpine fore-. j

TOPOGRAPHY

SLOPE It) ASPECT ELEVATION (FT.) ROCK OUTCROP (<) 1

10-45 Variable 6,600-8,000 S

The unit consists of ridges with gently sloping to Moderately steep concave slopes and occassional saall valleys or swa
les. The shape of these landforms Is strongly controlled by the underlying interbedded bedrock. Ridges are generally
underlain by sandstone which is often exposed on ridgetops. Small valleys and swales are underlain by "soft" shale,
siltstone, or mudstone, landscapes can be complex depending upon the bedding characteristics of the underlying rock.
Slope of the land surface seldom conforms to underlying bedrock dip. These (lopes are dissected by poorly defined,
intermittent streams. The drainage systea has a dendritic or rectangular pattern with low channel gradients. These n-
landforms have moderate landslide hazards in 20-40 percent of the unit. They have high subsurface water storage capa-
city and surface runoff occurs rarely. j

VEGETATION

HABITAT TYPE (HT) OCCURRENCE The unit consists of subalpine fir/blue huckleberry (ABLA/VAGL) and subalpine fir/twin 1
flo-er 1A6LA/LIBO) - 4S percent; and Idaho fescue/bearded wheatgrass (FEIO/AGCA) - 30 percent. Included HTs with dissi
ailar Management Implications are subalpine flr-whitebark pine/grouse whortleberry (A8LA-PIAL/VASC) • 10 percent; and
Ooujias-ftr HTs with shrubby understory unions • 10 percent.

HABITAT TYPE DISTRIBUTION ABLA/VAGL and ABLAAIBO are in forested areas. Stellar Included HTs are subalpine
fWheartieaf arnica (ABLA/ARCO). subalpine fir/grouse whortleberry (ABLA/VASC) and Engelmann spruce (PIEN) HTs. Cool.
moist climates and moderate timber productivity are associated with these HTs. FEIO/AGCA is in Mountain aeadows.
Similar included HTs are big sagebrush/Idaho fescue (ARTR/FEIO) and Idaho fescue/ bluebunch wheatgrass (FEID/AGSP).
Cool moist cliaates and high range productivity are associated with these HTs in this unit. ran

Included are up to 20 percent dissiailar HTs. ABLA-PIAL/VASC, Is at upper elevations on less productive timber sites. j
Ooulgas-ftr HTs are at lower elevations on.sites where forest regeneration is aore difficult.

EXISTING VEGETATION consists of dense lodgepole pine and.subalpine fir forest with large Mountain aeadows. The forest rm
understory is composed of a thick Mat of shrubs dominated by blue huckleberry, twin flower, and grouse whortleberry. [
Keartleaf arnica, virgins bower and pinegrass also occur. The Mountain meadows consist primarily of bearded wheatgrass, ]
mountain brome, timber oatgrass, sticky geranium and abundant forbs. Occasionally, big sagebrush forms a dense
overstory.

GEOLOGY

OCCURRENCE The unit is underlain by interbedded shale, siltstone, and sandstone - 100 percent.

The bedrock consists of thick beds of light colored sandstone shale, mudstone, or siltstone. Slope of the land surface
seldom conforms underlying bedrock dip. The bedrock Is upper Cretaceous to Trlassic in age. The most common geologic
formations are Telegraph Creek, Cody, Howry-Thermopolis,.Kootenai, Morrison, and formations of the Ellis group. The
Albino formation occurs locally In the Madison and southern Gallatin Range.
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HAP UNIT DESCRIPTION

H.U. 86-2C

HAP UNIT SUMMARY

H.U. SETTING The landfora consists of rolling to moderately steep structurally controlled slopes (block diagram).
Delineations are mainly in the northern Brldger Range, the northern Absaroka-Beartooth Range, the northern Gallatin
Range, with most in the southern Madison Range.

H.U. COMPONENTS Soils are Moderately fine textured with dark colored surface layers. They have formed inMaterials
weathered from thickly bedded sandstone and shale. Native vegetation is Mountain grassland with some subalpine forest.

ADJOINING H.U. Adjacent units have steep, structurally controlled slopes with subalpine forest vegetation.

TOPOGRAPHY

SLOPE (*)

10-45

ASPECT

Variable

ELEVATION (FT.)

7,000-8,000

ROCK OUTCROP tt)

5'

The unit consists of ridges with gently sloping to moderately steep concave slopes and occasional small valleys or swa
les. The shape of these landforms is strongly controlled by the underlying interbedded bedrock. Ridges are generally
underlain by sandstone which Is often exposed on ridgetops or steep stdeslopes. Saall valleys and swales are underlain
by shale, siltstone, or mudstone, landscapes can be complex depending upon the bedding characteristics of the
underlying rock, but slope of the land surface seldom conforms to underlying bedrock dip. These slopes in dissected by
well defined, intermittent streams. The drainage systea has a dendritic pattern with Moderate enamel gradients. These
landforms have moderate landslide hazards In 20-40 percent of the unit. They have high subsurface water storage capa
city and surface runoff occurs rarely.

HABITAT TYPE (HT) OCCURRENCE
fescue (AJUft/FEJDj -S5 percent

VEGETATION

The unit consists of Idaho fescue/bluebunch wheatgrass (FEIO/AGSP) and big sagebrush/Idaho
it. An included HT with dissimilar management Implications is subalpine fir/grouse

whortleberry (ABLA/VASC) - 10 percent.

HABITAT TYPE DISTRIBUTION FEIO/AGSP and ARTR/FEIO occur In a mosaic throughout the unit. The similar HT. Idaho
fescue/bearded wheatgrass (FEIO/AGCA) is in depressions. Warm, dry cliaates and moderately productive range sites are
associated with these HTs.

Included are saall areas of the dissimilar HT ABLA/VASC.
productivity. It occupies up to 10 percent of the unit.

This HT is found In scattered forest stands with low timber

EXISTING VEGETATION consists of Mountain grassland and shrubland with a few scattered stands of dense lodgepole pine
forest. The mounta'in-grassland contains abundant Idaho fescue, bluebunch, wheatgrass, junegrass, western needlegrass
and common forbs. The Mountain shrubland contains big sagebrush with Idaho fescue dominating the understory. 8luebunch
wheatgrass, Junegrass and and forbs *rt common. On moist sites, sticky geranium, bearded wheatgrass. Mountain brome
and timber oatgrass are common. Forest understorles are dominated by shrubs. Douglas-fir seedlings frequently invade
Mountain grasslands and shrublands.

GEOLOGY

OCCURRENCE The unit Is underlain by interbedded shale, siltstone, and sandstone - 100 percent.

The bedrock consists of thick beds of light colored.sandstone shale, mudstone, or siltstone. The bedrock is upper
Cretaceous to Trlassic In age. The most common geologic formations are Telegraph Creek, Cody, Howry-Thermopolis,
Kootenai, Morrison, and formations of the Ellis group. The Albino formation occurs locally in the Madison and southern
Gal]atin Range.

Included bedrock with dissimilar properties is light colored quartzitic sandstone of the Quadrant formation. Weathering
products from this bedrock are more erodible. Some thin beds of limestone are also present. Weathering products from
these bedrocks are high in carbonates.
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HAP UNIT DESCRIPTION

H.U. 67-2A

1

HAP UNIT SUMMARY j
H.U. SETTING The landfora consists of steep, structurally controlled slopes (block diagram). Delineations are Mainly
in the Gallatin and Bridger ranges with some in the southern Hadison Range.

H.U. COMPONENTS This unit contains an association of soils. Soils are Moderately fine textured. They have formed in
material weathered from thickly bedded sandstone and shale. Native vegetation is open grown Douglas-fir forest and
Mountain grassland.

ADJOINING H.U. Adjacent units are entirely mountain grassland or dense subalpine forest.

TOPOGRAPHY

SLOPE It) ASPECT ELEVATION (FT.l ROCK OUTCROP (t)

4S* Southern 5.600-7.800 10 j

The unit consists of ridges with steep slopes and occasional small valleys or swales. The shape of these landforms is
strongly controlled by the underlying interbedded bedrock. Ridges are generally underlain by sandstone which Is often _
exposed on ridgetops. Saall valleys and swales *rt underlain by shale, siltstone, or mudstone, landscapes can be (
complex depending upon the bedding characteristics of the underlying rock, but the land surface seldom conforms to
bedrock dip. These slopes are dissected bywell defined, intermittent streaas. The drainage systea has a dendritic to •
rectangular pattern with steep channel gradients. These landforms have Moderate landslide hazards In 20-40 percent of
the unit. They have moderate subsurface water storage capacity and surface runoff occurs occasionally.

VEGETATION i

HABITAT TYPE (HT) OCCURRENCE The unit consists of Oouglas-ftr/Idaho fescue (PSHE/FEIO) - SO percent; and Idaho
fescue/bluebunch wheatgrass (FEIO/AGSP) • 25 percent. An Included HT with dissiailar management Implications is
Oouglas-fir/snewberry (PSHE/SYAL) - IS percent. ^

HABITAT TYPE DISTRIBUTION PSHE/FEIO and FEID/AGSP form a mosaic throughout the unit, limber pine (PITl) HTs with
grassy understorles and big sagebrush/Idaho fescue (ARTR/FEIO) are similar included HTs. Warm dry cliaates and low
timber productivity are associated with these HTs.

Included are small areas of the dissimilar HT PSHE/SYAL on northern exposures. THis HT is on more productive timber
sites. This HT occupies up to 15 percent of the unit.

EXISTING VEGETAT50N is a mosaic of open grown Oouglas-ftr forest and mountain grassland. Forest trees are stunted and
the understory is composed of Idaho fescue and bluebunch wheatgrass. Mountain grasslands consist of Idaho fescue, m
bluebuncb wheatgrass, junegrass, western needlegrass and common forbs. Occasionally, big sagebrush forms a dense
overstory In these grasslands. Oouglas-flr seedlings are often found invading the grasslands.

GEOLOGY

OCCURRENCE The unit is underlain by Interbedded shale, siltstone, and sandstone - 100 percent.

The bedrock consists of thick beds of light colored sandstone shale, mudstone, or siltstone. This bedrock is upper
Cretaceous through Triasstc in age. The most comaon geologic formations are Telegraph Creek, Cody, Howry-Thermopolls,
Kootenai, Morrison, and formations of the Ellis group. The Albino formation occurs locally in the Hadison and southern r^
Gallatin Range.

Included bedrock with dissimilar properties is light colored quartzitic sandstone of the Quadrant foraation. Weathering
products from this bedrock are more credible.

SOILS "*!

GENERAL NATURE Of SOILS Soils are well drained, with moderately fine textures and subsoil clay accumulation. Subsoils
contain i-HI percent rock fragments.

I
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HAP UNIT DESCRIPTION

H.U. 87-2C

HAP UNIT SUMMARY

H.U. SETTING The landfora consists of steep, structurally controlled slopes (block diagram). Delineations are mainly
in the northwestern Bridger Range, the northwestern Crazy Mountains, the northern Absaroka-8eartooth Range, the Gallatin
Range, and the southeast Hadison Range.

H.U. COMPONENTS The unit contains a complex of medium to Moderately fine textured soils with dark colored surface
layers. They have formed in material weathered from thickly bedded sandstone and shale. Native vegetation Is Mountain
grassland and shrubland and Oouglas-fir forest.

A0J01N1N6 H.U. Adjacent units are entirely dense Douglas-fir or subalpine forest vegetation.

TOPOGRAPHY

SLOPE (X) ASPECT ELEVATION (FT.) ROCK OUTCROP it)

45 ♦ Southern 6,500-7,500 10

The unit consists of ridges with steep slopes and occasional saall valleys or swales. The shape of these landforms is
strongly controlled by the underlying Interbedded bedrock. Ridges *n generally underlain by sandstone or limestone
which Is often exposed on ridgetops or steep slopes. Small valleys and swales are underlain by shale, siltstone, or
mudstone, landscapes can be complex depending upon the bedding characteristics of the underlying rock. The land sur
face often conforms to bedrock dtp. These slopes are dissected bywell defined. Internment streams. The drainage
system has a parallel pattern with steep channel gradients. These landforms have Moderate landslide hazards on dip
slopes. They have moderate subsurface water storage capacity and surface runoff occurs occasionally.

VEGETATION

HABITAT TYPE (HT) OCCURRENCE The unit consists of Idaho fescue/bluebunch wheatgrass (FEIO/AGSP) and big sagebrush/Idaho
fescue (ARTH/rElu) - Ml percent; and Oouglas-flr/snowberry (PSHE/SYAL) - 25 percent. Included HTs with dissimilar Mana
gement Implications are subalpine fir (ABLA) HTs with shrubby understory unions - S percent.

HABITAT TYPE DISTRIBUTION FEID/AGSP and ARTR/FEIO occur in a mosaic throughout the unit. An included similar HT, Idaho
fescue/bearded wheatgrass (FEIO/AGCA) is in depressions. Warm dry climates and Moderately productive range sites are
associated with these HTs. PSHE/SYAL occurs in scattered forest stands throughout the unit. Warm moist climates and
low timber productivity are associated with this HT.

Included are small areas of dissimilar HTs. ABLA HTs occupy scattered forest stands at upper elevations. Cool moist
climates and moderate timber productivity are associated with these HTs.

EXISTING VEGETATION is a Mosaic of mountain grassland and shrubland with scattered stands of dense Oouglas-fir forest.
The Mountain grassland contains Idaho fescue, bluebunch wheatgrass, Junegrass, western needlegrass and common forbs.
The shrubland has a canopy of big sagebrush with an understory of Idaho fescue and common forbs. Sticky geranium,
bearded wheatgrass, mountain broae and timber oatgrass .are common on moist sites.

GEOLOGY

OCCURRENCE The unit is underlain by interbedded shale, siltstone, and sandstone - 100 percent.'

The bedrock consists of thick beds of light colored sandstone shale, mudstone, siltstone and occasionally limestone.
This bedrock is upper Cretaceous through Triassic In age. The most comaon geologic formations associated with this
group are Telegraph Creek, Cody, Howry-Thermopolls, Kootenai, Morrison, and formations of the Ellis group. The Albino
formation occurs locally 1n the Madison and southern Gallatin Range.

Included bedrock with dissimilar properties Is light colored quartzitic sandstone of the Quadrant formation. Weathering
products.from this bedrock are more credible.
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Series Li beg j

Pi=£i__£i.ass_ deep
Poi..D;&3.§_£iass_ well drained
Permeability.: moderate
Landformi mountain slopes, stream terraces and alluvial fans
Elkr.§.D._____£_iail a IIuv iurn and co IIuv iurn
Si&r2§._ran_e_ 0 to 60 percent
§ii.vation_rana§.i 5500 to 8500 feet
AjiD.u§:__riL&_i&i___ion_ 20 to 24 inches
AQQuai-ai^temp.eraturei 34 to 38 degrees F
F££5_t_free_p.er.iodi 50 to 75 days

IiUL2Q£[!!i£._C_a5s.L Loamy-sKe Ieta !, mixed Argic Cryoboroiis

Typical Pedon Libeg cobbly loam, grassland (coiors are for
dry soil unless otherwise stated).

A - 0 to 7 inches; dark grayish brown (10YR 4/2) coobly
loam, very dark grayish brown <10YR 3/2) moist; moderate _.
fine granular structure; soft, very friabie, slightly sticKy 1
and slightly plastic; 15 percent gravels, 15 percent
cobbles; neutral (pH 7.2); clear smooth boundary.

m

Btl - 7 to 22 inches; dark grayish brown (10YR 4/2) very j
grave Ily sandy clay loam, dark yellowish brown (10YR 3/4)
moist; weak medium subanguiar biocky structure; slightly m
hard, friable, nonsticky and nonplastic; 45 percent gravels, I
15 percent cobbles; neutral (pH 7.2); gradual wavy boundary.

Bt2 - 22 to 45 inches; brown (10YR 5/3) extremely cobbly
sandy clay loam, dark brown (10YR 4/3) moist; weak fine
subanguiar biocky structure; soft, very friable, nonsticky
and nonplastic; 25 percent grave is, 40 percent cobbies;
mildly alkaline (pH 7.6); clear wavy boundary.

Bk - 45 to 60 inches; grayish brown (10YR 5/2) extrerneiy
cobbly sandy clay loam, dark brown (10YR 4/3) moist;
massive; slightly hard, friabie, nonsticky and nonplastic;
30 percent gravels, 35 percent cobbles; mildly alkaline (pH
7.8); strongly effervescent.

Range in Characteristics

£2__£___sect_on_: 6 to 31 inches-
Soii_temperature_ 36 to 40 degrees F.
£!2isture_CGntr_i_sectlon_: 4 to 12 inches
Molllc_e£l_edon_thicknessj. 7 to 15 inches
££__£____f_£iay L__the_contr_l_secti_ni. 1S to 35 percent
Rock_fra_m_nt_ LU___e_££__£_i_sec_ion2 35 to 80 percent
De_th_to_the_Bk_h_rlzonj; greater than 40 inches 1
So___£hases_ cobbly, stony, extremely stony J
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