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Appendix C Introduction

1.0 INTRODUCTION

The Lake Helena VVolume | report concluded that twenty stream reaches in the Lake Helena Watershed
are impaired for sediment and/or nutrients (Figure 1, Table 1). To better understand the impairments,
sediment and nutrients were modeled with the Generalized Watershed Loading Functions (GWLF) model
(Haith et al., 1992). The primary purpose of the modeling effort was to determine the sediment and
nutrient loads from each significant source category (e.g., point sources, roads, septic systems). The
model was secondarily used to help answer the following questions:

o What is the extent to which sediment and nutrient loads in the watershed have been affected by
anthropogenic activities (i.e., comparison of existing and natural scenarios)?

e How might loads change in the future with increased development of the watershed (i.e.,
comparison of existing and build out scenarios)?

e What are the allowable loads at various ungaged points in the watershed?

GWLF simulates runoff and stream flow by a water-balance method, based on measurements of daily
precipitation and average temperature. The complexity of GWLF falls between that of detailed, process-
based simulation models and simple export coefficient models which do not represent temporal
variability. The application of a more detailed model was not warranted given the general lack of water
quality data with which it could be calibrated (refer to Volume I). The GWLF model was determined to
be appropriate because it simulates the important processes of concern, but does not require as much data
for calibration. Loads from several sources (point sources, Helena Valley Irrigation District, abandoned
mines, streambank erosion) were estimated separately and added to the GWLF output during post
processing.

GWLF input parameters were assigned based on available monitoring data, default parameters suggested
in the GWLF User’s Manual (Haith et al., 1992), and local resource agency recommendations. Default
values were used for many parameters due to a lack of local data and to ensure the modeling results are
consistent with previously validated studies.

The U.S. Army Corps of Engineers’ BATHTUB model was selected to simulate eutrophication in Lake
Helena. BATHTUB predicts eutrophication-related water quality conditions (e.g., phosphorus, nitrogen,
chlorophyll a, and transparency) using empirical relationships previously developed and tested for
reservoir applications (Walker, 1987). Similar to GWLF, BATHTUB was chosen based on the lack of
historic water quality data with which to calibrate a more detailed model. Simulated watershed loads
from GWLF were used to drive the BATHTUB model to answer the following questions:

e What is the extent to which sediment and nutrient loads in the watershed have been affected by
anthropogenic activities (i.e., comparison of existing and natural scenarios)?

o How might loads change in the future with increased development of the watershed (i.e.,
comparison of existing and build out scenarios)?

The following sections discuss the setup, calibration, and use of the GWLF and BATHTUB models.
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Table 1. Listed Reaches in the Lake Helena Watershed

Length
WBKEY Reach Description (mile) Impairment

MT411006_180 North Fork Warm Springs Creek, Headwaters to mouth 2.50 Sediment
MT411006_210 Jennies Fork from headwaters to mouth 1.41 Sediment
MT411006_070 Golconda Creek, Headwaters to the mouth 3.71 Sediment
MT411006_060 Prickly Pear Creek from headwaters to Spring Cr 8.65 Sediment
MT411006_080 Spring Creek from Corbin Cr to the mouth 1.66 Sediment, nutrients
MT411006_090 Corbin Creek from headwaters to the mouth 2.52 Sediment
MT411006_100 Middle Fork Warm Springs Creek, Headwaters to mouth 2.68 Sediment
MT411006_050 Prickly Pear Creek from Spring Cr to Lump Gulch 7.01 Sediment
MT411006_110 Warm Springs Creek from the Middle Fork to the mouth 2.96 Sediment
MT411006_120 Clancy Creek from headwaters to the mouth 11.56 Sediment, nutrients
MT411006_130 Lump Gulch from headwaters to the mouth 14.47 Sediment
MT411006_141 Tenmile Creek, headwaters to the Helena PWS intake 6.82 Sediment

above Rimini
MT411006_040 Prickly Pear Creek from Lump Gulch to Montana Highway 10.43 Sediment

433 Crossing
MT411006_142 Tenmile Creek From the Helena PWS intake above Rimini 7.30 Sediment

to the Helena WT plant.
MT411006_143 Tenmile Creek from the Helena WT plant to the mouth 15.45 Sediment, nutrients
MT411006_160 Sevenmile Creek from headwaters to the mouth 7.76 Sediment, nutrients
MT411006_020 Prickly Pear Creek from Helena WWTP Discharge Ditch to 5.92 Sediment, nutrients

Lake Helena
MT411006_220 Skelly Gulch tributary of Greenhorn Cr-Sevenmile Cr 7.71 Sediment

T10N R5W Sec 2
MT411006_030 Prickly Pear Creek from Highway 433 Crossing to Helena 4.42 Sediment, nutrients

WWTP Discharge
MT411006_190 | Jackson Creek from headwaters to the mouth 3.24 Sediment
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Appendix C GWLF Model Development

2.0 GWLF MODEL DEVELOPMENT

GWLF provides a mechanistic, but simplified, simulation of precipitation-driven runoff and sediment
delivery. Solids load, runoff, and ground water seepage are used to estimate particulate and dissolved-
phase pollutant delivery to a stream, based on pollutant concentrations in soil, runoff, and ground water.
GWLF simulates runoff and stream flow by a water-balance method, based on measurements of daily
precipitation and average temperature. Precipitation is partitioned into direct runoff and infiltration using
a form of the Natural Resources Conservation Service’s (NRCS) Curve Number method (SCS, 1986).
The Curve Number determines the amount of precipitation that runs off directly, adjusted for antecedent
soil moisture based on total precipitation in the preceding 5 days.

Flow in streams may derive from surface runoff during precipitation events or from ground water
pathways. The amount of water available to the shallow ground water zone is strongly affected by
evapotranspiration, which GWLF estimates from available moisture in the unsaturated zone, potential
evapotranspiration, and a cover coefficient. Potential evapotranspiration is estimated from a relationship
to mean daily temperature and the number of daylight hours.

The user of the GWLF model must divide land uses into “rural” and “urban” categories, which
determines how the model calculates loading of sediment and nutrients. For the purposes of modeling,
“rural” land uses are those with predominantly pervious surfaces, while “urban” land uses are those with
predominantly impervious surfaces. Monthly sediment delivery from each “rural” land use is computed
from erosion and the transport capacity of runoff, whereas total erosion is based on the universal soil loss
equation (USLE) (Wischmeier and Smith, 1978), with a modified rainfall erosivity coefficient that
accounts for the precipitation energy available to detach soil particles (Haith and Merrill, 1987). Thus,
erosion can occur when there is precipitation, but no surface runoff to the stream; delivery of sediment,
however, depends on surface runoff volume. Sediment available for delivery is accumulated over a year,
although excess sediment supply is not assumed to carry over from one year to the next. Nutrient loads
from rural land uses may be dissolved (in runoff) or solid-phase (attached to sediment loading as
calculated by the USLE).

For “urban” land uses, soil erosion is not calculated, and delivery of nutrients to the water bodies is based
on an exponential accumulation and washoff formulation. All nutrients loaded from urban land uses are
assumed to move in association with solids.

GWLF requires three input files to simulate runoff and pollutant loads from each subwatershed. The
weather file contains daily values of precipitation and average temperature. The nutrient file contains
nitrogen and phosphorus concentrations of groundwater and runoff as well as build-up wash off rates
from urban areas. The transport file contains land use areas and parameters for estimating runoff, erosion,
and evapotranspiration. This section of the report describes the modeling assumptions used to develop
these three files for existing and natural conditions.

2.1 Transport Data

Land use areas, soil erodibility factors, and evapotranspiration rates were developed based on MRLC,
STATSGO, and Agri-met datasets, respectively, and are described more fully below.
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2.1.1 Subwatershed Delineation

The first step in developing the transport files was to delineate subwatersheds corresponding to the listed
segments and major stream confluences. The Lake Helena Watershed was delineated into twenty-two
subwatersheds based on a 30-meter digital elevation model of the watershed and the National

Hydrography Dataset stream coverage as shown in Figure 2. Watershed area and mean elevation are
listed in Table 2.
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Figure 2. Lake Helena DEM, NHD Stream Coverage, and Subwatersheds

Final

C-7



GWLF Model Development Appendix C

Table 2. Drainage Area and Mean Elevation of the Lake Helena Subwatersheds

Corresponding
Subwatershed Watershed Area (ac) Mean Elevation (m) Segment

Clancy Creek 21,140 1757.5 MT411006_120
Corbin Creek 1,715 1685.2 MT411006_090
Golconda Creek 1,887 1962.2 MT411006_070
Jackson Creek 2,148 1924.2 MT411006_190
Jennies Fork 670 1855.5 MT411006_210
Overland flow to Lake Helena 38,330 1196.0 Overland flow
Lump Guich 27,762 1722.3 MT411006_130
Middle Fork Warm Springs 2,180 1796.9 MT411006_100
Middle Tenmile Creek 24,701 1730.0 MT411006_142
North Fork Warm Springs Creek 1,343 1721.7 MT411006_180
Prickly Pear above Spring Creek 17,070 1866.7 MT411006_060
Prickly Pear above Lake Helena 4,201 1134.6 MT411006_020
Prickly Pear above Lump Gulch 16,275 1581.2 MT411006_050
Prickly Pear above WWTP outfall 12,431 1294.0 MT411006_030
Prickly Pear above Wylie Drive 47,176 1554.9 MT411006_040
Sevenmile Creek 24,883 1527.6 MT411006_160
Silver Creek 59,013 1355.4 MT411006_150
Skelly Guich 7,834 1700.6 MT411006_220
Spring Creek 11,620 1758.4 MT411006_080
Tenmile above Prickly Pear 48,786 1455.1 MT411006_143
Upper Tenmile Creek 14,106 2068.3 MT411006_141
Warm Springs Creek 9,670 1688.2 MT411006_110
Total Watershed Area 393,445 na na

2.1.2 Land Use in the Lake Helena Watershed

Existing land use and land cover in the Lake Helena Watershed were determined from satellite imagery,
digital aerial photography, and geographic information system (GIS) layers. Digital land use/land cover
data were obtained from the National Land Cover Dataset (NLCD). The NLCD is a consistent
representation of land cover for the conterminous United States generated from classified 30-meter
resolution Landsat thematic mapper satellite imagery data. The NLCD is classified into urban,
agricultural, forested, water, and transitional land cover subclasses. The imagery was acquired by the
Multi-Resolution Land Characterization (MRLC) Consortium, a partnership of federal agencies that
produce or use land cover data. The imagery was acquired between 1991 and 1993.

MRLC data and corresponding land use classifications served as the primary basis for the GWLF
modeling effort; however updates to the original data and refinements of land use categories were made to
reflect current conditions in the Lake Helena watershed. 2004 high-resolution color orthophotos of the
Helena Valley were used to manually classify a portion of the watershed using the land use definitions
provided by the MRLC Consortium data description. Road areas and corresponding road surface
materials in the watershed were distinguished based on GIS data layers acquired from Lewis and Clark
and Jefferson counties and the Helena National Forest. Additionally, a new class of low-intensity
residential development was added to reflect the low-density style of land development in the more rural
areas of the Lake Helena Watershed. Figure 3 shows the final land use coverage and the data are
summarized in Table 3.
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Figure 3. Land Use in the Lake Helena Watershed (Area Highlighted in Red was Updated Based on
2004 Aerial Photography)
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Table 3. Land Use Areas for the Lake Helena Existing Conditions Modeling

Land Use Existing (ac)
Bare Rock 84
LDRa 9,067
Quarries 234
Water 2,875
Transitional 1,853
Deciduous Forest 1,241
Evergreen Forest 154,204
Mixed Forest 36
Shrubland 37,014
Grassland 129,060
Pasture/Hay 14,892
Small Grains 16,925
Woody Wetland 1,270
Herbaceous Wetlands 421
Recent Clear-cut 522
Clear-cut Regrowth 3,571
Dirt Roads 3,326
Fallow 2,546
Row Crop 2,093
Non-system Roads 153
LDRb 2,950
Commercial/Industrial/Transportation 6,203
Urban/Recreational Grasses 1,001
Secondary Paved Roads 1,904
Total Watershed Area 393,445

All of the land use categories used for the modeling are standard MRLC classifications except for two
low-intensity residential classifications, two silviculture classes, and three road classes, as described
below.

2.1.2.1. Residential Lands

Low-intensity development was classified as either LDRa or LDRb to differentiate between the
concentration of low density housing in and around the municipalities and the low-density housing
development in the remainder of the watershed. LDRa represents developments detected during the
orthophoto analysis or present in the original MRLC data set, with approximately 40 percent impervious
area and 60 percent lawn. LDRb was created by buffering the remaining residential areas outside of the
LDRa area to 1.1-acre lots (represented by structures for Lewis and Clark County and wells for Jefferson
County). A 1.1 acre buffer radius was chosen based on the median value of developed area for 100
randomly selected parcels outside of the LDRa areas. Based on the analysis of the 100 random parcels,
LDRD lots were assigned 40 percent impervious (house, barn, sheds), 24 percent pasture with poor ground
cover (animal paddocks), and 36 percent lawn in good condition.
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2.1.2.2. Forest Lands

To account for harvesting activities in the watershed, forest was modeled in one of three categories: (1)
clear-cut, (2) regrowth, or (3) full growth condition. Forestland in the Lake Helena Watershed is owned
by private land owners, the Bureau of Reclamation, Department of Natural Resources, Bureau of Land
Management, and the Helena National Forest (Figure 4). Databases were obtained from each agency to
estimate average harvest acreages for the period between 1996 and 2000 (Table 4). The public agencies
use selective cut techniques rather than clear cutting procedures, so harvest acres were assumed in the
regrowth state after cutting. Cutting has not occurred on land owned by the Helena National Forest since
1996. No data were obtained from the Bureau of Reclamation despite numerous requests. Harvest data
on private lands was not available, so a continuous 90-yr harvesting cycle (Stuart, 2004) was assumed
(i.e., 1.1 percent of private forest land was assumed clear cut each year). To estimate the area of regrowth
on private lands, we assumed a 5 year regrowth period to re-establish full growth ground cover. The
curve numbers, cover factors, and nutrient runoff concentrations of these silvicultural land uses vary from
typical forestland as described in Table 5, Table 7, and Table 9.
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Figure 4. Land Ownership in the Lake Helena Watershed
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Table 4. Harvest Data by Agency in the Lake Helena Watershed for the period 1996 to 2000.

Agency Selective Harvest or Regrowth (ac) Clear Cut (ac)
Bureau of Land Management 767 0
Bureau of Reclamation 0 0
Helena National Forest 0 0
Department of Natural Resource Conservation 195 0
Private 2,610 522
2.1.2.3. Roads

Road areas in the Lake Helena watershed were generated from current GIS data. The road polylines were
converted into areas based on average widths from field data collected in 2005. Unpaved roads were
buffered to a total width of 22 feet, and paved roads were buffered to a total width of 26 feet. Interstate
15 and Highway 12 are simulated with a width of 52 feet.

Non-system roads are those built for recreational purposes (dirt bikes, four wheelers, etc.) and are not
built to approved specifications. Road slope is assumed to follow the land gradient rather than
incorporate switch-backs. Ditches and cross drains are not present. In the Helena National Forest, non-
system roads were estimated to comprise an additional 4.6 percent of the area of unpaved roads (Stuart,
2004). This value was extrapolated to the entire Lake Helena Watershed where unpaved roads are
present.

2.1.2.4. Land Use Curve Numbers

The GWLF model uses the curve number method to estimate runoff from each land use area. Land uses
with higher curve numbers are assumed to have more surface runoff than those with lower curve
numbers. Table 5 lists the curve numbers by soil hydrologic group for land uses in the Lake Helena
Watershed. Area weighted curve numbers were developed for each subwatershed and land use based on
the reported NRCS soil hydrologic groups. Soil hydrologic groups were used to account for the different
infiltration rates of different soil types (e.g., higher infiltration for sands compared to clays).
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Table 5. SCS Curve Numbers for Land Uses in the Lake Helena Watershed

Land Use CNa CNb CNc CNd
Bare Rock 98 98 98 98
LDRa 63 76 84 87
Quarries 76 85 89 91
Water 100 100 100 100
Transitional 77 86 91 94
Deciduous Forest 30 55 70 77
Evergreen Forest 36 60 73 79
Mixed Forest 33 57 72 78
Shrubland 30 48 65 73
Grassland — Existing 49 69 79 84
Grassland - Natural 39 61 74 80
Pasture/Hay 30 58 71 78
Small Grains 63 75 83 87
Woody Wetland 98 98 98 98
Herbaceous Wetlands 98 98 98 98
Recent Clear-cut 77 86 91 94
Clear-cut Regrowth 57 73 82 87
Dirt Roads 72 82 87 89
Fallow 77 86 91 94
Row Crop 67 78 85 89
Non-system Roads 72 82 87 89
LDRb 69 39 39 39
Commercial/Industrial/Transportation 89 92 94 95
Urban/Recreational Grasses - fair 49 69 79 84
condition
Secondary Paved Roads 98 98 98 98

2.1.3 USLE Parameters

GWLF uses the Universal Soil Loss Equation (USLE) to estimate soil erosion rates based on rainfall
intensity, soil erodibility, slope length, gradient, and cover and management factors. Seasonal rainfall
erosivity factors were developed based on regional values available from the GWLF User’s Manual. The
NRCS soils database (Figure 5) was used to estimate the average land slope in each subwatershed as well
as area-weighted soil erodibility factors and length-slope factors (Table 6).
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Figure 5. STATSGO Soil Types in the Lake Helena Watershed
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Slope lengths were set to 30 meters, which is a general default value for GWLF. Length-slope factors
were developed using the revised USLE approach (Schwab et al., 1993), which is preferred by the
Montana NRCS (Tom Pick, Water Quality Specialist, NRCS Montana State Office, personal
communications, August 9, 2005).

Table 6. Average Land Slopes, Soil Erodibility Factors, and Length-Slope Factors by Subwatershed

Subwatershed Land Slope (%) K LS
Clancy Creek 313 0.154 5.547
Corbin Creek 27.6 0.152 4.855
Golconda Creek 315 0.133 5.582
Jackson Creek 44.6 0.148 7.866
Jennies Fork 45.0 0.134 7.927
Lake Helena overland flow 9.3 0.279 1.239
Lump Guich 29.3 0.142 5.170
Middle Fork Warm Springs 31.0 0.134 5.494
Middle Tenmile Creek 33.3 0.143 5.914
North Fork Warm Springs Creek 26.9 0.147 4721
Prickly Pear above Spring Creek 30.7 0.140 5.432
Prickly Pear above Lake Helena 1.0 0.313 0.145
Prickly Pear above Lump Gulch 211 0.184 3.596
Prickly Pear above WWTP outfall 13.9 0.280 2.152
Prickly Pear above Wylie Drive 23.6 0.194 4.080
Sevenmile Creek 25.8 0.186 4.520
Silver Creek 19.6 0.214 3.306
Skelly Guich 34.6 0.165 6.152
Spring Creek 33.2 0.176 5.889
Tenmile above Prickly Pear 21.9 0.206 3.750
Upper Tenmile Creek 375 0.120 6.663
Warm Springs Creek 27.5 0.148 4.840

Most of the subwatersheds have relatively high land slopes that would not accommodate properly
designed unpaved roads. An average of the land slope and measured road slope at stream crossings was
therefore used to estimate average road slopes. Measured slopes at stream crossings were obtained from a
stream-crossing sediment loading analysis performed with the WEPP model as a part of the TMDL study
(see Appendix D). Non-system roads were modeled without accounting for switch-back reduction of
slope.

Cover factors for each land use are based on values suggested in Agriculture Handbook 537 (Wischmeier
and Smith, 1978) and are summarized in Table 7. Under natural conditions, only forest, wetlands,
shrubland, grassland, barerock, and water are simulated. The Upper Yellowstone River Watershed Land
Cover Assessment report (NRCS, 2003) was used to develop modeling parameters for these land uses
under natural conditions. The report states that in this relatively undisturbed watershed, grassland has 20
percent bare ground cover, shrubland has 10 percent bare ground cover, and forest has 10 percent bare
ground cover. Under existing conditions, the bare ground cover was assumed 30 percent for grassland
and 20 percent for shrubland to reflect higher animal densities and human disturbance. Cover factors for
grassland were increased from 0.013 to 0.0275 from natural to existing conditions; cover factors for
shrubland were increased from 0.006 to 0.012. The percent bare ground cover in full-growth forest was

C-16 Final



Appendix C

GWLF Model Development

not assumed to increase because human impacts are being simulated with the clear-cut and regrowth

classifications.

The cover factor for dirt roads is based on a literature value (Sun and McNulty, 1998).

Table 7. Cover Factors by Land Use in the Lake Helena Watershed

Land Use Cover Factor
Bare Rock 0.0001
LDRa 0.0078
Quarries 1.0000
Water 0.0000
Transitional 0.0910
Deciduous Forest 0.0030
Evergreen Forest 0.0030
Mixed Forest 0.0030
Shrubland - Existing 0.0120
Shrubland - Natural 0.0060
Grassland — Existing 0.0275
Grassland — Natural 0.0130
Pasture/Hay 0.0420
Small Grains 0.3800
Woody Wetland 0.0030
Herbaceous Wetlands 0.0030
Recent Clear-cut 0.4500
Clear-cut Regrowth 0.1500
Dirt Roads 0.7500
Fallow 1.0000
Row Crop 0.5400
Non-system Roads 0.7500
LDRb 0.0265
Commercial/Industrial/Transportation 0.1000
Urban/Recreational Grasses 0.0130
Secondary Paved Roads 0.2500

The USLE equation estimates average annual erosion rates. Delivered sediment is estimated by applying
a sediment delivery ratio which is calculated for each subwatershed based on drainage area as suggested
in Haith et al. (1992) and summarized in Table 8. Larger watersheds have smaller delivery ratios.

Final

C-17



GWLF Model Development Appendix C

Table 8. Sediment Delivery Ratios for the Lake Helena Subwatersheds

Subwatershed Sediment Delivery Ratio
Clancy Creek 0.1335
Corbin Creek 0.2386
Golconda Creek 0.2339
Jackson Creek 0.2277
Jennies Fork 0.2881
Lake Helena overland flow 0.1134
Lump Guich 0.1241
Middle Fork Warm Springs 0.2270
Middle Tenmile Creek 0.1281
North Fork Warm Springs Creek 0.2509
Prickly Pear above Spring Creek 0.1411
Prickly Pear above Lake Helena 0.1970
Prickly Pear above Lump Guich 0.1428
Prickly Pear above WWTP outfall 0.1528
Prickly Pear above Wylie Drive 0.1067
Sevenmile Creek 0.1278
Silver Creek 0.0998
Skelly Gulch 0.1708
Spring Creek 0.1554
Tenmile above Prickly Pear 0.1057
Upper Tenmile Creek 0.1481
Warm Springs Creek 0.1625

2.1.4 Soil Water Capacity and River Recession

Water stored in soil may evaporate, be transpired by plants, or percolate to ground water below the
rooting zone. The amount of water that can be stored in soil (the soil water capacity) varies by soil type
and rooting depth. Based on soil water capacities reported in the STATSGO database, soil types present
in the watershed, and GWLF user’s manual recommendations, a GWLF soil water capacity of 10 cm was
used.

The GWLF model has three subsurface zones: a shallow unsaturated zone, a shallow saturated zone, and a
deep aquifer zone. Behavior of the second two stores is controlled by a ground water recession and a
deep seepage coefficient. The recession coefficient was set to 0.01 per day and the deep seepage
coefficient to 0, based on several calibration runs of the model.

2.2 Weather Data

The GWLF model uses daily estimates of precipitation and average temperature to estimate water inputs
to the system as well as potential evapotranspiration rates. Weather data from the Helena Regional
Airport (Coop ID 244055; elevation 1,167 m) was used to develop a 20-year input file from January 1980
through December 2003.

The mean elevation of each subwatershed was used to account for elevation effects on temperature and
precipitation based on a comparison of mean annual precipitation and temperature at Austin, Montana
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(Coop ID 240375; elevation 1,493 m). For each meter increase in elevation, 0.03 cm/yr of precipitation
were added and 0.0038 °C were subtracted from the daily average temperature.

SNOTEL data were not adequate to develop daily weather inputs for the high elevation subwatersheds
because cumulative precipitation estimates showed losses due to sublimation, which would not occur over
an entire modeling subwatershed. However, annual average precipitation at the Frohner station was used
to validate the elevation adjustments cited above. In general, yearly precipitation at Frohner was more
stable than at the airport. Even though elevation effects were accounted for, dry years at the airport (1994
and 1995) generally result in an underestimation of precipitation in the high elevation subwatersheds and
an over prediction in extremely wet years (1993) (Figure 6).
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Figure 6. Comparison of Observed and Estimated Precipitation at the Frohner SNOTEL Station

2.3 Nutrient Data

The GWLF model simulates nutrient runoff from rural land uses and washoff from urban land uses. In
addition, soil is assumed to carry sorbed nutrients; groundwater also serves as a component of the total
load.

2.3.1 Soil Nutrient Concentrations

Because site-specific data were not available, soil nutrient concentrations are based on spatial
distributions provided in the GWLF manual. Both the soil nitrogen and soil phosphorus concentrations
were set to the lower end of the suggested range for the geographic area during model calibration (Section
2.6.2). The soil nitrogen concentration is estimated to be 2,000 mg/kg and the soil phosphorus
concentration is estimated to be 440 mg/kg.
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2.3.2 Runoff Concentrations from Rural Land Uses

Dissolved nutrient concentrations in runoff from each land use were set to GWLF default values and are
summarized in Table 9. Because site-specific data were not available, default values were chosen to
estimate relative contributions from the pollutant sources. Best professional judgment was used to
estimate runoff concentrations from dirt roads.

Table 9. Nutrient Runoff Concentrations for Rural Land Uses in the Lake Helena Watershed

Land Use Nitrogen (mg/L) Phosphorus (mg/L)
Bare Rock 0.01 0.001
LDRa 1.72 0.094
Quarries 0.01 0.001
Water 0.07 0.012
Transitional 1.00 0.100
Deciduous Forest 0.07 0.012
Evergreen Forest 0.07 0.012
Mixed Forest 0.07 0.012
Shrubland 0.70 0.010
Grassland 0.60 0.070
Pasture/Hay 3.00 0.250
Small Grains 1.80 0.300
Woody Wetland 0.07 0.012
Herbaceous Wetlands 0.07 0.012
Recent Clear-cut 2.60 0.100
Clear-cut Regrowth 1.30 0.056
Dirt Roads 0.10 0.010
Fallow 2.60 0.100
Row Crop 2.90 0.260
Non-system Roads 0.10 0.010
LDRb 2.01 0.170
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2.3.3 Buildup Washoff Rates from Urban Land Uses
GWLF simulates nutrient loads from developed land uses through a buildup/washoff formulation.
Buildup rates for nitrogen and phosphorus are based on weighted averages of pervious and impervious
default values suggested in the GWLF manual (Table 10).

Table 10. Buildup Washoff Rates for Urban Land Uses in the Lake Helena Watershed

Land Use Nitrogen (kg/ha-d) Phosphorus (kg/ha-d)
Commercial/Industrial/Transportation 0.05 0.005
Urban/Recreational Grasses 0.012 0.0016
Secondary Paved Roads 0.1 0.01

2.3.4 Groundwater Nutrient Concentrations

Groundwater nutrient concentrations were based on baseflow measurements reported in the GWLF
manual for various levels of forested and agriculturally developed watersheds. Completely forested
watersheds have values of 0.07 mg-N/L and 0.012 mg-P/L. Primarily agricultural watersheds have values
of 0.71 mg-N/L and 0.104 mg-P/L. Intermediary values are also reported. Values for each subwatershed
were assigned based on the percent forest and agricultural land use in the watershed (Table 11). For the
natural scenario, all subwatersheds were assumed to have concentrations reported for primarily forested
watersheds. Groundwater loads from the Helena Valley Irrigation District were modeled separately as
discussed in Section 2.4.4.

Final C-21




GWLF Model Development Appendix C

Table 11. Estimated Groundwater Nutrient Concentrations for the Lake Helena Subwatersheds
Under Existing Conditions

Subwatershed Groundwater Nitrogen Groundwater Phosphorus
Concentration (mg-N/L) Concentration (mg-P/L)
Clancy Creek 0.18 0.015
Corbin Creek 0.18 0.015
Golconda Creek 0.07 0.012
Jackson Creek 0.18 0.015
Jennies Fork 0.18 0.015
Lake Helena overland flow 0.83 0.083
Lump Guich 0.18 0.015
Middle Fork Warm Springs 0.07 0.015
Middle Tenmile Creek 0.07 0.015
North Fork Warm Springs Creek 0.07 0.015
Prickly Pear above Spring Creek 0.07 0.015
Prickly Pear above Lake Helena 0.83 0.083
Prickly Pear above Lump Gulch 0.18 0.015
Prickly Pear above WWTP outfall 0.83 0.083
Prickly Pear above Wylie Drive 0.18 0.015
Sevenmile Creek 0.18 0.015
Silver Creek 0.18 0.015
Skelly Guich 0.18 0.015
Spring Creek 0.18 0.015
Tenmile above Prickly Pear 0.18 0.015
Upper Tenmile Creek 0.07 0.015
Warm Springs Creek 0.18 0.015

2.3.5 Septic System Loading Data

The GWLF model requires an estimation of population served by septic systems to generate septic system
nutrient loading rates. Lewis and Clark County maintains a GIS coverage of permitted septic systems and
reports that permitted systems are approximately 63 percent of the total number of systems in the
watershed (LCCHD, 2002). The number of permitted systems within Lewis and Clark County was scaled
up accordingly to estimate the total number of systems in each subwatershed for the existing scenario.

A GIS coverage of permitted septic systems was not available for Jefferson County. However, both
Lewis and Clark and Jefferson Counties maintain geographic databases of wells that were available to the
project team. The average ratio of septic systems to wells in Lewis and Clark County was determined to
be 0.86 by comparing the two databases. Based on the assumption that most houses with wells will also
have a septic system, this ratio was applied to the number of wells on record for each subwatershed in
Jefferson County to estimate the total number of septic systems. Figure 7 shows the permitted septic
systems in Lewis & Clark County and the wells coverage for the entire watershed.
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Figure 7. Permitted Septic Systems in Lewis & Clark County and Wells Coverage for the Watershed
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To convert the number of septic systems to population served, an average household size of 2.5 people
per dwelling was used based on Census data. GWLF also requires an estimate of the number of normal
and failing septic systems. This information was requested of the county health departments but was not
available. It was therefore assumed that 7 percent of all systems were failing based on the reported
national average (USEPA, 2002b). A failing system is assumed to short circuit the drainfield and plant
uptake zones and discharge directly to the groundwater. The population served by normal and failing
systems is summarized by subwatershed in Table 12.

Table 12. Population Served by Septic Systems in the Lake Helena Watershed

Subwatershed Normally Functioning Failing® Total
Clancy Creek 88 7 94
Corbin Creek 12 1 13
Golconda Creek 4 0 4
Jackson Creek 4 0 4
Jennies Fork 20 2 21
Lake Helena overland flow 4875 367 5,242
Lump Guich 245 18 264
Middle Fork Warm Springs 0 0 -
Middle Tenmile Creek 207 16 222
North Fork Warm Springs Creek 2 0 2
Prickly Pear above Spring Creek 90 7 96
Prickly Pear above Lake Helena 513 39 552
Prickly Pear above Lump Gulch 474 36 510
Prickly Pear above WWTP outfall 447 34 480
Prickly Pear above Wylie Drive 1605 121 1,725
Sevenmile Creek 517 39 556
Silver Creek 8340 628 8,968
Skelly Gulch 48 4 52
Spring Creek 161 12 174
Tenmile above Prickly Pear 3004 226 3,230
Upper Tenmile Creek 26 2 28
Warm Springs Creek 157 12 169
Total 20,839 1,568 22,407

& Assumed 7 percent of onsite systems are failing based on national average (USEPA, 2002b).

Daily per capita mass loading rates and plant uptake rates for normal and failing systems were set to
GWLF default values and are summarized in Table 13. Using the default parameters suggested by the
manual allows for an estimation of pollutant loading relative to other sources in the watershed.
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Table 13. Septic System Loading Rates and Plant Uptake Rates

Parameter Nitrogen | Phosphorus
Loading Rate from Septic Tank Prior to Drainfield Treatment and Plant Uptake 12 15
(grams/capita/day)
Growing Season Plant Uptake Rate (grams/capita/day) 1.6 0.4
Dormant Season Plant Uptake Rate (grams/capita/day) 0 0
Percent Additional Treatment in Soil Adsorption Field of Normal System (%) 0 100
Percent Additional Treatment in Soil Adsorption Field of Failing System (%) 0 0

Note that normal and failing systems are assumed to have the same tank effluent loading rates. In a
normally functioning system, tank effluent is distributed over a soil drainfield. Phosphorus is assumed
completely adsorbed to the soil particles and some nitrogen is taken up by plant roots during the growing
season. The failing system bypasses both of these treatment mechanisms and is assumed to discharge
pollutants at rates equivalent to the tank effluent values. Appendix K gives a more thorough description
of septic system design and water quality impacts as well as a comparison of loading rates from
conventional septic systems, Level 2 treatment systems, and wastewater treatment plants.

Current estimated septic system loading rates by major subwatershed are presented in Table 14. The table
also shows the impacts of 1) updating all failing systems to properly functioning conventional septic
systems, 2) replacing all failing systems with a Level 2 treatment system (Appendix K), or 3) diverting
the wastewater from households served by a failing system to the City of Helena WWTP. The diversion
scenario is shown only for illustrative purposes and is not meant to infer a viable management strategy for
failing onsite systems.

At the Lake Helena watershed scale, repairing or replacing failing systems with properly functioning
onsite wastewater treatment systems (conventional or Level 2) will reduce the septic system nitrogen load
by less than 2 percent and the cumulative nitrogen load by less than 1 percent. Diverting the flow from
the failing systems to the City of Helena WWTP would result in a net reduction in nitrogen loading of
approximately 2 percent. Phosphorus loads from septic systems would be reduced to zero in all three
scenarios because the drainfields of normally functioning onsit