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ABSTRACT

A spatially-explicit nitrogen mass-balance model for the Wood River Valley Watershed in south-
central Idaho is developed (Blaine County Evaluation and Assessment of Nitrogen Sources
(BEANS) model). The study is performed on behalf of the Blaine County Commissioners in
response to concerns regarding increased nitrogen loading to the Big Wood and Little Wood
Rivers as a result of continuing population growth in Blaine County. Nitrogen inputs
incorporated in the BEANS model include atmospheric deposition, fertilizer applications,
nitrogen fixation, livestock waste, and domestic wastewater from both on-site septic systems and
municipal wastewater treatment plants. Nitrogen losses include ammonia volatilization, uptake
by plants, retention by soils, aquifer denitrification, and instream denitrification. The magnitude
of nitrogen inputs and losses are determined using basin-specific information when possible and
from applicable literature when basin-specific values were not available. These values vary as a
function of land use. Nitrogen loads are calculated for the entire Wood River Valley Watershed
as well as for two sub-watersheds, referred to as the Upper Valley and the Northern Valley. The
majority of future population growth in the watershed is expected to occur in these two sub-
watersheds. The BEANS model calculates nitrogen loads for the entire watershed, the Upper
Valley, and the Northern Valley of 664,500 kg N/yr, 165,000 kg N/year, and 55,600 kg N/year
respectively. The nitrogen yields are 0.98 kg N/ha for the entire watershed, 0.74 kg N/ha for the
Upper Valley, and 0.55 kg N/ha for the Northern Valley. Agricultural sources, primarily cattle
waste and fertilizer applications, contribute 70% of the nitrogen to the entire watershed load.
Wastewater sources contribute only 5% to the entire watershed load, but the relative magnitude
of wastewater sources is greater in the Upper Valley (17%) and Northern Valley (33%). The
BEANS model is used to analyze how future land use changes will affect the magnitude of the
watershed nitrogen load. Reductions in agricultural nitrogen fertilizer application rates are
identified as an option for reducing the watershed nitrogen load without losses in net agricultural
production. Controlling the size of new residential lots and the nature of residential wastewater
treatment could also provide reductions in the watershed nitrogen load without limiting the
possibility of future economic development within the watershed.
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1.  INTRODUCTION

The Wood River Valley Watershed is composed of the land area that drains into both the Big
Wood and Little Wood Rivers in south-central Idaho. The watershed boundary is defined as the
combination of the Big Wood River and Little Wood River hydrologic unit boundaries (HUC #
17040219, HUC # 17040221) and encompasses approximately 680,000 ha (2,600 sq. mi.).

Figure 1-1: Location of the Wood River Valley Watershed in Idaho

The Little Wood River drains into the Big Wood River at the southern end of the watershed, and

eventually the flow from both rivers drains into the Snake River. Fifteen cities are located within

the watershed (Figure 1-2).
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[ ] Watershed Boundary
% Cities and Towns
/\./ Rivers

Figure 1-2: Cities within the Wood River Valley Watershed

Hailey, Gooding, Ketchum, and Bellevue have the largest populations of all the incorporated
areas. Three of these larger cities (Hailey, Ketchum, Bellevue) are contained in the northern part

of the watershed.

This thesis discusses the development and application of a nitrogen mass-balance model for the
Wood River Valley Watershed. Concern about water quality has developed recently among local
officials as a result of rapid population growth in the northern watershed. The mass-balance
model enables us to identify and quantify nitrogen sources that are contributing to the nitrogen
contamination of ground and surface water within the watershed. Using the model to analyze
potential land use changes that may occur within the watershed in the future, we are able to
predict how continued development will affect water quality with respect to expected future

nitrogen loads.
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1.1  CLEAN WATER ACT

The Federal Clean Water Act (CWA) requires that states and tribes restore and maintain the
chemical, physical, and biological integrity of the nation’s waters (33 USC § 1251.101). As
directed by Section 303 of the CWA, states and tribes are to adopt necessary water quality
standards to ensure the protection of fish, shellfish, and other wildlife while at the same time
allowing recreation in and on the waters whenever possible. Section 303(d) of the CWA requires
that states and tribes identify and prioritize water bodies that are water quality limited. For waters
that are included on a state’s 303(d) list because they do not meet water quality standards, the
state must develop a watershed total maximum daily load (TMDL) for the pollutants responsible

for the reduced water quality.

In 1998 the ldaho Department of Environmental Quality, acting pursuant to Section 303(d) of the
CWA, designated sections of the Big Wood River and Little Wood River as having impaired
water quality with respect to bacteria, dissolved oxygen, flow alteration, ammonia, nutrients, and
sediment load. Tablel-1 summarizes the reaches of the Big Wood and Little Wood Rivers that
are currently listed on Idaho’s 303(d) list. Figure 1-3 illustrates the location of these river

reaches within the watershed.
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Table 1-1: Idaho’s 303(d) Listed Reaches within the Wood River Valley Watershed

Reach Name Boundaries Year | Year TMDL

Listed Due
Big Wood River Little Wood River to Interstate 1996 2001
Big Wood River Highway 75 to Little Wood River 1996 2001
Big Wood River Magic Reservoir to Highway 75 1996 2001
Big Wood River Glendale Diversion to TINRI8ES35 1996 2001
Big Wood River Trail Creek to Glendale Diversion 1996 2001
Rock Creek Headwaters to Magic Reservoir 1996 2001
Croy Creek Elk Creek to Big Wood River 1996 2001
Owl Creek Headwaters to Big Wood River 1998 2006
Eagle Creek Headwaters to Big Wood River 1998 2006
Baker Creek Headwaters to Norton Creek 1998 2006
Placer Creek Headwaters to Warm Springs Creek 1998 2006
Greenhorn Creek Headwaters to Big Wood River 1998 2006
East Fork Wood River Headwaters to Blind Canyon 1998 2006
Cove Creek Headwaters to East Fork Wood River 1998 2006
Quigley Creek Headwaters to mouth 1998 2006
Seamans Creek Headwaters to Big Wood River 1998 2006
East Fork Rock Creek Headwaters to Rock Creek 1998 2006
Thorn Creek Thorn Reservoir to Schooler Creek 1998 2006
Horse Creek Headwaters to Big Wood River 1998 2006
Lake Creek Headwaters to Big Wood River 1998 2006
Little Wood River Richfield to Big Wood River 1996 2003
Little Wood River Silver Creek to Richfield 1996 2003
Little Wood River East Canal Diversion to Silver Creek 1996 2003
Little Wood River Reservoir 1996 2003
Dry Creek Headwaters to Little Wood River 1996 2003
Fish Creek Fish Creek Reservoir to Carey Lake 1996 2003
Fish Creek Reservoir 1996 2003
Muldoon Creek South Fork Muldoon to Little Wood R. 1998 2006
Loving Creek Headwaters to Silver Creek 1998 2006
Fish Creek Headwaters to Fish Creek Reservoir 1998 2006
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[ ] Watershed Boundary
Rivers
/\/ Impaired Reaches

/\/ Roads ,

Figure 1-3: Location of 303(d) Listed River Reaches in the Wood River Valley Watershed

Studies are currently under way or already have been completed to develop TMDLs for some of
these reaches with respect to the following pollutants: temperature, dissolved oxygen, bacteria,
sediment load, and total phosphorus (IDEQ 2002). The Idaho Department of Environmental
Quality has not yet developed nitrogen TMDLs for any reaches of the Big Wood or Little Wood

Rivers.

1.2 NITROGEN IN AQUATIC SYSTEMS

The agricultural use of industrially-fixed nitrogen and the accelerated urbanization of society
have significantly altered the historic nitrogen cycle. Industrially-fixed nitrogen fertilizers have
altered the production-consumption food cycle, disrupted it from its prior steady state condition,
and removed biologic control of the quantity of food that can be produced by agriculture.
Unlimited food production for an increasingly urban population concentrates agricultural
nitrogen in urban centers in the form of harvested agricultural products (Delwiche 1981). This
disposition of nitrogen to urban centers results in a loss of nitrogen from agricultural systems and
necessitates the use of more industrially-fixed nitrogen to sustain productivity. Consumed and

excess agricultural nitrogen is released to ground and surface waters, where it can potentially
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harm human health; eventually excess nitrogen is transported to lakes and oceans and can alter

nitrogen-limitcd ecosystems.

During recent decades, nitrogen contamination of ground and surface waters has become
increasingly more common and more pervasive in the United States. Nitrate (NO3") is the most
commonly detected groundwater pollutant in the country (USEPA 1990), and it is also
recognized as being the most widely spread of the common groundwater contaminants (Gillham
and Cherry 1978). Throughout the 1990s in North America, increases in nitrate concentration in
groundwater underlying agricultural areas ranged from 0.3 -2.2 mg N/L (Howarth 1998). The
accumulation of nitrate in groundwater beneath cultivated land often reflects leaching of
fertilizer from the surface at rates that exceed the nitrogen requirements of the underlying soil

community.

A wide variety of point and distributed sources contribute to nitrate contamination. Nitrate is
derived from point sources such as feedlots, waste lagoons, and wastewater treatment plants as
well as from non-point sources such as agricultural runoff, septic fields, and the oxidation of
organic nitrogen and ammonium 1n the unsaturated zone (Hendry et al. 1984). Of these sources,
agricultural fertilizers and human and animal waste disposal are the most common and most
responsible for contamination (Starr and Gillham 1993). Recently in many areas of the United
States, escalating population growth combined with a continued reliance on individual on-site
sewage disposal systems has resulted in dramatic increases in groundwater nitrate

concentrations.

Nitrogen contamination of groundwater poses a threat to human health as well as to aquatic
ecosystem health. Seepage of contaminated groundwater can promote the degradation of
surface water quality in two ways: by contributing to eutrophication or by exceeding the
recommended limit for human consumption. The maximum contaminant level (MCL) for nitrate
in public drinking water supplies recommended by the U.S. Environmental Protection Agency is
10 mg N/L (USEPA 2002a). Concentrations exceeding this limit can cause methemoglobinemia
in infants therefore making groundwater supplies dangerous for human consumption (Gillham

and Cherry 1978). Additionally, it has been argued that cutrophication in coastal waters by
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increasing nitrogen loading from inland watersheds is the single most pervasive anthropogenic

alteration to coastal ecosystems everywhere (GESAMP 1990).

2. BACKGROUND AND SETTING: PHYSICAL AND BIOLOGICAL CHARACTERISTICS

As identified by IDEQ, the Wood River Valley Watershed is made up of three elevation-
ecological areas that reside in the counties of Blaine, Gooding, Lincoln, Camas, and Jerome in
south-central Idaho (IDEQ 2002). These areas are defined as the Sawtooth National Forest

(> 5,800 feet higher elevation), the Wood River Valley (4,000-5,800 feet middle elevation), and
the agricultural area (< 4,000 feet lower elevation) (IDEQ 2002). The physical and biological

characteristics of the watershed are related to the elevation-ecological areas (IDEQ 2002).

[ ] Watershed Boundary
[ ] County Boundaries
Elevation (ft)

< 4,000

4,000 - 5,800

B > 5,800

BLAINE

LINCOLN

JEROME

Figure 2-1: Elevation-Ecological Areas in the Wood River Valley Watershed

2.1 CLIMATE
Climate characteristics, such as precipitation, temperature, snowfall, and snow depth vary
between elevation-ecological areas. The months of November through March receive the greatest

precipitation, 58% of the total annual precipitation (IDEQ 2002).
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Table 2-1: Climate Characteristics in the Wood River Valley Watershed

Elevation-Ecological Area
Higher Middle Lower
Precipitation (cm) 52 34 26
Temperature Range (°C) -6.2-12 -1.4-15 2.0-18
Snowfall (cm) 355 133 51
Snow Depth (cm) 327 94 17

Cloudiness and available sunlight vary as a function of season. Average available sunlight is 9.4

hours in winter, 13.3 hours in spring, 14.8 hours in summer and 11.1 hours in fall (IDEQ 2002).

2.2  HYDROGRAPHY

The Wood River Valley hydrology is dominated by the Big Wood and Little Wood Rivers
running through either side of the watershed. In general, all streams and canals in the watershed
discharge directly or indirectly to one of the rivers. Approximately 49% of the waterbodies in the
watershed are perennial and 51% are intermittent. The rivers are predominantly perennial and are
fed during periods of high runoff by numerous ephemeral, intermittent and perennial streams.
Certain reaches are intermittent as a result of irrigation diversions. From the irrigation diversion
at Glendale to Magic Reservoir, at least 10% of the Big Wood River is intermittent due to
irrigation flow diversions. The section of the Big Wood River that is below Magic Reservoir has

the potential to become intermittent during dry years due to the Richfield irrigation diversion

(IDEQ 2002).

The watershed has several manmade reservoirs that are a part of the more complex network of
natural and manmade waterbodies of the Wood River Valley river system. The Magic Reservoir
is the largest of these reservoirs and is used for both irrigation and power generation. While the
reservoir is located on the Big Wood half of the watershed, approximately 60% of the storage in
Magic Reservoir is used in the middle Little Wood River area, and the remaining 40% is used on
cropland in the middle Big Wood River Area. The Big Wood River Company (Shoshone, Idaho)
operates the manmade canal system in the watershed. This canal system is a single management
unit with storage space in American Falls Reservoir and behind the Magic Dam. The system also
has natural flow rights on the Wood River system. In total, the Wood River System irrigates

approximately 98,000 acres (IDEQ 2002).
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2.3 GEOLOGY AND SOILS

The Wood River Valley watershed falls within two larger ecoregions: the Snake River
Basin/High Desert and the Northern Rockies. A transitional zone exists at the middle-to-higher
elevations between the two ecoregions. The Northern Rockies ecoregion is composed primarily
of tertiary Challis Volcanic Rocks in the higher elevations. The Snake River Plain/High Desert
ecoregion is composed of Miocene, Pliocene, and sedimentary rocks interbedded with older
basalt flows in the lower elevations and valleys. Because of the geologic differences between
these two ecoregions, rocks within the Wood River Valley watershed can be grouped into two
general categories: 1) consolidated igneous and sedimentary rocks that make up the mountains
that surround the valley floor and 2) unconsolidated fluvial and alluvial materials that make up

the valley fill (IDEQ 2002).

More specifically, the Wood River Valley Watershed is underlain by three distinct water-bearing
formations: the Snake River Plain Aquifer, the unconfined alluvial aquifer, and the confined
alluvial aquifer (IDWA 1972). Figure 2-2 shows the distribution of the three aquifer systems

within the watershed. An impermeable basement complex surrounds the aquifers.

ifers
basement complex
i confined alluvial aquifer

:\\\\ unconfined alluvial aquifer
[N Snake River Plain Aquifer

i

Figure 2-2: Wood River Valley Watershed Aquifer Systems

Page 21



The Snake River Plain Aquifer consists of fractured basaltic rock. In the upper aquifer, the
alluvial deposits were created as a result of repeated damming of the Big Wood River by
volcanic flows. During periods when the river was dammed, a large lake formed in the upper
Wood River Valley, and this quiescent water body allowed sediments carried by the Big Wood
River to settle to the valley floor. Heavier coarse-grained sediments settled more quickly in the
northern region of the lake, and fine-grained sediments settled more slowly and were carried to
the southern part of the lake. Because of the differential settling of sediments that occurred in
the ancient lakebeds, the northern alluvial aquifer consists of coarse-grained sediments and is an
unconfined aquifer. The southern third of the alluvial aquifer contains many clay and silt lenses

and is under confined conditions (Moreland 1977, IDWA 1972).

24  VEGETATION

In the hills, sagebrush and grasses dominate the valley vegetation, while the lowland areas
consist of willows, cottonwoods, marshes, and other grasses. Vegetation on public lands can be
divided into two categories: vegetation in the lower-to-middle elevations and vegetation in the

middle-to-upper elevations (IDEQ 2002).

Table 2-2: Natural Vegetation in the Wood River Valley Watershed

Area Vegetation

Sagebrush
Lower-to-Middle Riparian vegetation
Grasslands

Forests
Middle-to-Upper Scrub-shrub vegetation
Emergent (herbaceous) vegetation

2.5  FISHERIES

In general, fisheries productivity in the watershed is relatively low. In the upper watershed, the
principal fish are wild rainbow trout, mountain whitefish, Wood River sculpin, and mottled
sculpin. Occasionally, introduced brook trout and cutthroat trout are present in the rivers as they
move out of mountain lakes that feed the Big Wood and Little Wood Rivers. In several heavily

fished stream reaches, wild trout populations are supplemented with hatchery rainbow trout

stocks (IDEQ 2002).
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Certain threatened and endangered species are affected by the water quality in the Wood River
Valley Watershed: the bald eagle, which relies on the availability of fish in streams; and several
mollusk species, which are dependent on water quality. The Wood River sculpin is protected
under federal regulations because it is listed as a sensitive non-salmonid species in Idaho (IDEQ

2002).

2.6  LAND USE

Land uses within the watershed include forest, agricultural lands, rangelands, and urban and
suburban uses including residential and commercial development (Figure 2-3). Table 2-3 lists the
different land uses within the watershed and the area of land attributed to each use. Agricultural
lands include irrigated and non-irrigated cropland, pastureland, and feed-lots. Agricultural lands
are rapidly being converted into development areas for larger cities. As the population in Blaine

and neighboring counties grows, expansion of developed areas into forests and rangelands is also

increasing (IDEQ 2002).

Land Use

E= agriculture
[ impervious surfaces
natural vegetation
rangeland

Il residential

(I water

Figure 2-3: Land Uses in the Wood River Valley Watershed
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Table 2-3: Land Use Areas within the Wood River Valley Watershed

Land Use Area (ha)
Agriculture 84,800
Impervious surfaces 48,200
Natural vegetation 115,000
Rangeland 427.900
Residential 2,200
Water 2,200

2.7  LAND OWNERSHIP

Much of the land in the watershed, including the Sawtooth National Recreation Area, is held in
the public trust and is controlled by the U.S. Bureau of Land Management (BLM) and the U.S.
Forest Service. These lands are not open to residential development or farming, but many
ranchers in the area have grazing rights for sheep and cattle in the BLM lands. Other land in the
watershed is owned by the State of Idaho. Figure 2-4 illustrates the ownership of the watershed

land, and the areas attributed to each owner are listed in Table 2-4.

Land Owner
BLM

Forest Service
Water

| Private
Il State of Idaho

Figure 2-4: Land Ownership in the Wood River Valley Watershed
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Table 2-4: Land Ownership Areas in the Wood River Valley Watershed

Land Owner Area (ha)
U.S. Bureau of Land Management | 289,300
U.S. Forest Service 165,500
Open Water 2,100 |
Private 195,000
State of Idaho 28,200

2.8  DEMOGRAPHICS

Despite its rural history, the region has undergone substantial population growth in recent
decades (Figure 2-5). In Figure 2-5, the watershed population from 1960 to 2000 was estimated
by multiplying the annual population of each county by the percentage land area of that county
that lies within the watershed boundary and then summing the adjusted population values for

each county.
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= B|aine County Population
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bS] — — — Gooding County Population - "
o Jerome County Population -
'g 20,000 4 ---- - Lincoln County Population -
g
§ 15,000 -
=
a
2 10,000 |
o
)
2
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2
3]
=2 0 .
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Figure 2-5: Population Growth in the Wood River Valley Area (U.S. Census Bureau 2000)

Blaine County has undergone the most rapid population growth due to growth in the towns of
Ketchum, Hailey, and Bellevue. The population in Blaine County is increasing faster than
populations in surrounding countics, and the majority of the watershed falls within Blaine
County (60% of land area). Thus, population growth within Blaine County has the largest impact

on population increases within the watershed.
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3. MODELING APPROACH

We have developed a nitrogen mass-balance model, the Blaine County Evaluation and
Assessment of Nitrogen Sources (BEANS) model, which identifies the nature and
location of nitrogen sources within a watershed and also quantifies the relative magnitude
of those sources. The model is developed for the Big Wood and Little Wood Rivers in
south-central Idaho. This section describes the general structure of the model. The
following section explains in detail specific parameters and calculations that are
incorporated in the application of the BEANS model to the Wood River Valley
Watershed.

In the BEANS model, nitrogen inputs to a watershed are distributed spatially over
different land uses in a geographic information system (GIS). Use of the GIS allows the
model to be spatially-explicit in its identification of nitrogen sources within the
watershed. Instead of simply identifying which type of nitrogen sources (i.e. atmospheric
deposition, wastewater, agricultural sources) are significant contributors to the overall
watershed nitrogen load, this spatially-explicit model identifies the location of specific
land areas that are responsible for introducing significant masses of nitrogen into the

watershed.

A spatially-explicit nitrogen mass-balance model is a useful tool in evaluating the relative
magnitude of different nitrogen sources within a watershed because the model defines a
precise geographic location for each source. A source’s location is important because it
can influence how and when nitrogen inputs from that source will impact a receiving
water body like a river. Both the distance of a source from a receiving water body and the
hydrologic properties of the intervening groundwater aquifer determine how long it takes
for nitrogen inputs to a given land area to travel through the groundwater and reach a

surface water body. Figure 3-1 illustrates the idea of groundwater travel time.
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Figure 3-1: Example of Groundwater Travel Time. This figure illustrates travel time to
stream channels in Ashfield, MA

In Figure 3-1, darker colors illustrate longer travel time to rivers and lighter colors
illustrate shorter travel times. Because groundwater travel time from a given land area to
the receiving water body can vary within the watershed, nitrogen loading to some land
areas will affect water quality in the receiving water body sooner than nitrogen loads
from more distant land areas or from regions with slower groundwater velocities. In
addition, nitrogen losses during groundwater transport (such as denitrification) can

depend on groundwater travel time.

To capture the variability in watershed nitrogen loading across both spatial and temporal
scales, the BEANS model combines a geographically referenced watershed nitrogen
budget with delineated groundwater travel time bands for the defined watershed land
area. Using these two data sets in combination, we can identify specific land areas within
a watershed that may pose a threat to receiving water quality both because of the amount
of nitrogen they introduce into the watershed and because of the speed with which that

nitrogen is able to impact the receiving water body.
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31 CONCEPTUAL MODEL

3.1.1 Groundwater Travel Time

We used a method similar to that described by Brawley et al. (2000) to incorporate the
effects of groundwater travel through subsurface aquifers into our nitrogen mass-balance
calculations. This method, first, defines how long it will take for groundwater to travel
from any given point in the watershed to the closest river channel or contributing
tributary stream and, then, to divide the watershed into zones of similar groundwater
travel time. In order to calculate groundwater travel time, we must know 1) the distance
from any point in the watershed to the closest receiving water body and 2) the velocity
with which groundwater will travel from the land surface to the nearest receiving water

body.

Darcy’s Law allows us to calculate groundwater velocities within the watershed.

dh
=-KA— eqn. 3-1
0 L (eq )

length’

Q is the flow through a porous medium and has units of [ ] K is the hydraulic

time

length

conductivity ( ] . A is the cross-sectional area through which the groundwater

time
3 . . dh . . . .
flows (length ) The hydraulic gradient, Tk is the ratio of the change in hydraulic

head (dh = h, — h, ) to the distance the groundwater has traveled (dL =L, — L, ).

length
length |

Hydraulic gradient is a unitless value (

Darcy’s law can be rewritten to express the specific discharge or flow per unit area:
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g===-K-— (eqn. 3-2)

ength
time

The specific discharge, g, has units of velocity (l )but is not the true velocity of

groundwater moving through the aquifer. Groundwater actually moves at a faster velocity
than the specific discharge suggests because groundwater is only able to travel through
the volume of the aquifer that is open space (pores). Much of the cross-sectional area of
an aquifer is filled with the solid grains of the aquifer material. The fraction of the aquifer

volume that is made up of pores is referred to as the aquifer porosity, :
n = volume of pores / total aquifer volume (eqn. 3-3)
We can calculate the actual velocity of groundwater with the following expression:

K dh
V= ——— eqn. 3-4
T dL (egn. 3-4)

v=4
n

(eqn. 3-5)

Knowing groundwater velocities within the watershed, groundwater travel time can be

calculated from the following expression:
t=— (eqn. 3-6)

This method requires information about the following watershed parameters in order to

calculate groundwater travel time: hydraulic conductivity (K), hydraulic head (%) ’
[4

porosity (n), and distance to the receiving water body (d).
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After calculating groundwater travel times throughout the watershed, we divide the land
areas within the watershed into bands of increasing groundwater travel time. The first
travel-time band includes all the overlying land areas that will discharge into the closest
river or stream channel within 1 yr. The next band includes all areas that will take
between 1 and 2 yr to discharge into the river, and so on. In the nitrogen mass-balance
model, land use patterns within each travel time band determine the mass of nitrogen that
is added to the watershed within that band. The discharge of this nitrogen into the

receiving water body is then delayed in accordance with its band’s calculated travel time.

3.1.2 Nitrogen Mass-Balance Calculations

The BEANS model uses an algorithm similar to that used in the Waquiot Bay Land
Margin Ecosystems Research project (WBLMER) to calculate total nitrogen (TN)
additions to the watershed (Valiela et al. 1997). The WBLMER model “provides a
description of how nitrogen transport through adjoining landscape units in the coastal
zone, and nitrogen transformations within the units result in marked changes in mass
balances of externally delivered nitrogen” (Valiela et al. 1997). Important differences
between the BEANS model and the WBLMER model are 1) the BEANS model is
designed for a mountainous, inland watershed rather than a coastal watershed and 2) the
BEANS model is designed for a watershed with significant agricultural activity while the

WBLMER algorithm includes only limited nitrogen inputs from agricultural sources.

Nitrogen inputs in the BEANS model include atmospheric deposition, agriculture and
lawn fertilizer, fixation of atmospheric nitrogen (N3) by plants, animal waste, and
domestic (septic) and municipal (sewer) wastewater. The BEANS model considers
several processes through which nitrogen can be removed from groundwater including
uptake into plants, adsorption to soils, volatilization of ammonia, and denitrification. In
the BEANS model, nitrogen inputs and losses are applied to different land areas in a
watershed in accordance with land use types; consequently, the types of land uses that
exist within the watershed determine the mass of nitrogen entering the watershed and the

extent to which that nitrogen enters the aquifer. The BEANS model considers the
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following land use categories: cropland and pasture, feed-lots, natural vegetation,

rangeland, residential areas, fresh water ponds and reservoirs, and impervious surfaces.

3.2

NITROGEN INPUTS AND LOSSES

Because of the variation in land use types within a watershed, all areas of the watershed

do not receive nitrogen inputs from all the potential nitrogen sources. For example, a

residential area would not receive nitrogen inputs from beef or dairy cattle waste, and

similarly, a forested area of land would not receive nitrogen inputs from domestic lawn

fertilizer. Table 3-1 catalogues which nitrogen inputs are applied to which land uses in

the BEANS model.

Table 3-1: Nitrogen Inputs Applied to Various Land Use Types

Non-Point Sources Point
Sources
Atmospheric | Fertilizer | Fixation Animal Waste Wastewater
Deposition
Cartle | Hogs | Sheep | Chickens | Septic | Sewage
Cropland
and
Pasture X * X x X
Feed-Lots
X X X X
Natural
Vegetation X
Rangeland
X X X

Residential
Areas X X X X
Ponds and
Reservoirs X
Impervious
Surfaces X

3.2.1 Atmospheric Deposition

Atmospheric deposition can contribute significant amounts of nitrogen to watersheds in

North America. As shown in Figure 3-2, the magnitude of this contribution can vary

dramatically between different regions of the United States; therefore, calculations of
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nitrogen input to a watershed from atmospheric deposition must be based on local

deposition data.

Atmospheric Deposition - 1996
Nitrogen Depasition from Nitrate and Ammonium

| == 4 kilograms/haclare per year
- <= T kilograms/haciare per year

o d

| > 7 kilogramsthectare per year
| Insufficient Data

Figure 3-2: Regional Variation in Atmospheric Deposition of Nitrogen. (Source: U.S.
Environmental Protection Agency. Index of Watershed Indicators. Retrieved: March 2, 2003 from
http://www.epa.gov/iwi/1999april/iiil 7_usmap.html).

Calculations of atmospheric deposition to a watershed should include input from both wet
and dry deposition. Wet deposition accounts for nitrogen that enters a watershed through
precipitation (NOy dissolved in rain and snow). Dry deposition is more difficult to
measure because it is nitrogen introduced to watersheds through accumulation of
atmospheric nitrogen particles that settle onto the land surface and through adsorption of
NO, gas and ammonia by plant leaves. The National Atmospheric Deposition Program

(NADP) collects wet deposition data at sampling locations around the United States.
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Figure 3-3: NADP Monitoring Locations. (Source: National Atmospheric Deposition
Program. Retreived: March 2, 2003 from http://nadp.sws.uiuc.edu/networks.html#adp)

Valiela et al. (1997) reviewed literature data that were available for both wet and dry
deposition and found that the ratio of dry deposition to wet deposition was
indistinguishable from 1; thus, in the BEANS model we calculate total atmospheric

deposition as two times the wet deposition values measured by NADP.

Because variation in the magnitude of atmospheric deposition occurs on a regional rather
than local scale, the magnitude of atmospherically deposited nitrogen will be the same
across all areas of a watershed: however, the fate of that deposited nitrogen once it enters
a land surface depends on whether that land parcel is covered by cropland, pasture, feed
lots, natural vegetation, rangeland, residential land, fresh water bodies, or impervious

surfaces.

Deposition to cropland and pasture: Nitrogen deposited onto cropland and pasture has

the potential to be taken up and stored in crops or adsorbed to soil particles. According to
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Valiela et al. (1997), 62% of atmospherically derived nitrogen is retained in agricultural
land by these mechanisms, allowing only 38% of this nitrogen to travel through the

groundwater towards a receiving water body.

Deposition to feed-lots: The BEANS model assumes that nitrogen deposited onto feed
lots does not have the potential to be retained by plants because the density of animals in
these facilities does not allow for the persistence of a significant plant community;
consequently, the 62% retention of nitrogen by plants and soils that is applied to
agricultural land is an overestimate of retention in feed lots. Not knowing the exact
contribution of plant uptake versus soil adsorption, the BEANS model assumes that each
mechanism is responsible for half (31%) of the observed nitrogen retention, allowing
69% of nitrogen deposited to feed lots to travel through the groundwater towards a

receiving water body.

Deposition to natural vegetation: Natural vegetation includes land arcas that are covered
in forests and tundra. Valiela et al. (1997) report that 65% of atmospherically deposited
nitrogen is retained in naturally vegetated parcels; consequently, 35% of nitrogen
deposited to these land areas is able to travel through the groundwater toward a receiving

water body.

Deposition to rangeland: The BEANS model assumes that the vegetation on rangeland is
more similar to that on naturally vegetated parcels than it is to that on agricultural parcels.
The 65% plant retention is applied to rangeland parcels, allowing 35% of nitrogen

deposited to rangeland to travel through the groundwater toward a receiving water body.

Deposition to residential land: Deposition to residential land is different than deposition
to the land uses discussed previously because the issue of the fate of nitrogen that is
deposited onto roofs and driveways is introduced in residential areas. While the roofs and
driveways themselves are impervious and would have 0% retention, the BEANS model
assumes that this deposition runs off onto adjacent lawns and then is subject to retention

by uptake into and storage by grasses. The BEANS model assumes grasses are more
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similar to agricultural vegetation than they are to forest and rangeland vegetation, so the
62% plant retention is applied to residential areas, and 38% of this atmospherically
deposited nitrogen is able to travel through the groundwater toward a receiving water

body.

Deposition to lakes and reservoirs: As discussed by Valiela et al. (1997), nitrogen
retention in ponds and lakes is often approximately 56%; consequently, the BEANS
model assumes that 44% of atmospheric deposition that falls onto ponds, lakes, and

reservoirs contributes to the net nitrogen loading to the watershed surface water bodies.

Deposition to impervious surfaces: The category of impervious surfaces includes all land
uses that are covered with a material that does not allow for direct transfer of water from
the land surface into the subsurface aquifer. This is a broad category including exposed
rock, commercial land, and industrial land. These land uses are similar to the roofs and
driveways in the residential category, but differ in that they are not adjacent to vegetated
areas like lawns. Atmospheric deposition to impervious surfaces likely runs off the
surface into storm water drains that either empty into the subsurface or are transported to
wastewater treatment plants. In either case, 0% of the nitrogen deposited on an
impervious land area is retained within that land area, and 100% of the nitrogen is

available for transport into a receiving water body.

3.2.2 Fertilizer Applications
Unlike atmospheric deposition, nitrogen from fertilizer applies only to agricultural and

residential land uses.

Fertilizer inputs to agricultural lands: Because fertilizer application rates can vary
substantially depending upon the type of crop being grown, understanding the types of
crops and where they are grown within a watershed is critical to calculating the
agricultural nitrogen load across the watershed. Fertilizer application rates can also vary
between regions and between growers, so obtaining the most locally-specific data

possible is important.

Puge 36



The mass of nitrogen applied to an agricultural land parcel depends on the fertilizer
application rate for the specific crop and the area of land that is contained within the
parcel. In the process of applying fertilizers to the land surface, 39% of the nitrogen is
lost as gas (Boyer et al. 2002), allowing 61 % of fertilizer nitrogen to percolate into the
soil. This remaining 61% of the fertilizer nitrogen is then subject to the 62% plant
retention factor that was mentioned in the atmospheric deposition discussion;
consequently only 23% of the initial fertilizer nitrogen that was applied is available for

transport through the groundwater to a receiving water body.

Fertilizer inputs to residential lands: Fertilizers are routinely used on residential lawns.
The mass of nitrogen entering the watershed from this source is calculated as the
percentage of residential land used as lawn multiplied by the lawn fertilizer application
rate that is common to the watershed area. This fertilizer is again subject to 39% loss as
gas followed by a 62% retention in plants, so 23% of this nitrogen is allowed to travel

through the groundwater toward a receiving water body.

3.2.3 Nitrogen Fixation

Nitrogen fixation generally occurs exclusively on agricultural land areas where nitrogen-
fixing crops like legumes are grown. On some occasions, certain grassy areas can also fix
nitrogen if the grass contains nitrogen-fixing species like clover. To calculate the mass of
nitrogen introduced to the watershed through fixation, the nitrogen fixation rate and the
area of each nitrogen-fixing crop (or grass) present in the watershed must be determined.
Applying these fixation rates to the area of land dedicated to growing each respective
nitrogen-fixing crop yields the mass of nitrogen that is fixed into plants each year. This
nitrogen is held in the plants until the crop is rotated out and the plant material is tilled
into the soil. Nitrogen from fixation does not have the potential to percolate into
groundwater and travel to a receiving water body until this rotation occurs, but once this
nitrogen is tilled into the soil, it has the same potential to be taken up into plants as

atmospherically deposited or fertilizer nitrogen. On agricultural lands, 62% of nitrogen is
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retained in plants and soils, so 38% of fixed nitrogen that is rotated out of the crop

rotation will enter the groundwater in a given year.

3.2.4 Animal Waste

Nitrogen from animal waste is applied to pasture, rangeland, and feed-lots. To calculate
the mass of nitrogen entering a watershed from animal waste, the number of animals
within the watershed and the number of animals on each type of land use must first be
determined. This can be done through direct counts, through estimations from
Agricultural Census statistics, or through estimations based on animal densities in
pastures, rangeland, and feed-lots. A direct count would be the most accurate method,
though this method is often not feasible. A combination of the three methods mentioned
above allows for the use of detailed counts where they are available and uses estimation

techniques for the remaining areas.

Animal waste inputs to pasture: Once the number of animals on pasture is determined,
the mass of nitrogen they introduce into the watershed is calculated by applying an
animal-specific nitrogen excretion rate to each type of animal. Initially, some of the
nitrogen in this waste will be lost to the atmosphere as gas. These gas loss percentages
are also animal specific. The nitrogen that is not lost as gas percolates into the soil where
1t has the potential to be taken up into plants. In pasture, 62% of nitrogen is retained in
plants and soils, so 38% of animal waste nitrogen that is not lost as gas is able to travel in

groundwater toward a receiving water body.

Animal waste inputs to rangeland: The mass of nitrogen introduced to a watershed from
animals on rangeland is calculated by the method described above for pasture using the
number of animals, animal-specific nitrogen excretion rates, and animal waste gas loss
percentages; however, in the case of rangeland animal waste, 65% of nitrogen that
percolates into the soil has the potential to be taken up in to plants, leaving 35% of this

nitrogen to be transported by groundwater.
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Animal waste inputs to feed-lots: The feed-lot calculation is similar to those for pasture
and rangeland except for the percentage of nitrogen that is retained on the site. In the case
of feed-lot animal waste, nitrogen inputs are not subject to uptake into plants but only to
retention by soils (31%), so 69% of this nitrogen is able to travel in the groundwater

toward a receiving water body.

3.2.5 Losses in Vadose Zone and Aquifer: Non-Point Sources

Nitrogen from atmospheric deposition, fertilizer applications, nitrogen fixation, and
animal waste enter watersheds in a non-point fashion. These sources are applied to the
land surface, percolate through surface soils, and enter the vadose zone diffusely.
Because these four sources all enter the subsurface in a dispersed manner, they are
transported through the vadose zone and aquifer similarly and undergo indistinguishable
transformation and loss processes (such as nitrification and denitrification) during
transport. This section describes these additional losses that occur once nitrogen from

non-point sources enters the vadose zone and aquifer.

The fate of nitrogen during travel through vadose zones and aquifers is perhaps the least
well-understood parameter in the BEANS model. Valiela et al. (1997) report that in the
Wagquoit Bay watershed 61% of nitrogen that is able to percolate into the unsaturated
vadose zone from forested and cultivated land areas is lost during transport through this
zone. While it is likely that vadose zone losses vary significantly between watersheds as
well as within watersheds between land uses, the 61% used in the WBLMER model is
our best estimate for calculating losses in the vadose zone. The BEANS model allows
39% of non-point source nitrogen that has percolated into the vadose zone to continue to

travel through into the saturated aquifer.

Several studies suggest that denitrification or other losses also occur during transport
through aquifers. Nitrate and dissolved organic matter decrease downgradient in
watersheds in Maryland (McFarland 1989), Ontario (Trudell et al. 1986, Gillham 1991),
and Wisconsin (Cherkauer et al. 1992). Losses of 20-35% (Valiela and Costa 1988) and

62% (Cherkauer et al. 1992) were calculated 1in groundwater travel to Buttermilk Bay,
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Massachusetts, and Lake Michigan respectively. In the WBLMER model, Valiela et al.

(1997) use an aquifer denitrification loss percentage of 35%.

Additionally, denitrification rates have been shown to vary depending on nitrate
concentration. Denitrification losses are greater in areas with elevated nitrate
concentration (Pabich (submitted), Howarth et al. 1996), so denitrification losses from
nitrogen sources should increase as the magnitude of the source increases. Pabich et al.
(submitted) have developed an empirical model to predict denitrification rates based on
groundwater nitrate concentrations. Denitrification rates are modeled using a Michaelis-
Menten type substrate-utilization expression (Pabich (submitted)). Because denitrification
loss rates vary between watersheds and even within watersheds, local data on
denitrification losses should be used whenever possible and the magnitude of these losses
should represent differences in the initial magnitude of nitrogen sources. Depending on
the nature of available data, local denitrification losses can be introduced to the BEANS
model as direct, local denitrification rate measurements or as estimated rate
measurements calculated using local nitrate concentration data and the model described

by Pabich et al. (submitted).

3.2.6 Septic System Inputs and Losses

Nitrogen from septic systems does not percolate diffusely through the land surface but
rather is input directly into the vadose zone where it is transported through the aquifer in
distinct plumes. Because of this plume transport, septic system nitrogen behaves more
like a point source than a non-point source and is subject to different loss rates than non-

point inputs.

Like the WBLMER model, the BEANS model considers inputs from on-site wastewater
disposal systems of conventional design (Kaplan 1991). These systems consist of a septic
holding tank designed to accomplish sedimentation and microbial degradation of organic
matter. Wastewater effluent overflows out of this holding tank into a leaching field that

allows for effluent dispersal into surrounding unsaturated soils.
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Nitrogen inputs to septic systems: To calculate the contribution of septic system nitrogen
to receiving waters, we first must estimate how many people are living in the watershed
and using septic systems. The easiest way to estimate this number is to determine the
number of people not on septic (that is, on sewers instead) and then subtract this value
from the total watershed population. A per capita nitrogen release rate is then applied to

the population on septic to obtain the mass of nitrogen that is input into septic systems.

Nitrogen losses in septic systems: The assumption is often made that approximately 50%
of nitrogen is retained in septic systems themselves. Valiela et al. (1997) conducted a
comprehensive review of the literature concerning septic tank nitrogen retention and
estimated that 40% of septic tank nitrogen is retained in the septic tank itself. The
BEANS model uses this 40% retention rate and allows 60% of nitrogen entering septic

tanks to overflow into leaching fields.

Nitrogen losses in plumes: Nitrogen leaving septic system leach fields is subject to losses
both in plumes and in aquifers. Losses in plumes are distinguished from losses in the
aquifer because of higher plume concentrations of nitrogen, which relates to the
differences between point and non-point sources. In plumes, septic nitrogen still behaves
as a point source with elevated concentrations and direct flow paths. Because of these
elevated concentrations, there exists the possibility for greater denitrification rates than
those that are observed for diffusely introduced non-point sources. Valiela et al. (1997)
define a septic system plume as persisting for a distance approximately 200 m
downgradient of a septic tank and estimate that 34% of leaching field nitrogen is lost in

plumes.

Nitrogen losses in the aquifer: After the septic system plume travels 200 m from its
source, it has undergone enough dispersion to render it indistinguishable from a non-
point source (Valiela et al. 1997). Because of this transition from point-like to non-point-
like source, an appropriate denitrification loss is applied to septic nitrogen after it has
traveled a distance of 200 m from its source. The dependence of septic nitrogen losses on

distance from the septic tank itself means that septic tanks that are closer than 200 m to a
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receiving water body will have a greater impact on surface water quality than will more
distant septic systems. The Blaine County Zoning Code requires that three hundred feet
(300" be “the minimum separation between any drain field site and a natural stream,
spring or lake” (Blaine County 2002). Because of this set back requirement, the majority
of septic system leach fields in the watershed are greater than 200m from the nearest

surface water body.

3.2.7 Sewage Treatment Plant Loading

Sewage treatment plant effluents are often discharged directly into receiving water bodies
and, therefore, are not subject to losses in the vadose zone and aquifer. Because we do
not need to consider transport through the aquifer, masses of nitrogen introduced to the
watershed from sewage treatment plants can be calculated directly from measurements of
nitrogen concentrations in the sewage treatment plant effluent and flow rates of effluent
out of the plant. These data can be obtained from the wastewater treatment plant
operators. The important distinction is made between total nitrogen and just nitrate or
ammonia values. Total nitrogen is used for sewage treatment plant load calculations.
Generally, total nitrogen will be the sum of nitrate, ammonia, and organic nitrogen
concentrations or the sum of nitrate and Total Kjeldahl Nitrogen (TKN) concentrations

depending on the types of measurements routinely taken by the sewage treatment plants.

3.2.8 In-stream Denitrification

Denitrification losses can occur during both aquifer transport and in-stream transport.
Howarth et al. (1996) report that average in-stream losses range from 10% to 20% but
can be as great as 45% in rivers with very high nitrogen loads that promote the existence
of anoxic conditions. In rivers that fall within the 10%-20% loss range, greater losses are

observed in rivers with flows less than 28.3 m’/s (Smith et al. 1997).
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4. APPLICATION OF BEANS MODEL TO WOOD RIVER VALLEY
WATERSHED

4.1  DELINEATION OF GROUNDWATER TRAVEL TIME BANDS

The BEANS model uses Darcy’s Law as the primary method for determining
groundwater travel time within an aquifer. In the Wood River Valley Watershed, there
are three distinct aquifer types: an unconfined alluvial aquifer in the northern valley, a
confined alluvial aquifer in the center of the watershed, and the Snake River Plain aquifer
over the southern half of the watershed. Darcy’s Law is used to determine groundwater
velocities in these three aquifers; however, the mountain area that surrounds the northern

unconfined aquifer is composed of an essentially impermeable basement complex.

Aquifers
. | basement complex
confined alluvial aquifer

NNy unconfined alluvial aquifer
([ snake River Plain Aquifer

Figure 4-1: Wood River Valley Watershed Aquifer Systems

The hydrogeology of the valley suggests that this mountainous area does not have a
substantial subsurface aquifer, so groundwater transport out of this area is extremely
limited or nonexistent (IDWA 1972). Additionally, there is no connection between the
mountainous area and the alluvial aquifers at the center of the valley (IDWA 1972).

Because of the hydrogeologic characteristics of the basement complex area, the BEANS
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model assumes that transport of water and nitrogen from the mountains occurs through

surface water run-off rather than through groundwater transport.

4.1.1 Mountain Run-off Velocities

We used the Upland Method of Estimating Time of Concentration (UMETC) to estimate
run off velocities from the impervious basement area (Kent 1972). This method
determines velocity as a function of land slope and land cover. Land slope was calculated
from a digital elevation model (DEM) in the GIS. The DEM was originally obtained from
the USEPA BASINS (Better Assessment Science Integrating Point and Nonpoint
Sources) spatial data database (USEPA/BASINS 2002).

[] Watershed Boundary
[] Basement Complex Boundary
Land Slope
0-5
5-10
10-15
15-20
Il 20 - 25
Bl 25 - 30
[ | No Data

b, il

f

Figure 4-2: Land Slope within the Wood River Valley Watershed

The land cover categories that the UMETC method considers are: forest with heavy
ground litter and meadow, fallow or minimum tillage cultivation, short grass pasture and
lawns, nearly bare ground, and paved areas. The land uses in the mountain area are
evergreen forest, rangeland, and tundra. To incorporate this land use information, the
BEANS model uses the average of the velocities for forested and nearly bare ground land

cover types (Table 4-1).
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Table 4-1: Surface Water Run-off Velocities Used in the BEANS Model

Slope | Forest Velocity | Bare Ground Velocity | Average Velocity
(m/day) (m/day) (m/day)

5% 14,500 60,600 37,500

10% 21,100 92,200 56,600

15% 26,300 113,000 69,800

20% 29,000 119,000 73,700

25% 36,900 137,000 86,900

After assigning these velocities to different land areas based on land slope, we calculate

run-off travel time by dividing distance to the closest river or stream by run-off velocity.

run - off travel time =

[ ] Watershed Boundary

distance

run - off velocity

Distance to Rivers (m)

| 0-500

500 - 1000

~_ ] 1000 - 1500

] 1500 - 2000

3000 - 3500

I 3500 - 4000
I 4000 - 4500
I 4500 - 5000

5000 - 5500

Il 5500 - 6000
[ | NoData

(eqn. 4-1)

Figure 4-3: Distance from Any Area in the Wood River Valley Watershed to the Closest
River or Stream Channel

Distances to the river in the mountain area are small relative to the run-off velocities:

distances of 0 to 1,500 m compared to velocities of 37,000 to 87,000 m/d. As a result of
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fast velocities over short distances, the entire mountain area falls within the 1-year travel

time band.

[ ] Watershed Boundary
Mountain Travel Time (yr.)
B o-1

| No Data

Figure 4-4: Run-off Travel Time for the Mountain Area of the Wood River Valley
Watershed

4.1.2 Valley Groundwater Velocities
Travel time for the rest of the watershed is defined using Darcy’s Law. In order to use

Darcy’s Law to calculate groundwater velocities, we must know aquifer hydraulic

. . . dh . .
conductivity, K, hydraulic gradient, ik and aquifer porosity, n.

V= _K dh (egn. 4-2)

n dL

Hydraulic Conductivity: The Idaho Department of Water Resources (IDWR) has
measured aquifer transmissivity in the unconfined and confined alluvial aquifers. These
transmissivity values range from 1,000 to 30,000 m*/day (IDWA 1972, IDWR 1977). For
the Snake River Plane aquifer, we used transmissivity values that were estimated in a
groundwater model (AWRA 1987). These values ranged from 100 to 95,000 m*/day
(AWRA 1987). Transmissivity in the Snake River Plane aquifer exhibit greater
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variability than those in the alluvial aquifers because groundwater transport in this aquifer
occurs by means of fractured flow through Snake River basalts. Spatial variation in the

density of these fractures creates variability in aquifer transmissivity.

[ ] Watershed Boundary
Transmissivity (sq. m/day)
g 0 - 10000

[ 10000 - 20000
7] 20000 - 30000
[ 30000 - 40000
40000 - 50000
50000 - 60000
60000 - 70000
[ ] 70000 - 80000

"] 80000 - 90000
[ 90000 - 100000

Figure 4-5: Distribution of Aquifer Transmissivity in the Wood River Valley Watershed

Aquifer transmissivity is hydraulic conductivity multiplied by aquifer saturated thickness,

b.
T =Kb (egn. 4-3)
Average aquifer thicknesses for the unconfined and confined alluvial aquifers are 45 and

30 m respectively (IDWA 1972). The Snake River Plain aquifer is significantly thicker
with an average depth of about 100 m (McLeana and Johnson eds. 1987).
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[ ] Watershed Boundary
Aquifer depth (m)

Figure 4-6: Aquifer Thicknesses in the Wood River Valley Watershed

By dividing aquifer transmissivity by depth, we obtain spatially distributed aquifer
conductivity, K, across all three aquifers. In Figure 4-7, darker areas show regions with
low hydraulic conductivity and lighter areas show regions with high hydraulic

conductivity.

[] Watershed Boundary
Aquifer Conductivity (m/day)
0- 100

B 100 - 200
B 200 - 300
BB 300 - 400
] 400-500
500 - 600
600 - 700
700 - 800
7] 800 - 900
900 - 1000

i
| No Data

Figure 4-7: Aquifer Conductivities in the Wood River Valley Watershed
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Hydraulic Gradient [g%] : Hydraulic gradient is effectively the slope of the water table.

We obtained a GIS layer from Blaine County that shows the hydraulic head (water table

elevation) for a series of wells within the watershed.

[ ] Watershed Boundary
Water Table Elevation (m)
[ 600 - 800
800 - 1000
[l 1000 - 1200
B 1200 - 1400
7] 1400 - 1600
~ 11600 - 1800
'] 1800 - 2000
2000 - 2200
| 2200 - 2400

2400 - 2600
2600 - 2800

[ | NoData

Figure 4-8: Hydraulic Head (m) for Wells within the Wood River Valley Watershed

While this data set contains a large number of wells, there are large areas of the
watershed that have no representative water table elevation value. In order to define an
approximate water table elevation for all areas of the watershed, ground water table

contour lines were drawn by hand based on the original well data set.
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Figure 4-9: Water Table Elevation Contours in the Wood River Valley Watershed

Having defined a water table elevation for each location in the watershed, we are able to
estimate the change in that elevation from any given area in the watershed to the closest
stream or river channel. Like the water table elevation contours, zones of equal head

distance above the river were also estimated by hand and subsequently incorporated into

the GIS.
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Figure 4-10: Change in Hydraulic Head from Any Location within the Wood River
Valley Watershed to the Nearest Stream or River Channel

By dividing the change in hydraulic head by the distance from any location to the nearest
: . . . dh _ . . .
river, we determine the hydraulic gradient, ok It is important to recognize that we have

defined dh/dL as the total change in head from a given location to the nearest river
divided by the distance from that location to the nearest river. Essentially, we have
defined the hydraulic gradient to remain constant as water travels from any given location

in the watershed to the nearest river.
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Figure 4-11: Variation in Hydraulic Gradient (g%-) within the Wood River Valley

Watershed

Porosity (n): Aquifer porosity, n, is a difficult value to identify. Based on discussions
with a local hydrogeologist, we estimated the aquifer porosity to be 0.25 across the entire
watershed (Brown 2003). While this estimation is probably a gross oversimplification of
the aquifers, it is the best estimate that we can make based on available data.
Additionally, this estimate is consistent with reported porosity ranges for sedimentary

aquifers and crystalline rocks
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Table 4-2: Range in Porosity Values (adapted from Domenico and Schwartz 1998)

Material Porosity
SEDIMENTARY

Gravel, coarse 0.24-0.36
Gravel, fine 0.25-0.38
Sand, coarse 0.31-0.46
CRYSTALLINE ROCKS

Fractured crystalline rocks | 0-0.10
Dense crystalline rocks 0-0.05
Basalt 0.03-0.35
Weathered granite 0.34-0.57

Groundwater Velocity: Combining spatially distributed information on hydraulic
conductivity, hydraulic gradient, and porosity, we are able to calculate groundwater

velocities for the entire valley region of the watershed.

[ ] Watershed Boundary
Groundwater Velocity (m/yr.)

I © - 2500
B 2500 - 5000

~ ] 10000 - 12500
[ ]12500 - 15000
15000 - 17500
17500 - 20000

20000 - 22500
[ 22500 - 25000

| No Data

Figure 4-12: Groundwater Velocity within the Wood River Valley Watershed

. . dh . ;
Because porosity is taken to be constant over the entire watershed and = is relatively
(¢

constant throughout the valley, groundwater velocity is primarily a function of hydraulic

conductivity, K.
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Groundwater Travel Time: By dividing distance from any location to the nearest river by
groundwater velocity, we obtain groundwater travel time for the valley region of the
watershed. Combining these times with the run-off travel times calculated for the
mountain region, we can define the amount of time it will take water to travel from any

location in the watershed to the nearest stream or river channel.

[] wWatershed Boundary
Mountain Travel Time (yr.)
. O -

[ ] No Data

Valley Travel Time (yr.)
-
1-5
5-10
] 10-50
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[ 100- 150
] 150-200
B 200 - 250
[ ] NoData

Figure 4-13: Variation in Run-off and Groundwater Travel Time within the Wood River
Valley Watershed

The range of groundwater travel times is broad, ranging from less than 1 year to greater
than 250 years (the scale in Figure 4-13 represents varying intervals of travel time);
however, 85% of the watershed, or approximately 5,800 ha, falls within the 1-year travel

time band.
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Figure 4-14: One-year Travel Time Band for the Wood River Valley Watershed

As discussed in the previous section, nitrogen inputs to land areas in different travel time
bands are delayed in the BEANS Model according to that band’s characteristic travel
time; thus, in calculating the 2002 nitrogen load to the Big Wood and Little Wood Rivers,
the BEANS model should consider nitrogen inputs from 2002 for the 1-year travel time
band, nitrogen inputs from 2001 for the 2-year travel time band, and nitrogen inputs from

1998 for the 5-year travel time band, etc.

Much of the land area that falls outside the 1-year travel time band in the Wood River
Valley Watershed is covered with exposed rock, Snake River Basalts. The presence of
these rocks limits the types of land uses that can occur in these areas and also prevents
future agricultural, residential, or commercial development of these areas. Current land

use in this area is dominated by impervious surfaces and rangeland.

Table 4-3: Land Use Outside of the 1-year Travel Time Band

Land Use Area (ha) | Percentage
Agricultural Land 5,000 5%
Impervious Surfaces 19,000 18 %
Rangeland 82,000 77 %
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Because land use outside the 1-year travel time band is relatively uniform and is unlikely
to change with time, the BEANS model makes the assumption that nitrogen inputs to
these land areas have been and will continue to be relatively constant. This assumption
simplifies the mass balance calculations within the BEANS model such that in
calculating the nitrogen load to the rivers, the model considers land use information from

only one year.

4.2  NITROGEN MASS BALANCE CALCULATIONS
Before nitrogen inputs and losses are calculated, the Wood River Valley Watershed is
divided into areas of different land use. We obtained the land use GIS data layer in Figure

4-15 from the USEPA BASINS spatial data database.

BASINS Land Use Catagories

Il BARE EXPOSED ROCK

BARE GROUND

COMMERCIAL AND SERVICES

CROPLAND AND PASTURE

DECIDUOUS FOREST LAND

7] EVFERGREEN FOREST LAND

[ ] HERBACEOUS RANGELAND
HERBACEOUS TUNDRA

£33 INDUSTRIAL

[*.°] LAKES

[ ] MIXED FOREST LAND

MIXED RANGELAND

[7] MIXED TUNDRA

MXD URBAN OR BUILT-UP

7] NONFORESTED WETLAND

[ ] OTHER AGRICULTURAL LAND

OTHER URBAN OR BUILT-UP

[ | RESERVOIRS

RESIDENTIAL

[__| SANDY AREA (NON-BEACH)

2 SHRUB & BRUSH RANGELAND

[ ] SHRUB AND BRUSH TUNDRA

[ ] STRIP MINES

[ ] TRANS, COMM, UTIL

[ ] TRANSITIONAL AREAS

Figure 4-15: Initial Land Use Categories from BASINS Data Layer

All of the land use categories in the BASINS data set are reassigned to one of the seven
land use types considered in the BEANS model: cropland and pasture, feed-lots, natural

vegetation, rangeland, residential areas, water, and impervious surfaces (Figure 4-16).
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Figure 4-16: BEANS Land Use Category Areas in the Wood River Valley Watershed

The Wood River Valley Watershed covers an area of approximately 680,000 ha.
Rangeland is the most common land use within the watershed and feed-lots are the least

common.

Table 4-4: Land Use Areas within the Wood River Valley Watershed

Land Use Area (ha)

Rangeland 427,900
Natural vegetation 115,000
Cropland and pasture 84,500
Impervious surfaces 48,200
Residential areas 2,200
Water 2,000
Feed-lots 215

4.2.1. Cropland and Pasture
Agricultural lands receive nitrogen inputs from atmospheric deposition, fertilizer

applications, nitrogen fixation, and animal waste.
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Atmospheric Deposition: Average annual wet deposition for this area of Idaho is
approximately 1 kg N/ha. This value is obtained from the National Atmospheric
Deposition Program Craters of the Moon National Monument Monitoring Station (NADP
2002), which is located in Butte County, Idaho. The BEANS model assumes that dry
deposition is approximately equal to wet deposition (Valiela et al. 1997, Boyer et al.
2002), so the total annual deposition rate is 2 kg N/ha. This deposition rate is applied
uniformly to all the cropland and pasture areas within the watershed, and then 62% of this
nitrogen is lost to retention by plants and soils (Valiela et al. 1997, Brawley et al. 2000).
Overall, we estimate that approximately 59,900 kg of nitrogen from atmospheric

deposition percolates into the subsurface beneath cropland and pasture each year.

Fertilizer Applications: Fertilizer application rates vary between crops, so the cropland
and pasture area within the watershed is separated into areas of different crops. The area
of land within the watershed that is dedicated to an individual crop is estimated using
data from the United States Census of Agriculture (NASS 1997). This census is
conducted every five years, so the most recent data available are from 1997. The census
data are reported at a county-wide level. Crop data for the watershed are estimated from
data for the five counties within which the watershed falls: Blaine, Camas, Gooding,
Jerome, and Lincoln. The crops that are grown within these five counties are: barley,
wheat, sugarbeets, corn, oats, alfalfa hay, dry beans, and potatoes. The area of each crop
within the watershed is estimated based on the percentage of each county that falls within
the watershed boundary. For example, the area of potatoes in the watershed is calculated
by multiplying the area of potatoes in Blaine County by the percent of Blaine County that
falls within the watershed, then adding that area to the area of potatoes in Camas County
multiplied by the percent of Camas County that falls within the watershed, etc. This

estimation is carried out for each of the crops mentioned above.
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Table 4-5: Crop Areas within the Wood River Valley Watershed

Blaine | Camas | Gooding | Jerome | Lincoln | Watershed
County | County | County | County | County
% in watershed 59% 7% 41% 3% 55%
Barley (ha) 8,200 5,100 1,500 7,300 4,400 8,400
Wheat (ha) 900 1,300 3,600 7,600 5,000 5,000
Sugarbeets (ha) 0 0 1,900 5,600 3,000 2,600
Corn (ha) 0 0 8,100 10,400 2,400 4,900
QOats (ha) 1,300 400 400 1,900 2,000 2,000
Alfalfa Hay (ha) 7,900 17,800 14,000 19,600 7,700 16,400
Dry Beans (ha) 0 0 400 3,400 0 200
Potatoes (ha) 800 0 3,300 6,100 2,400 3,300
TOTAL: 42,800

The total crop area within the watershed is approximately 43,000 ha. The BEANS model
assumes that the remaining 41,000 ha classified as cropland and pasture is pasture. It is
important to recognize that this method of determining crop areas assumes that
agricultural areas are distributed uniformly across each county. This assumption may not
be true, but given that crop data are available at the county level, this estimation is the

most accurate approximation we could make.

Different crops can have extremely different fertilizer application rates, so in the BEANS
model, an understanding of where each crop is being grown (and fertilized) within the
watershed is important. We gained an understanding of the spatial distribution of crops in
the watershed through conversations with local growers (Purdy 2003, Gardner 2003).
Through these conversations, we learned that crops are grown in different areas of the
watershed as a result of temperature, soil type, and precipitation variations. In general,
agricultural land in the northern half of the watershed is devoted to alfalfa hay, barley,
and pasture. Crops such as potatoes, wheat, corn, oats, and sugarbeets are grown in the
southern half of the watershed. Based on these controlling factors, we define seven
distinct agricultural areas within the watershed (Purdy 2003, Gardner 2003). These seven
agricultural areas are referred to as area | through area 7 and are illustrated in Figure 4-

17.
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Figure 4-17: Agricultural Production Areas in Wood River Valley Watershed

The nitrogen fertilization rate for each of the seven agricultural production areas is a
function of the fertilization rates for each individual crop, the amount of land in each
agricultural production area devoted to each crop, and the typical crop rotation pattern for
that area. The area of each crop and pasture in these agricultural sections is shown in

Table 4-6.

Table 4-6: Crops within the Seven Agricultural Areas

(ha) Areal | Area2 | Area3 | Aread4 | Area5 | Area 6 | Area 7
Barley 0 2,400 | 2,300 0 0 2,400 1,400
Wheat 0 0 0 0 0 1,300 | 3,800
Sugarbeets 0 0 0 0 0 0 2,600
Corn 0 0 0 0 0 0 4,900
Oats 0 0 0 0 0 0 2,100
Alfalfa Hay 2,200 | 3,300 0 0 500 7,100 | 3,300
Dry Beans 0 0 0 0 0 0 200

Potatoes 0 1,800 0 0 0 0 1,500
Pasture 10,200 | 7,200 0 1,500 0 0 22,100
TOTAL 12,400 | 14,700 | 2,300 | 1,500 500 10,800 | 42,200
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The agricultural areas are differentiated based on the types of crops grown. Some areas
contain only one type of crop, while area 7 contains all possible crops as well as pasture.
The areas also substantially vary in size. Table 4-7 lists the nitrogen fertilizer application
rates used in the BEANS model. We used local fertilizer application rates obtained from
communication with local farmers whenever possible (Beck 2003, Gardner 2003, Hansen
2003). When local rates are not available, the BEANS model uses the average U.S.
fertilizer application rate as reported by the International Fertilizer Industry Association

(IFA 1998).

Table 4-7: Crop Nitrogen Fertilization Rates

Crop N Fertilization Source
Rate (kg/ha)

Barley 112 Gardner (2003)
Wheat 112 Gardner (2003)
Sugarbeets 120 IFA (1998)
Corn 151 Beck (2003)
Oats 151 Beck (2003)
Alfalfa hay 34 Mabhler (1999)
Dry beans 80 IFA (1998) |
Potatoes 190 Hansen (2003)
Pasture 0 Beck (2003)

Potatoes, corn, and oats have the highest fertilizer application rates, while alfalfa hay and
dry beans have the lowest fertilizer application rates. Crops are rotated in an agricultural
production area to maximize production yield (Purdy 2003). Adding nitrogen-fixing
plants, such as alfalfa hay, to the crop rotation sustains the productivity of the soil (Purdy,
2003). Alfalfa hay is fertilized much less than other crops grown in the watershed (Table
4-7), and introduction of alfalfa into a crop rotation pattern subsequently lowers the time-
averaged nitrogen fertilization rate. Using crop areas, crop fertilizer application rates, and
crop rotation patterns for the seven agricultural areas, we defined average fertilizer

application rates for each of these areas.
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Table 4-8: Crop Rotations and Annual Nitrogen Fertilization Rates for Agricultural
Production Areas in Wood River Valley Watershed

Agricultural . Annua.l {Vitl:ogen
Area Crop Rotation Pattern Fertilization
Rate (kg/ha)
Area 1 no rotation 6
Area 2 2 years barley, 5 years alfalfa hay,
1 year potatoes, 5 years alfalfa hay (Gardner) 49
Area 3 2 years barley, 5 years alfalfa hay (Gardner) 112
Area 4 no rotation 0
Area 5 no rotation 34
Area 6 2 years barley, 5 years alfalfa hay,
3 years wheat, 5 years alfalfa hay (Gardner, Purdy) 60
Area 7 no rotation 56 |

These area-specific fertilizer application rates are applied to the total land area within
each agricultural section. Thirty-nine percent of the original fertilizer applied is lost as
gasses, and then 62% of this remaining nitrogen is lost to retention by plants and soils
(Valiela et al. 1997, Brawley et al. 2000). This method of an average, area-specific
fertilizer application rate is used because while we know generally where different crops
are located within the watershed (enough to separate them into areas), we do not know
the exact location of different crops within a given area and those crops change over time
in most cases. Overall, we estimate that 945,000 kg of nitrogen from fertilizers percolates

into the subsurface below cropland and pasture each year.

Nitrogen Fixation: Nitrogen fixation occurs in the agricultural areas that contain either
dry beans or alfalfa hay. Areas 1, 2, 5, 6, and 7 all contain alfalfa hay, but only area 7
contains dry beans. The nitrogen fixation rates for dry beans and alfalfa hay are 93 kg
N/ha and 224 kg N/ha respectively (Baldwin et al. 2000). Nitrogen from fixation does not
enter the soil until the plants are tilled under, so the total fixation rates are reduced by the
percentage of the bean or alfalfa crop that is rotated out each year (Baldwin et al. 2000).
We assume that 62% of nitrogen introduced from nitrogen fixing plants is lost to
retention by plants and soils (Valiela et al. 1997, Brawley et al. 2000). Overall, we
estimate that 350,000 kg of nitrogen from fixation percolates into the subsurface below

cropland and pasture each year.
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Animal Waste: Nitrogen from animal waste is introduced to agricultural areas that contain
pasture. Agricultural areas 1, 2, 4, and 7 all contain pasture. Pastures receive nitrogen
from both sheep and cattle wastes but not from chickens and hogs, which are usually
confined to feed-lots. The magnitude of the nitrogen inputs from sheep and cattle is
calculated by multiplying a pasture animal density by the area of land in pasture to
determine the number of animals on a given area of pasture. Because the winter season in
the Wood River Valley can be extremely harsh, some livestock do not spend the entire
year in the watershed but instead are moved south for the colder months of the year
(Purdy 2003), so the number of animals calculated based on animal densities is reduced
by the percentage of the year that the animals spend outside the watershed. This effective
population is multiplied by an animal-specific nitrogen excretion rate to obtain the mass

of nitrogen that is introduced to the land surface from animals.

Sheep Waste: Sheep are assumed to graze on both pasture and rangeland. The BEANS
model assumes that the density of sheep is the same on both pasture and rangeland. The
density of sheep in the Wood River Valley Watershed is determined by dividing the total
number of sheep in the watershed by the total area of pasture and rangeland in the
watershed. It should be noted that at any given time, the density of sheep is probably
higher than the density we calculate. The sheep are likely kept in well-defined herds that
are moved around to different grazing areas. The density of any individual herd will be
greater than the overall density used in the BEANS model; however, the BEANS model
calculates the annual nitrogen load to the watershed. On an annual scale, the effect of
denser herds moving around the total rangeland and pasture area will be similar to the

effect of a less dense population of sheep that remains stationary, as the model assumes.

The total number of sheep in the watershed is calculated in a method similar to how the
total area of each crop is calculated. County-wide animal statistics are combined based on
the percent of each county that falls within the watershed to obtain watershed animal
populations. County-wide animal populations are obtained from Environmental

Defense’s Scorecard online database (Environmental Defense 2002). These values are
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collected from the United States Census of Agriculture, so the most recent data available

are from 1997.

Table 4-9: Number of Sheep in the Wood River Valley Watershed

Blaine | Camas | Gooding | Jerome | Lincoln | Watershed
County | County | County | County | County

% in watershed 59% 7% 41% 3% 55%

Sheep 31,300 0 26,700 0 800 29,700

Dividing the 29,700 sheep in the watershed by 470,000 ha of pasture and rangeland
yields a sheep density of 0.06 sheep/ha.

The total area of pasture in the watershed is 41,000 ha, so we infer the total number of
sheep on pasture to be 2,600 animals. Boyer et al. (2002) conducted a comprehensive
survey of livestock waste production rates, and the values they identified for sheep are

summarized in Table 4-10.

Table 4-10: Annual Sheep Nitrogen Excretion Rates, kg N/animal (adapted from Boyer

et al. 2002)
Thomas Blekan & Van Van der Hoak Smil | SCS T
&Gilliam | Bakken Homn & Bouwman 1999 | 1992
1997 1997 1998 1999

Sheep -—- 12.3 5.00 19.90 -— -

The nitrogen excretion rate used for sheep in the BEANS model is 5.00 kg N/animal
because it is the value that best represents current agricultural management practices in

the U.S. (Boyer et al. 2002).

From speaking with local ranchers, we learned that sheep spend about two months in the
summer in the watershed and then are moved to warmer locations, so the sheep spend
only about 17% of the year within the watershed (Purdy 2003). Fifty-five percent of
nitrogen introduced to pasture as sheep waste is lost to volatilization as ammonia (Boyer
et al. 2002), and 62% of the remaining nitrogen retained in plants and soils (Valiela et al.

1997, Brawley et al. 2000). Overall, we estimate that approximately 360 kg of nitrogen
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from sheep waste percolates into the subsurface below pastures. This is the smallest

nitrogen input to agricultural lands.

Cattle Waste: Like sheep, cattle graze on both pasture and rangeland, but unlike sheep
some cattle are also kept in feed-lots; therefore, the cattle density number is calculated as
the total number of cattle in the watershed less the number of cattle in feed-lots. The total
number of cattle in the watershed is estimated in the same way as the total number of

sheep is estimated.

Table 4-11: Number of Cattle in the Wood River Valley Watershed

Blaine | Camas | Gooding | Jerome | Lincoln | Watershed
County | County | County | County | County

% in watershed 59% 7% 41% 3% 55%

Cattle 26,800 11,200 | 141,000 | 133,600 | 36,400 97,200

The number of cattle in feed-lots is calculated by multiplying the density of cattle in feed-
lots by the area of feed-lots used for cattle. A cattle feed-lot density of 96 head/ha is
estimated from information on the number of head in a local feed-lot (Purdy, 2003). The
area of feed-lots used for cattle is calculated as the area of feed-lot not used for hogs or
chickens. Hogs and chickens are kept in feed-lots exclusively, while cattle are split
between feed lots and grazing areas. The specifics of this calculation are discussed in
greater detail in the feed-lot section. The area of feed-lots used for cattle is about 26 ha,
which is 12% of the total feed-lot area in the watershed. Subtracting the 2,500 feed-lot
cattle from the total cattle population means that about 91,750 cattle are left on pasture
and rangeland. Distributing these cattle across the 470,000 ha of pasture and rangeland

yields a cattle density of 0.2 head/ha.
The total area of pasture in the watershed is 41,000 ha, so the total number of cattle on

pasture is 8,200 animals. The nitrogen excretion rates identified by Boyer et al. (2002) for

beef cattle are summarized in Table 4-12.
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Table 4-12: Annual Cattle Nitrogen Excretion Rates, kg N/animal (adapted from Boyer

et al. 2002)
Thomas Blekan & Van Van der Hoak Smil SCS
&Gilliam | Bakken Horn & Bouwman 1999 1992
1997 1997 1998 1999

Cattle 44.00 66.60 58.51 40.70 50.00 | 41.72

The nitrogen excretion rate used for cattle in the BEANS model is 58.51 kg N/animal
because it is the value that best represents current agricultural management practices in

the U.S. (Boyer et al. 2002).

Local farmers informed us that cattle, unlike sheep, spend the entire year in the watershed
(Purdy 2003), and the total mass of nitrogen introduced by cattle is not reduced by time
spent out of the watershed. Thirty-two percent of the nitrogen in cattle waste is lost to
volatilization as ammonia (Boyer et al. 2002), and 62% of the remaining mass is retained
in plants and soils (Valiela et al. 1997, Brawley et al. 2000). Overall, we estimate that

125,000 kg of nitrogen from cattle waste percolates into the subsurface below pastures.

Losses in the Vadose Zone and Aquifer: In total, we estimate that approximately
1,480,000 kg of nitrogen percolates through to the subsurface from cropland and pasture
land areas. On average, this is about 18 kg N/ha. The BEANS model assumes the 61% of
nitrogen is lost in the vadose zone, leaving about 578,000 kg to travel through the aquifer
(Valiela et al. 1997, Brawley et al. 2000). Denitrification activity in aquifers around the
Wood River Valley Watershed has been estimated to remove between 0% and 40% of
incoming nitrogen (Rupert 1996). Because denitrification rate depends on nitrate
concentration, denitrification losses are greater in areas with higher nitrate concentrations
(Pabich (submitted)). Denitrification losses are calculated for the seven agricultural areas
using the Pabich et al. model that estimates denitrification rate as a function of initial
nitrate concentration. Nitrate concentration in groundwater below the seven agricultural

areas are estimated based on annual nitrogen inputs and average annual precipitation for

cach area (Table 4-13).
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Table 4-13: Modeled Denitrification Losses for Agricultural Areas in the Wood River
Valley Watershed

Agricultural | Nitrate Concentration | Denitrification
Area (mg N/L) Loss

Area 1 0.9 34%
Area 2 1.9 34%
Area 3 2.8 35%
Area 4 0.4 33%
Area 5 3.1 35%
Area 6 3.0 35%
Area 7 1.8 34%

Because some water introduced as precipitation is lost to evapotranspiration, the nitrate
concentrations estimated based on average precipitation are probably lower than true
concentrations because the volume of water available to dissolve the input nitrogen is
actually smaller than the total precipitation volume. Because losses are greater for areas
with higher initial concentrations, the true loss percentages are likely greater than those
presented in Table 4-13; consequently, the BEANS model] assumes that denitrification

losses from agricultural lands are approximately 40%.

The average agricultural nitrogen input of 18 kg N/ha is in the high range of nitrogen
inputs in the watershed, so the 40% loss of nitrogen from agricultural areas during travel
through aquifers is consistent with the observation of elevated loss percentages from
areas with elevated nitrate concentrations. The magnitude of this loss also is similar to the
35% loss reported by Valiela et al. (1997) for a residential watershed on Cape Cod
Massachusetts. The BEANS model estimates 346,000 kg of nitrogen from agricultural
areas is able to enter the surface waters of the watershed. Figure 4-18 depicts the relative

proportion of this mass that originates from the different nitrogen sources considered.
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Figure 4-18: Relative Magnitude of Source Nitrogen Loads from Agricultural Land
Areas

4.2.2. Feed-lots
Feed-lots receive nitrogen inputs from atmospheric deposition and animal waste from

hogs, chickens, and cattle.

Atmospheric Deposition: Atmospheric deposition is assumed to be constant throughout
the watershed, so the annual deposition rate of 2 kg N/ha is applied to all areas designated
as feed-lots (NADP 2002). Sixty-two percent of nitrogen deposited onto agricultural land
is retained by plants and soils (Valielaet al. 1997, Brawley et al. 2000). The density of
animals in feed-lots limits the ability of these land areas to maintain substantial
vegetation, so we assume in the BEANS model that nitrogen retention occurs only
through soil mechanisms. The soil nitrogen retention rate is assumed to be 31%, half of
the combined soil and plant retention rate. Overall, we estimate that 280 kg of nitrogen

from atmospheric deposition percolates into the subsurface beneath feed-lots each year.
Animal Waste: Feed-lots receive animal waste from hogs, chickens, and cattle. The

magnitude of the nitrogen inputs from hogs, chickens, and cattle is calculated by

multiplying a feed-lot animal density by the area of feed-lots dedicated to each type of
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animal to determine the number of animals in each feed-lot. These animal population
values are multiplied by animal-specific nitrogen excretion rates to obtain the mass of

nitrogen introduced to the land surface from each type of animal.

Hog Waste: The BEANS model assumes that all hogs within the watershed are contained
in feed-lots. The total number of hogs in the watershed is calculated as an area-weighted
average of the number of hogs in each of the five counties that fall within the watershed

boundary.

Table 4-14: Number of Hogs in the Wood River Valley Watershed

Blaine | Camas | Gooding | Jerome | Lincoln | Watershed
County | County | County | County | County

% in watershed 59% 7% 41% 3% 55%

Hogs 30 0 360 1300 860 670

John Patience of the Prairie Swine Centre (PSC) in Saskatchewan, Canada has calculated
hog densities around the world (Prairie Swine Center 2003). In the United States, hog
densities range from 2.1 head/ha in Iowa to 4.8 head/ha in North Carolina, which is the
highest density in the United States (Hursch 2002, PSC 2003). The BEANS model
assumes an average hog density of 3.5 head/ha for the Wood River Valley watershed. A
total feed-lot area within the watershed dedicated to hogs (190 ha) is calculated by
dividing the 670 hogs kept in feed-lots by the density of 3.5 hogs/ha. The total feed-lot

arca within the watershed is 215 acres, and 88% of this area is used for hogs.

The nitrogen excretion rates identified by Boyer et al. (2002) for hogs are summarized in

Table 4-15.

Table 4-15: Annual Hog Nitrogen Excretion Rates, kg N/animal (adapted from Boyer et
al. 2002)

Thomas Blekan & Van Van der Hoak Smil SCS
&Gilliam | Bakken Horn & Bouwman 1999 1992
1997 1997 1998 1999

Hogs 6.10 4.34 5.84 10.46 10.00 19.70
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The nitrogen excretion rate used for hogs in the BEANS model is 5.84 kg N/animal
because it is the value that best represents current agricultural management practices in
the U.S. (Boyer et al. 2002). Seventy-two percent of the nitrogen in hog waste is lost to
volatilization as ammonia, and 31% of the remaining nitrogen is retained in soils below
feed-lots. Overall, we estimate that 750 kg of nitrogen from hog waste percolates into the

subsurface below feed-lots.

Chicken Waste: The BEANS model assumes that all chickens within the watershed are
contained in feed-lots. The total number of chickens in the watershed 1s calculated as an
arca-weighted average of the number of chickens in each of the five counties that fall

within the watershed boundary.

Table 4-16: Number of Chickens in the Wood River Valley Watershed

Blaine | Camas | Gooding | Jerome | Lincoln | Watershed
County | County | County | County | County

% in watershed 59% 7% 41% 3% 55%

Chickens 0 0 730 690 0 310

Ralph Ernst at the University of California at Davis has calculated average animal
densities for chickens in the U.S. (Emst 1995). Chicken densities range from 107,000
birds/ha to 150,000 birds/ha (Emst 1995). Because the number of chickens in the
watershed is so small, we assume that the density of chickens is relatively low; therefore,
a density of chickens in the Wood River Valley Watershed of 110,000 birds/ha is used in
the BEANS model. A watershed feed-lot area of 0.003 ha dedicated to chickens is
determined by dividing the 310 chickens kept in feed-lots by a density of 110,000

birds/ha. This area is much less than 1% of the total feed-lot area within the watershed.

The nitrogen excretion rates identified by Boyer et al. (2002) for chickens are

summarized in Table 4-17.
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Table 4-17: Annual Chicken Nitrogen Excretion Rates, kg N/animal (adapted from
Boyer et al. 2002)

Thomas Blekan & Van Van der Hoak Smil SCS
&Gilliam | Bakken Horn & Bouwman 1999 1992
1997 1997 1998 1999

Chickens 0.83 0.61 0.55 0.81 0.30 0.21

The nitrogen excretion rate used for chickens in the BEANS model is 0.55 kg N/animal
because it is the value that best represents current agricultural management practices in
the U.S. (Boyer et al. 2002). Thirty-six percent of the nitrogen in chicken waste is lost to
volatilization as ammonia, and 31% of the remaining nitrogen is retained in soils below
feed-lots. Overall, we estimate that 54 kg of nitrogen from chicken waste percolates into

the subsurface below feed-lots each year.

Cattle Waste: Cattle within the watershed are kept primarily on rangeland and pasture,
though a small number of cattle are also kept in feed-lots. Of the 215 ha of feed-lot area
in the watershed, 190 ha is reserved for hogs and chickens, leaving 25 ha of feed-lots for
cattle. A local feed lot contains approximately 1,000 head and has an area of about 10.5
ha (Purdy 2003). This density of 95.5 head/ha 1s low relative to estimates ranging from
250 to 2,000 head/ha made by the Texas Water Resources Institute at Texas A&M
University (Reddell et al. 1973). From conversations with local farmers, we learned that
cattle feed-lots within the watershed are used mostly for pre-conditioning calves for
rangeland grazing, so it seems possible that the cattle density in this watershed could be

lower than densities observed on cattle ranches.

In total there are 2,500 cattle in feed-lots within the watershed. As described in the
cropland and pasture section, the annual nitrogen excretion rate for cattle is 58.51 kg
N/animal (Boyer et al. 2002). Thirty-two percent of the nitrogen in cattle waste is lost
through volatilization of ammonia (Boyer et al. 2002), and then 31% of the remaining
nitrogen is retained in soils below feed-lots. Overall, we estimate that 68,000 kg of
nitrogen from cattle waste percolates into the subsurface below feed-lots each year. This

is by far the largest nitrogen input to feed-lots.
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Losses in the Vadose Zone and Aquifer; In total, approximately 69,000 kg of nitrogen is
estimated to percolate through to the subsurface from feed-lots. On average, this is about
320 kg N/ha. The BEANS model assumes the 61% of nitrogen is lost in the vadose zone,
leaving about 27,000 kg to travel through the aquifer (Valiela et al. 1997, Brawley et al.
2000). Because the nitrogen input to feed-lots is relatively high compared to other land
uses in the watershed, the BEANS model assumes that 40% of the remaining nitrogen is
removed by denitrification as groundwater moves through the aquifer (Rupert 1996,
Pabich (submitted)); consequently, approximately 16,000 kg of nitrogen from feed-lots is
able to enter the surface waters of the watershed. Figure 4-19 depicts the relative

proportion of this mass that originates from the different nitrogen sources considered.
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Figure 4-19: Relative Magnitude of Source Nitrogen Loads from Feed-Lots

4.2.3. Rangeland
Rangelands receive nitrogen inputs from atmospheric deposition and animal waste from

sheep and cattle.

Atmospheric Deposition: The annual atmospheric deposition rate of 2 kg N/ha is applied
to the 430,000 ha of rangeland within the Wood River Valley Watershed. Sixty-five
percent of this nitrogen is retained in plants and soils; consequently, 280,000 kg of

nitrogen from atmospheric deposition percolates into the subsurface below rangeland.
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Animal Waste: The majority of both sheep and cattle in the watershed graze on rangeland.
The magnitude of the nitrogen inputs from these animals is calculated by multiplying the
pasture/rangeland animal density by the area of rangeland to determine the number of
animals on rangeland. Because sheep are removed from the watershed during the winter
months (Purdy 2003), the sheep population is reduced by the percentage of the year that
the sheep spend out of the watershed. The cattle population and the effective sheep
population values are multiplied by animal-specific nitrogen excretion rates to obtain the

mass of nitrogen introduced to the lands surface from each type of animal.

Sheep Waste: Using the rangeland sheep density within the watershed of 0.06 sheep/ha,
we calculate a total of 27,000 sheep grazing on rangeland. Because these sheep only
spend about two months per year in the watershed, the effective sheep population is about
4,500 sheep, 17% of the total population. The annual nitrogen excretion rate for sheep is
5.00 kg N/animal (Boyer et al. 2002). Fifty-five percent of the nitrogen introduced as
sheep waste is volatilized as ammonia (Boyer et al. 2002), and then 65% of that
remaining nitrogen is retained by plants and soils (Valiela et al. 1997, Brawley et al.
2000). Overall, we estimate that 3,500 kg of nitrogen from sheep waste percolates into

the subsurface below rangeland.

Cattle Waste: Using the rangeland cattle density within the watershed of 0.2 head/ha, we
calculate a cattle rangeland population of 87,000 head of cattle. The annual nitrogen
excretion rate for cattle is 58.51 kg N/animal (Boyer et al. 2002). Thirty-two percent of
cattle waste nitrogen is lost through ammonia volatilization (Boyer et al. 2002), and 65%
of the remaining nitrogen is retained by plants and soils (Valiela et al. 1997, Brawley et
al. 2000). Overall, we estimate that 1,200,000 kg of nitrogen from cattle waste is able to

percolate into the subsurface below rangeland.

Losses in the Vadose Zone and Aquifer: In total, approximately 1,490,000 kg of nitrogen
percolates through to the subsurface from rangeland. This is an average nitrogen load of 4
kg N/ha. The BEANS model assumes the 61% of nitrogen is lost in the vadose zone,
leaving about 580,000 kg to travel through the aquifer (Valiela et al. 1997, Brawley et al.
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2000). Because the input to rangeland is only a moderate input compared to other land
uses in the watershed, the BEANS model assumes 35% of the remaining nitrogen is
removed by denitrification as groundwater moves through the aquifer (Rupert 1996,
Pabich (submitted)); consequently, approximately 380,000 kg of nitrogen from rangeland
is able to enter the surface waters of the watershed. Figure 4-20 depicts the relative

proportion of this mass that originates from the different nitrogen sources considered.

300

250 A

200

150

100 A

Nitrogen Load (thousands of kg N/yr)

Figure 4-20: Relative Magnitude of Source Nitrogen Loads from Rangeland

4.2.4. Residential

Residential land areas within the watershed receive nitrogen inputs from atmospheric
deposition, fertilizer applications, septic systems, and sewage. The first two sources,
atmospheric deposition and fertilizer applications, are introduced to the land surface, then
percolate into the subsurface where they are transported by groundwater to receiving
surface water bodies. Septic system nitrogen is also transported by groundwater but is
introduced directly to the subsurface. Nitrogen losses that occur during groundwater
transport differ between sources that are introduced to the land surface and those that are
introduced to the subsurface, so septic system nitrogen inputs are discussed separately
from atmospheric deposition and fertilizer inputs. Sewage nitrogen never enters the
groundwater beneath residential areas because 1t is transported directly to sewage

treatment plants by sewers; however, for the purpose of comparing the relative magnitude
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of nitrogen inputs from different land uses, sewage nitrogen is attributed to the residential
areas where it originates rather than to the treatment plants where it is ultimately

discharged.

Atmospheric Deposition: The annual atmospheric deposition rate of 2 kg N/ha is applied
to the 2,200 ha of residential land within the Wood River Valley watershed. Sixty-five
percent of this nitrogen is retained in plants and soils (Valiela et al. 1997, Brawley et al.
2000), resulting in 1,600 kg of nitrogen from atmospheric deposition percolating into the

subsurface below residential areas.

Fertilizer Applications: From speaking with local landscapers, we learned that an average
of 25% of each residential lot is covered in lawn (Webb 2003). Twenty-five percent of
the total residential area in the watershed is 550 ha. Locally, lawn fertilizers are applied at
an annual rate of 150 kg N/ha (Webb 2003, Jones 2003). Thirty-nine percent of the
original fertilizer applied is lost to the atmosphere as gases, and then 62% of the
remaining nitrogen is retained in plants and soils (Valiela et al. 1997, Brawley et al.
2000). Overall, we estimate that 19,300 kg of nitrogen from fertilizer applications

percolates into the subsurface below residential areas.

Losses in the Vadose Zone and Aquifer: In total, we estimate that approximately 20,900
kg of nitrogen percolates through to the subsurface from atmospheric deposition and
fertilizer applications to residential land areas. The BEANS model assumes the 61% of
nitrogen is lost in the vadose zone, leaving about 8,200 kg to travel through the aquifer
(Valiela et al. 1997, Brawley et al. 2000). On average, total inputs (including wastewater)
to residential land are approximately 50 kg N/ha, which is a large load compared to other
land uses in the watershed. Because of these high nitrogen inputs, the BEANS model
assumes that 40% of the remaining nitrogen from residential land is removed by
denitrification as groundwater moves through the aquifer (Rupert 1996, Pabich
(submitted)); consequently, approximately 4,900 kg of nitrogen from surface inputs to

restdential areas 1s able to enter the surface waters of the watershed.
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Septic System Inputs and Losses: The mass of nitrogen introduced to septic systems in the
watershed is calculated by multiplying the number of people using septic systems by an
annual per capita nitrogen input. The total population of the watershed is obtained from
USGS Water Use Hydrologic Unit Estimates (USGS 2003). The most recent estimates
available from the USGS are from 1995. In total, there are 23,950 people living in the
watershed (USGS 2003). The population living within the cities of Ketchum, Sun Valley,
Hailey, and Bellevue is 13,200, therefore, their homes are connected to one of three
municipal wastewater treatment plants (Hyde 2003, Swindell 2003, Wright 2003). Within
the watershed, 10,750 people rely on on-site septic systems for treatment of their

domestic wastewater.

The annual per capita nitrogen input is 4.8 kg N (Valiela et al. 1997, Ericson 2003), so
51,600 kg of nitrogen are input into septic systems within the watershed each year. On
average, 40% of this nitrogen is denitrified within the septic tank and leaching field of the
system itself (Valiela et al. 1997, Brawley et al. 2000). The remaining 31,000 kg of
nitrogen travels in distinct plumes away from septic leaching fields where an additional
34% of the nitrogen is lost (Valiela et al. 1997, Brawley et al. 2000). After traveling
200m from a leaching field, septic system plumes are diluted enough that they behave
similarly to the non-point sources that percolated into the subsurface, so septic system
nitrogen inputs are then subject to the 40% loss that is applied to surface-derived nitrogen
sources from residential land areas (Rupert 1996, Pabich (submitted)). Ultimately, 12,300
kg of nitrogen from septic systems remains to be transported into receiving surface water
bodies. On a per capita basis, septic systems in the watershed discharge about 1.14 kg

N/person each year into receiving water bodies.

Sewage Treatment Plant Loading: Nitrogen loading from three wastewater treatment
plants in the watershed is considered in the BEANS model: Bellevue, which serves 1,100
people (Wright 2003); Hailey, which serves 6,200 people (Hyde 2003); and
Ketchum/Sun Valley, which serves 5,200 people (Swindell 2003). The level of treatment

accomplished by each of these plants varies substantially because of differences in the
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process design of each plant. The nitrogen load for all three plants is calculated directly

from plant flow data and concentrations of total nitrogen in the plant effluent.

The Bellevue wastewater treatment facility consists of a series of wastewater aeration and
settling lagoons that discharge into a percolation pond. At certain times of year, some of
the effluent is applied to an adjacent agricultural field (Tumer 2003, Wright 2003). Table

4-18 summarizes the important effluent concentrations from the Bellevue treatment plant.

Table 4-18: Concentrations of Nitrogen in Bellevue Sewage Treatment Plant Effluent
(Turner 2003)

Nitrogen Effluent Concentration
Species (mg N/L)

TKN [NH; + org. N| 19.9

Nitrate [NO3'] 6.6

Total N 26.5

The average daily flow rate of the Bellevue wastewater treatment plant is approximately
.1 million L/day (Turner 2003). The average annual nitrogen load produced from this
flow rate and concentration data is 10,500 kg N/yr. Because the Bellevue treatment plant
discharges into percolation ponds, this nitrogen is likely subject to the same losses in its
plume and the aquifer as septic system nitrogen inputs. After considering plume (34%)
and aquifer (40%) losses (Valiela et al. 1997, Rupert 1996, Pabich (submitted)), 4,200 kg
of nitrogen from the Bellevue wastewater treatment plant remains to be transported into
receiving surface water bodies. On a per capita basis, the Bellevue treatment plant

discharges approximately 2.3 kg N/person each year into receiving water bodies.

The current City of Hailey wastewater treatment plant came on-line in 2000 and has the
capacity for tertiary treatment of domestic and commercial wastewater (Hyde 2003).
Table 4-19 summarizes the important effluent concentrations from the Hailey treatment

plant.
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Table 4-19: Concentrations of Nitrogen in Hailey Sewage Treatment Plant Effluent
(Hyde 2003)

Nitrogen Effluent Concentration
Species (mg N/L)

TKN [NH; + org. Nj 1.0

Nitrate [NO5] 1.5

Total N 2.5

On average, the Hailey sewage treatment plant discharges approximately 2.9 million
L/day to the Big Wood River (Hyde 2003). These flow rate and concentration data
produce an average annual nitrogen load of 2,666 kg N/yr. On a per capita basis, the
Hailey treatment plant discharges approximately 0.4 kg N/person each year into the Big
Wood River.

The Ketchum/Sun Valley wastewater treatment plant provides secondary treatment of
domestic and commercial wastewater (Swindell 2003). Table 4-20 summarizes the

important effluent concentrations from the Ketchum/Sun Valley treatment plant.

Table 4-20: Concentrations of Nitrogen in Ketchum Sewage Treatment Plant Effluent
(Swindell 2003)

Nitrogen Effluent Concentration
Species (mg N/L)
TKN [NH; + org. N] 0.8
Nitrate [NO5] 9.6
Total N 10.4

The average daily effluent flow rate at this treatment plant is 5.9 million L/day, which
discharges directly into the Big Wood River (Swindell 2003). These flow rate and
concentration data produce an average annual nitrogen load of 22,400 kg N/yr. On a per
capita basis, the Ketchum/Sun Valley treatment plant discharges approximately 4.3 kg

N/person each year into receiving water bodies.

In total, sewage treatment plants discharge 29,300 kg of nitrogen to the surface water
bodies of the watershed each year. This is the largest nitrogen input from residential
sources. It is important to remember the differences in the level of wastewater treatment

that are embedded in wastewater nitrogen load values.
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Table 4-21: Summary of Per Capita Nitrogen Inputs to Receiving Water Bodies from
Treated Wastewater

Type of Treatment | Per Capita N Input | Total Nitrogen Load
(kg Niyr) (kg Niyr)

Septic
(secondary) 1.2 13,300
Bellevue
WWTP (secondary) 2.3 4,500
Ketchum/Sun Valley
WWTP (secondary) 4.3 22,400
Hailey
WWTP (tertiary) 04 2,666

As illustrated by nitrogen concentrations in the effluent from the Hailey wastewater
treatment plant, the implementation of tertiary treatment drastically reduces both per
capita and total nitrogen loads from wastewater to receiving water bodies. Figure 4-21
depicts the relative proportion of the total residential nitrogen load that originates from

the different residential nitrogen sources.
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Figure 4-21: Relative Magnitude of Source Nitrogen Loads from Residential Areas

4.2.5. Impervious Surfaces
The impervious surfaces land use category includes mainly urban, commercial, and
industrial land areas within the watershed. The only nitrogen input to these land areas is

from atmospheric deposition. Because these areas are defined as impervious, the BEANS
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model assumes the nitrogen inputs enter the groundwater by running off into stormwater

drains that discharge directly into the subsurface through dry wells.

Atmospheric Deposition: The annual atmospheric deposition rate of 2 kg N/ha 1s applied
to the 48,000 ha of impervious surfaces within the Wood River Valley watershed.
Because this nitrogen is transferred directly to the subsurface without percolating through
soils, 100% of the nitrogen introduced from atmospheric deposition is transported into
the subsurface. Below impervious surfaces, 91,000 kg of nitrogen from atmospheric

deposition enters the subsurface.

Losses in the Vadose Zone and Aquifer: Sixty-one percent of the 91,000 kg of nitrogen
entering the subsurface below impervious surfaces is lost in the vadose zone, leaving
approximately 35,000 kg to travel through the aquifer (Valiela et al. 1997, Brawley et al.
2000). On average, nitrogen inputs to impervious surfaces are approximately 2 kg N/ha.
This is a moderate input considering other land uses in the watershed, so the BEANS
model assumes 35% of the remaining nitrogen is removed by denitrification as
groundwater moves through the aquifer (Rupert 1996, Pabich (submitted)); consequently,
we estimate that approximately 23,000 kg of nitrogen from impervious surfaces is able to
enter the surface waters of the watershed. Figure 4-22 depicts the relative proportion of

this mass that originates from the nitrogen sources from impervious surfaces.
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Figure 4-22: Relative Magnitude of Source Nitrogen Loads from Impervious Surfaces

4.2.6. Natural Vegetation
The natural vegetation land use category includes forest and tundra areas within the

watershed. The only nitrogen input to these areas is from atmospheric deposition.

Atmospheric Deposition: The annual atmospheric deposition rate of 2 kg N/ha is applied
to the 115,000 ha of natural vegetation within the watershed. Sixty-five percent of this
nitrogen is retained in plants and soils, allowing 76,000 kg of nitrogen from atmospheric

deposition to enter subsurface below natural vegetation.

Losses in the Vadose Zone and Aquifer: Sixty-one percent of the 76,000 kg of nitrogen
entering the subsurface below natural vegetation is lost in the vadose zone, leaving
29,500 kg to travel through the aquifer (Valiela et al. 1997, Brawley et al. 2000). On
average, less than 1 kg N/ha is input to natural vegetation land areas, which is the lowest
nitrogen input to any land use in the watershed. Because of the small nitrogen input to
these land areas, the BEANS model assumes that only 30% of the remaining nitrogen is
removed by denitrification as groundwater moves through the aquifer (Rupert 1996,
Pabich (submitted)). The BEANS model estimates that 20,700 kg of nitrogen from
natural vegetation is able to enter the surface waters of the watershed. Figure 4-23
depicts the relative proportion of this nitrogen mass that originates from the different

nitrogen sources considered.
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Figure 4-23: Relative Magnitude of Source Nitrogen Loads from Natural Vegetation

4.2.7. Water
The only direct input of nitrogen to ponds and reservoirs within the watershed is from

atmospheric deposition.

Atmospheric Deposition: The annual atmospheric deposition rate of 2 kg N/ha is applied
to the surface areas of the 18 ponds, lakes, and reservoirs within the watershed. These
water bodies have a combined surface area of 2,000 ha, so the total atmospheric
deposition input is about 4,000 kg of nitrogen. Lakes and ponds have been shown to
retain about 55% of nitrogen inputs (Valiela et al. 1997, Brawley et al. 2000, Brawley et
al. 2000). Overall, we estimate that 1,700 kg of nitrogen from atmospheric deposition is
transported through the surface water body system within the watershed. Figure 4-24
depicts the relative proportion of this mass that originates from the different nitrogen

sources considered.
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Figure 4-24: Relative Magnitude of Source Nitrogen Loads from Lakes and Reservoirs
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5. BEANS MODEL RESULTS

The BEANS model predicts an annual total nitrogen load to the Wood River Valley
watershed of 664,500 kg. This predicted mass incorporates a 20% loss due to instream
denitrification. This mass is 30% of the total nitrogen inputs to the watershed, which is
consistent with the relationship between riverine nitrogen exports and watershed nitrogen
inputs observed by Howarth et al. (1996) and Boyer et al. (2002). Howarth et al. (1996)
report that riverine nitrogen exports are approximately 20% of net anthropogenic nitrogen
inputs, and Boyer et al. (2002) report that riverine N exports are approximately 25% of

total nitrogen inputs.

The BEANS annual nitrogen load is equivalent to an average nitrogen yield of 0.98 kg
N/ha. As discussed in Chapter 3 of this thesis, nitrogen loss from aquifer denitrification is
the least well-understood parameter in the model and varies both between and within
watersheds as a function of nitrate concentration, the availability of dissolved organic
carbon (DOC), and the presence of anaerobic conditions (Starr and Gillham 1993). The
BEANS model assumes denitrification losses ranging from 30% to 40% depending on
land use and the magnitude of nitrogen inputs (Rupert 1996, Valiela et al. 1997).
Considering the area of land to which different denitrification losses are applied, the
average watershed denitrification rate is approximately 37%, which is consistent both
with denitrification losses measured in Idaho by the USGS (0-40%, Rupert 1996) and
with the 35% loss rate that is used in the WBLMER model (Valiela et al. 1997, Brawley
et al. 2000). While an average 37% loss is probably a good estimate of average watershed
denitrification losses, it is possible that denitrification losses within certain areas of the
watershed are as low as 0% and as high as 40%. To gain an understanding of the
sensitivity of the total nitrogen load to the value of denitrification losses, we recalculate

the total nitrogen load using a range of average watershed denitrification loss values.
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Table 5-1: Sensitivity of Watershed Nitrogen Load and Yield to Denitrification Loss
Values

Average Total Nitrogen | Average Nitrogen
Denitrification Loss Load (kg N) Yield (kg N/ha)

0% 1,050,000 1.54

5% 997,000 1.47

10% 946,000 1.39

15% 894,500 1.32

20% 843,000 1.24

25% 792,000 1.16

30% 740,000 1.09

35% 689,000 1.01
37% 664,500 0.98

40% 637,000 0.94

Increasing the denitrification loss value by 5% causes a corresponding decrease in the
total nitrogen load of about 51,000 kg of nitrogen, which is 7.7% of the watershed
nitrogen load estimated by the BEANS model. Since the total watershed area is about
680,000 ha, the average nitrogen yield increases by 0.08 kg N/ha for each 5% decrease in

average denitrification loss.

To put the watershed nitrogen load estimated by the BEANS model into context, we
compare our average nitrogen yield for the Wood River Valley watershed to nitrogen
yields for 16 watersheds in the northeastern United States. These watershed nitrogen

yields were calculated from streamflow nitrogen export data (Boyer et al. 2002).
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Table 5-2: Riverine Nitrogen Export from 16 Watersheds in the Northeastern U.S.
(adapted from Boyer et al. 2002).

Watershed Nitrogen Load (kg N/ha)
BEANS 0.98
James 3.1
Penobscot 3.2
Kennebec 3.3
Saco 39
Androscoggin 4.0
Rappahannock 4.7
Hudson 5.0
Merrimack 5.0
Connecticut 54
Mohawk 8.0
Potomac 9.0
Delaware 9.6
Susquehanna 9.8
Blackstone il
Charles 18
Schuylkill 18

The nitrogen yield for the Wood River Valley watershed is smaller than any of the yields
calculated for these 16 Northeastern watersheds. The difference can be attributed to a
much greater atmospheric deposition in the northeastern U.S. than in the northwestern
U.S. (NADP 2003). The average annual atmospheric deposition rate for these 16
watersheds is 9.6 kg N/ha (Boyer et al. 2002) compared to 2 kg N/ha in the Wood River
Valley. Additionally, Northeastern watersheds receive more annual precipitation than the
Wood River Valley watershed (Figure 5-1). Average annual precipitation in the Wood
River Valley is about 37 cm/year (NADP 2003); whereas, average precipitation in the 16
Northeastern watersheds is 111 cm/yr (Boyer et al. 2002), three times that occurring in
the Wood River Valley.
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Figure 5-1: Variation in Annual Precipitation Rate

This difference in precipitation rate suggests that a certain nitrogen load in an eastern
watershed would create a lower (approximately three times lower) surface water nitrogen
concentration than it would in the Wood River Valley Watershed because the volume of

water available to dissolve the nitrogen is greater in an eastern watershed.

The calculated nitrogen yield for the Wood River Valley Watershed (0.98 kg N/ha) is
most similar to the nitrogen yields from the Penobscot (3.2 kg N/ha), Kennebec (3.3 kg
N/ha), and James (3.14 kg N/ha) Watersheds in the Northeast. Because both the
calculated nitrogen yield and the precipitation rate in the Wood River Valley are about
one third of the nitrogen yields and precipitation rates in these eastern watersheds, we
would expect to see relatively similar nitrogen concentrations in the Wood River Valley,

Penobscot, Kennebec, and James Watersheds.
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5.1. NITROGEN LOAD BY LAND USE
Table 5-3 summarizes the mass of nitrogen that originates from each of the land uses
considered in the BEANS model: cropland, rangeland, residential, feed-lots, impervious

surfaces, natural vegetation, and water

Table 5-3: Individual Land Use Contributions to the Total Watershed Nitrogen Load

Land Use Annual Nitrogen Load (kg)
Rangeland 302,000
Cropland and Pasture 277,000
Residential 37,000
Feed Lots 13,000
Impervious Surfaces 18,000
Natural Vegetation 16,500
Water 500
Total 664,500

Rangeland and agricultural areas contribute the largest portion of the total mass, and their

mass contributions are almost equal.

Impervious
Feed Lots Surfaces Natural Vegetation ORangeland

2% 2%

Residential
6%

(+]

@ Cropland and Pasture

Residential

B Feed Lots

O Impervious Surfaces

O Natural Vegetation

Figure 5-2: Percentage of Nitrogen Load Originating from Each Land Use Type

Overall, rangeland and cropland account for 87% of the total nitrogen load, suggesting
that land use changes that convert land used for agriculture to other land uses that have
smaller nitrogen yields will have a net effect of decreasing the total watershed nitrogen

load. Alternatively, land use changes in areas that are currently residential areas, feed-
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lots, impervious surfaces, or natural vegetation will have smaller effects on the magnitude

of the watershed nitrogen load.

In the GIS, we assign nitrogen yields to specific land areas within the watershed allowing

comparison of the relative nitrogen contributions from specific land parcels.

[ ] Watershed Boundary
Nitrogen Yield (kg N/ha)

Figure 5-3: Nitrogen Yield throughout the Wood River Valley Watershed

As shown in Figure 5-3, the majority of the land area within the watershed contributes
less than 1 kg N/ha, which is consistent with the average watershed nitrogen yield of 0.98
kg N/ha discussed earlier. Additionally, those land use types that contribute the largest

total mass of nitrogen to the watershed do not necessarily have the largest nitrogen yields.

Agricultural land and rangeland introduce the largest total mass of nitrogen (Table 5-3) to
the watershed, but feed-lots and residential areas have the highest nitrogen yields.
Relative nitrogen yields of different land uses determine how converting land areas
between land uses will affect the magnitude of the total nitrogen load to the watershed.
Converting a given land area to a land use that has a higher nitrogen yield than the

current use will increase the total nitrogen load to the watershed; likewise, converting a
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land area to a land use with a smaller nitrogen yield will reduce the watershed nitrogen

load.

The nitrogen yields calculated by the BEANS model are on the low end of ranges
reported in the literature and calculated by the USGS SPARROW model; however, the
BEANS values appear consistent with these reported values when we consider that
atmospheric deposition in the Wood River Valley is significantly lower than it is in other
parts of the U.S. and that atmospheric deposition inputs are applied uniformly across all

land use types in a watershed.

Table 5-4: Nitrogen Yield by Land Use

Land Use BEANS Nitrogen Literature SPARROW Nitrogen
Yields (kg N/ha) | Yields “ (kg N/ha) Yields (kg N/ha)

Feed-Lots 59.8 - --

Residential 16.9 1.6 —38.5 3.6-175
Cropland 4.4 0.8-79.6 22-425
Pasture 4.4 0.1-30.8 8.5 -20.8
Rangeland 0.7 1.5-6.8 04-74
Impervious Surfaces 0.4 1.6 - 38.5 3.6-175
Natural Vegetation 0.1 0.1-10.8 1.8-11.2

-- No literature values reported. SPARROW model does not calculate nitrogen yields for agricultural feed
lots.

% Total nitrogen yields reported in literature reviews (Alexander et al. 2000, Beaulac and Reckhow 1982,
Frink 1991, Ritter 1988). The ranges listed for residential and impervious surfaces are those reported for
urban areas in the literature.

Table 5-4 reports the average nitrogen yield calculated by the BEANS model for each
land use category considered, which allows us to consider how land use changes in the
watershed will affect the total watershed nitrogen load. Feed-lots have the highest
nitrogen yield in the watershed, so converting land that is now used as a feed-lot into any
other land use will reduce the watershed nitrogen load. Residential areas have the second
greatest nitrogen yield, so converting residential areas into any land use other than feed-
lots will reduce the total nitrogen load. The magnitude of these reductions will depend on

the area of land that is converted from feed-lots or residential areas.
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Despite the fact that the mass introduced from agricultural areas is much larger than the

mass introduced from residential areas, converting agricultural areas into residential areas

will increase the watershed nitrogen load because the nitrogen yield from residential

areas is greater than that from agricultural areas. On average, each hectare of cropland or

pasture that is converted to residential use will add an additional 12.5 kg of nitrogen to

the watershed nitrogen load. Currently, there are approximately 84,500 ha of cropland

and pasture in the watershed. If this entire area were converted to residential uses, the

watershed nitrogen load would increase by 1,100,000 kg N/yr, which is a 160% increase.

This increase assumes that population density on newly converted residential lands and

the level of wastewater treatment would remain the same as they are currently in

residential areas. The effect of population density and wastewater treatment on watershed

nitrogen load are discussed in greater detail later in this thesis, as are the effects of other

possible agricultural to residential land conversions.

Figure 5-3 illustrates that nitrogen yields are not constant across all parcels of the same

type of land use. This is especially noticeable within the residential and agricultural land

use categories. The average nitrogen yield for residential areas is 17 kg N/ha, but the

specific values range from 11 kg N/ha for residential areas connected to the Hailey

wastewater treatment plant to 41 kg N/ha for residential areas in the Town of Bellevue.

Differences in the magnitude of nitrogen yields from different residential areas illustrate

not only variations in the level of wastewater treatment but also differences in the

residential population densities.

Table 5-5: Variation in Nitrogen Yields from Residential Land Areas

Residential Area Nitrogen Yield Residential Population Per Capita N Load
L (kg N/ha) Density (people/ha) (kg N/person)
Hailey 11 20 0.43
Septic 12 10 1.1
Ketchum/Sun Valley 33 7 4.3
Bellevue 41 18 2.3

The City of Hailey has the highest residential population density, but because its tertiary

wastewater treatment plant is effective at removing nitrogen, residential areas within the
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city maintain the lowest nitrogen yield. Bellevue, which has a similar residential
population density to Hailey, has the highest nitrogen yield because its wastewater
treatment facility is less efficient at removing nitrogen than the Hailey facility. The
Ketchum/Sun Valley treatment plant, which is the least efficient at removing nitrogen on
a per capita basis, has a lower nitrogen yield than Bellevue because its residential
population density is less than half of Bellevue’s. In a linear regression over all the
residential land use area in the watershed, nitrogen yield is not correlated to population

density (R? = 0.0) but is positively correlated to per capita nitrogen load (R*= 0.55).

The average nitrogen yield for agricultural areas is 4.4 kg N/ha, but the specific values
range from 0.9 kg N/ha for agricultural area 4 to 7.0 kg N/ha for agricultural area 5.
Differences in the magnitude of nitrogen loads from different agricultural areas illustrate
variations in localized fertilizer application rates, in the percentage of the area dedicated
to nitrogen fixing crops like alfalfa and dry beans, and in the percentage of the area
dedicated to pasture, which determines the magnitude of the nitrogen input from animal

waste.

Table 5-6: Variation in Nitrogen Yield from Agricultural Land Areas

Agricultural | Nitrogen Yield Fertilizer Application | % N-fixing | Y%-Pasture
Area (kg N/ha) Rate (kg N/ha)

Area 4 0.9 0 0% 100%
Area 3 6.2 112 0% 0%
Area 1 2.0 6 18% 82%
Area 7 4.0 56 9% 53%
Area 2 4.3 49 23% 49%
Area 6 6.7 60 66% 0%
Area 5 7.0 33 100% 0%

Nitrogen yield is negatively correlated to pasture percentage (R* = 0.51). This is
consistent with the fact that area 4, which is dedicated entirely to pasture, has the lowest
nitrogen yield. Nitrogen yield 1s most strongly correlated to nitrogen-fixing percentage
(R2 = 0.95). This correlation is positive, so it follows that area 5, which is dedicated
entirely to nitrogen-fixing crops, has the highest nitrogen yield. Fertilizer application rate

is not correlated to nitrogen yield (R2 =0.0).

Page 93




The fact that agricultural nitrogen yields are positively correlated to nitrogen-fixing
percentage and negatively correlated to pasture percentage implies how land use changes
within agricultural areas will impact the total nitrogen yield from these areas. For
example, converting an area that is currently used for pasture into cropland will increase
the nitrogen yield, and this effect will be greater if the crop is a nitrogen-fixing crop like
alfalfa or dry beans. Likewise, converting an area that is currently used as cropland into
pasture will decrease the nitrogen yield, and converting an area from alfalfa or dry beans

to pasture will provide an even greater decrease in total nitrogen yield.

5.2.  NITROGEN LOAD BY SOURCE

Rather than describing the total nitrogen load from a land use perspective, the nitrogen
load can also be categorized based on the sources from which the nitrogen originates (i.e.:
atmospheric deposition, fertilizer applications, nitrogen fixation, animal waste, and
wastewater). Figure 5-4 illustrates the relative contribution of nitrogen sources to the

nitrogen load from each land use type.
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Figure 5-4: Relative Magnitude of Source Nitrogen Loads from Each Land Use Type
(Ag. = cropland and pasture; Feed = feed-lots; Range. = rangeland; Res. = residential land; Imp. =
impervious surfaces; Nat. Veg. = natural vegetation; fix. = fixation; fert. = fertilizer applications; atm. dep.
= atmospheric deposition)
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Figure 5-4 shows that fertilizer applications and cattle waste are the largest sources of
nitrogen to the watershed. Table 5-7 summarizes the mass of nitrogen that originates

from each nitrogen source.

Table 5-7: Individual Source Contributions to the Total Watershed Nitrogen Load

Nitrogen Source Annual Nitrogen Load (kg)
Cattle Waste 273,000
Fertilizer 188,000
Atmospheric Deposition 100,000
Nitrogen Fixation 69,000
Sewage 23,000
Septic Systems 9,800
Sheep Waste 760
Hog Waste 150
Chicken Waste 10

sewage septic systems -
4% 1% B animal waste: cattle

Ofertilizer

O atmospheric deposition

atmospheric
deposition fixati
15% , IXation
Osewage

B septic systems

Figure 5-5: Percentage of Nitrogen Load Originating from Each Source

Because the combined inputs from septic and sewage contribute only 5% of the total
nitrogen load, changes in watershed population will increase the watershed nitrogen load
but the magnitude of this increase will be relatively small. The exception may be the area
of the Big Wood River Watershed north of the Town of Bellevue. This sub-watershed
houses the majority of the watershed population (79%) but constitutes only 33% of the

total watershed area; therefore, it has a much higher average population density than the
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rest of the watershed. Additionally, this section of the watershed has undergone rapid
population growth in recent decades, so it is possible that nitrogen inputs from residential
sources will have a larger effect on the magnitude of the nitrogen load to this sub-

watershed.

5.3. UPPER VALLEY WATERSHED NITROGEN LOAD
The BEANS model is applied separately to the section of the Big Wood River Watershed

that is north of the Town of Bellevue (Figure 5-6).

@ Upper Valley Boundary
[ ] Watershed Boundary

Figure 5-6: Location of the Upper Valley Sub-Watershed

This sub-watershed contains the cities of Ketchum, Sun Valley, and Hailey.
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Figure 5-7: BEANS Land Use Category Areas in the Upper Valley Watershed

The total land area in the Upper Valley Watershed is approximately 223,000 ha, which is
33% of the 680,000 ha in the entire watershed.

Table 5-8: Relative Land Use Areas in the Upper Valley Watershed Compared to the
Entire Watershed

Land Use Upper Valley Wood River Valley
Watershed Area (ha) Watershed Area (ha)

Rangeland 106,000 | 47% 428,000 | 63%
Natural Vegetation 97.300 | 44% 115,000 | 17%
Cropland and Pasture 10,800 | 5% 84,500 | 12%
Impervious Surfaces 7,300 | 3% 48,200 | 7%
Residential Areas 1,700 | 1% 2,200 | 0%
Ponds and Reservoirs 34| 0% 2,000 | 0%
Feed lots 6| 0% 215 | 0%

Similar to the watershed as a whole, rangeland is the most common land use within the
Upper Valley Watershed but is less prevalent than it is on the watershed scale. Rangeland
is almost equal in area to natural vegetation, which is much more prevalent in the upper
valley because of the presence of the Sawtooth National Recreation Area. Agricultural
land and impervious surfaces are both less common in the Upper Valley, but residential

areas are more common, constituting [ % of the sub-watershed area.
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The total nitrogen load to the Upper Valley Watershed is estimated by the BEANS model
to be approximately 165,000 kg N/year. This mass is approximately 25% of the total
watershed nitrogen load. Because the Upper Valley is 33% of the total watershed area,
this sub-watershed contributes a smaller than average nitrogen load compared to other
sections of the watershed. The average nitrogen yield for the Upper Valley Watershed is
0.74 kg N/ha compared to the average nitrogen yield for the entire watershed of 0.98 kg
N/ha.

The Upper Valley nitrogen load originates from all seven land-use types, but the relative
magnitudes of land use nitrogen loads are different than they are in the entire watershed.
Table 5-9 summarizes the mass of nitrogen that originates from each land use in the

Upper Valley.

Table 5-9: Individual Land Use Contributions to the Upper Valley Watershed Nitrogen
Load

Land Use Annual Nitrogen Load (kg)

Rangeland 80,900
Cropland and Pasture | 34,100
Residential | 31,700
Natural Vegetation 15,200
Impervious Surfaces 2,800
Feed Lots | 350
Water 8

Rangeland, agricultural land, and residential areas are the largest contributors of nitrogen,
as they are in the whole watershed model. The magnitudes of nitrogen inputs from
rangeland and agricultural land are approximately equal in the watershed model, but in
the Upper Valley cropland contributes less than half the mass of nitrogen that rangeland
contributes. Additionally, residential land remains the third largest nitrogen contributor,
but the mass of nitrogen from residential land in the Upper Valley Watershed represents
86% of the total watershed residential nitrogen contribution (37,000 kg N/yr). This is
consistent with the fact that 19,000 people, 79% of the total watershed population, live

within the Upper Valley Watershed boundary.
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Figure 5-8: Percentage of Upper Valley Watershed Nitrogen Load Originating from
Each Land Use Type

In the Upper Valley, residential areas are responsible for 19% of the total nitrogen load
compared to only 6% of the entire watershed nitrogen load. Because of the increased
significance of residential nitrogen sources when considering only the Upper Valley, it is
possible that continuing development and population growth in this area could have a
greater effect on the magnitude of the sub-watershed nitrogen load and consequently

local surface water quality.

Considering the Upper Valley nitrogen load from a source perspective, the relative

magnitude of the nitrogen contribution from wastewater noticeably increases.
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Figure 5-9: Percentage of Upper Valley Watershed Nitrogen Load Originating from
Each Source

The septic system nitrogen load is 3% of the total nitrogen load in the Upper Valley
compared to 2% in the entire watershed, and the load from wastewater treatment plants is

14% instead of only 4%.

In this sub-watershed, where wastewater nitrogen contributes 17% of the total nitrogen
load, the level of wastewater treatment can have a significant effect on the magnitude of
the total nitrogen load. Currently in the Upper Valley, 33% of the population receives
tertiary treatment of their wastewater from the Hailey treatment plant, which has an
annual per capita nitrogen yield of 0.43 kg N/person. Another 31% of the population
relies on septic systems, which have an annual per capita nitrogen yield of 1.1 kg
N/person. The remaining 36% of the population receives secondary treatment of their
wastewater. The Bellevue treatment plant has an annual per capita nitrogen yield of 2.3

kg N/person, while the Ketchum/Sun Valley yield is 4.3 kg N/person.

The BEANS model estimates that the current population contributes a total mass of
28,700 kg of nitrogen to the Big Wood River each year from combined wastewater
inputs. To illustrate the importance of the level of wastewater treatment to nitrogen load

magnitude, we consider how the Upper Valley nitrogen load would change if the
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distribution of the population across different levels of wastewater treatment were to
change. Table 5-10 shows the magnitudes of the total Upper Valley Watershed nitrogen
load and the wastewater nitrogen load if the current population was switched entirely to

one type of wastewater treatment plant.

Table 5-10: Effects of Changing Level of Wastewater Treatment on Upper Valley
Watershed Nitrogen Load

Level of Wastewater Upper Valley Total | Upper Valley Wastewater
Treatment Nitrogen Load (kg) | Nitrogen Load (kg)
Current Condition 165,000 28,700
All Secondary

(Ketchum/Sun Valley) 201,900 65,600
All Secondary

(Bellevue) 171,600 35,300
All Septic 153,600 17,300
All Tertiary 142,800 6,500

Switching the entire population over to secondary treatment similar to that performed at
the Ketchum/Sun Valley or the Bellevue plants would cause an increase in the Upper
Valley nitrogen load. This increase would be smaller for the Bellevue level of treatment
because the per capita nitrogen yield from Bellevue is smaller. Switching the entire
current population over to septic systems or tertiary wastewater treatment like that

performed at the Hailey treatment plant would decrease the Upper Valley nitrogen load.

5.4. NORTHERN VALLEY WATERSHED NITROGEN LOAD

To investigate the effects of residential nitrogen inputs on an even smaller scale, we sub-
divide the watershed again to consider a section of the Big Wood River Valley beginning
at its northern border and extending south to include the cities of Ketchum and Sun
Valley. This sub-watershed is referred to as the Northern Valley Watershed (Figure 5-
10).
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Figure 5-10: Location of the Northern Valley Sub-Watershed

There are two reasons for running the BEANS model this section of the watershed

separately from the rest of the watershed:

1. Most of the recent population growth in the watershed has occurred in the

Ketchum/Sun Valley area.

2. The valley is very narrow just south of Ketchum, which funnels all of the
groundwater and nitrogen that is input into the watershed above this point through
a small cross-sectional area of the aquifer. This local hydrogeology could cause

elevated nitrogen concentrations at the outlet of this sub-watershed.

The total land area in the Northern Valley is about 101,000 ha, or 15% of the total

watershed area.
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Figure 5-11: BEANS Land Use Areas in the Northern Valley Watershed

The relative magnitude of different land areas in the Northern Valley is noticeably
different than it is in both the Upper Valley and the overall watershed. Rangeland is no

longer the most abundant land use. Natural vegetation is the most common land use, and

no feed-lots are present.

Table 5-11: Relative Land Use Areas in the Northern Valley Compared to the Entire
Watershed

Land Use Northern Valley Wood River Valley
Watershed Area (ha) Watershed Area (ha)

Rangeland 29.100 | 29% 428,000 | 63%
Natural Vegetation 65,200 | 65% 115,000 | 17%
Cropland and Pasture 210 | 0% 84,500 | 12%
Impervious Surfaces 5400 | 5% 48,200 | 7%
Residential Areas 1,000 | 1% 2200 | 0%
Ponds and Reservoirs 30 0% 2,000 | 0%
Feed-lots 0| 0% 215 | 0%

Rangeland and agricultural areas are noticeably less common in the Northern Valley than
they are in the overall watershed. Residential areas are more common, but have a similar

land area to that observed in the Upper Valley Watershed.
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The total nitrogen load to the Northern Valley Watershed estimated by the BEANS
model is 55,600 kg N/year. This mass is approximately 8% of the total watershed
nitrogen load. Because the Northern Valley is 15% of the total watershed area, this
watershed contributes a smaller than average nitrogen load compared to other sections of
the watershed. Its relative nitrogen load is also smaller than that contributed by the Upper
Valley Watershed. The average nitrogen yield for the Northern Valley Watershed is 0.55
kg N/ha compared to 0.74 kg N/ha and 0.98 kg N/ha for the Upper Valley Watershed and

entire watershed respectively.

Because there are no feed-lots in the Northern Valley, the nitrogen load for this sub-
watershed originates from only six of the land use categories considered in the BEANS
model. Table 5-12 summarizes the mass of nitrogen that originates from each land use in

the Northern Valley.

Table 5-12: Individual Land Use Contributions to the Northern Valley Watershed
Nitrogen Load

Land Use Annual Nitrogen Load (kg)
Rangeland 22,300
Cropland and Pasture 540
Residential 20,600
Natural Vegetation 10,200
Impervious Surfaces 2,000
Water 7|

Rangeland and residential areas are the largest contributors of nitrogen to the Northern
Valley Watershed. Natural vegetation areas contribute about half the mass from either of
the previous land uses. While cropland and pasture combined is the second largest
contributor to both the Upper Valley and the total watershed, these land uses contribute
only a small mass of nitrogen to this sub-watershed. Instead, residential areas are now the
second largest contributor of nitrogen. The mass input from residential areas in the
Northern Valley is 37% of the total watershed residential nitrogen load, but the sub-

watershed contains only about 25% of the total watershed population. This is to say that a
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quarter of the watershed population contributes more than half of the residential nitrogen
load to the watershed as a whole.
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Figure 5-12: Percentage of Northern Valley Watershed Nitrogen Load Originating from
Each Land Use Type

In the Northern Valley, residential areas are responsible for 37% of the total nitrogen load
compared to 19% and 6% in the Upper Valley and entire watershed respectively. This
increase in the relative magnitude of residential nitrogen largely has to do with an

increase in the portion of the nitrogen load coming from wastewater inputs.
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Figure 5-13: Percentage of Northern Valley Watershed Nitrogen Load Originating from
Each Source

Septic systems contribute only 1% of the Northern Valley nitrogen load, which is a
smaller percentage than its relative contribution to the Upper Valley and overall

watershed; however, the sewage input grows to 32% of the total nitrogen load.

In this sub-watershed, where wastewater contributes 33% of the total nitrogen load, the
level of wastewater treatment can drastically affect the magnitude of the total nitrogen
load. Currently in the Northern Valley, 14% of the population relies on on-site septic
systems for treatment of its wastewater and the remaining 86% is connected to the
Ketchum/Sun Valley wastewater treatment plant. The Ketchum/Sun Valley treatment
plant employs the least effective method of nitrogen removal currently in use in the
Wood River Valley. The annual per capita nitrogen yield from this wastewater treatment

plant is 4.3 kg N/person.

The Northern Valley Watershed nitrogen load would decrease if the population now
using the Ketchum/Sun Valley treatment plant were to convert to any other available
wastewater treatment method. To illustrate the importance of wastewater treatment level
to the magnitude of the Northern Valley nitrogen load, we consider how this nitrogen

would change in response to changes in wastewater treatment level. Table 5-13 shows the
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magnitude of the Northern Valley nitrogen load and the wastewater nitrogen load for

different levels of wastewater treatment.

Table 5-13: Effects of Changing Level of Wastewater Treatment on Northern Valley
Watershed Nitrogen Load

Level of Wastewater Northern Valley Total | Northern Valley Wastewater
Treatment Nitrogen Load (kg) Nitrogen Load (kg)

Current Condition 55,600 18,700
All Secondary

(Ketchum/Sun Valley) 57,700 20,800
All Septic 42,400 5,500
All Tertiary 39,000 2,100

Switching the entire population over to septic systems would reduce the current nitrogen
load to the Northern Valley by 24%, but could potentially cause extremely high local
groundwater nitrogen concentrations. Local septic system conditions are discussed later
in this thesis. If the entire population were switched over to tertiary wastewater treatment,
the total nitrogen load would be reduced by 30%. If the population that is currently on
septic stayed on septic and the Ketchum/Sun Valley plant were upgraded to a tertiary
plant like that in Hailey, the total nitrogen load to the Northern Valley would be reduced
by 29% to 39,500 kg N/year.
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6. OBSERVED NITROGEN CONCENTRATIONS AND LOADS

The United States Geologic Survey (USGS) maintains a stream gaging and water quality
monitoring station at the outflow of the Wood River Valley Watershed. The station is
named Malad River near Gooding, Idaho (station # 13152500) and is located just below

the confluence of the Big Wood and Little Wood Rivers.
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Figure 6-1: Location of USGS Malad River Gaging Station near Gooding Idaho

We use in-stream nitrogen concentrations measured at this station and daily streamflow
data to calculate the mass of nitrogen leaving the watershed through streamflow each
year. To evaluate the accuracy of the BEANS model, we compare our predicted
watershed nitrogen load to masses calculated from USGS nitrogen concentration and

streamflow data.

The nitrogen species measured at the Malad River are nitrate (NO5') and Total Kjeldahl
Nitrogen (TKN), which includes organic nitrogen and ammonia (NH3). Total nitrogen
concentrations reported here are the sum of nitrate and TKN concentrations in units of
mg N/L. Generally, nitrogen concentrations are measured once monthly. There are only
six years in which the USGS measured in-stream nitrogen concentrations during at least

six months of the year. Table 6-1 lists the nitrogen data available from these six years.
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Table 6-1: Available Total Nitrogen Concentration Data from USGS Malad River
Gaging Station

Total Nitrogen Concentrations (mg N/L)

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sep. | Oct. | Nov. | Dec.
1993 | -- -- - 1.07 1 0.65] 1.26 | 0.35) 046 | 0451 0.25| 054 | 1.3
1994 1.3 | 1.7 { 1.07 [095]055]045 1035 03510351055] -- 1.8
1995201 {099 | 053 | 1.13 {056 | 0.63 | -- | 045 | -- -- -- -
1996 | -- -- - 1081 [1059]035]025| 22 | 57 -~ -- --
1997 | -- -- -- [ 0881051053048 058 | 039 -- -- -
2000 | -- -- -- 1064055050038 037|043 | -- -- -~

--: No data available.

The data set is rather limited with respect to calculating the mass of nitrogen leaving the
watershed each year. Data are most often missing during the winter months, November to
April. In order to calculate annual nitrogen masses, we must make some assumptions
about nitrogen concentrations during the times when we do not have specific

concentration measurements.

The first assumption we make involves nitrogen concentrations during a month in which
an actual measurement has been made. Within a given month, we assume that nitrogen
concentrations on days other than the day on which the measurement was made are
similar to concentrations on the measured day. For example, we assume that the in-
stream nitrogen concentration is 0.64 mg N/L for every day in April 2000. The second
assumption involves nitrogen concentrations during months in which no measurement is
made. Because no specific data points are available, we assign to these months average
nitrogen concentrations derived from the other months of the calendar year when data are
available. Rather than using an average annual concentration, we use an average winter
concentration for missing concentrations in November through April and an average
summer concentration for missing concentrations in May through October. Seasonal
averages rather than annual averages are used because variation in nitrogen

concentrations shows a seasonal pattern (Figure 6-2).

Page 110




2.5

. - = = 1993
3 2
2 N\ e
e P L 1994
£ \ .
= 15 =
§ \ ’ || = =1995
4 \ i .
£ AL ,
11\ 7 o , 1996
E I -T-‘l " : .
: AR SR . 1067
0.5 -~ PM}\:. '.I
e Same” 2000
0 T T T T T T T T

Month

Figure 6-2: Seasonal Variation in Nitrogen Concentration

With the exception of August 1996, nitrogen concentrations are lower in the summer than
in the winter. For the few years in which we have winter data, concentrations are highest
during December, January, and February, but they seem to increase in November and do
not significantly decline until April. In those years where April is the only winter
concentration measured (1996, 1997, 2000), the average winter concentration is equal to
the April concentration and, consequently, is likely to be considerably lower than true

concentrations.

Using seasonally averaged concentrations rather than annual average concentrations is
also supported by more comprehensive monitoring that has been conducted in Idaho as
part of the National Water Quality Assessment Program (Williamson et al. 1998). This
USGS study, summarizing water quality in the Central Columbia River Plateau in
Washington and Idaho between 1992 and 1995, reports that nitrogen concentrations are
highest during winter months. The explanation for this seasonal pattern is that, in the
winter, irrigation water is not delivered to streams and storms large enough to produce
runoff are rare; consequently, streamflow is low and groundwater is the predominant
source of nitrogen to surface waters (Williamson et al. 1998). When the main source of

nitrogen to surface waters is groundwater discharge, instream concentrations are highest
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because there is little dilution by irrigation canals or return flows (Williamson et al.
1998). Similar factors likely control instream nitrogen concentration in the Wood River
Valley Watershed, which explains the seasonal concentration variations observed in the

watershed.
Using the available data, the assumptions described above, and daily stream flows, we
calculate the mass of nitrogen leaving the watershed each year. Table 6-2 lists these

calculated masses.

Table 6-2: Baseflow Nitrogen Masses Calculated from Available USGS Data

Baseflow Nitrogen | Percent Difference from

Mass (kg N/yr) BEANS Nitrogen Load
1993 181,500 73%
1994 70,300 89%
1995 224,900 66%
1996 282,600 57%
1997 464,200 30%
2000 82,200 87%

Most of these calculated masses are the same order of magnitude as the BEANS mass of
664,500 kg N/year, but all of the masses are lower than the BEANS model estimate.
Calculating annual nitrogen mass using streamflow and in-stream concentration data
likely underestimates the true nitrogen mass for two reasons: 1) the available data set is
thinnest during winter months which appear to have elevated nitrogen concentrations and
2) the data set does not include peak concentrations or peak flows that are produced
during storm events. Smith et al. (1996) and Buffam et al. (2001) have both shown that
in-stream nitrogen concentrations are greater during stormflow than during baseflow.
Buffam et al. (2001) credit this concentration change during storms to the assumption that
hydrologic source areas and flow paths are different between baseflow and stormflow.
On average, dissolved organic nitrogen (DON) concentrations doubled during stormflow,

and nitrate concentrations increased by slightly more than double (Buffam et al. 2001).

To incorporate the effects of stormflow on annual nitrogen mass, we doubled nitrogen

concentrations during storms for each year and recalculated nitrogen mass. Storms were
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defined in two ways: 1) streamflow greater than 1.5 times the average annual flow rate

and 2) streamflow greater than twice the average annual flow rate.

Table 6-3: Baseflow and Stormflow Nitrogen Masses

Baseflow Nitrogen Stormflow Nitrogen Stormflow Nitrogen
Mass (kg N/yr) Mass (kg N/yr) Mass (kg N/yr)
Storms = 1.5 x flow Storms = 2 x flow
1993 181,500 257,200 225,800
1994 70,300 123,700 121,400
1995 224,900 338,200 331,400
1996 282,600 512,500 479,400
1997 464,200 744,100 735,000
2000 82,200 146,300 136,000

After adjusting for stormflow, all of the annual nitrogen masses are the same order of
magnitude as the BEANS mass, and the BEANS mass falls within the range of calculated
values. The calculated concentrations are still extremely variable from year to year. It is
unlikely that this variation is the result of drastic changes in nitrogen inputs to the
watershed from one year to the next because land use probably remained relatively
constant over the seven-year period. Rather, this variation may stem from the fact that a
year may be an arbitrary length of time with respect to nitrogen export from the
watershed. The BEANS model assumes that all of the nitrogen input into the watershed
in a given year is either lost or retained during transport or is flushed from the watershed
through streamflow. This assumption may not be true for every year. In years when water
is limited, there may not be enough water available to flush the entire annual mass of
nitrogen out of the watershed. In years when water is abundant, the river may flush not
only nitrogen inputs from the current year but also residual nitrogen from previous years.
This argument is supported by the fact that calculated annual nitrogen loads are directly

correlated to average annual stream flow.
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Figure 6-3: Correlation between Calculated Annual Nitrogen Loads and Average Annual
Streamflow

Both stormflow and baseflow nitrogen loads increase with increasing average flow rate
(R*=0.99). This relationship between nitrogen load and stream flow stems from the fact
that nitrogen concentrations in the rivers are relatively constant over time. Total nitrogen
concentrations observed over the last ten years range from 0.25 mg N/L to 2.2 mg N/L,
so as stream flow increases, nitrogen load increases by a relatively constant amount. This
small variability likely results from the fact that the majority of nitrogen sources in the
watershed are non-point sources. It is difficult to predict the magnitude of annual nitrogen
loads from non-point sources because these loads are tied to weather events. “While point
sources produce fairly regular flows across seasons and even years, non-point sources do
not. Loads are highest during rainy seasons and years with high precipitation, and
conversely lower at other times” (Faeth 2000). The correlation between nitrogen load and
steam flow makes predicting the annual mass of nitrogen exported from the watershed in
a given year difficult because the average annual flow rate cannot be known ahead of
time; however, these data do support the value of the annual nitrogen load calculated by
the BEANS model. If all of the nitrogen that is input into the watershed (and is not lost
during transport) in a given year is exported through the rivers in that same year, then

664,500 kg N/yr is a good estimate of that annual nitrogen load.
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7. USGS SPARROW MODEL

The Wood River Valley Watershed nitrogen load predicted by the BEANS model differs
significantly from that predicted by the USGS SPARROW model (Smith et al. 1997) for
both the total mass of nitrogen delivered to the river and the relative nitrogen source
contributions. The SPARROW model uses spatially-referenced land-surface and stream-
channel characteristics to describe nitrogen sources, transport, and losses in watersheds.
Nitrogen measurements from a national stream-monitoring network are used as a starting
point to developing a regression equation that predicts nitrogen transport from watersheds
based upon the watershed characteristics. Data from the entire national stream-
monitoring network are used to develop the SPARROW model regression equation;
however, the SPARROW model can be applied to specific basins within the national
stream network. The following watershed characteristics are used in the SPARROW
model: population density, point source facilities, farm-animal population, temperature,
soil permeability, stream density, irmgated land, and precipitation. A statistical
regression of these watershed attributes is used to correlate in-stream nitrogen
measurements with the following nitrogen sources: point sources, fertilizer application,
livestock waste, atmospheric deposition, and nonagricultural land (Smith et al. 1997).
Table 7-1 lists the watershed characteristics and parametric coefficients used in the
SPARROW model linear regression and the nitrogen sources to which nitrogen loads are

attributed.
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Table 7-1: SPARROW Model Parameters (adapted from Smith et al. 1997)

Parametric | Coefficient

Model Parameters Coefficients l{"f; it
Nitrogen Source
Point Source 0.3464 | dimensionless
Fertilizer Application 1.278 | dimensionless
Livestock Waste Production 0.9723 | dimensionless
Atmospheric Deposition 6.465 | dimensionless
Nonagricultural Land 14.67 kg/ha/hr
Land to Water Delivery
Temperature 0.0196 op!
Slope %
Soil Permeability 0.0442 h/cm
Stream Density 0.0215 km'
Wetland dimensionless
Irrigated Land dimensionless
Precipitation cm
Irrigated Water Use cm
Instream Decay
Streamflow < 28.3 m’/s 0.3758 d’
28.3 m*/s < Streamflow < 283 m’/s 0.1233 d’
Streamflow > 283 m’/s 0.0406 d’
R’ 0.8743

71 NITROGEN MASS PREDICTIONS

The BEANS model prediction of the total nitrogen delivered to the Big Wood and Little
Wood Rivers is approximately one-fourth of the total nitrogen mass predicted in the
SPARROW model. Table 7-2 lists the mass of nitrogen delivered the Wood River
system as predicted by the two models, and Figure 7-1 graphically illustrates the

predicted nitrogen masses.

Page 116



Table 7-2: Predicted Mass of Nitrogen Delivered to the Wood River System

- SPARROW Model BEANS Model
Model Nitrogen . . . . Percent
" Predicted Nitrogen Predicted Nitrogen Bilforeiie
Mass (kg N/yr) Mass (kg N/yr)
TOTAL 2,500,000 665,000 275%
Point Source 10,300 23.400 -60%
Fertilizer 673,000 188,000 260%
Livestock Waste 700,000 274,000 155%
AHNOSPHEHG 132,000 100,000 30%
Deposition
Nonagricultural 978,000 78,400 1,150%
Land
1,000,000
900,000 | —
—_ |H BEANS Model Results
S 800,000 ;B spARROW Model Resuﬁ}i"
=
g’ 700,000 -
~ 600,000
o
S 500,000 -
|
= 400,000 -
&
2 300,000 -
E 200,000
100,000 -
0 =

Nitrogen Source

Figure 7-1: Predicted Mass of Nitrogen Entering the Wood River Valley Watershed

The point source category in the two models corresponds to wastewater treatment plant
discharges to the Big Wood River. Nonagricultural land is defined in the SPARROW
model as urban, forest, and rangeland. Sources of nitrogen in nonagricultural land
include urban runoff, septic systems, and nitrogen fixation (Smith et al. 1997). For

comparison with the SPARROW model, two nitrogen sources from the BEANS model—
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nitrogen fixation and septic systems—were combined to create the nonagricultural land

category.

The SPARROW model and the BEANS model differ most significantly in predicted
nitrogen mass from fertilizer, livestock waste, and nitrogen contributions from
nonagricultural land. The SPARROW model prediction of nitrogen from fertilizer and
livestock waste is approximately twice the mass predicted by the BEANS model. Using
the BEANS model nitrogen excretion rate for cattle after volatilization and after losses
during transport (5.6 kg N/animal/yr), the calculated number of cattle that must be
present in the Wood River Valley Watershed to account for the SPARROW model
predicted nitrogen mass from livestock waste 1s 125,000 cattle. This value is larger than

the BEANS model estimate of 97,000 cattle in the watershed (Table 4-11).

The largest discrepancy between the two models is the predicted values for nitrogen from
nonagricultural land. The SPARROW model prediction of the mass of nitrogen from
nonagricultural land is almost ten times that of the BEANS model. The predicted masses

of nitrogen from atmospheric deposition are very similar for the two models.

7.2 RELATIVE NITROGEN SOURCE CONTRIBUTIONS

The BEANS model and SPARROW model attribute different proportions of the total
mass of nitrogen entering the watershed to five sources: point sources, fertilizer,
livestock waste, atmospheric deposition, and nonagricultural land. Figure 7-2 shows the
sources of nitrogen entering the Wood River Valley Watershed and the percentage of
total predicted nitrogen attributed to each source by the BEANS model and the
SPARROW model.
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Figure 7-2: BEANS Model and SPARROW Model Predicted Sources of Nitrogen for the
Wood River Valley Watershed
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The largest contributor of nitrogen in the BEANS model is livestock waste, and the
largest contributor in the SPARROW model is nonagricultural land. In both models,
point sources are the smallest sources of nitrogen to the watershed. Though the two
models predict very similar masses of nitrogen from atmospheric deposition, deposition
accounts for 15% of the total nitrogen mass in the BEANS model and only 5% of the
total nitrogen mass in the SPARROW model.

7.3 DISCREPANCIES BETWEEN THE BEANS MODEL AND SPARROW MODEL
The four-fold difference between BEANS model and SPARROW model predictions of
annual nitrogen delivered to the Wood River system is due to differences in the data used

in the models and assumptions made in the SPARROW model.

7.3.1 Differences in Model Data

The SPARROW model regression equation was created using water quality and stream
flow data from 400 monitoring stations in the National Stream Quality Accounting
Network (Smith et al. 1997). The NASQAN network includes every drainage basin in
the United States, including the Columbia/Snake River Basin. Though some monitoring
stations in this network are located on the Snake River in Idaho, none are located in the
Wood River Valley Watershed (NASQAN 2003). Figure 7-3 shows the locations of
National Stream Quality Accounting Network (NASQAN) monitoring stations and the
approximate location of the Wood River Valley Watershed.
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Figure 7-3: NASQAN Monitoring Network

Watershed characteristics data for both models were obtained from national, state, and
county-level sources. The BEANS model is more specific to the Wood River Valley
Watershed in its use of local data for fertilizer application rates and point source data.
Fertilizer application rates for the BEANS model are obtained from local farmers and
point source nitrogen data is collected directly from wastewater treatment plants in the
watershed. The BEANS model calculations of nitrogen from livestock waste utilize
grazing patterns for livestock that are determined from communication with local

ranchers.

7.3.2 SPARROW Model Nonagricultural Land Source Assumption

The most significant difference between the BEANS model and SPARROW model
nitrogen mass balance predictions is the mass of nitrogen introduced from nonagricultural
land. The SPARROW model defines nitrogen contributions from nonagricultural land as
nitrogen present in runoff from urban areas, forest, and rangeland. The magnitude of this

source in the SPARROW model is assumed to be proportional to the total area of the
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defined nonagricultural land (Smith et al. 1997). Creators of the SPARROW model
developed the nonagricultural land source as a fitting parameter to fit nitrogen predictions
from the four mechanistically-determined nitrogen sources (point sources, fertilizer
application, livestock waste, and atmospheric deposition) to measured stream nitrogen

concentrations for all 400 monitoring stations in the NASQAN (Alexander et al. 2000).

Performance of the SPARROW model and the nonagricultural land source fitting
parameter was validated for 16 watersheds in the northeastern United States (Alexander
et al. 2002). The SPARROW model is expected to perform well for watersheds in the
Northeast both because of the high density of NASQAN stations in that region (Figure 7-
3) and because Northeastern watersheds have relatively small areas of nonagricultural
land. The SPARROW model may perform differently in watersheds in the western
United States because the proportion of nonagricultural land area is typically larger for
western watersheds. Any errors in the nonagricultural land fitting parameter are
magnified when the SPARROW model is applied to watersheds with greater areas of

nonagricultural land.

The creators of the SPARROW model acknowledge that the model overpredicts nitrogen
transport rates for relatively small, rural watersheds with large areas of nonagricultural
land because no distinction is made between various types of nonagricultural nonpoint
sources (Smith et al. 1997). The Wood River Valley Watershed meets the definition of
the types of watersheds for which the SPARROW model overpredicts nitrogen masses.
The watershed is rural, and over 80% of the watershed area is defined as nonagricultural
land (Table 2-3). This fact may explain why the SPARROW model predicts almost ten
times the mass of nitrogen from nonagricultural land than predicted by the BEANS

model.

In contrast to the SPARROW model, the BEANS model does not attempt to quantify
urban areas, forest, and rangeland as one land use and one nitrogen source, but instead the
model treats residential (urban) areas, natural vegetation (forest), and rangeland as

separate land uses. The BEANS model prediction of nitrogen mass entering the Wood
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River Valley Watershed is more accurate than the SPARROW model prediction of
nitrogen mass because the BEANS model calculates nitrogen loads from individual land

areas by using nitrogen input parameters that are specific to this watershed.
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8. ANALYSIS OF LAND USE CHANGES

8.1  AGRICULTURAL FERTILIZER REDUCTION

Agricultural sources (animal waste and fertilizer) constitute approximately 70% of the
nitrogen load to the Wood River Valley Watershed. Cattle are the primary animal waste
contributor, and five crops are the primary sources of agricultural fertilizer: alfalfa hay,
barley, corn, potatoes, and wheat. Fertilization of each of these five primary crops
contributes over 500,000 kg N/yr to the land surface, which is over 12% of the total
agricultural fertilizer applied to the land surface. Table 8-1 lists the crops grown in the

watershed and their relative nitrogen loads to the land surface.

Table 8-1: Nitrogen Loads to the Land Surface from Crop Fertilization

Current Land in Total Nitrogen Percent of
Crop Fertilization Production, Input to Land Total Fertilizer
Rate (kg/ha) 2000 (ha) | Surface (kg N/yr) Nitrogen

Alfalfa Hay 34 16,400 549,900 13 %
Barley 112 8,400 946,700 23 %
Corn 151 4,900 738,800 18 %
Dry Beans 80 230 18,600 0 %
Oats 151 2,100 315,600 8 %
Potatoes 191 3,300 632,100 16 %
Sugarbeets 120 2,600 306,900 8 %
Wheat 112 5,000 565,300 14 %
TOTAL 4,100,000 100 %

Managing the amount, source, placement, form, and timing of nitrogen to the land

surface can reduce nitrogen loads from agricultural sources. Recommendations for

managing agricultural nitrogen loads are referred to as Best Management Practices

(BMPs). The BEANS Model is used to evaluate the impacts of implementation of

agricultural fertilizer BMPs on the nitrogen load to the Big Wood and Little Wood

Rivers.

Examples of agricultural nitrogen BMPs for different agricultural land uses and activities

include the following recommendations:
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Rangeland (McFall and Wood 2003)
e Establishment of riparian zones, which have higher rates of denitrification and
reduce nitrogen loads to surface water bodies
e Maintenance of adequate vegetation to stabilize soil and prevent erosion, which
eliminates soil microorganisms that recycle nitrogen
e Adherence to determined rangeland grazing capacities to maintain rangeland

health and reduce the amount of nitrogen introduced from animal waste

Fertilized crops (McFall and Wood 2003)

e Use of an irrigation tailwater recovery system to reuse irrigation water and
leached nitrogen fertilizer

e Application of plant residues or mulching material to the soil surface to reduce
fertilizer runoff

e Implementation of strip cropping—crop growth in a systematic arrangement of
strips or bands to reduce water erosion and fertilizer leaching

e Utilization of agricultural wastes to provide fertility for crop production and

decrease nitrogen fertilizer requirements

Fertilizer Application (Mahler et al. 1992)

e Annual soil sampling to determine soil fertility and fertilizer requirements

e Establishment of realistic crop yield goals and corresponding nitrogen fertilization
rates

e Application of fertilizer in recommended amounts based upon scientific
information

e Timing fertilizer applications to coincide with periods of maximum crop uptake

e Placing fertilizer appropriately (i.e. below seed, top dressed, banded application)
for soil conditions and crop

e Use of slow release fertilizers to improve crop nitrogen use efficiency and reduce

nitrogen fertilizer loads

Puge 126



Nitrogen loads from crops can also be reduced through the implementation of Precision
Agriculture. Precision Agriculture has been developing since the 1980s and is a holistic
management strategy that uses information technology to improve decisions relating to
agricultural production, marketing, finance, and personnel (Robert 2002). Applying
Precision Agricultural techniques to nitrogen fertilization involves using extensive data
from soil samples, plant tissue samples, and remote sensing to vary fertilizer application
across time and space within a field. Examples of Precision Agriculture include
estimating the amount of nitrogen that crops return to the soil with color aerial
photography of crop canopies (Sims et al. 2002), detecting the presence of weeds by the
reflectance spectra of crop canopies (Vrindts et al. 2002), mapping crop yield variability
within a field using airborne color-infrared imagery (Yang and Anderson 2000), and
guiding self-propelled forage harvesters using a Real Time Kinematic Global Positioning
System (Stoll and Kutzbach 2000). Crop yields can be improved and fertilizer use

minimized through Precision Agriculture techniques (Robert 2002).

The effects of agricultural fertilization reduction are examined with the BEANS model by
analyzing the use of fertilizer application rate BMPs and Precision Agriculture. Only
fertilizer application rate BMPs are selected from all agricultural nitrogen BMPs for
analysis because fertilizer application rates are well researched, the effects of different
rates can be quantified, and adjusting application rates is a realistic practice that can be
easily implemented. With relatively little effort, fertilizer application rate BMPs can
maintain current crop yields while reducing nitrogen loads. Unlike fertilizer BMPs,
rangeland BMPs applicable to the Wood River Valley Watershed are capital and labor
intensive. For example, a USEPA project to restore 1200 ft of riparian zone on the Soque
River in Georgia cost $55,000 (USEPA 2003), and a Columbia Basin Fish and Wildlife
Authority project to rehabilitate 12 miles of riparian habitat along the Tucannon River is
estimated to cost $70,000 (Stendal 2002). We do not know the area of riparian habitat in
need of rehabilitation in the Wood River Valley Watershed, and the reductions in
nitrogen load resulting from the implementation of this rangeland nitrogen BMP are not
easily quantified. Similarly, the extent of adherence to determined grazing capacities and

resulting status of natural vegetation in rangeland areas is not known; therefore, the
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applicability and effectiveness of grazing density and natural vegetation BMPs cannot be

estimated.

The nitrogen impacts of Precision Agriculture techniques are analyzed because Precision
Agriculture represents a relatively new area of research, preliminary results indicate
substantial nitrogen fertilizer reductions are possible, and the fertilizer reductions

achieved are quantifiable.

Fertilization rate BMPs are developed for specific crops based upon relationships
obtained from soil nutrient tests, crop yield response, and previously planted crops
(Mabhler 1999). For the five major crop sources, Table 8-2 lists recommended nitrogen
fertilizer application rates designed to maximize crop growth and economic return while
protecting water quality (Waskom 1994). These rates range from 3% to 18% less than

fertilizer application rates currently employed in the watershed.

Due to lack of data and uncertainty about the parameters upon which the fertilizer
application BMPs are designed, we assume a fertilizer application reduction of 5 Ib
N/acre for corn and potatoes. This is consistent with fertilizer reduction BMPs for the

other major nitrogen source crops in the watershed.

The impacts to the total watershed nitrogen load of implementing fertilizer BMPs was
evaluated using the BEANS Model, and the results (after losses) are shown in Table 8-2.
A total reduction of 17,370 kg N/yr can be achieved if BMP fertilizer rates are

implemented for all five of the major nitrogen source crops.

Page 128



Table 8-2: Watershed Nitrogen Load Reduction from Implementation of BMP Nitrogen
Fertilization Rates

Reduction
Current BMP Percent in Percent
Fertilization | Fertilization | BMP Watershed
Crop Rate . Load
Rate Rate Source Reduction Nitrogen Reduction
(kg N/ha) (kg N/ha) Load (kg
N/yr)
Alfalfa Mahler
Hay 34 28 (1999) 17.6% 7.550 1.1 %
JTackson
Barley 112 106 (2000) 5.4% 3,810 0.6 %
Corn 151 146 | -- 3.3% 2,190 03 %
Potatoes 191 185 -- 3.1% 1,560 02 %
Agrium
Wheat 112 106 8%?1”’ 5.4% 2,260 03 %
(2003)
TOTAL 17,370 25 %

--; fertilizer rates assumed based on values for other crops

Precision Agriculture is a relatively new area of agricultural research, and preliminary
results indicate that implementing Precision Agricultural techniques can maintain
agricultural yields while significantly reducing nitrogen fertilizer inputs (Van Alphen and
Stoorvogel 2000, Stelljes 2000). Research in the Netherlands reduced fertilizer inputs to
winter wheat by 23% using precision fertilization compared to traditional fertilization
techniques and improved crop yield by 3% (Van Alphen and Stoorvogel 2000).
Preliminary results from Precision Agriculture research conducted by the US Department
of Agriculture — Agricultural Research Service in Colorado indicate that nitrogen
fertilization rates for corn can be reduced by 35 Ib N/acre without reducing crop yield
(Stelljes 2000). In the Wood River Valley Watershed, a 35 Ib N/acre reduction 1n
nitrogen fertilization rates reduce corn fertilization to 100 Ib N/acre. This precision
fertilization rate is consistent with research from lowa State University showing that corn
yields of an average of 167 bushels/acre decreased only 3 bushels/acre from 23 test fields
across lowa when fertilizer was applied at an average rate of 101 1b N/acre—a reduction
of 50 Ib N/acre from traditional fertilization practices in the state (Blackmer and Van De

Woestyne 2002). This site-specific research has not yet been accepted as a BMP for corn
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fertilization, but it indicates that substantial reductions in nitrogen fertilization of corn

may be possible.

Research quantifying the fertilization reductions achievable through the use of Precision
Agriculture is very site-specific and is currently only available for wheat and corn;
however, similar reductions may be possible for other crops in a variety of locations.
Based upon these research results, the impacts of reducing fertilizer application in the
Wood River Valley Watershed by 20% and 25% through Precision Agriculture
techniques are evaluated using the BEANS Model. The impacts of fertilizer reductions
for the five primary nitrogen source crops and for all watershed crops are shown in Table
8-3. Reductions in watershed nitrogen load vary depending on the extent of Precision
Agriculture use among crops and the fertilizer reduction achieved. A total reduction of
83,750 kg N/yr can be achieved if Precision Agriculture techniques provide a 25%

reduction in fertilizer use for all crops in the watershed.

Table 8-3: Watershed Nitrogen Load Reduction from the Implementation of Precision
Agriculture Techniques

Reduction in
Percent Fertilizer Watershed .
Crops Use Reduction Nitrogen Load Percent Reduction
(kg N/yr)
Primary fertilizer crops 20 % 56,550 8.5 %
Primary fertilizer crops 25 % 70,690 10.6 %
All crops 20 % 67,000 10.1 %
All crops 25 % 83,750 12.6 %

8.2.  WATERSHED BUILD-OUT ANALYSIS

Over the last two decades (1980-2000), the population of the Wood River Valley has
been growing at a rate of approximately 10% per year (800 people/yr) (U.S. Census
2000). The watershed population is expected to continue to grow in future years. We use
the BEANS model to analyze how this population growth will affect the nitrogen load to
the Big Wood and Little Wood Rivers. The magnitude of this effect will be determined
by the nature of the residential development that is built to accommodate the increasing

population. Because agricultural land is currently much more common in the watershed
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than is residential land (Figure 8-1), it is likely that land for new residential development

will come from land that is now used as agricultural land (cropland and pasture).

Residential Impervious ) ) 1
0.3% Surfaces B Residential

7%

OImpervious
Surfaces

B Agricultural Land

> Natural Vegetation

O Natural Vegetation

B Rangeland

Figure 8-1: Distribution of Land Uses within the Wood River Valley Watershed

Natural vegetation areas and rangeland are much more abundant than both residential
land and agricultural lands, but these areas are largely publicly owned by the U.S. Forest

Service, the Bureau of Land Management (BLM), and the State of Idaho (Figure 8-2).
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Land Owner

Figure 8-2: Land Ownership in the Wood River Valley Watershed

Agricultural lands are the most probable locations for new residential development
because these lands are privately held. Whether converting agricultural land to residential
land will increase or decrease the watershed nitrogen load will be a function of the

relative magnitudes of nitrogen yields from these different land uses.

Nitrogen yields for agricultural lands are determined by the magnitude of atmospheric
deposition, fertilizer application rates, abundance of nitrogen fixing crops, type of
livestock, and the density of those livestock. Nitrogen yields for residential lands are a
function of atmospheric deposition, lawn fertilizer application rates, the level of
wastewater treatment, and residential lot sizes, which control population densities. Figure
8-3 compares current agricultural nitrogen yields to calculated residential nitrogen yields
for different combinations of wastewater treatment and lot size. The lot sizes considered
in this analyses are those that are currently included in the Blaine County Zoning Code,
and the different wastewater treatment possibilities considered are tertiary treatment
discharging to a river channel similar to the level of treatment at the Hailey wastewater

treatment plant, on-site septic systems, secondary treatment discharging to infiltration
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lagoons similar to the level of treatment at the Bellevue treatment plant, and secondary
treatment discharging to a river channel similar to the level of treatment at the

Ketchum/Sun Valley treatment plant.
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Figure 8-3: Relative Nitrogen Yields from Residential and Agricultural Land Uses

All the possible combinations of lot size and level of wastewater treatment produce
residential nitrogen yields that are larger than the minimum agricultural nitrogen yield, so
conversion of agricultural lands with the minimum nitrogen yield to any type of
residential use will increase the watershed nitrogen load. With respect to the average and
maximum agricultural nitrogen yields, some residential combinations have smaller yields
and some have larger yields, so the loading changes as a result of converting these areas

will be determined by the type of residential development that occurs.
To determine what type of residential development would allow the watershed nitrogen

load to remain constant after agricultural land conversions, we calculate the residential lot

sizes that would create nitrogen yields equal to agricultural nitrogen yields for each level
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of wastewater treatment. Figure 8-4 shows the relationship between residential nitrogen

yield and lot size for each wastewater treatment option.
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Figure 8-4: Residential Nitrogen Yields as a Function of Lot Size

Residential nitrogen yields decrease as lot sizes increase, but yields all converge to a
minimum residential yield of 3.3 kg N/ha at large lot sizes, when the influence of
wastewater nitrogen inputs becomes negligible. Currently, residential yields cannot be
reduced below this value because this is the minimum yield that is created from
atmospheric deposition and fertilizer inputs which are introduced at rates that are
proportional to land area. The specific lot sizes that generate nitrogen yields equivalent to

current average and maximum agricultural nitrogen yields are summarized in Table 8-4.
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Table 8-4: Residential Lot Sizes such that Residential Nitrogen Yields are Equal to
Current Agricultural Yields

Average Maximum
Agricultural | Agricultural
Yield Yield
Tertiary Treatment 2.5 acres 0.75 acres
Septic Systems 6.4 acres 1.9 acres
Secondary Treatment/ Infiltration Lagoons 13 acres 4.0 acres
Secondary Treatment/ River Discharge 25 acres 7.5 acres

With the exception of the lot size required to make a residential use with secondary
treated wastewater discharging to a river equivalent to the average agricultural yield, the
lot sizes in Table 8-4 are within the range of lot sizes included in the Blaine County
Zoning Code; however, no lot size would be big enough to generate a residential yield
equal to the minimum current agricultural yield regardless of the level of wastewater

freatment.

If lawn fertilizer applications were reduced, the minimum residential yield would
decrease in value, but would still be related to land area. Currently, the BEANS model
assumes that 25% of a residential lot is fertilized. If this fertilizer percentage is reduced to
0%, significant reductions in residential nitrogen yields will occur. Figure 8§-5 shows the
relationship between residential nitrogen yield and lot size for each wastewater treatment

option assuming that no residential fertilizers are used.
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Figure 8-5: Residential Nitrogen Yields as a Function of Lot Size without Residential

Fertilizer Applications

Without lawn fertilizer applications, residential nitrogen yields converge to a value of

0.25 kg N/ha at large lot sizes when wastewater inputs become negligible. This yield is

significantly smaller than all the current agricultural nitrogen yields. The specific lot sizes

that generate nitrogen yields equivalent to current average and maximum agricultural

nitrogen yields are summarized in Table 8-5.

Table 8-5: Residential Lot Sizes without Lawn Fertilizer Applications such that

Residential Nitrogen Yields are Equal to Current Agricultural Yields

Minimum Average Maximum
Agricultural | Agricultural | Agricultural
Yield Yield Yield
Tertiary Treatment 4.3 acres 0.7 acres 0.4 acres
Septic Systems 11 acres 1.7 acres 1.1 acres
Secondary Treatment/ Infiltration Lagoons 23 acres 3.6 acres 2.2 acres
Secondary Treatment/ River Discharge 43 acres 6.7 acres 4.1 acres

Removing lawn fertilizers as a nitrogen input to residential sources substantially reduces

the magnitude of nitrogen yields from these areas. In the following build-out analyses, we
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assume that residential fertilizer application rates remain constant; however, it should be
recognized that this source presents an additional opportunity for reducing nitrogen yields

from residential sources.

8.2.1. Watershed: 2025 Population

Based on local population growth rates during the 1990s, we estimate that the watershed
population will grow to approximately 40,000 people by the year 2025. This growth
would introduce 16,000 additional people to the watershed, requiring that new land areas
be developed to house the expanding population. Policy decisions made by local officials
and citizens with respect to population densities and wastewater treatment methods will
control how a growing population will impact the nitrogen water quality of the Big Wood
and Little Wood Rivers. We use the BEANS model to calculate the 2025 watershed
nitrogen load assuming that new residential areas are developed from current agricultural

areas.

There are currently 84,000 ha of cropland and pasture in the watershed. The lot sizes used
in new residential developments will determine how much agricultural land is ultimately
converted. We assume that each residence will house approximately 2.6 people (Blaine
County 1999). Table 8-6 summarizes how much agricultural land will be needed to
accommodate the new residential development under each of Blaine County’s zones that

allow for residential land uses.

Table 8-6: Agricultural Land Requirements to Accommodate 2025 Residential Build-
Out

Blaine County | Residential Lot Land Area Percent of Current
Zone Size (acres) Converted (ha) | Agricultural Land

R-0.4 0.4 980 1%

R-1 | 2,400 3%

R-2 2 4,900 6%

R-2.5 2.5 6,100 7%

R-5 5 12,200 15%

A-10 10 24,400 29%

A-20 20 48,900 58%
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The nature of wastewater treatment used in new developments will determine the
magnitude of the nitrogen load originating from each house. Five wastewater treatment

possibilities are considered in the watershed build-out analysis:

1. Current Treatment Distribution: This option assumes that 45% of the population
will continue to use on-site septic systems, 26% will be connected to a tertiary
wastewater treatment plant that discharges to the river (similar to the current
Hailey treatment plant), 22% will be connected to a secondary treatment plant that
discharges to the river (similar to the Ketchum/Sun Valley treatment plant), and
7% will be connected to a secondary treatment plant that discharges to infiltration
lagoons (similar to the Bellevue treatment plant).

2. Tertiary Treatment: This option assumes that all new development will be

connected to a wastewater treatment plant, that all current and any new treatment
plants will provide tertiary wastewater treatment, and that those households that
currently use on-site septic systems will continue to rely on those systems for

their wastewater treatment.

3. Septic Systems: This option assumes that all new residential development will
rely on on-site septic systems for their wastewater treatment. Those households
currently connected to the Hailey, Bellevue, and Ketchum/Sun Valley wastewater
treatment plants will stay connected to these plants, but no new households will
be connected to any wastewater treatment plants.

4. Secondary Treatment/ Infiltration Lagoons: This option assumes that all new

residential development will be connected to secondary wastewater treatment
plants that discharge to infiltration lagoons. Households currently using septic
systems will continue to use septic systems.

5. Secondary Treatment/ River Discharge: This option assumes that all new

residential development will be connected to secondary wastewater treatment
plants that discharge directly to the Big or Little Wood Rivers. Households

currently using septic systems will continue to use septic systems.
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Figure 8-6 shows the 2025-watershed nitrogen load calculated using the BEANS model

considering each combination of residential lot size and wastewater treatment options.

Watershed Nitrogen Load (kg N/yr)

Figure 8-6: Possible 2025 Watershed Nitrogen Loads
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Future development will probably include a combination of different lot sizes, but these

calculated nitrogen loads provide an estimate of how the average future lot size is related

to surface water quality.

Regardless of future residential lot size, expanding the availability of tertiary wastewater

treatment will decrease the watershed nitrogen load by 2025. The septic system option

may also be an effective possibility for reducing the future nitrogen load to the rivers, but
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the negative impacts on local groundwater quality caused by septic systems may
outweigh the gains in surface water quality. Expanding the availability of secondary
wastewater treatment facilities that discharge directly to the rivers will not decrease the
watershed nitrogen load by 2025 under any of the population density options considered
in the Blaine County Zoning Code. For the majority of the lot sizes considered,
expanding the availability of secondary wastewater treatment of any kind will cause an

increase in the watershed nitrogen load by 2025.

8.2.2. Upper Valley: 2025 Population

Because most of the watershed’s population is contained in the Upper Valley, most of the
future population growth is expected to occur in this sub-watershed as well. We conduct
a similar build-out analysis to assess how population growth will affect the Upper Valley
nitrogen load. Similar assumptions to those used in the entire watershed build-out
analysis are applied again to the Upper Valley. The 2025 population is estimated to be
approximately 29,000 people (Parsons Brinckerhoff Quade & Douglas 2002). This
population increase adds 10,000 people to the Upper Valley over approximately 25 years
and accounts for 63% of the population growth estimated to occur in the entire watershed

during this period.

There are currently 10,800 ha of cropland and pasture in the Upper Valley. Again, we
assume that there will be an average of 2.6 people residing in each new house (Blaine
County 1999). Table 8-7 summarizes how much of the Upper Valley agricultural land
will need to be converted to residential land to accommodate the 2025 population

considering the same Blaine County zones.
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Table 8-7: Agricultural Land Requirements to Accommodate 2025 Residential Build-

Out

Blaine County | Residential Lot Land Area Percent of Current
Zone Size (acres) Converted (ha) | Agricultural Land

R-0.4 0.4 640 5%

R-1 1 1,600 15%

R-2 2 3,200 30%

R-2.5 2.5 4,000 37%

R-5 5 8,000 74%

A-10 10 16,000 148%

A-20 20 32,000 297%

The 10-acre and 20-acre lot size developments would require more agricultural land than
is available in the Upper Valley, so these lot sizes are not considered in the sub-watershed
build-out analysis. Average lot sizes of approximately 6.7 acres would convert 100% of
the current agricultural land to residential land, so this lot size 1s considered in addition to

the possible zoned lot sizes.

The assumptions about wastewater treatment are essentially the same as they were in the
entire watershed build-out analysis except the current distribution of wastewater
treatment levels is slightly different. The Upper Valley current distribution option
assumes that 33% of the population will be connected to a tertiary wastewater treatment
plant that discharges to the river (similar to the current Hailey treatment plant), 31% will
continue to use on-site septic systems, 27% will be connected to a secondary treatment
plant that discharges to the river (similar to the Ketchum/Sun Valley treatment plant), and
9% will be connected to a secondary treatment plant that discharges to infiltration

lagoons (similar to the Bellevue treatment plant).
Figure 8-7 shows the 2025 Upper Valley nitrogen load calculated using the BEANS

model considering each combination of residential lot size and wastewater treatment

options.
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Figure 8-7: Possible 2025 Upper Valley Nitrogen Loads

Tertiary treatment is clearly the only wastewater treatment option that consistently
reduces the Upper Valley nitrogen load under each population density considered. The
septic system option enables the 2025 nitrogen load to drop below the current load at the
largest possible lot size, but again the costs of increased contamination of local
groundwater around septic systems may outweigh the benefits from a slight reduction in
the surface water nitrogen load. Similar to the dynamics observed for the watershed as a
whole, connecting more households to secondary wastewater treatment plants will only

increase the current Upper Valley nitrogen load.
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8.3  SEPTIC SYSTEM CONSIDERATIONS

Septic systems are a relatively small source of nitrogen to the Wood River Valley
Watershed. BEANS Model results attribute to septic systems a watershed nitrogen load
of 9,800 kg N/yr, which accounts for 1% of the total nitrogen load. Though septic
systems may have a relatively small impact on nitrogen water quality in the Wood River
system compared to other nitrogen sources in the watershed, septic systems can pose a
threat to both human and ecosystem health as a result of other contaminants that they
introduce to ground and surface water. Septic systems are a potential public health
concern because they can cause nitrate groundwater contamination in excess of the
USEPA drinking water standard and bacterial and viral contamination of groundwater
(USEPA 2001). Septic systems can also have negative impacts on ecosystem health

because of phosphorus loading to surface waters.

8.3.1 Nitrogen Contamination of Groundwater

Septic systems in the Wood River Valley are potential sources of nitrate groundwater
contamination in excess of the USEPA drinking water standard of 10 mg/L. NO3; - N.
Concentrated plumes of septic discharge may persist in watershed aquifer systems with
very little dispersion of nitrate. Research conducted on two septic systems located in
sand aquifers concluded that the dispersive capabilities and contaminant dilution potential
of many sand and gravel aquifers are much less than previously thought (Robertson et al.
1991). The studied aquifers were primarily composed of fine sand—similar to the Wood
River Valley alluvial aquifers—and had very low capacities for vertical and horizontal
dispersion. The study authors found the results to be consistent with other aquifer
dispersivity studies in Borden and Twin Lakes, Ontario, and Cape Cod, Massachusetts

(Robertson et al. 1991).

Nitrogen concentrations in septic system plumes can be estimated from the size of septic
system leach fields and the average per capita nitrogen excretion rate. Human nitrogen
inputs into the septic system are diluted by septic system flow and precipitation

infiltration into the leach field. Required leach field size is determined by the number of
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bedrooms in the home and the type of soil in which the leach field is located IDHW
2000).

For estimating the nitrogen concentration in septic plumes in the Wood River Valley
Watershed, we use an average per capita nitrogen excretion rate of 13,150 mg
N/person/day (Valiela et al. 1997). A twenty-year average precipitation rate (NADP
2002) is used to calculate infiltration into septic system leach fields. The calculated
infiltration rate is 0.00008 m/day, 8.8% of the average precipitation over the leach field
area (Lopez-Bernal 2003). The primary flow diluting the human nitrogen inputs is the
septic flow from the home. A daily domestic water usage of 0.51 m’/person/day (USGS
2003) is estimated specifically for the Wood River Valley, and a more general usage of
0.18 m*/person/day is estimated by USEPA (1995). Septic system flowrates are assumed
to be equal to domestic water usage. Because septic system flow is significantly (two
orders of magnitude) greater than infiltration into the septic system leach field, calculated
nitrogen concentrations in septic plumes become a function only of the number of
residents per household. Nitrogen losses of 35% from denitrification occurring within
the leach field are applied to the calculated nitrogen concentrations (Valiela et al. 1997).
Table 8-8 lists septic plume concentrations after denitrification losses for two estimates of
septic system flowrates. Nitrate concentrations far exceed the USEPA drinking water

standard of 10 mg N/L (USEPA 2002) for both septic flowrate estimates.

Table 8-8: Calculated Nitrogen Concentrations in Septic System Groundwater Plumes

Septic System Flowrate Plume Nitrate
(m’/person/day) Concentration (mg N/L)
0.51 17
0.18 48 |

No measurements of nitrogen concentrations in septic system leach field plumes are
available from homes in the Wood River Valley, so we are unable to verify these
calculated nitrogen plume concentrations; however, groundwater nitrogen concentrations
are available from monitoring wells at the Bellevue wastewater treatment plant. At the
plant, wastewater is treated in aerated ponds and then pumped to a final percolation pond,

where it infiltrates into the groundwater. Groundwater samples taken from monitoring
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wells near the percolation pond have elevated nitrogen concentrations of 7 mg N/L
(Turner 2003). This value is the only direct measurement of groundwater nitrogen
concentrations originating from the discharge of domestic wastewater to the subsurface.
While the Bellevue wastewater treatment plant differs from septic systems, monitoring
data from this plant show that the discharge of wastewater to the subsurface generates

elevated groundwater nitrogen concentrations.

Research conducted on septic systems in unconfined sand and gravel aquifers in Ontario,
Canada and Western Australia verifies the existence of persistent, concentrated nitrogen
plumes originating from septic system leach fields. Nitrate concentrations above 100 mg
N/L were measured at the water table beneath a septic leach field in an unconfined sand
aquifer in Ontario, Canada. Concentrations of 28 mg N/L persisted 50 m downgradient
in the center of the leach field plume (Harman et al. 1996). Similar results were obtained
from the study of two septic systems in unconfined sand aquifers in Ontario, Canada. At
both sites studied, nitrate concentrations were measured above 25 mg N/L in plumes

25 m downgradient of the septic system leach fields (Wilhelm et al. 1996). At a study
site in Western Australia, nitrate concentrations of 70 mg N/L were measured in a septic

system leach field located in a sand and gravel aquifer (Gerritse et al. 1995).

8.3.2 Bacterial and Viral Contamination of Groundwater

Septic systems are a significant source of groundwater contamination and can lead to
waterborne disease outbreaks and other adverse health effects. The bacteria, protozoa,
and viruses in wastewater can cause numerous diseases, including gastrointestinal illness,
cholera, and typhoid (USEPA 2001). Research conducted on four septic systems located
in sandy soils in coastal North Carolina concluded that malfunctioning septic systems are
a risk to public health by contaminating ground and nearby surface waters with pathogens
(Scandura and Sobsey 1997). The virus studied (bovine enterovirus type 1) was capable
of surviving septic system treatment and migrating into groundwater. Viral
contamination of groundwater was related to distance from the septic system leach field

and pH of the groundwater (Scandura and Sobsey 1997), with viruses occurring more
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frequently in groundwater sampled near the septic system leach fields and in groundwater

with higher pH.

Studies of viral transport from two septic systems in sand aquifers in western Montana
and south-central Wisconsin also concluded that septic systems are a source of infectious
viruses entering the groundwater. Coliphage viruses (viruses that infect coliform bacteria
in the human intestinal tract) were studied as an indicator of pathogenic viruses in a
septic system leach field plume in western Montana (DeBorde et al. 1998). Coliphage
viruses were consistently detected in groundwater samples along a 17 m flowpath
downgradient of the leach field. Coliphage concentrations were highest where septic
waste concentrations were determined to be at a maximum (DeBorde et al. 1998).
Transport of polioviruses from septic tank effluent was studied in south-central
Wisconsin (Alhajjar et al. 1988). An average of 88% of polioviruses escaping from the
septic tank to the leach field was transported to the groundwater. Polioviruses were
determined to move freely in groundwater with little or no retardation (Alhajjar et al.

1988).

Fecal coliform bacteria, indicators of the presence of pathogens, were detected in the
groundwater samples near four septic system leach fields in coastal North Carolina
(Scandura and Sobsey 1997), while another study concluded that fecal coliform bacteria
were removed completely by soil underneath the septic system leach field and were not
transported to groundwater (Alhajjar et al. 1988). Other investigations have found
limited mobility and survival of fecal coliforms in soils and concluded that coliform
bacteria were unlikely to be transported into the groundwater. Extensive movement of
bacteria in the subsurface is possible depending on the soil and geological features of the

area (Canter and Knox 1985).

The results of septic system studies are applicable to the predominantly coarse soils of the
Wood River Valley alluvial unconfined aquifer, and they indicate that septic system leach
fields are a potential source of bacterial and especially viral contamination of

groundwater. Future planning decisions for the watershed must consider the potential
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human health effects of septic tanks in addition to their effect on watershed nitrogen

loads.

8.3.3 Phosphorus Loading to Surface Water

In addition to nitrogen, bacteria, and viruses, septic systems can contribute phosphorus to
the groundwater and surface waters of the Wood River Valley Watershed. Normal septic
tank effluent phosphorus concentrations (5 —20 mg P/L) are several orders of magnitude
greater than environmental background levels (Robertson and Harman 1999).
Phosphorus in water does not pose a direct threat to human health (Carpenter et al. 1998),
and no drinking water standard has been established by USEPA; however, phosphorus,

like nitrogen, is a nutrient that can cause eutrophication of surface water.

Eutrophication accounts for half of the impaired lake area and 60% of the impaired river
reaches in the U.S., and excessive phosphorus inputs are a major cause of freshwater
eutrophication (Carpenter et al. 1998). Pursuant to Section 303(d) of the CWA, a total
phosphorus TMDL has been established for the Big Wood River (IDEQ 2002) because
the river does not meet water quality standards. In addition to depleting oxygen and
causing eutrophication, freshwater algal blooms caused by phosphorus loading can be

toxic to aquatic life (Carpenter et al. 1998).

The mechanism of phosphorus transport from septic systems to surface water is well
described by research conducted on ten septic system plumes in Ontario, Canada
(Robertson et al. 1998). Average phosphate concentrations ranging from less than 1 mg
P/L to 5 mg P/L were measured in plumes from septic system leach fields. Phosphorus
plume lengths varied from less than 1 m to greater than 25 m. Migration of all of the
phosphate plumes studied was significantly retarded (retardation = 20 to 100) compared
to groundwater velocity because of the strong affinity of phosphate for sorption onto the
subsurface material. Although substantial phosphate retardation was observed, phosphate
migration velocities at sites with sandy aquifers were sufficiently fast (approximatcly 1
m/yr) to be of concern for phosphorus loading to surface water bodies (Robertson et al.

1998).
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Continued study by Robertson and Harman (1999) at two of the septic system sites in
Ontario revealed that two to four years after septic system decommissioning,
groundwater phosphate concentrations persisted at the same concentrations observed
during active sewage loading. The sorption reactions that hold phosphate to the
subsurface solids are readily reversible, and phosphate is released from the subsurface
solids long after the sewage source is removed (Robertson and Harman 1999). While
sorption initially substantially retards phosphate migration velocity in the subsurface,
phosphate may still migrate downgradient and impact receiving water bodies after septic

system decommissioning.

Septic systems are not the only source of phosphorus to surface water bodies. Wastewater
treatment plants also contribute phosphorus to rivers. Phosphate in directly-discharged
wastewater treatment effluent is not subject to sorption in the soil; therefore, treatment
plants that do not employ tertiary treatment to remove phosphorus contribute more
phosphorus per person to receiving waters than do septic systems. Surface water
phosphorus loading from septic systems is similar to nitrogen loading from septic
systems because nutrient concentrations are reduced during groundwater transport.
Because phosphorus does not pose a direct threat to human health as a groundwater
contaminant, septic systems may be a more efficient method for treating domestic
wastewater with respect to phosphorous than would primary or secondary wastewater
treatment plants; however, like nitrogen, the phosphorus attenuation capacity of septic
systems must be considered in the context of other contaminants that are introduced to

groundwater by these systems.
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9. CONCLUSIONS AND RECOMMENDATIONS

9.1 MAGNITUDE OF NITROGEN SOURCES
Significant reductions in the nitrogen load to the Wood River Valley Watershed

must involve reductions in nitrogen exported from agricultural sources.

9.1.1 Dominance of Agricultural Sources

Agricultural sources are the largest nitrogen contributors to the Wood River Valley
Watershed. Cropland and pasture, rangeland, and feed-lots contribute §89% of the
watershed nitrogen load. From these different land uses, cattle waste and fertilizer are the
two largest sources. Cattle waste alone accounts for 42% of the nitrogen load to the
watershed, and fertilizer and cattle waste together contribute 70%. If the more residential
Upper Valley and Northern Valley sub-watersheds are considered separately, rangeland
and cattle waste are still the single largest nitrogen-contributing land use and source in

those sub-watersheds.

9.1.2 Achieving Agricultural Source Reductions

The primary agricultural sources of nitrogen—fertilizer and cattle waste—are directly
related to agricultural production. Fertilizer use increases crop yields in the watershed,
and cattle waste is a by-product of grazing and feeding operations for beef production,.
Because methods for maintaining production and reducing agricultural nitrogen loads are
limited, significant nitrogen reductions in the Wood River Valley Watershed will involve
a trade-off with agricultural production. Substantial reductions from the two primary

agricultural land uses (rangeland and cropland) can be achieved by limiting production.

Rangeland: Currently, there are approximately four times as many cattle in the
watershed as there are people. Unlike human nitrogen contributions in residential areas,
no economically feasible methods exist for capturing and treating the rangeland cattle
waste that constitutes a significant portion of the watershed nitrogen load. Nitrogen
reduction from implementation of rangeland nitrogen BMPs is not easily quantifiable and

may have a limited effect because of the magnitude of the cattle waste source.

Page 149



Significant reductions in rangeland nitrogen loads from cattle waste must involve
reducing the cattle density and related beef production in the watershed. Most rangeland
in the watershed is held in the public trust by BLM and the U.S. Forest Service;
consequently, animal grazing densities are not locally controlled. Local governments,
ranchers, and citizens groups can encourage less dense grazing in federally-controlled

lands for the reduction of the watershed nitrogen load.

Cropland: Fertilizer application rate BMPs are well researched, but the implementation
of BMPs in the Wood River Valley Watershed will result in a predicted total nitrogen
load reduction of only 2.5%. Precision Agricultural techniques, which represent the
forefront of current agricultural nitrogen research, will achieve a predicted 12.6%
reduction in total watershed nitrogen load if implemented to their full extent. Precision
Agriculture represents the best-case scenarto for reducing agricultural fertilizer inputs
while maintaining current crop yields. More significant reductions can be achieved by
changes in cropping patterns and crop yield expectations, both of which may involve
producing fewer crops. Changes in cropping patterns that would reduce nitrogen
fertilizer use include letting fields lie fallow or growing crops that have a smaller nitrogen
requirement. Lowering crop yield expectations (and therefore nitrogen fertilization rates)
can significantly reduce nitrogen yields. Whereas fertilizer BMPs and Precision
Agriculture seek to maintain or improve crop yields while reducing fertilizer application,
lowering crop yield expectations will lower production as a means to significantly reduce
fertilization rates and subsequent nitrogen load. Attaining a voluntary reduction in the
fertilizer nitrogen load requires local farmers to evaluate the costs of decreased
production versus the benefits to surface water quality. Because no direct incentives exist
for farmers to sacrifice their income from crop production for the benefit of local water
quality, government regulation is the only realistic mechanism for reducing cropland

nitrogen [oads.
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9.2  WASTEWATER TREATMENT

The level of wastewater treatment is critical in determining the effects of continued
development on nitrogen water quality in the watershed. Expanding the availability of
tertiary wastewater treatment to a larger portion of the watershed population will
accommodate future population growth with the smallest nitrogen loads to ground and
surface waters. Secondary wastewater treatment plants that discharge directly to surface
waters offer essentially no reduction in wastewater nitrogen concentrations, and are
therefore the least efficient treatment method with respect to riverine nitrogen loads.
Septic systems offer some nitrogen removal through aquifer denitrification as septic
plumes travel through the subsurface; consequently, septic systems may reduce the
impact of an increasing population on the magnitude of future watershed nitrogen loads.
Gains in surface water quality from the use of septic systems must be evaluated in the
context of viral and bacterial contamination of groundwater from these systems.
Policymakers must evaluate the risks and benefits of septic system use to both public
health and ecosystem health in making decisions about the nature of future residential

development in the watershed.

9.3  NITROGEN MONITORING

Monitoring of nitrogen concentrations in ground and surface water should be
expanded. Currently, surface water monitoring in the Wood River Valley watershed is
conducted primarily by USGS, and groundwater monitoring is conducted by USGS,
IDEQ, and Blaine County. In general, both of these monitoring schemes are inadequate in
providing a complete understanding of the current nature and extent of nitrogen
contamination in the watershed. Monitoring schedules and methods should be redesigned
to incorporate monitoring during times and in areas that are suspected to have elevated

nitrogen concentrations.

9.3.1 Surface Water Monitoring
As discussed in Chapter 6 of this thesis, elevated nitrogen concentrations in surface
waters arc likely to occur during the winter months as a result of seasonal variations and

during storm events as a result of altered hydrologic dynamics that occur during storms.
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In an average year, surface water nitrogen concentrations are currently measured once a
month during six months of the year (April through September). Calculating the mass of
nitrogen exported from the watershed in a given year based on only these six data points
provides an inaccurate estimate of the true magnitude of the rivers’ nitrogen load. The
current monitoring schedule likely does not capture the vulnerability associated with
winter and storm discharges during which the highest nitrogen concentrations are

expected to occur.

Monthly, scheduled measurements of in-stream nitrogen concentrations should be
expanded to include measurements during winter months, and unscheduled monitoring
during storm events should be introduced to the surface water monitoring scheme.
Because USGS maintains many monitoring stations within the state, it may not be
feasible for this agency to expand its current monitoring. Local sources (i.e. Jocal
governments or citizens groups) may need to accept responsibility for introducing
additional monitoring. USEPA provides resources for volunteer water monitoring
groups, including factsheets to introduce citizens to water monitoring and manuals
describing monitoring methods. National Volunteer Monitoring Conferences are also
sponsored by USEPA to encourage information sharing among water monitoring
volunteers (USEPA 2003). Expanding the extent of surface water monitoring in the
watershed will enable better calibration of the BEANS model to observed in-stream
concentration data. A broader nitrogen concentration data set that incorporates both
seasonal and storm-related dynamics will also provide insight into the relationship
between annual nitrogen loads and streamflow that we already observe with only a

limited data set.

9.3.2 Ground Water Monitoring

While expanded groundwater monitoring is not specifically necessary to understand how
accurate the BEANS model is in predicting the annual riverine nitrogen load,
groundwater data are crucial in determining the magnitude of the public health effects
associated with different nitrogen sources. Elevated nitrogen concentrations in

groundwater are likely to occur in shallow groundwater below land uses that have high
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nitrogen yields (i.e. feed-lots, residential land, cropland and pasture). Groundwater
flowpaths increase in depth as they travel from their source toward a receiving water

body; consequently, the longer groundwater must travel, the deeper the flowpaths go

(Figure 9-1).

Rainwater seeps Spring emerges where water
into ground table intersects surface

Water moves downward
through zone of aeration  gpring

Water table

Below water table, groundwater percolates along
curved paths and emerges in nearest stream

Figure 9-1: Groundwater Flowpaths from Land Surface to Receiving Water Body
(source: Skinner, Porter, and Botkin 1999)

Contaminants that enter groundwater close to a river will likely not enter into deeper
aquifer sections because they do not have the time to travel significant vertical distances
before discharging into neighboring surface water bodies. Elevated nitrogen
concentrations are not expected in deep groundwater in the Wood River Valley
Watershed because of the close proximity of most nitrogen sources to river or stream
channels. Currently, the Blaine County groundwater monitoring program relies primarily
on relatively deep wells (usually drinking water wells) to assess the nature of
groundwater nitrogen contamination. This expectation of lower nitrogen concentrations
in deeper wells is observed in eastern Idaho in the Central Columbia Plateau NAWQA

study unit (Williamson et al. 1998).

The groundwater monitoring network should be expanded to incorporate shallower wells.
Because drinking water wells are designed to be deep enough to avoid contamination
from surface sources, the construction of new shallow wells may be necessary. New

shallow wells should be positioned so that they are likely to intercept nitrogen plumes
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from land uses with high nitrogen yields. One location that may be a good candidate for
the introduction of new monitoring wells may be the cross-section of the valley at the
outlet of the Northern Valley Watershed (Chapter 5). Because the aquifer is very narrow
at this point, all of the groundwater from the Northern Valley is funneled through this
cross-section. The installation of multi-level sampling wells across the valley at this
location will provide an improved understanding of groundwater nitrogen contamination
in the Northern Valley. Because residential land is the highest nitrogen yielding land use
in the Northern Valley, much of the nitrogen contamination present at this cross-section

likely originates from on-site, residential septic systems.

9.4 MAGNITUDE OF FUTURE NITROGEN LOADS

Watershed residents and public officials are in a position to control whether the
magnitude of the nitrogen load to the Big and Little Wood Rivers increases or
decreases in future years. Possibilities for nitrogen source reductions exist both in
agricultural and residential sectors. As discussed earlier in this chapter, agricultural
sources are currently the largest contributor of nitrogen to the watershed, and,
consequently, individuals involved in agricultural production have the greatest potential
to impact the magnitude of future nitrogen loads. Alternatively, because the watershed
population is expected to continue to grow in future years, residential nitrogen sources
represent the largest new potential source of nitrogen to the watershed. In making
decisions about future development and land use changes in the watershed, residents and
policymakers should keep in mind how these decisions will affect livestock densities, the
acreage of high nitrogen-demanding crops, residential densities, and the availability of

different wastewater treatment technologies to watershed residents.
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