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ABSTRACT

Nitrogen impacts to springs discharging from the Eastern Snake River Plan Aquifer aong
the reach from Thousand Springsto Clear Lakes were evaluated using two different ground
water flow models (WhAEM and MODFLOW), dtatisticd analyss of spring water quaity
data, and estimation of nitrogen loads from the sources within the study area. The purpose of
this study was to evaluate nitrogen water quaity datafor springs which dischargealong the
north side of the Snake River canyon, from Clear Lakes to Thousand Springs. Objectives
included estimation of ground water travel times, a delineation of the source area providing
water to the springs, evaluation of sources of nitrogen to the aquifer supplying water to the
springs and a statisticd analyss of water qudity data.

WhAEM model results identified areas of very rapid ground water flow in the aquifer,
ranging from 100 to 180 feet per day. The highest ve ocities exist cose to the Snake River
where the hydraulic gradient steepens and the aguifer width isthe smallest. The WhAEM
model resultsindicated that the 10-year time of travel capture zone extended well to the east
of the areaof interest. The precision of the model simulation decreased with increasing time
and distance. Therefore, the WhAEM simulation waslimited to the 3-year timeof travel
capture zone. The smulation showed uniformly shaped time of travel zones, the result of
uniform hydraulic conductivity, aquifer thickness and recharge rates which were used in the
model.

To confirm the extremely high ground water flow velocities and also to more closdy smulate
actua hydrogeol ogic conditions, a simulation using M ODFL OW was developed. Calibrated
hydraulic conductivity, saturated aquifer thickness and recharge ratesmore closdy matched
actud aguifer conditions than for the WhAEM simulation, and the time of travel capture
zones across the areaof interest varied from lessthan six yearsin the northern part to more
than 10 yearsin the southern part of the area. In general, the size of the capture zones were
proportiona to the spring discharge.

The MODFLOW results dso fit wel with the conceptual model of sources of rechargeto the
various springs as described by Clark and Ott (1996), who determined that water discharging
from Crystal Springs and eastward is younger water derived primarily from recharge of
surface water, either directly within the sudy area or as the primary source of ground water
inflow from outside the model domain. Water in the central springs (Thousand, Box Canyon,
Briggs) isolder water derived mainly from recharge far upgradient of the study area. Water in
the Malad Spring areais amixture of younger surface water which leaksfromthe Big and
Little Wood Rivers and older water smilar to that described for the central springs.

An evauation of potentia nitrogen loads was conducted for sources within the WhAEM 3-
year time of travel capture zone. The evaluation included five major sources. The sources and
estimated percent contributions are as follows: commercial fertilizer (54 percent), cattle
manure (combined dairy and beef - 42 percent), legume crops (2 percent), human waste (1
percent), and precipitation (1 percent). Datafor number of beef cattle within the delineation
area are believed to under represent actual numbers, so theestimated nitrogen contribution
from cattle sources is probably low. The esimated total nitrogen load within the WhAEM



delineation area from thefive sourcesis about 28 million pounds per year. The potential
error of the estimates may be large due to uncertainty about the vari ous sources.

An evaluation of trends for nitrogen sources was conducted using Idaho Agricultural
Statistics and EPA datafor nitrogen fertilizer, irrigated acreage and total number of animals
for Gooding and Jerome Counties during the period 1985 to 2000. The evaluation indicates
the following changes: nitrogen fertilizer use - 17 percent decrease for both counties during
the period 1985 to 1991, irrigated acreage - 5 percent increase for Gooding County, 12
percent increase for Jerome County during the period 1987 to 1997; totd number of cattle -
109 percent increase for Gooding County and 92 percent increasefor Jerome County during
the period 1986 to 2000.

A statisticd analyss of nitratetnitrite data from five springs (Box Canyon, Crystal Springs #1
and #2, Clear Spring and Niagara Springs) was conducted. The statisticd results, usng a
linear regression andysis, indicate that nitrate+nitrite concentrations increased sgnificantly
for all five springs from 1991 or 1994 through 1999 at the 95 percent confidence level.

linear regression andysis of data from the same season over severa years wasa so conducted
to minimize seasondity effectsevident inthe data. Thisandysisindicated that for Box
Canyon, Niagara and Clear Springs, nitrate+nitrite concentrationsincreased significantly at
the 95 percent confidence leve for al four quarters. Crystd Spring #2 had a significant
increase at the 95 percent confidencelevel in nitrate+nitrite concentration for three of four
guarters through the period 1994 through 1999. At Crystal Spring #1 only one quarter out of
four had a significant increase at the 95 percent confidence level in nitrate+nitrite
concentration over time.

A liner regression analyss of long-term ground water nitrate+nitrate data was conducted for
well 9S16E3ABC, |ocated southwest of Jerome, wherenitratetnitrite data have been
collectedfor 12 years. The regression results show that there is a statistically sgnificant
upward trend in nitratetnitrite concentration at the 95 percent confidencelevel for this well.
The mean nitratetnitrite concentration in thewell for 1990 was about 5.64 mg/l (n = 12),
while the mean nitratet+nitrite concentration for 2000 is9.22 mg/l (n =9).

Most R? values for both spring and ground water quality data arelessthan 0.5, indicating that
other factors such as seasondity effects, variation in nitrogen sources or variation of the
concentration of an individual nitrogen source are occurring.



INTRODUCTION

Land use activities on the western part of the Eastern Snake River Plain (ESRP) have
changed significantly over the past 10 years, and these changes may havethe potential to
degrade water quality to the point that treatment or aternate sources of drinking water may
be needed. The primary land use activitiesin the area include irrigated agriculture, dairy and
beef operations. The most important land use change in the western part of the ESRP isthe
increasein livestock over the past 10 years. The Department of Environmenta Quaity
(DEQ) conducted areview of water quality data associated with springs which discharge
from the Eastern Snake River Plain (ESRP) Aquifer along the reach of the Snake River from
Clear Lakes to Thousand Springs to evaluate changesin water quality.

The primary contaminant of concern for the evaluation was nitrate plus nitrite as nitrogen.
The Idaho Ground Water Quality Rule, adoptedin 1997, established a Maximum

Contaminant Level (MCL) of 10 milligramsper liter (mg/l) for nitrate plus nitrite (IDAPA
58.01.11). Nitrate is considered to be a conservative ion, inthat it istransported though the
unsaturated zoneto the water tablewith littleor no attenuation. Elevated levels of nitrate in
ground water can serve as anindicator that other contaminants may be migrating to the water
table.

One adverse health effect to humans exposed to nitrite or nitrate is acondition known as
methemoglobinemia, which results in areduced capecity of theblood to carry oxygen. Most
methemoglobinemiahealth impacts have been observed ininfants who have ingested nitrate-
containing water used to prepare formula.

The Idaho Ground Water Quality Rulealso statesthat appropriate actions should be taken
when degradation of ground water quality occurs, even though numerical standards may not
be exceeded (IDAPA 58.01.11, section 400).

PURPOSE AND OBJECTIVES

The purpose of this study was to evaluate nitrogen water quaity datafor springs which
discharge dong the north side of the Snake River canyon, from Clear Lakesto Thousand
Springs. Objectivesincluded estimation of ground water travel times, a delineation of the
source area providing water to the springs, an evaluation of nitrogen sourceswithin the
delineation area and estimates of the total nitrogen load from the various sources. Two
different ground water flow models were utilized to determine ground water travel timesand
areas of contribution to the springs. Sources of nitrogen were described and nitrogen loads
from the various sources were estimated usng methods similar to those used by Rupert
(1996). A statistica andyss of water quaity datafrom springs dong the reach was
conducted to analyzefor trends inwater quality

STUDY AREA

The study areaincludes the western hdf of Jerome County, the southeastern portion of
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Gooding County and a portion of southwestern Lincoln county (Figure 1). The study area is
bounded on the south and west by the Snake River, and on the north by the Little Wood River
and Malad rivers. The eastern side of the study area is defined by a line which runs south from
Shoshone to the Snake River.
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Figure1. Location of study area. A — e (o etes

Climate in the study area is semiarid; the average annual precipitation at Jerome for the period
January 1961 through December 1990 was 10.76 inches (Western Regional Climate Center,
2000). Two major irrigation canals, the Milner-Gooding canal and the North Side canal, divert
water from the Snake River at Milner Dam east of Twin Falls and traverse the study area.

Both surface water and ground water are used for irrigation in the study area. Figure 2, a
summer 1997 Landsat image, shows irrigated areas and the method of irrigation. From the
image it is apparent that sprinkler irrigation predominates over flood irrigation. Figure 2 also
shows the location of dairies in the study area and the location of major springs along the north
canyon wall of the Snake River.

The study area lies within the western part of the Eastern Snake River Plain, a northeast-

southwest trending structural feature. The uppermost rock unit within the study area is
Quaternary age basalt flows of the Snake River Group. The total thickness of the basalt in the
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eastern part of the study area is estimated to be about 1,000 feet (Whitehead, 1992, plate 3). The basalt thins
toward the west and is interbedded with and underlain by deposits of clay, silt, sand and gravel. The combined
thickness of the sediments and basalt along the Snake River is probably 300 to 400 feet (Whitehead, 1992,
plate 3). Data from a U.S. Geological Survey test well located about 12 miles northeast of Thousand Springs
show that individual basalt flows average about 20 feet thick (Whitehead, 1992, Figure 12).

The sedimentary material was deposited in ancestral valleys of the Snake River within the study area. As
individual basalt flows moved across the landscape, the valleys were dammed, causing the river to shift its
course. Basalt formed pillow lava in water ponded behind basalt dams. In a survey of the north wall of the
Snake River canyon from Milner to King Hill, Covington and Weaver (1990, 1991) determined that springs
with the largest discharge issue from areas with pillow lava.

Springs along the north wall of the Snake River canyon are the regional discharge points for the Snake River
Plain aquifer. Ground water in the aquifer generally moves from northeast to southwest, but within the study
area the direction of movement is mostly east to west (Figure 3). The hydraulic gradient on the eastermn side of
the study area is about 0.005 and increases to about 0.016 near the discharge area along the Snake River.
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ANALYTICAL ELEMENT MODEL

The Wellhead Anaytic Element Modd (WhAEM 2000 for Windows) was used to estimate
the source area providing ground water to the springs discharging from Clear Lakes through
Thousand Springs. WhAEM is a public domain ground water flow mode for capture zone
delineation that was developed under contract with the EPA for Wellhead Protection and
Source Water Assessment programs. There aretypically two types of ground water models
used in capture zone ddineations: anaytical and numerical. An analytical model uses
simplified equationsthat have exact solutions. A numerica mode approximates the partial
differential equations describing groundwater flow and solute transport. Numericad modes,
though still simplifications of the actual hydrogeology, are typicaly much more complex than
analytica modes. Discussions held with personnd from the Idaho Department of Water
Resources, U.S. Bureau of Reclamation, and the University of Idaho/ldaho Water Resources
Research Institute determined it was appropriate to use an anaytical model asan initia
assessment. I the analytical modd results compared well with observed data, then further
modeling would not be necessary.

The conceptud hydrogeol ogic mode of the aguifer was devel oped using data contained in
USGS and IDWR publications. WhAEM requires that aquifer parameters (thickness,
hydraulic conductivity, porosity, recharge, and base devation) are constant throughout the
model domain and do not change with time (steady-state conditions).

Model and Aquifer Parameters

A flux inspection line was used to cdibrate themodd to observed spring discharge. The flux
inspection line extendsfrom just north of Thousand Springsto just south of Clear Lakes
Springs. A spring discharge of 3000 cfs (259,000,000 ft3/day) was used in the simulation.
This spring discharge value includes the discharge from Clear Lakes Springs through
Thousand Springs (Covingtonand Weaver, 1991).

The aguifer parameters were varied within published ranges to match observed heads and to
match flux. Different combinations of hydraulic conductivity, porosity, and aquifer thickness
were used until theflux was matched. The combinations that decreased the time of travel
distances were preferred. Less emphasis was placed on matching head values due to potential
changesin water level elevationswithinthe study area.

Hydraulic conductivity - The actua hydraulic conductivity varies significantly within the
study area (see referencesbelow). A value of 6,300 feet/day was selected because it yielded
reasonable results.

Garabedian, 1992 Ranges from 1,780 to 6,300 ft/day using 165 foot thick aguifer.

Moreland, 1976 Ranges from 810 to 24,000 ft/day using 165 foot thick
aquifer.

Lindholm, 1993, Table 1 Ranges from 3,500 to 36,000 feet/day. Based on aquifer test datafrom

wellsin Gooding and Jerome Counties.
Whitehead & Lindholm, 1985  Approximately 4,000 feet/day




Effective Porosity - A porosity of 0.20 was used based on Ackerman, 1995. He used a
porosity of 0.21 to cdibrate his advective transport model of the Eastern Snake River Plain
Aquifer. Ackerman cited a number of studiesto support his porosity value. Additionaly
visual observation of basalt outcropsin the study (March 8, 2000), and review of more than
100 well logs indicate an abundance of high porosity zones.

Areal Recharge - Anared recharge valueof approximately 1 foot per year (0.003 feet/day)
was used. Garabedian (1992, Plate 8) indicates rechargewithin the study arearanged from 2
to 20 inches per year during 1976 to 1980.

Saturated Aquifer Thickness - An aguifer thickness of 165 feet was used in thefinal model.
Garabedian (1992, Plate 5) estimates the aquifer rangesin thickness from 100 to 200 feet in
the study area and is100 feet thick at the western end. This thickness provides reasonable
results.

Boundary Conditions

Western and Southern Boundaries - A constant head linesink with an elevation of 3,051 to
3,050 feet above mean sea level (amsl) was used to simul ate the e evation of spring discharge
along the east and north sides of the Snake River. Thelinesink extends from 1 mile east of
Clear Lakes to approximately Hagerman. The eevations of the springs were determined from
Covington and Weaver, 1991. The base of the aquifer isset at 3,050 feet amsl. A no-flow
boundary was placed west and south of the linesink. The no-flow boundary extends from
Hagerman to 2 miles east of Twin Fdls.

Eastern Boundary - A congtant head line source with an devation of 3,850 to 3,851 feet
amd is placed approximately 20 miles east of the city of Jerome. The location of the constant
head boundary isbased on water level elevationsreported by Garabedian, 1992 and the desire
to keep the model within the Twin Falls 1:100,000 quad map.

Northern Boundary - Infinite areal extent was used at the northern boundary.

Additional Spring Discharges

Ground water wells were placed at the locations of Niagara Springs, Crystal Springs, and
Blue Lakes Springsto simulate spring discharges at these locations. Thewithdrawal rates
are:

. Blue L akes Springs = 18,000,000 ft3/day,

. Crystal Springs = 39,000,000 f ¥day, and

. Niagara Springs = 27,000,000 ft*/day.

Model Calibration

The model was cdibrated primarily to the spring discharge from Clear Lakes through
Thousand Springs. Head vaues at eight locations monitored by the USGS also were used to
help cdibrate themodd, but to alesser degree. No combination of aquifer parametersyields
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asolution with differences of less than 75 feet between the observed and modeled water
level elevationsat all eight locations. The differences between the observed heads and the
modeled heads are smalest within 5 or 6 miles of the springs, indicating that the model
parameters provide a reasonable representation of agquifer conditions in thisarea.

Numerous smulations were performed to evaluate the impact of aquifer parameters (aquifer
thickness, hydraulic conductivity, and recharge) on head di stribution and spring discharge
(Figures 4-9). The best fit to observed head conditions occurred with ano-recharge scenario
(Figure 4). Inthe no-recharge scenario, all modeled head values were within 100 feet or less
of the observed heads. However, this scenario underestimated the spring discharge by
approximately 10 percent. Increasing the ared recharge to 1 foot per year caused the spring
discharge to increase to the observed value, but it aso resulted in agreater difference in the
modeled head versus the observed heads. No differencein ground water velocity was
observed between the no-recharge and recharge scenarios. Because much of the study areais
irrigated, and to maintain consistency with the USGS model by Garabedian (1992), the
simulation with areal recharge was sel ected as the preferred scenario (Figure 9).

M odel Results

Initially, the intent of the smulation was to identify the 10-year time of travel capture zone
for the springs. However, preliminary model runs showed the 10-year time of trave
extending well beyond the area of interest. Additionaly, the precision of the WhAEM mode
decreaseswith increasing time and distance from the springs due to increasing hydrogeologic
variability. To decrease theinaccuracy of the modd, the smulation was limited to a3-year
time of travel with 1-, 2- and 3-year timeof travel boundaries.

The results of the simulationsindicate ground water near the Snake River Canyon is moving
toward the springs at an extremely fast rate of approximately 180 feet per day within the 1-
year time of travel zone. The ground water velocity decreaseswith increasing distance from
the springs, due to alower ground water gradient. The average ground water velocity in the
2-year to 3-year time of travel zoneis 100 feet per day. The average ground water velocity
during the entire 3-year time of travel isegimated to be 135 feet per day. To confirmthis
incredibly high ground water velocity, a more robust numerica model smulation was
conducted.

The final 3-year time of travel capture zones (wellhead protection areas) estimated by the

WhAEM simulations were aligned to reflect the resultsof the Groundwater Modeling System
(GMS) simulations (discussed below). The spring-specific capture zones, shown on Figure 10,
should only be consi dered approximations dueto uncertaintiesin the model input

parameters.

NUMERICAL SIMULATION
The goal of thisnumericd modding exercise was to refine and improve the results produced

by the WhAEM model. The GM S software package was used to verify the WhAEM
simulations. GM S consists of a graphicad user interface and a number of numerical ground
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water models, including MODFLOW and MODPATH. Numerical models use
approximations (e.g. finitedifferences, or finite elements) to solve the differential equations
describing groundwater flow or solute transport. The approximations require that the model
domain and time be discretized. In this discretization process, the model domainis
represented by a network or grid cels or dements, and the time of thesmulationis
represented by time steps. The accuracy of numerica models depends upon theaccuracy of
the model input data, the size of the space and time discretization (the greater the
discretization steps the greater the possible error), and the numerical method used to solve
the model equations.

Numerical M odel Overview

Two numericd modds were sdected to refine the source water delineations and time of
travel capture zones deve oped using the Andytic Element method: the United States
Geologica Survey flow modd MODFLOW (McDonald and Harbaugh, 1988) and the
particle-trackingmodd MODPATH (Pollack, 1994), asimplemented in the GM S software
distributed by BOSS International, Inc.

The conceptud hydrogeol ogic mode of the aquifer isidentical to that described previously:
an unconfined multilayer aquifer sysem infractured basaltic media with springs providing the
primary discharge points for the uppermost layers. Because of thedifficulty of clearly
delineating the various aquifer layers on geologica evidence, most previous modelsof the
Eastern Snake Plain aquifer have arbitrarily defined certain zones of saturated thickness for
their model layers. The present model retains this convention and focuses on the upper 200-
300 feet of saturated thickness asthat which provides the bulk of water to the springs.

Given the modeling and caibration process used and the assumptions made, the solution
presented represents a non-unique solution. A different combination for variousaquifer
properties could likely produce an equaly well-calibrated smulation with different calibrated
values of these properties and with varying resultsfor capture zones and travel times. The
level of uncertainty in this regardisnot quantified. While it is not possible to describethe
aquifer properties with complete certainty, this model provides our best scientific estimate
given the available data.

Model and Aquifer Parameters

Several changes were made to the model domain usedinthe WhAEM model. The model
domain was extended to the north to include several sgnificant springs north of Thousand
Springsthat had the potential to alter ground water flow patterns. These include the
Big/Billingsley/Bickel spring complex and Malad springs. In order to accommodate theflow
of these additional springs, model boundary conditionsto the north were simulated as
specified head. Zones of hydraulic conductivity, recharge, and aquifer bottom elevation were
developed to attempt to account for the variability of these parameters across the mode
domain. In addition, all prings were modeled as discrete discharge areas.

The flow model was cdibrated, primarily through the adjustment of the hydraulic
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conductivity distribution, aquifer bottom elevation and, to alesser extent, surface water-
supplied recharge areas, to contoured potentiometric head val ues. These contours were
derived from observed water level measurements from 1980 (Garabedian, 1992). The
cdibration processa so attempted to match estimatesof surface recharge and ground water
pumpage occurring within the model domain (Maupin, 1997).

The results of the calibrated flow model were then used in MODPATH to generate pathlines
and times of travel zones from each of the spring groups modeled. Particles were placed in
the fixed discharge cells representing the lateral extent of each of the spring groups and
tracked backward for up to 10 years.

The discharge of the springsincluded in the model are presented in Table 1. Some springsin
close proximity to one another were grouped together. Discharge data for the various springs
are from USGS sources (Covington and Weaver, 1990, 1991).

Table 1. Modeled discharge of sdected spring groups.

Spring Group Dischar ge (ft*/day)
Malad 106,253,000
Billingsley, Big, Tucker, and Bickel 28,345,900
Thousand 130,257,000
Box Canyon, Blueheart, and Sand 79,778,000
Briggs and Banbury 20,544,600
Clear 42,713,000
Crygal and Niagara 66,011,000
Blue Lakes 18,285,400
Devil’s Corrd/Washbow 6,212,800
Total Discharge All Springs 498,436,000 (5769 cfs)

Hydraulic conductivity — Hydraulic conductivity zones were developed based on the
cdibrated steady-state transmiss vity digtribution of Moreland (1976). Initia hydraulic
conductivity vaues for these zones were also derived from Moreland (1976), assuming a
saturated thickness of 200 feet, similar to that assumed by Garabedian (1992). Hydraulic
conductivity vauesin the delineated zones were then adjusted manually during the calibration
process. The rangeof final calibrated hydraulic conductivity values was 328 to 9840 ft/day.
Specific valuesfor each zone are presented in Figure 11. These values generally agree with
those used or measured in other studies referenced earlier.
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Effective Porosity - 0.20 —This estimateis based on the work of Ackerman (1995) as
described in the earlier WhAEM modeing section.

Areal Rechar ge — Zones of recharge were deve oped based on the map of land use and
source of irrigation water in Rupert (1997, Figure 6). Three zones were devel oped
representing native rangeland, irrigated agriculture supplied by ground water pumpage, and
irrigated agriculture supplied by surface water diversions. These zones and associated final
cdibrated modd values are presented in Figure 12.

Total recharge estimates for the study area and starting valuesfor irrigated agricultural zones
were based on estimates of water withdrawal, consumptive use, and conveyance losses for
surface water and ground water irrigated areas taken from Maupin (1997). Native rangeland
recharge rates were taken from Garabedian (1992) and were 1inch per year (0.084 feet per
year). Recharge rate values were adjusted as part of the cdibration process. It was assumed
that irrigated areassupplied by ground water experienced anet loss of water from the aquifer
due to consumptive use by crops using sprinkler irrigation. Recharge rate estimatesfor
irrigated areas supplied by surface water include canal conveyance losses.

The estimated totd recharge or remova from the aquifer for surface water or ground water
supplied irrigated agriculturein the study area wascalculated by adjusting the total volume of
surface water withdrawals in Gooding, Jerome, and Lincoln countiesfor 1992 from Maupin
(1997, Table 7) by the fraction of surface water or ground water irrigated land present in
each county inthe model domain compared to total county acreages presented by Maupin
(1997, Table 3).

Simulated recharge to the aquifer from surface water supplied areas inthefinal flow budget
(Table 2) represented 122 percent of the estimated total recharge for surface-supplied
irrigated acreage in the sudy area. Simulated remova's from the aquifer from ground water
pumping and sprinkler irrigation were 93 percent of estimated withdrawals. Contributions
from rangeland were considered insignificant and wereincluded with surface water supplied
agricultural land recharge.

Saturated Aquifer Thickness - Using a stepped series of zones of aquifer bottom elevation
(Figure 13) dong withthe find simulated head values (Figure 14) resulted in aquifer
thickness varying from about 150 to 300 feet. Garabedian (1992, Plate 5) estimates the
aquifer rangesin thickness from 100 to 200 feet in the Sudy areaand is100feet thick at the
western end.

Boundary conditions

The general location of boundary conditionsfor themodeled domain is shown in
Figure 15.

Western and Southern Boundary - Individua springs were modeed using wells in groups
of cdlswith acumulative specified discharge equal to the measured discharge. A cumulative
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spring discharge of 498,436,000 ft3/day ( 5769 cfs) was used in the smulation. This spring
discharge value includes the discharge of major springs from Devil’s Corrd Springs through
Malad Springs (Covington and Weaver, 1990a, 1990b, 1991 and Moreland, 1976) and is
similar to measured discharge from the springs from the late 1980's (Clark and Ott, 1998).
Areas between these specified discharge areas were modeled with no-flow boundary
conditions.

Eastern Boundary - A congtant head boundary with an elevation of 3,800 feet amsl was
placed in the location where potentiometric contourswith this water level elevation have
been reportedin severd earlier studies (Garabedian, 1992 and Moreland, 1976), about 14
miles east of the City of Jerome.

Northern Boundary - The mgjority of the northern boundary was modeled using a specified
head. The head specified along this boundary varied from 3800 to 3200 feet based on
measured water level devations. The objective of using a specified head condition aongthis
border was to provide additiond inflow to the modd domainthat represents leakage from the
Big Wood and Little Wood River and inflow from the Snake Plain Aquifer outside the modd
domain. The remaining western portion of thisboundary, not accounted for by the fixed
discharge cells representing Malad Springs, was modeled as no flow.

M odel Results

Flow Simulation - Table 2 presents a summary of thewater budget for thefinal calibrated flow
simulation. Excdlent balance was achieved between inflows and outflows. It can be seen that, over the
entire study domain, ground water inflows from outsidethe study area are the dominant source of water
input and approximately balance the amount of water discharged at the springs. If morelocalized
regions of the study area, such as the capture zones of individual springs, are examined the flow budget
components will have different proportions. For example, surface recharge will be more dominant in the
budgets of the southern springs.

Table 2. Water budget for the Box Canyon MODFLOW flow simulation.
(All values expressed as cubic feet per day.)

| In Out |

Storage 0.0 0.0

Constant Head 5.789E+8 1.470E+8

Wedlls 0.0 4.988E+8
Recharge 7.932E+7 1.249E+7

Total 6.582E+8 6.582E+8

In- Out 0.0

Percent Discrepancy 0.0
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Figure 14 illustrates the final simulated calibrated isocontour values of the potentiometric
surface compared to contoured values based on water level observationsfrom 1980 obtained
from the Idaho Department of Water Resources GIS web site. The overall shape and
configuration of the water tableis reproduced with smulated water levelstending t

be somewhat higher than observed water levels.

Box Canyon MODFLOW Flow Simulation
Observed vs Simulated Head

3700

3500

3300

Simulated Head (feet)

3100

Observed Head (feet)

Figure 16. Box Canyon MODFLOW flow simulation, smulated versus observed heads
for selected observation points inthe study area.

Thistrend isalso illustrated by a plot of smulated versus observed water levelsfor selected
observation points from the 1980 contours (Figure 16). The mean error in heads

was 25 feet. Two areaswith large discrepancies occur near Thousand Springs and in the far
southeastern portion of the study area (Figure 14).

Time of Travel Capture Zones

The results of the MODPATH particle tracking of ground water backward from the pointso
spring discharge were smplified and are presented as O to 3, 3to 6, and 6 to 10 year time 0
travel capture zonesin Figure 15. It can be seen that time of travel zones for springs
discharging in the upper three-quarters of the study area do not exceed Sx years, while times
of travel for portionsof Crystal springs, Blue Lakes and Devil’sCorral springs to the eastern
edge of the model domain exceed ten years. A moreredistic result, different from that of the
WhAEM model, isthat the sizes of capture zones are generally proportiond to the magnitude
of discharge at the various springs.

Ground water velocities for the various springs ranged over an order of magnitude from
about 10 to 130 feet per day
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Table 3. Ground water velocity estimates (feet per day) for various springs, based on
MODFLOW results.

Spring/Spring Group Ground water velocity (ft/day)

Malad, Thousand, Briggs/Banbury and 120-130
Box/Blueheart/Sand

Big/Billingsley/Bickel 75

Clear 110
Crygal/Niagara 25-100

Blue Lakes 15

Devil’s Corra 10

While the results of this numericd modding effortillustrate the variability in ground water
velocities which likely occur across the sudy area, they support the very highveocities (up
to 180 feet per day) estimated by the WhAEM modeling, especidly in the northern three-
quarters of the study area.

The segregation of orings by velocity as well as the shape and orientation of their capture
zones fits well with the conceptual model of the sources of recharge to the various springs as
described by Clark and Ott (1996), based on isotope and other chemical sampling results
along with evaluation of stream flow and discharge data. Water discharging from Crystal
Springs and eastward is postulated to beyounger water derived primarily from recharge of
surface water, either directly within the sudy area or as the primary source of ground water
inflow from outside the model domain. Water at the central springs (Thousand, Box Canyon,
Briggs) isolder water derived primarily from mountain rechargefar upgradient of the study
area. Water in the Mdad Spring areaisamixtureof younger water recharged from leakage
from the Big and Little Wood rivers and older water smilar to that described for the central

springs.

The GM S simulation provides a more accurate depiction of ground water flow because the
aquifer parameters vary within the model domain to reflect spatidly variable hydrogeol ogic
conditions. Thus, the data input requirements are moreintensive. The aquifer parameters
used in GM S were consistent with the ssmulation used by Moreland (1976) to describe
ground water flow in the Snake River Plain Aquifer. The ground water flow velocity and
flow direction cdculated by GMS werevery smilar to the WhAEM results. Differencesin
flow direction were evident beyond the one-year timeof travel boundary. The GMS ground
water flow paths were aligned in amore east to west direction as compared to a northeast to
southwest flow direction estimated by WhAEM.

NITROGEN LOADING EVALUATION

One of the objectives of thisreport wasto evaluate the various sourcesof nitrogenwithin
the WhAEM model delineation area (Figure 10) and to prepare estimates of the total load of
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nitrogen from these sourcesfor 1999. The WhAEM delineati on results show the one-, two-
and three-year time of travel zonesfor ground water moving from the eastern side of the
delineation area to a spring discharge area along the north wall of the Snake River canyon.
The areaincluded within all three time of travel zones was used for the nitrogen source
estimates.

Rupert (1996) developed a nutrient budget for the upper Snake River Basin, an areawhich
extends from Y ellowstone Park in Wyoming to King Hill and includes 35,800 square miles.
Inthat study, the following sources and percent of total nitrogen load were estimated:
domestic septic systems (1 percent), precipitation (6 percent), cattle manure (29 percent),
fertilizer (45 percent), and legume crops (19 percent). The same nitrogen sources and
conversion factors used in the upper Snake River Basin study were used to evaluate loads
for the WhAEM delineation area. The following sections describe the various nitrogen
sources, methods used to estimate nitrogen loads from each source for 1999 and the
estimated nitrogen loads. Tables 4-10 list the various sources of nitrogen in the delineation
area and the estimated |oad from each source.

Crop Nitrogen Requirements - Actual commercial fertilizer application rates are not
available for cropland in Idaho, and so nitrogen application rates were estimated by
cdculating theamount of nitrogen fertilizer that should be applied to the eight major crops
(afdfa, barley, corn, wheat, dry beans, beets, potatoes and oats) by following the University
of Idaho fertilizer guides (Tindall, 1991). A GIS coverage developed by DEQ indicates that
there are about 163,400 irrigated acresin the delineation area. Irrigated acreage for the eight
major crops grown in Gooding and Jerome Counties and the tota irrigated acreagein the
two counties were determined from Idaho Agricultural Statigtics Services (I1ASS) data.
Irrigated acres of the eight major crops within the delinegtion area were then determined by
proportion.

The amount of nitrogen fertilizer gpplied to each crop wasestimated by using University of
Idaho fertilizer guides and the reported crop yields (IASS data) for the major crops. A il
test nitrogen value of 20 milligram/kilogram (mg/kg) was assumed to determine the nitrogen
application rate for each crop. The estimated acreage for each crop within thedelineation
area and the estimated nitrogen requirement by crop is shown in Table 4. Theestimated crop
nitrogen requirement in the delineation areais 15,220,000 pounds (7,610 tons) of nitrogen
per year. The estimated crop nitrogen requirement divided by the irrigated acreagewithin the
delineation area (163,400 acres) gives an average nitrogen gpplication rate of about 93
pounds per acre.
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Table 4. Estimated crop nitrogen requirements, WhAEM delinegtion area.

Estimated Crop Nitrogen Requirement, Delineation Area

Crop acreage Gooding  Jerome Tota
Crop Crop (acres) (acres) Acres
Year

Alfalfa 1998 37300 41900 79200
Barley 1999 2300 12400 14700
Corn 1998 23000 19200 42200
Wheat 1999 7700 20900 28600
(all)

Dry Beans 1998 1700 13300 15000
Beets 1998 5200 15100 20300

Potatoes 1998 14000 16000 30000

Oats 1999 1500 3000 4500

Crop Totds 92700 141800
Total Irr Acreage 154400 204700 359100

Total irrigated acresin 163360
delineation area =

Deline-  Nitrogen

ation Regmt
Crop Acreage (lbs)
Alfalfa 36029 O
Barley 6687 1003089
Corn 19197 3839488
Wheat 13011 2602118
(all)
Dry Beans 6824 341187
Beets 9235 692609
Potatoes 13647 2183595
Oats 2047 307068
Pasture 56684 4251300
Total Ac 163362 15220455

Total N 15,220,000 Ibs
Requirement

Uol Fertilizer
Guide (Ibs/acre)

Alfafa
Barley
Corn

Wheat

Beans

Beets
Potatoes

Oats (1)
Pasture

Nitrogen

0

150
200
200

50

75
160

150
75

Yield
Goal

6 tons/ac
100 bu/ac
25t/acre
100 b/ac

2200
Ibs/a

25 t/acre

400
cwt/ac

100 bu/ac

Fertilizer application ratesfor all crops were

estimated based on the following soil test values:
N=20 mg/kg, P=10 mg/kg, K=100 mg/kg.
(1) - Used same fertilizer guide as barley

16




Table 4 shows that there is a difference of about 56,700 acres between the totd irrigated
acreage inthe WhAEM ddineation area (163,400 acres) and the 8 major irrigated cropsin
the delineation area (106,700 acres). Thisdifference amountsto about 35 percent of the total
irrigated acreage; the 56,700 acres may be used as pasture land, or the acreage may be used
for other crops. For the purposes of this study it was assumed that this acreage was planted
to pasture. The University of Idaho Fertilizer Guide states that irrigated pasture responds
well to anitrogen application of up to 150 pounds per acrenitrogen (Tindal, 1991); for this
evaluation avaue of 75 pounds nitrogen per acre was chosen to caculate nitrogen
applications to the 56,700 acres. The gpplication rate of 75 pounds per acre represents a
midrange value of the recommended nitrogen application rate, and aso accounts for nitrogen
deposition from grazing animals.

No credit was taken for nitrogen in manure applied to irrigated crop land in the delineation
area. If producers are considering the nitrogen content in manure asthey should, then the
commercial fertilizer requirement for crops grown inthe WhAEM delineation area would be
reduced. The estimated nitrogen fertilizer applicationto irrigated farmland in the WhAEM
delineation areais about 93 pounds per acre.

An independent estimate of nitrogen fertilizer usein the area can be derived from county
fertilizer estimates (EPA, 1990) and irrigated acreage for the sameperiod (IASS, 2000).
summary of fertilizer datafrom 1985 through 1989 for the upper Snake River Basnis
available in Rupert (1994, Table 1); datafor Gooding and Jerome Counties are summarized
in the following table.

Table 5. Estimated annual nitrogen fertilizer usein Gooding and Jerome Counties, 1985-89
(from Rupert, 1994).

County Nitrogen Use by Y ear (tons)
1985 1986 1987 1988 1989
Gooding 4364 3786 3779 3810 4220
Jerome 6530 5665 5655 5701 6315

Total irrigated acreage for Gooding and Jerome Counties (IASS, 2000) was 107,793 acres
and 135,272 acres respectively for 1987. These data show an average annual nitrogen
application of about 70 and 84 pounds per irrigated acre for Gooding and Jerome Counties,
respectively, compared with the above estimate of about 93 pounds per acre for the WhAEM
delineation area

Domestic and Urban Nitrogen Sources - The 1990 Census data (Idaho Department of
Commerce, 1992) show the population withinthe delineation was 22,245 persons. This
population includes a rural component as well asurban dwellers livingin the cities of Jerome
and Wendell. The city of Jerome has a NPDES permit which alows thecity to treat and
discharge treated municipa wastewater to amanmade waterway which flows to the
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Snake River. This nitrogen sourceis therefore transported out of the area.

The city of Wendd | treats municipal wastewater infive lagoons and land appliesthe treated
wastewater to 43 acres of pasture under a DEQ Wastewater Land Application Permit. The
most recent report statesthat the annual nitrogen load to theland applicationsiteis 117
pounds per acrefor anitrogenload of approximately 5,000 pounds per year (DEQ
Wastewater Land Application permit files).

DEQ dataindicate that wastewater treated in facultative |lagoons has a totd nitrogen load of
about 0.02 pounds of nitrogen per person per day. The nitrogen load in domestic wastewater
is estimated to range from 0.01 to 0.04 pounds per person per day (U.S. Environmental
Agency, 1980). The nitrogen factor of 0.04 poundsof nitrogen per person per day and the
total population withinthe delineation areawas used to estimate the total nitrogen load of
324,800 pounds per year from human sources in thedelineation area (Table 6). This
cdculation probably overestimates nitrogen input from human sources by choosing the higher
domestic nitrogen loading factor and aso by including the city of Jerome load that is actually
removed from the area. Thecalculations do not include nitrogen fertilizer gpplications to
lawns in the urban areas of Wendel and Jerome.

Table 6. Domestic and urban nitrogen contributionin the WhAEM delineation area

Delineation Area | Human Nitrogen Total HumanN | Total Human N
Population Contribution Contribution Contribution
(Ibs/person/day) (Ibs/day/yr) (Ibslyear)
Rural Jerome and 15,012 0.04 600.48 219,175
Gooding Counties
Urban Jerome and 7233 0.04 289.32 105,601
Gooding Counties
Tota 22,245 0.04 889.8 324,776

Livestock Sources of Nitrogen - Nitrogen contribution in the delineation area was estimated
for both dairy and beef cattle. The number of milking dairy cowsin the delineation area for
1999 was obtained fromaDEQ GI S coverage; the number of milking dairy cows was
multiplied by afactor of 0.25 to estimate the number of dry dairy cows and heifers and calves
in the delineation area. The totd number of dairy cows was then multiplied by afactor of 90
Ibs nitrogen per cow per year to give an estimated nitrogenload of 11,129,900 pounds per
year. The nitrogen generation factor per dairy cow was selected as the midrangefrom severd
sourcesincluding ISDA nutrient management plans, The American Society of Agricultura
Engineers (ASAE, 1998), Natura Resources Conservation Service Agricultural Waste
Management Field Handbook and Overcash, Humenik and Miner (1983, val. | and I1). This
estimate represents total nitrogen remaining after storage, handling and spreading losses. The
estimate assumes that manure application rates and mineralization from organicto inorganic
forms of nitrogen in the delineation area are at steady state.
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Estimates were made for nitrogen contribution from classes of céttle other than dairy animds.
Idaho Agricultural Statigtics Servicedata (2000) list two additional classes of cattle: beef
cows that have calved and “ other cattle’ which includes calves, bulls, steersand heifers. The
total of these two classes of catle was 164,500 head in Gooding and Jerome Counties for
1999. The only non-dairy ceatleinformeation available for the delineation areawas aDEQ GIS
coverage which shows about 15,800 head of beef caitle. Although this number probably
serioudly underestimates the number of cattle other than dairy cowsin the ddineation area, it
was the best number available at thetime of the study. Therefore, nitrogen contribution from
cattle other than dairy animals was estimated by multiplying 15,800 head of beef caitle by a
factor of 40 poundsof nitrogen per head per year. The estimated nitrogen load from this
sourceis 632,000 pounds per year.

Table 7. Nitrogen contribution from ceattlein the WhAEM delineation area

Cattle Type Number of Cattle Estimated N Tota N (Ibs)
Contributi
(Ibs/cow/year)
Dairy Cattle 98,932 90 8,903,900
(Milkers)
Dairy Cattle (Dry)* 24,733 90 2,226,000
Beef Cattle 15,800 40 632,000
Totd All Cattle 139,465 -- 11,761,900

L Alsoincludes dairy heifers and calves

Precipitation - Total nitrogen deposited by precipitation in the delineation area was
estimated using the same methods employed by Rupert (1996, p. 6). Thefollowing equation
includes the factors used to estimate totd nitrogeninput from precipitation (modified from
Rupert, 1996):

B=(ExQxI)xD,
where
B =total nitrogen input from precipitation, in kilograms;
E = total nitrogen concentration in precipitation, in milligramsper liter;
Q = annual rainfall, in meters;
| = land areawithin WhAEM delineation area, in square meters, and
D = dry deposition constant (unitless).

Maupin (1995) estimated total nitrogen concentration in precipitation for the upper Shake River
Basin to range from 0.18 to 0.27 mg/l. The midrange concentration of 0.225mg/| total nitrogen
in precipitation was used to calculate nitrogen loading from precipitation in the delineation area.
The 29-year predipitation average of 10.76 inches at Jerome was multiplied by 0.225 mg/l total
nitrogen to estimate the nitrogen contribution from precipitation. The estimated nitrogen
contribution from precipitation is 201,700 pounds per year.
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L egume Crops - Nitrogen contribution from plow down of legume crops (alfdfaand beans)
was estimated by multiplying the acreage for each crop by afactor of 60 pounds per acre for
afalfaand 40 pound per acre for beans (Tindall, 1991). The alfalfa and bean acreage within
the delineati on area was assumed to be in proportion to the tota dfafa and bean acreage in
Gooding and Jerome Counties. It was assumed that one quarter of thelegume acreage would
be rotated out each year, so one quarter of the total nitrogen load from legume crops
(2,434,800 pounds) would be contributed each year. The estimated nitrogen contribution
from these two sourcesis 608,700 pounds per year (Table 8).

Table 8. Legume crop nitrogen contribution inthe WhAEM delinegtion area

Crop Acres N contribution Total Nitrogen (Ibs)
(Ibs/acre)
Alfdfa 36,029 60 2,161,800
Beans 6824 40 273,000
Total Legumes 42,853 100 2,434,800

Wastewater Land Application - Thereis onewastewater land application site inthe

delineation area. The City of Wendell land applies wastewater to 43 acres of pasture under a

Wastewater Land Application Permit issued by DEQ. For purposes of simplification, the
nitrogen load from this segment of the population was included in the human sources of
nitrogen section. Domestic wastewater containsalarger concentration of nitrogen than
treated municipa wastewater, so including the Wenddll nitrogen sourcewith the domestic
nitrogen load probably overestimates nitrogen loading from human sources.

Table 9. Total estimated nitrogen contributionin the WhAEM delineated area

Source Nitrogen (Ibs) Percent Contribution
Fertilizer 15,220,000 54.0

Human 324,800 1.0

Dairy (milkers, drys, heifers 11,129,900 40.0

and calves)

Beef 632,000 2.0
Precipitation 201,700 1.0
Legumes 608,700 2.0

Total 28,117,100 100.0

A graphicad summary of the above nitrogen estimates (Figure 17) shows that commercial
fertilizer, cattle (dairy - milking and dry cows, and beef animals) and legume sources account
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for about 98 percent of the nitrogen load in the WhAEM delineation area. As more accurate
estimates of nitrogen contribution from the various sources become available, the rdative
percentage contributed from each source would be expected to change.

Figure 17. Percentage estimates of nitrogen |oad from various sourcesin Box Canyon
delineation area

1%
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OFertilizer
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B Precipitation

OLegumes
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Nitrogen L oad Trends

Impacts to ground water quality, either increasing or decreasing trends, may not be evident
due to the transit time of pollutants through the vadose zone to the water table. In addition,
once pollutants reach the water table, the travel time in ground water to the point of use can
vary depending on ground water flow velocities and the location of the point of use relative
to pollutant sources. Therefore, it isworthwhile to review trends for areas overlying the
aquifer which have the potentid to impact groundwater quality. The preceding nitrogen load
analysis shows that themgor sourcesof nitrogen in the study areaarefrom fertilizer and
livestock sources. In order to address potential trends, these two nitrogen sources should be
compared to theirrigated acreage over the same period. If the irrigated acreage and nitrogen
sources reman the same, then the nitrogen load per acre should be constant; changesin
irrigated acreage and/or nitrogen load will result in an increase or decrease in nitrogen on a
per acre bass.

Although data are not available for these three factors for the delineation area, county level
datafor irrigated acreage and totad number of animalsare available (Idaho Agricultural
Statistics Service, 2000). As discussed above, estimates of nitrogen fertilizer use on a county
level basis also are available during the period from 1985 through 1991 (EPA, 1990). Table
10 shows nitrogen fertilizer use, irrigated acreage and animal data which are available during
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the period 1985 to 2000, while Figure 18 shows a graphical presentation of the samefactors

over the period.

Table 10. Estimated nitrogen fertilizer use, irrigated acreage and totd cattle, Jerome and

Gooding Counties, 1985-2000

Jerome County Gooding County

Nitrogen Total # of |Nitrogen Total # of

Fertilizer |Irrigated Cattle |Fertilizer |Irrigated Cattle

Use (tons) |Acreage (IASS) |Use (tons) |Acreage (IASS)

Year

1985 6530 4364
1986 5665 82000 3786 76000
1987 5655 135272 70000 3779 107793 65000
1988 5701 3810
1989 6315 70000 4220 78000
1990 74000 82000
1991 5437 81000 3633 90000
1992 150444 89000 115398 97000
1993 90000 102000
1994 93500 112500
1995 109000 130000
1996 116000 133500
1997 151726 122000 112665 138000
1998 133500 140000
1999 137500 141500
2000 157500 158000

Estimated nitrogen fertilizer use decreased by 17 percent for both Gooding and Jerome
counties from 1985 to 1991, whileirrigated acreage increased by five percent for Gooding
County and 12 percent for Jerome County over the period 1987 to 1997. Taken together,
these data indicate that nitrogen fertilizer gpplication decreased on a per acrebasis during the
late 1980s in Gooding and Jerome Counties. Data are not available to anayze fertilizer
application rates during the 1990s.

The total number of animalsin Gooding County hasincreased by 92 percent for the period
1986 to 2000, whilethe total number of animashas increased by 108 percent in Jerome
County during the same period (Table 11 and Figure 18). The changein nitrogen load
associated with theincreased number of animalsin the two countiesisdifficult to estimate
since the number of animasin a given weight class is unknown. On a pounds per acre bas's,
an overall increase in nitrogen load from cattle sources probably has occurred in the two
counties over the past tento 15 years. The dlightincreasein irrigated acreage from
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Figure 18. Regressions for the complete data sets for Box Canyon, Clear Springs, Crystal Spring #1 and #2, and Niagara Springs.
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1987 to 1997 (up to 12 percent) is probably more than offset by nitrogen generated by the
increased cattle numbers from 1985 to 2000 (up to 108 percent).

STATISTICAL ANALYSISOF NITROGEN DATA

Potential ground water contamination has been a mgjor concern to the citizensin south-
centrd Idaho for several years. Theleve of concernby the citizenshas increased as the land
use above the aquifer for dairy and anima feeding operations hasintensfied. Several ground
water studies have been conducted on the Snake River aquifer. Most of the studieshave
concluded that nitrate+nitrite is elevated in the groundwater of Gooding and Jerome
Counties. These previous studies, however, were conducted over alimited time frame,
typicdly oneto two years.

The purpose of this part of the study wasto analyze water qudity data that had been
collected over a sufficiently long time frame a regular intervalsto determineif changesin
nitrate+nitrite concentration are occurring and, if atrend was evident, at what rate it was
increasing or decreasing. DEQ was able to locate sufficient data for regresson analysis on
five springsin Gooding and Jerome Counties: Box Canyon Spring, Crystal Spring #1 and #2,
Clear Spring, and Niagara Springs. Long-term ground water nitrate+nitrate data are available
for onewell located in the delineation area, southwest of Jerome. Data have been collected
from thiswell starting in 1989 and continuing to the present.

Data Analysis

The spring data used in this anadyss was collected by the aquaculture industry, |daho Power,
and Idaho State University (ISU). The aguaculture industry began sampling nitratet+nitrite
levels in these springs in the summer of 1994 due to concerns that nitratelevels would
become a permit condition in upcoming NPDES permit renewals. These entities are aso
dependent on the discharge of good quality water from springsin the study area. The Box
Canyon, Crystal Springs#1 and #2, and Clear Spring samples were collected and anayzed
using accepted procedures by aloca lab. Thelab follows EPA protocols and conducts
periodic Quality Assurance/Quality Control (QA/QC) on al of their samples. Sampling
frequency was reducedin 1997 due to aredirection of resources by the agquaculture industry.
The number of data points ranged from about 50 samplesat Box Canyon Springs during
1995 to 5 to 10 samples per year at other springs. These spring water qudity dataallow for a
more robust analysis of ground water trends than data from monitoring wells where samples
may be collected once every one to three years.

Niagara Springs data has been collected from 1994 to the present by Idaho Power at the
Niagara Springs fish hatchery. The Niagara Springs samples were sent to Alchem
Laboratories, Inc., Boise, Idaho, and Rangen’s Laboratory for analyss. Idaho Power collects
the samples following accepted procedures and conducts periodic QA/QC.

The ISU datawere collected by Dr. Chuck Brockway in 1991 and 1992 as part of awater

quality study funded by DEQ. The samples were sent to the Idaho Bureau of Labs. The
samples were collected following accepted procedures and 10% of the samples had
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QA/QC run onthem. The data used in thisanalyss are available upon request from the DEQ
Twin Falls Regional Office.

Because the spring sampling intervals were not consistent within the study period, aformal
trend analysis could not be performed. The data were, however, sufficient for DEQ to
conduct several regression analyses. The firsg analyss conducted was a linear regression
analysis on each of thefive springs. In dl cases, there was a statistically significant upward
trend in nitrate+nitrite concentrations from 1991 or 1994 through 1999, at the 95 percent
confidence level.

For the springs, visual ingpection of the data reveals that the nitratetnitrite concentrations
exhibited some periodicity or seasondity (Figure 19). This seasonality could result inthe
erroneous conclusion that atrend exists when in fact the trend is only an artifact of sampling
frequency. To determineif theincrease in nitrate+nitrite was an artifact of sampling
frequency aregresson analysis was conducted by cadendar quarter, so only data collectedin
the same calendar quarters were regressed against data for the six-year period. The calendar
guarters were January - March, April - June, July - September and October - December.
Analyzing the data by cdendar quarter should minimize or eliminate any effect of sampling
frequency on the analysis. Although analyzing data from smilar calendar quarters may
eliminate the effect of seasonality on the dataanaysis, it al so decreases the power of the
statistical test due to the smdler sample sze.

The quarter-by-quarter andysis of the Box Canyon, Niagara, and Clear Springs data
indicated that there were significant increases in nitratetnitrite through timefor all four
quarters (Figures 20, 21, and 22). Crystal Spring #2 had a significant incresse in
nitrate+nitrite through timefor three out of the four quarters (Figure 23). At Crystd Spring
#1 only one quarter out of the four had a significant increase over time (Figure 24).

A total of 146 nitratetnitrite data pointsfrom the well located at Township 9 South, Range
16 East, Section 3ABC (9S16E3ABC) were avalablefor statistical evaluation. The drillers
log indicates the well is 170 feet deep and hascasing set to 143 feet below land surface.
Thereisacasing seal to adepth of 18 feet beow land surface. The subsurface material at the
well consigs of top soil from O to 9 feet, basalt from 9 to 163 feet, and sand and grave from
163 to 170 feet. The wdl wasdrilledin 1977 and the depth to water reported on the drillers
log was 138 feet bd ow land surface. On June 17, 1991 the depth to water was measured by
DEQ at 143.09 feet bd ow land surface. Water samples for nitrate-nitrogen analysis were
collected from the well by the owner after the wel had been pumping for sometime. The
samples were collected in sample bottles supplied by DEQ and anayzed at the |daho Bureau
Of Laboratoriesin Boise, Idaho. From 1 to 25 samplesper year were collected from the well
over a 12 year period.

In addition to nitrate+nitrite sample anayss, ISDA collected a sample from the well on
February 2000 for analysis of the stable isotope of nitrogen, **N. (For a summary of nitrogen
isotope analyss andits usein evaluation of nitrogen sourcesin ground water, the reader is
referred to Howarth, 1999 and Seller, 1996.) The sample was andyzed at the Water
Sciences Laboratory a the Universty of Nebraska-Lincoln, usng Method N15IRMS.0002 -
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Figure 19. Regressions for the complete data sets for Box Canyon, Clear Springs, Crystal Spring #1 and #2, and Niagara Springs.
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Figure 20. Box Canyon regressions by quarter.
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Figure 21. Niagara Springs regressions by quarter.
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Figure 22. Clear Springs regressions by quarter.
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Figure 23. Crystal Spring #2 regresssions by quarter.
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Figure 24. Crystal Spring #1 regressions by quarter.
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| sotope Ratio Mass Spectrometric analysis. Thelab returned an 8*°N value of 8.90 %o, which
indicates an organic nitrogen source, either from plant residue, animal or human waste.
Typical & N valuesarelisted in Table 12. The 3° N vaue from the domestic well indicates
that neither commercial nitrogen fertilizer nor precipitation isthe source of thenitrogenin
the well water.

Table 11. Typical & N values.

Potential Contaminant Source SN (%o)
Commercial fertilizer -4t0+4

Animal or human waste Greater than +10
Precipitation -3

Organic nitrogen in soil +4t0 +9

(after Seiler, 1996)

A dye tracer test of the septic tank at the residence where the well is located, conducted from
March 1997 through November 1998, indicated that effluent from the septic tank at the
residenceis not the source of the elevated nitrogen in thewell.

A linear regression andysis was conducted on the nitrate data fromwell 9S16E3ABC. The
regresson results show that thereis a statisticaly significant upward trendin nitrate+nitrite
concentration at the 95 percent confidence level (Figure 25). The mean nitrate+nitrite
concentration inthewell for 1990 was about 5.64 mg/l (n =12), while the mean
nitrate+nitrite concentrationfor 2000is9.22 mg/l (n=9).

Figure 25. Regresson for the complete data set for well 9S16E3ABC.
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seasonal variationsinthe data, so a linear regression andyss was conducted on the data set
on acdender quarter bassin the same manner as the spring water quality regression anaysis.
Thisanalysis showed that for all four calender quarters there has been a significant increase in
nitrate+nitrite concentrations at the 95 percent confidence level.

The R? value (coefficient of determination) associated with each dataplot isthe fraction of

the total variation in nitrate+nitrite concentration that can be accounted for by the association
between nitrate+nitrite and sample. The value can vary between zero and one. Most R? values
for both spring and ground water quality data arelessthan 0.5, indicating that other factors
such as seasondity effects or variation in nitrogen sources or the concentration of an
individual nitrogen source are occurring.

Discussion

The andyss performed in this paper indicatesthat a statistically significant upward trend in
nitrate+nitrite concentrations existsin 4 of the 5 springs (Box Canyon, Niagara, Clear
Springs and Crystal Springs #2). Thefifth spring (Crystal Spring#1) may aso have an
upward trend but due to the variability in the data and thelow number of sample points only
one of thefour calendar quarters had a statisticaly significant upward trend. Thisanaysis
also indicates that the rate of nitratet+nitrite increase is not consistent between quarters. The
second quarter had the greatest increase in both Box Canyon and Crystal Spring #2, whereas
the first and fourth quarters had a greater postive dopefor Clear Springs.

DEQ has established an action level for areas where concentrations of nitrate + nitrite reach 5
mg/l and also exhibit an upward trend. In an attempt to determine when a spring may reach
the actionleve of 5 mg/l the regressions were extended until the action level was intercepted.
Table 13 gives theyear that the limit would be reached for the quarter with the greetest slope
and the quarter with the shallowest slope. The predicted datesfor reaching the action level
assume that the amount of nitrate+nitrite being introduced into the ground water will
continue to increase at the samerate. It is possble that the slopes of the linesmay increase or
decrease, thereby making these predictionsinaccurate.
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Table 13. Estimated date when nitratetnitrite concentrationswill reach 5mg/l. The estimate
assumes that the rate of increase does not change from current levels.

Spring Name Earliest Date* Latest Date?
Clear Springs 2005 2015
Crystal Springs #2 2006 2013
Niagara Springs 2019 2027
Box Cany 2058 2124
Springs
Crygal Springs #1 2028 NA

'Based on quarters with the steepest slopes.
’Based on quarters with the shallowest slopes.

Two of the springs (Clear Springs and Crystal Springs #2) could reach a concentration of 5
mg/| nitrate+nitrite within 5 to 6 years, whereas the remaining springsmay not reach a
concentration of 5 mg/l for 20 to 120 years. Even though some of the springs may not reach
the action level for several decadesthis should not mean that thereis not a significant
concern. These springs’ increasesin nitrate+nitritemay accelerate, making these long term
predictions an underestimate of the severity of the problem.

Well 9S16E3ABC islocated within the O to 3 year time of travel zone, as predicted by the
MODFLOW flow smulation. The well lieson aground water flow path that contributes
water to the Crystal Springs/Niagara Springs complex. Recharge to ground water feeding
these springsis postulated to be from primarily from surface water, and i sotopic evidence
indicates that the water is young relative to the central springs (Thousand, Box Canyon,
Briggs). Thenitrate+nitrite concentrations in water discharging from Crystal Springs/Niagara
Springs was about 2.4 mg/l in 1994 (Clark and Ott, 1996), while the nitrate+nitrite
concentration from two samples fromwell 9S16E3ABC averaged 6.7 mg/l for 1994. This
difference probably reflects thefact that water samples from the springsreflect a composite
of the entire saturated thickness of theaguifer while thewe | withdraws water from the upper
part of the aquifer.

Thisanalysis points out the need to devel op a plan that will decrease nitrates in the springs.
This plan should include long-term monitoring to track the nitrate+nitrite levelsinthe springs
in thisregion. An extended monitoring record will help to confirm the trends found in this
analysis. The andyss dso points out the need to install properly constructed ground water
monitoring wellswhich samplethe uppermost part of the aquifer. Mixing in ground water
flow systemsis more dominant in the horizonta rather than in the vertica direction, and
therefore contaminants entering an aquifer tend to remain in the uppermost part of an aquifer.
Wells withdrawing water from deeper in the agquifer will record lower contaminant
concentrations than ones completed in the uppermod part of the aquifer, and therefore
impacts to an aquifer will be underestimated.
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Thisanalysis also suggeststhat theremay be an overabundance of nitrogen being applied to
areas upgradient of the springs. A more detaled anays's of nitrogen inputs, nitrogen cycling
and ground water transport should be done to determine the leve of nitrogen that can be
safely applied to lands above and upgradient of these springs.

CONCLUSIONSAND RECOMMENDATIONS

Concerns about nitrogen impacts to ground water in the western portion of the Eastern
Snake Plain aquifer prompted an analysis of water quality data for springs discharging from
the north canyon wall of the Snake River from Clear Lakes Springsto Thousand Springs.
Land use activities, including agricultural activity and animal industry operations, havethe
potential to generate significant nitrogen loads, which if not managed properly can impair
ground water quality.

The study included ground water flow smulation using two different modeling methods,
analysis of sources of nitrogen within the study area, and a statistical evaluation of water
quality data from spring samples. The ground water flow models WhAEM and MODFLOW
were used to simulate ground water movement in the study area. Based on data published in
USGS and IDWR reports, aconceptua mode of the aquifer was developed: that is, an
unconfined multilayer aquifer syseminfractured basalt with most discharge occurring from
springs in the uppermost layers. Aquifer parameters used in both model simulations were
taken from previously published modeling reports.

The most reasonable scenario sdected for the WhAEM modd evaluation included a
simulation with areal recharge of about 1 foot per year, ahydraulic conductivity of 6,300 feet
per day, an aquifer thickness of 165 feet and an effective porosty of 0.20. Model predicted
heads wereinfar agreement with measured heads; no combination of aguifer parameters
yielded solution differences of less than 75 feet between predicted and measured heads.

Preliminary model results indicated that ground water flow vel ocities are extremdy rapid,
especidly in the western part of the study area, so the simulation waslimited to the area
included within the 3-year time of trave. This convention helped reduce theinaccuracy of the
model results sncethe model precision decreased with increasing time and distance from the
springs. The WhAEM model results indicate ground water flow velocities range from 100
feet per day in the 3-year timeof travel areato as much as 180 feet per day in the 1-year time
of travel area. These ground water travel ve ocities areafactor of 10 to 20 higher than any
previously reported for ground water flow systemsin Idaho, so a more robust numerical
model smulation using MODFLOW was conducted to confirmthe WhAEM results.

The same conceptua hydrogeologic moded used for the WhAEM simulation was used for the
MODFLOW simulation. Changes made to the WhAEM model domain included extenson of the
model boundary to the north to account for severa significant springs, smulation of the northern
boundary as a specified head boundary and treating al springs as discrete discharge aress. Also,
zones of hydraulic conductivity, recharge and aguifer bottom elevation were developed to
account for the variable aquifer properties observedinthe study area.
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Calibrated hydraulic conductivity values ranged from 328 to 9,840 ft/day and a porosity vaue
of 0.2 was used throughout the model domain. Saturated aquifer thickness varied from about
300 feet on the east to about 150 feet in the western part of the model domain. MODFLOW
model results were imported into MODPATH to generate flow lines and time of travel zones
for each of the major spring groups modeled. Time of travel results were smplified into three
general time of travel capture zones: 0 to 3, 3to 6, and 6 to 10 years. A generd observation
isthat the Szeof each capture zoneis generally proportional to the magnitudeof discharge at
the various springs. Estimated ground water ve ocitiesfor springsincluded in themode
domain are shown in Table 14.

Table 14. Ground water flow velocities ( in feet per day) estimated from MODFLOW model
results.

Spring/Spring Group Ground water velocity (ft/day)

Malad, Thousand, Briggs/Banbury and 120-130
Box/Blueheart/Sand

Big/Billingsley/Bickel 75

Clear 110
Crygal/Niagara 25-100

Blue Lakes 15

Devil’s Corral 10

The variable ground water flow velocities reflect the variable hydraulic conductivity values
which are known to exig across the study area. The higher ground water flow velocities
support thelargeflow ve ocities estimated by the WhAEM modeling efforts. The
MODFLOW/MODPATH model resultsalso fit well with the conceptual mode of sources of
recharge to the various springs as described by Clark and Ott (1996). Water discharging from
Crygtal Sporings and eastward is believed to be younger water derived primarily from recharge
of surface water, either directly within the sudy area or as the primary source of ground
water inflow from outside the model domain. Water in the central springs (Thousand, Box
Canyon, Briggs) is older water derived mainly from recharge far upgradient of the study area.
Water inthe Malad Spring areais amixture of younger surface water which leaksfrom the
Big and Little Wood Rivers and older water smilar to that described for the central sorings.

An evaluation of potentia nitrogen loads withinthe WhAEM delinestion area included the
following sources. domedtic septic systems, precipitation, cattle manure, commercia
fertilizer, and nitrogen rdeased from plow down of legume crops. Nitrogen from the various
sourcesis estimated to totd about 15,000 tons per year (Table 15).
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Table 15. Summary of nitrogen sources within WhAEM delineati on area and estimated
nitrogen loads per year.

Nitrogen source Nitrogen load, Ibs Percent of total
Fertilizer 15,220,000 54

Human waste 324,800 1

Dairy manure 11,129,900 40

Beef manure' 632,000 2

Precipitation 201,700 1

Legumes 608,700 2

Total 28,117,100 100

1 Accurate count of beef animals not available.

The total nitrogen fertilizer use divided by theirrigated acreagein the delineation area gives
an application rate of about 93 pounds per acre. This number compares well with previous
estimates of nitrogen fertilizer use (EPA, 1990) where estimatesof about 70 and 84 pounds
per acre were derived for Gooding and Jerome Counties, respectively. The estimated
nitrogen contribution from humanwaste is probably high for three reasons: 1) the amount of
nitrogen generated per person was selected from the high end of the range of values; 2)
nitrogen from urban dwellers (Wendell) was included with rural dwellers, whilethe city hasa
wastewater treatment system which removes more nitrogen than a septic tank and drainfield
system; and 3) the population of Jerome was included in the cdculations, whilein actuality
treated wastewater from the Jerome wastewater treatment plant isdischarged to surface
water and effectively removed from the study area. The human nitrogen source calculations
did not include nitrogen fertilizer applied to lawnsin the urban areas of Wendd| and Jerome.

The estimated nitrogen load contributed from dairy cowsis probably reasonable since the
number of dairy cows in the delineation area was derived from current ISDA dairy herd
numbers. This number includes nitrogen contributed by dairy heifers and calves. The estimate
for nitrogen contributed from beef cattleis bdieved to below due to anincomplete count of
beef anima numbersin the delineation area. Estimates of nitrogen from precipitation were
based on USGS precipitation sampledata collected at a station in the Snake River Basin and
precipitation data from the City of Jerome. Estimates of nitrogen from plow down of legume
crops were based on values presented in Tindall (1991).

| ASS data were used to evaluate trendsin the mgor nitrogen sources (cattleand fertilizer)
within Gooding and Jerome Counties during the period 1985 to 2000. Estimates for the
period 1985 to 1991 indicate that nitrogen fertilizer use decreased by about 17 percent for
both Gooding and Jerome Counties. For the period 1987 to 1997 irrigated acreage
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increased slightly in the two counties (5 and 12 percent for Gooding and Jerome Counties,
respectively). The tota number of cattle increased by 108 and 92 percent for the two
counties, respectively, during the period 1986 to 2000. These dataindicate that on a pounds
per acre bass, theincreasein nitrogen load from animal sourceshas more than offset the
dight increaseinirrigated acreage available for application of nitrogen generated by the
increased cattle numbers.

A satisticd anadyss was conducted on water quality data from five springs which discharge
along the north canyon wall of the Snake River: Box Canyon Springs, Crystal Springs #1
and#2, Clear Spring and Niagara Springs. Water qudity data are available for the springs
from 1991 or 1994 through 1999. Results of alinear regression analyss indicate that
nitrate+nitrite concentrationsincreased significantly at the 95 percent confidencelevel for
each of thefive springs. A quarter-by-quarter linear regression anaysis of the data, conducted
to minimize seasona water qudity variations, indicated that for Box Canyon, Niagara and
Clear Springs nitrate+nitrite concentrationsincreased significantly at the 95 percent
confidence level for all four quarters. Crystal Spring #2 had a significant nitratet+nitrite
concentration increase at the 95 percent confidence level for three of the four quarters. At
Crysal Spring #1 there was a significant nitrate+nitrite concentration increase at the 95
percent confidenceleve in one of four quarters through time. To estimate when the DEQ
action level of 5 mg/l nitrate+nitrate will be exceeded, the regressions were extended until the
action level was intercepted. This evaluati on assumes that the amount of nitrate+nitrite
transported to the ground water continues to increase at the same rate. The estimates suggest
that for springs with the steepest regression dopes (Clear Springs and Crystal Springs #2) the
5 mg/l action level could be reached in 5 to 6 years.

A satisticd andysswas adso conducted on water quality datafrom a well located at
9S16E3ABC, where water samples have been andyzed for nitrate+nitrite concentrations.
Results of alinear regression andysisindicate that nitrate+nitrite concentrations increased
significantly at the 95 percent confidence level over a 12 year period. A linear regression
analysis done on a calender quarter basis also confirmed that nitrate+nitrite concentrations
increased significantly at the 95 percent confidencelevel for each calender quarter (January-
March, April-June, July-September, and October-December). A nitrogenisotope anaysi s of
water from the well gave a 3*°N value of 8.9 %o, indicative of nitrogen from animal or human
waste, or from organic nitrogen in soil. A dye tracer test conducted over a 20 month period
on the septic tank associated with the well indicated that the septic tank is not the source of
nitrogen in the well.

Most R? values for both spring and ground water quality data arelessthan 0.5. These values
indicate that other factors such as seasondlity effects due to variation in nitrogen sources or
variation of the concentration of an individual nitrogen source are creating large variations in
ground water nitrate concentrations.

In order to assstin evaluating land use and water qudity issues, the following activities are
suggested:

. A better estimate of cattle numbersis needed for the western part of the ESRP so
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that updated estimates of nitrogen input from manure sources can be prepared.

Commercial fertilizer usein the same area should be tabulated to improve estimates of
nitrogen input from this source.

The installation of properly constructed ground water monitoring wells should be
consdered for selected locationsin the western part of the ESRP. The locations
should take into consideration the time of travel variations across the area and
existing land use activities.

Analysis of the stable isotopes of oxygen (**0/**0O) and hydrogen (*H/*H) should be
considered for future water sampling programs in the area to augment nitrogen
isotopes data being collected. These parameters can provide additiona information
about the sources of contamination and the timing and location of recharge events.
Temporal variationsin nitrogen sourcesin the area could be more accurately
described through the use of the stable isotopes of oxygen, hydrogen and nitrogen.

| sotope data currently being collected in the area by all organizations should be shared
so that solutionsto water quality issues can be devel oped.

The Agricultural Ground Water Coordination Committee should be considered as a
forum for presentation of the study results.
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