Bliss Nitrate Priority Area

Nutrient Management & Geologic Summary

Final Report

a Gooding Soil Conservation District




Bliss Nitrate Priority Area

Nutrient Management & Geologic Summary
Final Report

Prepared byhe
Goodng Soil Conservation District

District Board Members

Kay Hultsi Chairman Daniel Butler- Supervisor

Bob Boltei Vice Chairman Larry Capps Supervisor

Joe PavkoV Secretary/Treasurer Bill Palacioi Associate Supervisor
Barbara Astlé Administraive Assistant Mike Tuckeri Resource Conservationist

With special thanks to

Technical Advisory Committee
USDA'T Natural Resources Conservation Service Idaho Soil & Water Conservation Commission
University of Idaho Idaho State Department of Agriculéur
Idaho Association of Soil Conservation Districts Idaho Department of Environmental Quality
Idaho Department of Wat&esources

December 2010

Gooding Soil Conservation District
820 Main Street
Gooding, Idaho 83330



Table of Contents

Executive Summary

Introduction

Problem Description

Project Objectives

Irrigation and Nutrient Monitoring

Nutrient Management Analysis
Dr. Richard Johnson, USDAatural Resources Conservation Service

Irrigation System and Management Review
Howard NeiblingUniversity of Idaho

Groundwater Study

Perched Aquifer

Monitoring Wells

Isotope Sampling

10
10
11

13

27

33
33
34
36

Spring Sampling

39

Monitoring and Domestic Welhformation

42

65

Geologic Summary



Bliss Nitrate Priority Area Location




Executive Summary

The Biss Nitrate Priority Area (BNPA) located northwest of Bliksahoconsists of
approximately (800 acre®f irrigated agriculturéandsituated above a shalldvasaltwater
aquifer. Elevated nitratgitrogert (NOs-N) levels found in surface amgoundwateon this
acreage prompted the Idaho DepartnwériEnvironmental Quality (DEQ) to include this area
its list of the Top 25Nitrate Riority Areasof the State.

Nitrogen is an element key to plant production and health. Nitrates are a form of nitrogen
derived from plants, decomposing organic matter, sewer systems, animal wastes associated with
confined feeding areas and nitrogen based fertilizers. Although this form of nitrogen is vital to
vegetation vigor, excess nitrates often lecbughsoil layes from surface irrigation and
precipitation into groundwater supplies.

To eliminate Nitrate Priority Status from communities, DEQ developed management

pl ans explaining ways to manage nitrate sourc

theMiddle Snake Regional Water Resource Commission developed a Coordinated Water
Resource Management Plan (CWRMP) to manage ground and surface water quality in counties
within the Magic Valley including Gooding County. The CWRMP explains how surface
irrigation plays an important role in recharging the aquifers of the region, but how care must be
taken to limit biological, chemical and physical contaminants from reaching these aquifers.

The initial plan for lowering nitrate levels in the State wasomplee resource reviews
and movestraightto theimplementation oNutrientManagemenBestManagemen®ractices
(BMP) designed to improve nitreq fertilizer management. While working with landowners
and producers in the BNPA was of primary interest, the (&gdsioil Conservation District
(GSCD) resisted the urge and pressures of assisting partners to move quickly to BMP
installation. Principle focus remained on identifying the source and transport mechanism of the
nitrate to the groundwater before developiogservation plans with landowners. With limited
funding available, it was determined that accurate problem identification was the first objective.

Problem Description

The maximum contaminant level (MCtgr nitrate levels in drinking watdisted by tte
U.S. Environmental Protection Agency and the Statdatio is 10 milligram®f nitrateperone
liter of water(mg/L). For an area to be listed aNitrate Riority Area 25 percentof the wellsin
the designated area must tegér 5mg/L for nitrates. In the Bliss location, 7percentof the
wells tested exceeded thergy/L level. Since 1999 e Idaho State €artment of Agriculture
has conducted monitoring in tB&NPA which indicates sillow groundwater zones (less than
100 feet de€pare impactedynitrate. For example, a spring utilized for drinking water and a
second notpotable spring in the BNPA had fluctuating and elevated nitrate levels prior to
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sampling in November 1999. Data collected indicated the nitrate concentrations in the springs
periodically surpassed the 10 mg/L maximum contaminant level.

Since the designation as a Nitrate Priority Area, the Godd@ighas worked with Idaho
Soil and WatelConservation Commission {&C) to gain an EPADEQ 319 Grant to implement
a resource assessnton the 6,800 acres in Bliss. The GSCD requested assistance from Dr.
Richard Johnson, USDAaturalResources Conservati@erviceNutrient Management
Specialist and Howard Neibling, University of Idaho Irrigation Speciatistdentify the
agricultureland use impactsThe results of the preliminary resource inveigswould provide
guidance to th&SCD to future actions and associated Agricultural Pollution Abatement Plan
(APAP) component practices to protect grountw&om nutrients, pesticideand other
contaminants.

Agricultural Nutrient Summary 1 Dr. Richard Johnson: USDANRCS

Three years of agronomic tracking residual nitrogen on the three rotations in the project
area suggest that in a small grain, potato, bean rotation that if theafieldsanaged under IWM
there is marginal risk from nitrogen being leached from the fields. There is always a higher risk
from nitrogen being leached in the winter months following the potato crop. On early dug
potatoesthere is sufficient time for theseablishment of a winter grain crop to utilize any
carryover nitrogen in the first and second foot of soil. Once niMasebelow the active rooting
depth of the rotation or under shallow soil setting on a perched water table, then there is going to
bea higher risk of some of the leachable nitrogen reaching that water table. If that perched water
table is the sole source supply for drinking water then there is going to be a direct connect
between applied nitrogen and nitrates found in the drinking watee Nitrogen Leaching
Model calculates that there is a high risk that any water moving under the fields in the study area
could have levels above 10 ppm Nitrte The link is going to be whether the surplus water
collecting underneath the fields ahetsole source water for the drinking water aquifer.

Irrigation Methods T Howard Neibling: University of Idaho

In 2005and200§ irrigation system capacity (maximum possible rate of water
application) was marginally adequate to meet peakse@son ETTherefore observation by
project personnel indicated no ovgigation in early season. Early oveerigation is unlikely
due to the need to till and plant crops in a timely manner, and with the need to minimize
pumping costs.

In 2007, gstem applicabn capacity was better matched to crop need, so early and late
season over irrigation was still possibldowever, soil moisture readiaghdicated that the
water was well managed on the fields monitored, with no excess water applied.

Therefore, it seem®asonable to conclude that under most likely weather and operating
scenarios, the impact of irrigation on elevated N in the groundwater in this project area is
minimal.



Geologic Summary

The geologic project area has three distinct focus areas. Teenexwest area is near
the Butler and Walker spring outlets and a commercial ddieymiddle area is south of the
canal along Spring Cove road and the eastern area is near a commercial dairy and Hill City road.
Monitoring wells one, two and three drilléy the Gooding Soil Conservation District were
placed in each of these three areas to collect nitrate and isotope data from a shallow perched
aquifer. Monitoring well four is located on the northern edge of the project area along a
fenceline separatingrivate cropland from federal rangeland. This well drilled into the deep
aquifer serves as a control well to identify nitrate levels in water entering the project area from
the north. Drilling of this well did not encounter the shallow perched aquifer.

Eastern Focus Area

Two wells drilled into the shallow aquifer in this eastern area have strong similarities.
Domestic well 0801 located south of Spring Cove road and Monitoring Well three adjacent to
0801 continue to record steady inorganic nitrateleapproaching the maximum contaminate
level of 10 mg/L nitrates set by the EPA. Two years of isotope data suggests a small upward
trend in the organic plant and organic animals waste isotope signature beginning in 2009. The
isotope curve and nitrateviels began to rise with the commencement of a concentrated feeding
operation directly north of Spring Cove road and wells 0801 and monitoring well three.

Both wells and the feeding operation share common soil settings and geology. Data
demonstrates nitta and isotope levels rise from November to March and decrease in May. The
decrease in the spring implies the concentration levels of nitrate decrease with the increase of
irrigation water application and water movement in nearby canals.

Downhole cameraurveys conducted to determine aquifer flow zones illustrate the
dominant groundwater flow direction of monitoring well three is predominately southeast. This
is a directional path toward the Bliss community.

Middle Focus Area

A large majority of lad in the central region owned by one landowner was restricted
from structural installation of monitoring wells. Although nitrate and isotope data from
groundwater sources was absent, the landowner provided the Gooding Soil Conservation District
both fertiizer reports and crop rotations. Crop rotations and the fertilizers applied met Best
Nutrient Management Practices. By excluding this large amount of farmland from monitoring
well installation, the District also lost a potential connection to the shalier. Monitoring
well four did not encounter this perched aquifer during construction and the aquifer is believed to
be located midway between the canal and monitoring well four.

One monitoring well was drilled into private land south of the candlsouth of Spring
Cove road.Monitoring well two (MW2), exhibits a very strong influence of leaching and
groundwater transport from seepage from the cafla¢ subsurface input from losses from the



canal produces elevated static water levels, diuticthe water chemistry and increased

transport risk of nutrients and pesticides. The canal transports water continuously, providing
seasonal irrigation and stockwater during the winter months. This continual flow is also shown
by the isotope signatureshich shows isotope levels within the inorganic commercial nitrogen
category from April 2009 until March 2010.

Domestic well 1201 lying south of the canal and MMé surrounded by croplands. Data
shows nitrate levels straddling the maximum contamireatel With an isotope signature of
inorganic commercial nitrogen. The domestic well data collected is close to data collected from
MW-2.

Another domestic well in the middle focus area is 0501. This well is located in a swale
south of the canal and southSpring Cove road. Isotope levels suggest organic plant and
animal waste levels from December to May and inorganic commercial nitrogen levels in the
summer months. Langse activities for this area are related to the isotope levels. Seepage from
the canal tends to collect in the northern portion of the swale and the induced water in the soil
profile is a likely transport of applied nitrogen down gradient in the soil column to the shallow
perched aquifer. Livestock feeding and pastures located sotlth wEll appear to provide
organic sources influencing the well in winter and spring months.

The underlying perched aquifer outlets at two sources, Butler and Walker springs and
provides some connectivity to the surface land use. pitwegsflow increases with the influence
of the onset of irrigation and the fully charged canal delivery syleding the perched aquifer.

In contrast to the east area data results where dilution of nitrates is occurring, concentrations in
this western i@a actually increase as flow increases. Both spring flow and nitrate levels peak
during the irrigation season; however, the Butler spring nitrate trends continue to increase.
Flows in the Walker Spring demonstrate the output is correlated to theiamigaason and

nutrient concentrations peak during the irrigation season with isotope readings indicating an
organic source.

In contrast to the eastern and middle focus area, domestic wells and monitoring wells
encounter the same regional deep aquifdrraanitoring well four. It would be expected that
the west area should exhibit water quality trends equal to thedANbaseline trends if this area
was without agriculture or land use activity. Deep wells in the west area include domestic well
0301, monitoing well one and two wells on an active dairy. Sampling of this domestic well
0301 identifies consistent levels of nitrates slightly above 5 mg/L with an isotope signature
identifying mixed organic sources. Monitoring well one demonstrates a contielevased
organic source and nitrates exceeding the MCL of 10 mg/L in all readings.

As a contrast, the domestic supply wells located on the dairy, 0101 and 0201, in the west
section are also drilled to the regional deep aquifer and both have consatengs of less than
onemg/L. One key difference worthy of note is the dairy wells are drilled approximately 450
feet deep and have casing installed to the 350 foot deep and sealed to 270 and 292 feet
respectively. Domestic well 0301 has a consisteading of 5 mg/L. This well was installed
following State guidelines and is 385 feet deep, cased to 370 feet but is only sealed to 19 feet.



Recommendations

It is important to recognize that landeactivities will continue to apply nutrient
application o soils for agronomic production. Care and due diligence is required of the farming
community to utilize adequate Best Management Practices and crop rotations, which will utilize
nutrient inputs and minimize leaching potential to the groundwater.

Landownes need to be aware of the existence of the perched aquifer and geologic
conditions. Ash, cinders or sand underlain by a clay layer will provide the opportunity for
lateral as well as downward movement of water and nutrients seeking the groundwater. The
deep regional aquifer is exhibiting upward trends of nitrates, serving as an indicator of ongoing
nutrient transport.

The existence of uncased holes within the regional deep aquifer, such as wells either
abandoned or functional, has potential to provideaditransport of nutrients. Wells drilled
through the shallow perched aquifer provide additional mixing and contamination if not properly
sealed to the regional aquifer. Lateral moving water can encounter cracks or direct conduits and
continue movemertb lower aquifers.

The landscape and geologic conditions within the Bliss Nitrate Priority indicates the well
drilling standard set by the State of Idaho is not adequate to protect the drinking water for
domestic use in this area. As demonstrated bydbp @ells in the western section of the
Project area, wells drilled and cased to approximately the same levels have very different
contamination levels because of the different sealing during installation. To protect the domestic
source water it is impaxht to case and seal the wells of this area to the finished well depth,
which will prevent the well borehole from providing direct transport of contaminants and
affecting groundwater.

In summarizing the isotope results and common farming practices ftasesb the
fertilizer applications common to all agricultural acres are not currently presenting a large threat
or contribution to the inorganic nitrates. Organic sources appear to have a much larger influence
in specific areas of the Project. On thetasade, both domestic well 0801 and monitoring well
three south of the Spring Cove road quickly recorded rising levels of organic sources shortly
following the reopening of a small dairy to the north. Installing quality Best Management
Practices may redua# eliminate the organic source and support the findings that the
concentrations are reduced or diluted by the addition of the irrigation ifptrege trends are on
the rise from an organic source and as seasonal flows increase the levels of [Htranesease.

This suggests the additional seasonal flow is transporting additional contaniswtgse

readings in the west side suggest the livestock impacts are continuing to accumulate and promote
the rising trend in Butler Springs. It would suggtee Nutrient Management Plan or Best
Management Practice installatiofts the livestock operation in the west sector are not adequate

to protect from nutrient contributiots the groundwaterO



Introduction

The Bliss Nitrate Priority Are@BNPA) located northwest of Igs, Idahoconsiss of
approximately (800 acre®f irrigated agriculturéandsituated above a shalldvasaltwater
aquifer.Elevated nitratenitrogen (NQ-N) levels found in surface ampoundwateon this
acreagerompted the IdahBepartmendf Environmental Quality (DEQ) to include this area
its list of the Top 25Nitrate Riority Areasof the State.

Nitrogen is an element key to plant production and health. Nitrates are a form of nitrogen
derived from plants, decomposing angamatter, sewer systems, animal wastes associated with
confined feeding areas and nitrogen based fertilizers. Although this form of nitrogen is vital to
vegetatiorvigor, excess nitratesftenleach thru soil layerBom surface irrigation and
precipitaton into groundwatesupplies

To eliminateNitrate Priority Status fromommunities, DEQ developedanagement
plans explainingvays to managasitrate sources withinth& at e . Il n addition
the Middle Snake Regional Water Resource @ussion developed a Coordinated Water
Resource Management Plan (CWRMP) to manage ground and surface water quality in counties
within the Magic Valleyincluding Gooding County The CWRMPexplains howsurface
irrigation plays an important role in rechargithg aquifers of the region, blabw care must be
taken to limit biological, chemical and physical contamin&ots reaching these aquifers

The initial plan for lowering nitrate levels the State wag complete resource reviews
and movestraightto theimplementation oNutrientManagemenBestManagemen®ractices
(BMP) designed to improve nitreg fertilizer managemeniVhile working with landowners
and producers in the BNPA was of primary interest, the Gooding Soil Conservation District
(GSCD) resisted the urge and pressures of assisting partners to move quickly to BMP
installation. Principle focus remained on identifying the source and transport mechanism of the
nitrate to the groundwater before developing conservation plans with landownénslinWied
funding available, it was determined that accurate problem identification was the first objective.
The GSCD requested assistance from Dr. Richard Johnson, BER®S Nutrient Management
Specialist and Howard Neibling, University of Idaho IrrigatiSpecialistto identify the
agriculture land use impact3he results of the prighinary resource invent@swould provide
guidance to th&SCD to futureactionsand associated Agricultural Pollution Abatement Plan
(APAP) component practices to pratgcoundwaer from nutrients, pesticideand other
contaminants.

Problem Description

The maximum contaminant level (MCigr nitratelevels in drinking watelisted by the
U.S. Environmental Protection Agency and the Statdatfois 10 milligramsof nitrate perone
liter of water(mg/L). For an area to be listex$ aNitrate Riority Areg 25 percentof the wellsin
the designated ar@aust tesbver 5mg/L for nitrates. In the Bliss location, Percentof the
wells tested exceeded therg/L level. Since 1999,he Idaho State &artment of Agriculture
has conducted monitoring in tB&NPA which indicates shllow groundwaterzones (less than
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100 feet de€pare impacted by nitrate. For example, a spring utilized for drinking watka
second notpotable spring in the BNPA had fluctuating and elevated nitrate lgvads to
sampling inNovember 1999. Data collected indicated the nitrate concentrations in the springs
periodically surpassed the iily/L maximum contaminant level.

Since thelesignatioras a Nitrate Priority Areahe GoodingSCD has worked with Idaho
Soil and WatelConservation Commission {8C) to gain an EPADEQ 319 Grant to implement
aresourcaassessmern the 6,800 acres in Bliss. These assessments edatuat@gement of
irrigation systens using soil moisture sensoisasic crop rotation and nutrient applicatrates
supported by field soil samplinffhe Gooding SCD assembled a Technical Steering Committee
to assist with interpretatioof resourcelatato provide guidance andaemmendation to the
Gooding SCD

Project Objectives

Groundwater

The project will address primarily nitratetrogen (NQ) related togroundwater
protection. As monitoring occurs, project work will also evaluate other parameters potentially
including amnonia, nitritenitrogen, ortho phosphorus, sulphate, chloride, various isotopes, and
field parameters.

Surface Water

The Mid-Snake is listed for nutnigs and sediment (DEQ, 2002). The benefigsas for
the stream segment are undesignated but arerpeesto support colévater biota and primary
or secondary cdact recreation (DEQ, 20025ince sediment is also listed, it is important to
consider sediment and phosphorus problems and solutions simultan&aumsbff from the
BNPA has potential to travevest into Clover Creek which feeds into the Snake River near King
Hill.

Resource Inventory

The BNPA attempdto identify the source aneduce nitrate levels within the shallow
basalt aquifer. The BNPA aquifer is relatively shallow and vulnerabteof clay, lava and
sands Nitrate contaminants in this areaginatefrom agriculture, livestock, septic systems,
land application of wastes and natural sources. In addition to protectiggthelwateserving
domestic wellsButler Spring,used for @mestic sourcehas been greatiynpacted according to
ISDA records for the last 5 yea(§eeFigure 1 and Figure 2)
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Figure 1: Average of all ISDA well samples including springs.
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Agronomic Summary of the Bliss Nitrate Priority Area Ground Water

Improvement Project
R.D. Johnson, USDAIRCS State Nutrient Management Specialist

This report summarizes the agronomic field observations and modeling efforts to
characterize the potenttimr Nitrate-N movement for applied fertilizers within the selected fields
in the Bliss Nitrate Priority Area Ground Water Improvement Project study area (Figure 1).

Figure 1 Project Map

Figure 2 shows the summary of residual Nitfidtes sampled from the monitoring sites
for each of the selected fields. As observed in the data are presented in Figure 3, the overview of
the residual NitratdN suggests that there are two crops in the rotations that have a potential for
Nitrogen loss. Thaitrogen management in Potatoes and Corn when modeled for crop Nitrogen
uptake verses Nitrogen applied shows that there is excess Nitrogen that cannot be accounted for
in the model. If we consider the Nitrogen use efficiency of 50%, which is typicallgsented
in University of Idaho research, then our data supports that potential loss. During the 2006 and
2007 crop year, the residual data suggest that nitrogen is building within the profile. The data
suggests that nitrogen is moving downward withiea profile, however, the moisture monitoring
of these field suggest that there is not deep leaching occurring during the growing season.

13



Figure 2 Residual Nitrathl for the study period (Fall 05 thru Fall 07)
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Figure 3 Soil Test Nitratdl for Selected Potato and Corn Fields
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Soil Test Mitrate-M
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Figure 4 thru 9 represents the Potential Residual Nitrogen Leaching of Nitrogen during
the winter of 20087 and from applied Nitrogen during the cropgpseason for Field 215 and
205. The model suggests that there is sufficient moisture movement during the winter months
from precipitation in excess of Evapotranspirati@uring the winter of 200éhru 2@®7, an
excess of 5.4 inches of precipitation wasorded at the nearest recording weather station
(Glenns Ferry).This is sufficient moisture to wet the soil profile beyond the active rooting
depths for the crops produced. This can result in nitrogen moving beyond the rooting depth and
if the moistue is intercepted blgedrockor hardpan there could be lateral movement of moisture
to lower positions in the landscape.

Figure 4 PotentidResidual Nitrogen Leaching Model
Field 215- Potatoes
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Figures 4, 5 and 6 are tabled values gragbhic representations of the potential Nitrogen
movement under Field 215 (Spring Cove). The model assumes that at the end of the growing
season that the active root zone is dewatered to 50% of the field capacity. Figure 5 shows the
potential nitrateN movement assuming the precipitation data for Glenns Ferry. The high
residual nitrogen deep in the profile is subject to further leaching and movement into the
underlying aqui fer. I f this fieldbos s®il pr o
was moisture below the active rooting zone for the crop, the model projects that at this moisture
level the residual soil test values of 4 ppmaN® would translate into a soil solution value of 21
ppm of solution N@-N. If this is a major contributdo the perched aquifer found in the lower
landscape of this field then it could have a major impact on the water quality of the perched
aquifer. The modeduggests that during the 2007 crop production year that there is significant
nitrogen loss (in exass of 175 pounds of N) in the production of potatoes in this field.

Figure 5 PotentidlVinter Residual Nitrogen Leaching Model
Field 215i Potatoes
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Figure 6Potential Seasonal Residual Nitrogen Leaching Model
Field 215i Potatoes
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Figure 7, 8 and 9 are tabled values and graphic representations of the potential Nitrogen
movement under Field 205 (Dairy). The model again assumes that at the end of the growing
season that the active root zone is dewatered to 50% oéttiedipacity. Figure 8 suggest that
with low residual nitrogen following a grain crop or large seed legumes that there is a low risk of
over winter nitrogen movement. Figure 9 suggests that at field capacity moisture levels the
model projects that at thimoisture level the residual soil test values of 7 pprgiNQvould
translate into a soil solution value of 30 ppm of solutiorsND Figure 9 suggest that if this
field is over irrigated or if there is sufficient moisture movement during the wintethsyahis
field then it could have a major impact on the water quality of the perched aquifer. The model
suggests that there is a net loss of 141 pounds of nitrogen during the crop irrigation season.
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Figure 7 PotentidResidual Leaching Model

Field 205i Potatoes

Bliss Nitrate Priority Area GW Improvement Project
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Figure 8 PotentialVinter Residual Nitrogen Leaching Model
Field 205i Potatoes
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Figure 10 thru 15 represent Botial Residual Nitrogen Leaching of Nitrogen during the
winter of 200607 and from applied Nitrogen during the cropping season for Field 100 and 105.
These two pivots are located on the eastern end of the project site and involve the management
of manuren a potato/corn rotation.
Figure 10, 11 and 12 are tabled values and graphic representations of the potential
Nitrogen movement under Field 100. The model assumes that at the end of the growing season
that the active root zone is dewatered to 50% efi#ld capacity. At this moisture level the
residual soil test values of 10 pp¥®©s-N would translate into a soil solution value of 30 ppm of
solution NQ™-N. If this is a major contributor to the perched aquifer found in the lower
landscape of thisdid then it could have a major impact on the water quality of the perched
aquifer.

Figure 10 PotentidResidual Leaching Model

Field 100 Corn

Bliss Nitrate Priorty Area GW Improvement Project

Fotential Residual Nitrogen Leaching Model
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Figure 11 PotentialVinter Residual Nitrogen Leaching Model

Field 100i Corn
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Field 205i

ngtatoes

Seasonal N Applie 114 Ibs-Niacre
Excess Irrigafion Applied 0 inches effective moisture
Aciual Mode Actual Model Micisture
a7 _POS’E CFDFI Mirate-M Mitrate Mitrate Soil Following
Soil Nitrogen Sail Test Sail- SoiM | Moisture | SAT FC S U&W | the Event
{pomedry soil} | (pormedry soil] | (bsiac) | ppm-M | pprel | ppmeN | ppr-l ppm-h inf
st 14.5 13 57 71 47 71 153 s 36
2nd 12 12 28 71 42 &2 181 269 EN]
3nd & [:] 25 38 21 38 TE 144 3
4th g 3 25 35 21 35 75 144 31
Eth 0 a i - - - 3.1
fth 1] [i] [ a1
Profile 385 A 155 18.2
Prafile (AVE) 10 10 28 35 22 35 Thi 147 3.2
Profile (+ or-] 28.9 (106.1) 0.0 104 |Moisture abowe or required to reach field capacty
B W odel Nirate-N (Th-Mat) . .
el NErare-N fi-fasy 07 Crop Season Nitrate Profile
—+— Woddel Mitrasz-N (opm dry soll) .
Field 100
I odel Nirare-N (Dpm S0 Sﬁll':.'ﬁ'i_;
—— #ctual 3ol Mirate-M (ppm dry 5ol
150
100
57 7 a9
50 1 y 75 5
15 [ o 0o g 0 o
0+ T T T T T
1st 2nd 3r-:|sﬂil Depﬂ14th Sth Bth Profile Profile P
_5|:| Avial
-100
-150




Figure 12 suggests that during the 2007 crop production year that there is significant

nitrogen loss (in excess of 100 pounds of N) in the production of corn indfuis fi

Figure 13, 14 and 15 are tabled values and graphic representations of the potential

Nitrogen movement under Field 105. This field unlike field 100 received dairy manure in the
spring of 2007. There was no commercial fertilizer applied to this fiethé model assumes

that at the end of the growing season that the active root zone is dewatered to 50% of the field
capacity. Figure 15 suggests that a field capacity the residual soil test values of 8 pgin NO
would translate into a soil solution valag26 ppm of solution N@-N. If this is a major

contributor to the perched aquifer found in the lower landscape of this field then it could have a
major impact on the water quality of the perched aquifer. Figure 15 also suggest that during the
2007 cropproduction year there was minimal nitrogen loss observed. The data suggests that
following potatoes witldairy manure there is sufficient nitrogen to produce a grain corn crop.

Figure 13 PotentidResidual Leaching Model

Field 105 Corn

Bliss Nitrate Priority Area GW Improvement Project

Fotential Residual Nitrogen Leaching Model
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Figure 14 PotentialVinter Residual Nitrogen Leaching Model
Field 105/ Corn
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Figure 15 Potentidbeasonal Residual Nitrogen Leaching Model
Field 105/ Corn
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Summary

The three years of agronomic tracking desil nitrogen on the three rotations in the
project area suggest that in a small grain, potato, bean rotation that if the fields are managed
under IWM there is marginal risk from nitrogen being leached from the fields. There is always a
higher risk from ftrogen being leached in the winter months following the potato crop. On early
dugpotatoesthere is sufficient time for the establishment of a winter grain crop to utilize any
carryover nitrogen in the first and second foot of soil. Once niMagebelow the active rooting
depth of the rotation or under shallow soil setting on a perched water table, then there is going to
be a higher risk of some of the leachable nitrogen reaching that water table. If that perched water
table is the sole source supfdy drinking water then there is going to be a direct connect
between applied nitrogen and nitrates found in the drinking water. The Nitrogen Leaching
Model calculates that there is a high risk that any water moving under the fields in the study area
coud have levels above 10 ppm Nitrdte The link is going to be whether the surplus water
collecting underneath the fields are the sole source water for the drinking water aquifer.
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Evaluation of Growing-season Irrigation as a Potential Transport Factoffor

Nitrate Movement to Groundwater in the Bliss Nitrate Area
Howard Neibling University of Idaho

* Itis highly unlikely that any of the systems cobklmanaged to create dgegrcolation in
mid-season
*  However, it is possible to apply exsewater in early or late season.

System operating information (hours of operation and number of irrigations) and soll
moisture data indicate that crops were not ovegated in midto late season, and most likely
not overirrigated in either early or fa season. One hypothesis developed to explain the high
measured N levels in ells in the Bliss Nitrate Project area was thérogation during some
portion of the growing season could mavatersolublenutrients such as N downward below
the crop rootone by leaching. Once below the root zone, the nutrients were no longer subject to
crop uptake. r years of high winter precipitation or as the result of continuedioigation
leaching water could move nutrient downward to the groundwater.

To testthis hypothesis, several sets of information related to irrigation system capacity
and ground season water management were developed. They included a seasonal water
balance calculation and monitoring of soil moisture trends with depth and time ireddieltts
during 20052007. Test fields included both center pivot and wheel line irrigation.

Seasonal Water Balance

An inventory of irrigation system hardware and water application capacities was
developed. This information was used to develop a maximrigation system application rate
for each field studied. System capacity was used in combination with estimated crop water use
from the Glennds Ferry AGRIMET station to det
the timing and amount of earynd lateseason excess capacity (potential for deep leaching).
Using system capacity and operating hours, an actual water application curve was developed for
crops in 2005 and 2006.

Figures 14 show cumulative values for ET, maximum water that couldpbéeal, and
actual water applied for 2005 crops. Although all systems had excess capacity in early season,
irrigation intervals used to develop the curves shown in Figudewdre constrained to just meet
ET. Thereforethe curves show no excess capatitearly season. This constraint was typical
of actual irrigation management, given somewhat limited water supply. The curves in Figure 1
indicate that center pivot system capacity was adequate to meet ET throughout the 2005 growing
season. Howeverctual irrigation applied less water per irrigation and irrigated less frequently
than possible, producing a seasonal deficit of about 9 inches. A similar situation is shown in
Figure 2 for winter wheat, resulting in a seasonal deficit of about 6 inches.

Curves for corn silage and potatoes are shown in Figures 3 and 4. In these crops,
irrigation system capacity was also adequate to me seasonal ET requirements, with only a slight
deficit in July for corn silage. Actual irrigation also tracked ET more bidkan for the grain,
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although both crops were slightly undergated for the season. Overall farm water supply was
not sufficient to adequately meet ET for all crops so the grain was deficit irrigated (relatively low
value in that year) in order to meoadequately irrigate the higher value corn silage and potato
crops.

These trends are similar for 2006. In 2007, much of the irrigation system-wasked,
allowing more efficient water delivery. System capacities were such that most crop ET could be
met, and the systems were managed to closely match Ejenéralfor the three years studied,
irrigation was adequate to deficit for meeting seasonal ET for all crops; with grain the most
underwatered, while potatoes and corn were slightly wvdsterel. Overirrigation did not
appear to occur during any portion of any of the seasons.

Soil Moisture Sensing

Watermarkl soil moisture sensors with Hansen AM400 data loggers were installed on
selected fields in 2005, 2006, and 2007 to monitor changes ims@iture with depth and time.
Sensors were placed at depth of 1, 2, and 3 feet in 2005. No change in soil moistures was
detected at the three foot depth and only limited activity occurred at tHedivdepth. Since
generally accepted maximum root tiepare 18 inches for potential under those conditions for
groundwater N loading due to irrigation practices. In addition, given the center pivot system
capacity, soil intake limits on maximum application per rotation and soil water holding capacity,
soil intake limits on maximum application per rotation and soil water holding capacity, the
calculated depth of wetting per application was about 18 inches during periods when system
capacity nearly matched crop ET. Depth of wetting is greater under harnel limes if
managed to meet full ET since a greater depth of water can be applied per irrigation without
surface runoff. Therefore, in an attempt to collect more usable data from the sensors, depths
were changed to 6, 12 and 18 inches for the 2006 @did &op years.

Watermark readings for a winter wheat field in 2006 showed the typical response of soll
water content for wheel line irrigation. Watermark sensors do not measure water content directly
but measure metric potential, the amount of work thatpmust expend to remove water from
the soil at that moisture content. A reading near zero indicatesateaated conditions were
very little work is required to extract water from the soil. Typical values of field capacity (water
content after fredrainage from a saturated soil has occurred) are between 20 and 35 cbars.
Watermark reading at 50 % depletion (soil drier that this typically begins to cause reduction in
crop yield or quality) for these soils are about 75 cbars. Therefore, goodamigainagement
will maximize the time that readings are between 20 and 75 cbars or 20 and 50 cbars for corn or
potatoes.

In Figure 5, gradual descent of the curves over time (moving left to right) indicates
drying between irrigations. Irrigation events an®wn as a rapid increase to near zero. Four
irrigation events are shown between May 1 and harvest. Since curves at all depths rose to nearly
zero, this indicated that sufficient water was added to bring soil at these depths to near saturation,
with somre drainage to deeper soil occurringvdy over time. Meter readirsgn 2005 and field
observations in 2006 and 2007 indicated that typically almost no water moved below 24 inches.
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Figure 6 shows the typical response for a center pivot. Note that beddlsesmaller
water depth added per irrigation and more frequent irrigations, soil water content never
approached saturation at any depth. Gradual drying of the soil at the location of séhsors 1
showed a gradual drying of the soil at 12 and 18 inglthde indicating inadequate water applied
to meet ET. Reading from the second location on the field (sen®)rsdicated less drying at
12 or 18 inches. This is typical of the variability shown in irrigated fields in Southern. Ildaho
Combined system pacity and soil water data from all years suggest that very little if
any excess irrigation water was applied during the crop growing season. If anything, most crops
were undeirrigated relative to estimated ET in both 2005 and 2006. Irrigation matcbed
water use more closely in 2007. This is consistent with the system capacity / system operation
analysis above.
When combining the irrigation information with soil sampling analyses, the results are
also consistent, with minimal movement of N below thot zone during the irrigation season.
An exception occurred during the winter of 2005 where some downward N movement did occur
over the winter of 20082006. Fields high in spring N at2feet were typically corn the
previous year. Corn is a highater use crop and may have relatively high soil moisture
following harvest in the fall. With aboweormal winter precipitation, any N left in the soil after
harvest can be moved downward in the profile. Utdigration may reduce crop yield below
that panned for in determining N application rates. This can result in movespason N in
the profile which can be leached under suitable conditions.

Implementation of Irrigation Management Plan
Because data indicated that irrigation is not excessive @rallikely driving force for
deep N movement, current IWM practices appear to be sound. Therefore, no new management
plans are suggested.
Practices that would be beneficial include:
e Sample for soil moisture to the depth of the anticipated crop roottedaee the
irrigation season.
¢ If soil moisture is low in the profile, #Bll with extra irrigation early in the season. This
provides stored soil moisture for use by the crop during the peak ET portion of the
growing season when pivots may not be abiméet peak ET. This is particularly
beneficial for corn and alfalfa, which have deep root zones. Availability of water dept
encourages deeper early rooting an uptake of N from deeper in the profile.
¢ Monitor soil moisture with depth to assure water ispastsing below the expected crop
root zone early in the season.
e For deeper wetting, slow the pivot to apply as much water as possible per revolution
without runoff.
e Monitor soil moisture at and following peak ET to assure that-wrigation does not
occu as water use drops off.
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e Manage soil moisture in corn to give a relatively dry profile at harvest. This minimizes
soil compactions and provides more firoomo
without deep leaching.

e Match N application to expectadigation water availability and anticipated crop yield to
avoid residual N following crop harvest.

Summary
In 20051 2006
¢ Irrigation system capacity (maximum possible rate of water application) was marginally
adequate to meet peak rsdason ET. Therefe:
e Observation by project personnel indicated no @fragation in early season. Early
overirrigation is unlikely due to the need to till and plant crops in a timely manner, and
with the need to minimize pumping costs.

In 2007:
e System application capi&g was better matched to crop need, so early anes&dson
over irrigation was still possible.
e However, soil moisture reading indicated that the water wasmaallaged on the fields
monitored, with no excess water applied.

Therefore, it seems reasonatdeconclude that under most likely weather and operating
scenarios, the impact of irrigation on elevated N in the groundwater in this project area is
minimal.
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Bliss Spring Grain 2005
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Figure 1. Cumulative seasonal ET for spring wheat, maximum water that could be applied by the
center pivot system and actual water applied.

Bliss Winter Wheat 2005
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Figure 2. Cumulative seasonal ET for winter wheat, maximum water that could be applied by the
center pivot system and actual water applied.




Bliss Winter Wheat 2006
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Figure 5. Watermark soil water sensor readings under wheel line irrigation. Readings near zero
indicates saturated conditions. As soil becomes drier, readings become more negative.

Bliss Winter Wheat 2006
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Figure 6. Watermark soil water sensor readings under center pivot irrigation. Readings near zero
indicates saturated conditions. As soil becomes drier, readings become more negative.




Groundwater Study

During 2006 existing geologic information and studies along with local well logs were
examined and correlated to provide background information in determining local geologic
profiles, surface and subsurface water inputs, perched aqgifessidwatetransport
mechanisms, and potential downhole conduits of contamination.

The Bliss Nitrate Priority Area Steering Committee determined that a perched aquifer
comprised of basaltic lava flows was potentially the transport mechanism of contaminants to
wells drilled irto that geologiclayer. This aquifer serves as the local drinking water source.
Possibletransportatiomoutes for contaminants to lower water aquifersreunsealednnular
spacewvithin existing deep wells and improperly abandoned w&he. committee @ncluded
that a connection between the concentration of nutrients and the transport of these nutrients
associated with high water inputs exists inBMNPA. Several origins of water inputstaithe
BNPA includeirrigation structures, crop irrigation pragtis and animal feeding operations.
Shallow soils and shallow depth to fractured basalt and other volcanic materials promoaé verti
and horizontal transport to groundwat@ihese conditions correlated with agronomic factors,
irrigation factors and incrsad levels of nitrogen in well resulfajled to identifycontamination
input to the source water aquifer.

In 2007, the Bliss Nitrate Priority Area Steering Committee recommended a modification
of the project to include the installation of monitoring weldaho Department of Agriculture
and the Idaho Department of Environmental Quality personnel assisted as members of the
Technical Steering Committee and provided input to well praoiesign, installation, sampling
oversight and, frequently, with dupdite and complementary samplifithe Gooding Soil
Conservation District ammended the Project workplan to include monitoringamells
transitioned the project to spend EPA 319 funtikeinstallation ofmonitoring wells within the
project areavould aid tle Gooding SCD iffurther understanidg the groundwatequality
relatad to nitrate This step was outlined as Phase V in the 1999 ISDA QAPP.

Perched Aquifer

Two years of nitrate tracking data suggests that organic and inorganic nutrients enter the
perchedaquifer through shallow soils and limited depths to fractured basalt formations in areas
where water inputs are sufficient for transport of the contaminants through the soil column.

Theshallow perched aquifdéies within a sequence of basalt flows interbedded with sedimentary
units of ash, cinders, clay or other sedimentary type deposits. The aquifer appears to occur on top
of a clay layer at the bottom of the basatjuence that ovesls more Lake Idaho flood plain

layersand basalt flows.

An active laminar transport mechanisim in the shallow, perched aquifer was reflected by
the Coloidial Borescope Surveys of three monitoring whliisate concentration and isotope
signature corretions between thmonitoring wells and theicompanion wells reflect a close
subsurface association.
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Monitoring Wells

Eight strategically located monitoring wells were originally proposquideide
comprehensive data for the project. The test grid blerleatproject area was modified to
accommodate a loss of access to the projectlyoeemajor landowneandwell sites were
relocated to be as close to the origisitds as possible in order to provide valid data relative to
aquifer characteristics.

Only threemonitoringwells, Bliss 1, 2 and3 were drilledin the shallow perched aquifer
within a sequence of lava flowisasaltic pyroclastic materiahd volcanic ash interbedded in
lake and stream deposits of the Glenns Ferry Formation

Well depths inhe shallow perched aquifer ranged from 98 feet to 115 feettfrem
ground surfacevith each encountering the same local marker beds of the basaltic seqlieace
wells bottoming on imervious dense brown to tan clpsodu@dwater at the depth of 115 fee
in Well 1, 73 feet in VEIl 2and81 feet inWell 3.

Fig. 1 Project Map
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A fourth deep underflow control weBliss 4, was drilled on the northern boundary of
the BNPA into the deep regional aquifer to determine inflowirmgindwatequality. This
aquifer containgfine arkosic sand and slightly cemented fine granitic gravihe deep
underflowWell 4 was terminated at a depth df4feet in fine to medium sanfihe gravel and
scattered clay lenses due to unstable borehole condifibadrill bittagged granitic cobblat
365 feet and when the well was cased, the cobble had compromised the borehole diameter and
prevented casing to be driven any deeyéell 4 did not encounter the basaltic beds of the
perched aquifer and produced no water above ththae 340 feet.A fifth well drilled % of a
mile directly south of well 4 was abandoned at a depth of 200 fdttough this well
encountered a somewhat similar but significantly different basaltic sequence and tan impervious
clay, it produced no watérom any depth.

Downhole camera surveys were conducted to determine flow zones and coloelal
scopesurveyswere completed in these flow zones to determine the dongnambhdwateflow
direction in each of the wells and to estimategt@®indwatewelocity in the flow zones (Figure
2).

Fig. 2 Flow Direction and Flow Velocity Monitoring Wells 13
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The dominant flow directionf Well 1 is reasonably consistent between 82@rees104
feetdeep witha velocity of 2Xeet perday and 32&8legrees]112.5 feetdeepat the bottom of the
sequence and a velocity of et per day

The dominant flow ofWell 2 (8771 90.5 ft.) ranges from 9@egreeso 133degreesvith a
velocity from 10 to 18eet per day(Winter, Gerry, Idaho Depanent of EnvironmentaQuality,
2007).

The dominant flow direction in the upper flow zones (&8 ft.) of Well 3 are
influencedby Northsidecanalleakage from the north and west. The flow directimmges from
230degreedo 290degreewvith flow velocitiesfrom 44 to 97feetper day. fow direction at the
bottom of the sequence is 188greewith a velocity of 44feet per day

For analysis, wells were divided inteference groups by geographical location and
geologic commonality and each well in a group was correlatee tottier wells of the group to
construct ggroundwatesummary from existingroundwateand project data.

The water quality samples were analyzed for nitrates by the Idaho Bureau of
Laboratories, 2220 Old Penitentiary Road Boise, Idaho 83712. Resuéisomwarded to the
Idaho Department of Agriculture and the Gooding Soil Conservation District.

Five complementary existing domestic wells, four from the existing Idaho Department of

Agriculturebés testing grid (870neslectedfordts 00501,

directional position(8701073)were selected on their proximity to the original test grid. These
wells were sampled for nitrates omanthly schedulalong with the four installed monitoring
wells byGooding SCDproject personnel. Tat Kjeldahl Nitrogen samples were taken by the
Department of Environmental Quality to determine the amount of organic nitrogen in the
groundwatesamplesLow recorded readingadicative of high microbial activity in the
overlying soil profile convertingrganic nitrates (NkJ NHs;) to the inorganic form of nitrogen
NOs.

In April 2009as an addition to the revised Quality Assurance docurnsetbpe
sampling was initiled to complement existing data gimdvide collaborative data inputs to
existing agronmic, hydrological, geologic, geochemical and local collective resource
information

Isotope Samping?

Isotopes are atoms of the same element that have different number of neutrons. Natural
substances contain varying amounts of the stable and unstabjesof elements. Over time
these ratios of elements change by decay and by various biogeochemical and physical processes.
Radioactive (unstable) isotopes spontaneously disintegrate over time to form other isotopes. The
decay rate for each isotope mv@riant. Stable isotopedo not decay to other isotopes over
geologic timescales. Many isotopes are relatively conservative in reactions with matrix materials
and are useful in determining sources of water and solutes. Waters of different ages, recharge

2Kendal | Trach@Soortes of Agficultural N Using Isotopic Techniques: TheStabf t he Sci ence.

PowerPoint presentation. December 2004.
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zones, hydrology and geochemical history are often isotopically very distinctive. If the water
from one area migrates to another area, it must be hydraulically and hydrologically possible for it
to get there.

The main use akotopes categorizeabd15n haseen in agricultural studies to trace the
uptake and cycling of fertilizer by plants with the dominant-agricultural application has been
to trace sources of nitrate pollutiongroundwatelnd surface wate(s = Delta)Such studies
take advantage of¢hfactthabl 5n of f er t i | i3%5H ofhuma@ndanival2 & and
waste = +15& N 10a&. Thamam soprees ¢f sitrate & grounchandu s a n d )
surface water are fertilizer overuse, animal or human waste, natural soil organic matter and
fixation by plants.Many different processes (e.g., denitrification, nitrificatiett) change the
isotope ratios of the reactants and products such that the existence and extant of that specific
process can be identified by measurement of the isotope ratloes mroduct and/or residual
reactant.

Nitrification is the conversion, by soil bacteria,ashmonia (NH) to Nitrite (NG), which is
then converted to NO
Denitrificationis thereduction of nitrates (N§) to nitrogen gas (}.

There are two stable nitrogen isotop&b!(**N), andratios of {°N, **N) whichare
reported a$15N.

Ranges 0615N of N from different sources are
e -4 ® +4315N for inorganic commercial nitgen
e +4 ® +10815N for organic mixed plant and animal waste
e +10® +323515N for organic animal waste

Fig. 3 ummary of Range of615N Values for Major Sources of Nitrogen in Hydrosphere
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Figure 16.4. Summary of the range of 8'°N values for the major sources of nitrogen in the hydrosphere. The labels

on the x-axis are for the high-end of the range plotted within the cell. Precipitation data from: Hoering (1957), Moore

(1977), Heaton, (1986, 1987), Freyer (1978, 1991), Garten (1992, 1995), Paerl and Fogel (1994), Heaton et al.

(1997). and the other sources listed in caption of Figure 16.8. Soil nitrate data from the compilation of Fogg et al.

(1998) from the following sources: Bremner and Tabatabai (1973), Kreitler (1975, 1979), Rennie et al. (1976), Black

and Waring (1977). Shearer et al. (1978), Gormly and Spalding (1979), and Wolterink et al. (1979). Fertilizer data 37
are from: Kohl et al. (1971), Aly et al. (1981), Shearer et al. (1974b), and Rennie et al. (1976).



Shown on the subsequent chatt®, tolumn to the left of the blatke, (-10 to +4515N
( &)) corresponds to the light blue rectangle at the bottom of the following chart template. This
source is inorganic nitrogen associated with commercial fertilizers.

The center column between the black and gold lines, (+4 té BN )( carjesponds
to the middle light gray rectangle in the following chart template. This source is a mixture of
organic plant and animal waste.

The column, (+ 10to +381 5 N )(tod&he right of the gold line, corresponds to the top
light tan rectangle of the following chart template. This source is organic animal waste.

BNPA Isotope Template

This chart tenplateused for the Bliss Nitrate Priority AréaroundwateiMonitoring
results haswo value (vertical) axes:RED one on the left side of the chart anGBEEN one
on the right side of the chart.
The left side RED axis records nitrate (©oncentratias inmilligrams per liter (ng/L).The
right side GREEN axis records the ratio tife abundances of one isotope to the otiEsN
0/00)
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Spring Sampling

From November 2, 1999 to March 15, 2010, Butler Spnag sampled 121 of 123
sampling dates and attather exceeded the Environmental Protection agency's Maximum
Contaminant Level (MCL) of 1nilligrams per litemg/L. Thirty-onetimesit hada 25.3% rate
andrecordeda high of47.8% rate level during the 2008009 BNPA Ground Water Monitoring
Project. Tke 315N values for Butler Spring suggest an organic plant and animal mixed source of
nitrates with one sample in January 2006 suggesting an animal or human waste source.

Walker Spring over this same period was saup0 of 123 sampling dates aaithined
or exceeded the EPA MCL health standard ofrfifiL 43 times for 61.4% rate, while recording
a 78.2 during the 20082009 BNPA's Ground Water Monitoring ProjeEhe 315N values for
Walker Spring suggest an organic plant and animal mixed source of nitrates.

No isotope sampling during the 2008009 sampling period suggested a fertilizer
source.

Fig. 3 ISDA 870 Rogram + BNPA Project NO5 Concentrations

Butler and Walker Springs Nitrate Concentrations (11/99- 3/10)
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NO3 mg/L

NO3 Mg/L

Fig. 4 ISDA 870 Program + BNPA Project
Butler Spring Trend (11/997 3/10)
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The high concentrations of nitrate (R)@xperienced by the Walker Spring in the early
months of 2006 skew the data curvesuigng in an erroneous trend line for the sampling period
(11/99-3/2010). Comparison of data from the Bliss Nitrate Priority Area Project, (Fajure
shows the current trends for Butler and Walker Springs (5/26(#)10).
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Fig. 6 Butler and Walker Springs 15N
15N Butler and Walker Springs = Extended Scale
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15N values f@ Butler and Walker Springs suggest an organic plant and animal mixed
source of nitrateButler Spring shows a steady gradual up trend for the BNPA Project period
and Walker Spring shwes a flat or no trend for sanperiod.
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