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1.0  ABSTRACT 
 
Ground water in the City of Grand View, Idaho, area was sampled in August and November 1998 to 
evaluate potential sources of nitrogen contributing to elevated nitrate levels in the ground water.  
Grand View was one of five communities in Idaho to receive technical assistance from the Idaho 
Department of Environmental Quality and financial assistance from a U.S. Environmental Protection 
Agency § 319 Grant to investigate causes of elevated nitrates in their drinking water systems.  The 
communities can utilize the information from these studies to implement ground water protection 
programs. 
 
Monitoring of the Grand View public water system has historically shown nitrate levels near the 
drinking water standard of 10 milligrams per liter.  Potential sources of nitrate in the area include 
domestic septic systems, chemical fertilizer application on agricultural lands, and legume crops. 
 
The ground water quality evaluation consisted of a review of previous water quality data and the 
collection and analysis of water samples from 12 wells near Grand View.  Numerous laboratory 
analyses were performed to assess the potential sources of elevated nitrate.  Water samples were 
analyzed for major ions, nitrate, ammonia, pesticides, and nitrogen isotope ratios.  The nitrogen 
isotope analysis has been utilized only recently by the Idaho Department of Environmental Quality.  
 
Nitrate was the only chemical analyzed that was detected in concentrations greater than the drinking 
water maximum contaminant level of 10 milligrams per liter (approximately 10 parts per million).  
Nitrate was detected in water samples collected from 11 of the 12 locations.  The shallow alluvial 
aquifer underlying the area appears to contain the highest concentrations of nitrate.  The nitrogen 
isotope results indicate the predominant source of nitrate is inorganic chemical fertilizer.  No 
pesticides were detected in any water samples. 
 
Based on the investigation results, regional ground water protection efforts should focus on 
managing inorganic commercial fertilizers.  Other nitrogen sources may impact ground water quality 
on a localized scale and should be managed on a case-by-case basis.   
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2.0  INTRODUCTION:  BACKGROUND AND PURPOSE OF PROJECT 
 
In May 1998 the Idaho Department of Environmental Quality (DEQ) selected five communities 
within the state to be included in the Wellhead Protection Viability Demonstration Project.  The 
project was designed to assist community water systems serving populations less than 10,000 
impacted by nonpoint source contaminants such as nitrate.  Water systems with detections of nitrate 
within 25 percent of the drinking water maximum contaminant level (MCL) were selected for the 
project.  The City of Grand View, Idaho, was one of the communities selected because of elevated 
nitrate concentrations in its municipal well and its commitment to protecting and managing its ground 
water resource.  This study focused on community water systems impacted by nitrate due to the 
widespread occurrence of nitrate in ground water.  
 
Excessive levels of nitrate can cause serious illness and sometimes death in infants less than six 
months old.  The primary hazard from consuming water high in nitrate is methemoglobinemia 
(sometimes referred to as “blue-baby syndrome”).  The condition occurs because nitrite, which is 
transformed from nitrate in the digestive system, causes the iron in the hemoglobin to oxidize, 
creating methemoglobin.   This methemoglobin lacks the oxygen-carrying capacity of hemoglobin.  
In most cases health deteriorates over a period of days, with symptoms including shortness of 
breath and blueness of skin. 
 
Ground water quality data, including common ions, nutrients, bacteria, pesticides, and nitrogen 
isotopes, were collected and interpreted to determine the source of nitrate found in the ground water. 
All the analyses, except for the nitrogen isotope ratio analysis, are common tests that can be 
conducted by most analytical laboratories.  The nitrogen isotope ratio analysis is an analytical 
procedure that is performed primarily at universities and research laboratories.  The nitrogen isotope 
information is extremely valuable in the evaluation of sources contributing to elevated levels of nitrate 
in the ground water.  Numerous scientific articles have documented the benefit of employing 
nitrogen isotopes in environmental studies (Gormly and Spalding, 1979; Aravena et al., 1993; Exner 
and Spalding, 1994; Gellenbeck, 1994; and Seiler, 1996).  Recently, DEQ used nitrogen isotope 
analyses to identify sources of nitrate contamination in Ada County, Idaho (Howarth, 1999). 
 
DEQ activities during this study included the following six items. 

(1)  DEQ representatives met with city officials from Grand View to explain the project and to 
enlist them as project participants. 

(2)  Wells were sampled and, where feasible, water levels were measured. 

(3) An inventory of potential contaminant sources was conducted. 

(4) The wellhead protection area for Grand View was delineated. 

(5) All ground water quality results were received and sent to the respective well owners. 

(6) This summary report was prepared. 
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2.1  Purpose and Objectives 
 
The purposes of this project are to collect ground water quality and hydrogeologic information to 
evaluate elevated nitrate concentrations near Grand View and to assist the local residents in 
protecting their ground water resources.  The project should help identify sources of nitrate 
impacting the drinking water supply of the city and surrounding domestic wells.  The specific 
objectives of the project include: 

• collecting and analyzing ground water quality data and locating potential sources of ground water 
contamination in the vicinity of Grand View; 

• estimating the wellhead protection area for Grand View using two different methods;  

• comparing the sizes of the areas and the number of potential contaminant sources within the 
different wellhead protection areas; and 

• assessing potential sources of nitrate contamination in the vicinity of Grand View and utilizing 
nitrogen isotope and hydrochemical data to identify, where possible, the source or sources of 
nitrate contamination in the ground water. 

 
2.2  Study Area 
 
Grand View is located in Owyhee County on the south side of the Snake River, approximately 23 
miles southwest of Mountain Home (Figure 1) at the intersection of State Routes 67 and 78.  The 
land within the city limits is occupied by schools, homes, service businesses, and government 
offices.  Grand View provides municipal drinking water and sewer service to approximately 500 
residents.  Homes outside the city limits maintain private domestic wells and individual septic 
systems.  Sprinkler and gravity-irrigated farming are the predominant uses of the land surrounding 
Grand View.  An infrared aerial photograph image of the area taken in July 1987 shows the intensity 
of the agricultural activities (Figure 2).  Generally, red areas indicate dense, vigorously growing 
vegetation, while light areas are devoid of vegetation.  An explanation of the colors shown on the 
image is provided in Appendix A.  More recent aerial photographs indicate land use remains mostly 
unchanged since 1987.  These photographs are black and white and do not illustrate land uses as 
clearly as the infrared image.  Crops grown in the area include alfalfa, wheat, beans, sugar beets, 
potatoes, corn, and peppermint (AgriMet, 1999).  A beef feed lot, containing approximately 150,000 
cattle, is located north of the Snake River and is hydraulically down gradient from the city water 
supply.  The Grand View wastewater treatment facility is also located north of the Snake River.  
Based on their down-gradient locations, the large confined animal feeding operation and the 
wastewater plant should not impact Grand View’s drinking water supply. 
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2.3  Historic Water Quality Data  
 
Available historic water quality data 
for nitrate, bacteria, and organic 
compounds including pesticides and 
herbicides were reviewed and 
summarized for any evidence of 
trends occurring within the last 10 
years.  The review included the public 
water system monitoring data for the 
Grand View public drinking water 
system contained in the DEQ Drinking 
Water Information Management 
System, and nitrate data from 
domestic wells collected by the public 
water system operator in 1995 and 
1996.  
 
Nitrate results from 1993 through 1999 
were reviewed and are shown in Table 
1.  The results indicate that nitrate 
concentrations (measured as total 
nitrogen) have fluctuated between 3 
milligrams per liter (mg/l) and 10.5 
mg/l over this time period.  The 
federal and state drinking water 

standard, or MCL, for nitrate is 10 mg/l. (The units of mg/l and parts per million (ppm) are roughly 
equivalent, so the MCL of 10 mg/l is approximately 10 ppm.)   The nitrate concentrations versus 
time data shown in Figure 3 suggest there is a seasonal variation in nitrate levels.  The highest levels 
tend to occur in the spring, while the lowest levels tend to occur in the fall.  It is possible the nitrate 
levels may be influenced by water containing very low levels of nitrate leaking from canals in the 
area, including the Grand View Mutual Canal located 50 feet hydraulically upgradient of the wells.  
The water from the canals likely infiltrates during the spring and summer and mixes with and dilutes 
the higher nitrate ground water in the aquifer, thus reducing nitrate levels in the fall and summer. 
There is a lag between when the canals start flowing and when the nitrate levels begin to decrease 
because water leaking from the canals does not instantly infiltrate the aquifer.  It takes approximately 
two months for canal water to move down to the ground water, assuming a steady infiltration rate of 
1.5 feet/day (Hillel, 1980). 
 
Laboratory tests conducted between 1990 and 1999 indicate water samples collected from the 
Grand View water system did not contain volatile organic compounds or synthetic organic 
compounds.  No inorganic compounds other than nitrate were detected above MCLs.  Bacteria 
results from samples collected in 1998 and 1999 indicate that total coliform bacteria are rarely 
detected in the Grand View water system.  
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Table 1.  Nitrate Results for Grand View Wells (1993-1999) 
 

Sample Date Nitrate Concentration (mg/l)1 

 Well #1 Well #2 Average 
01/25/93 6.78 3.08 4.93 
04/14/94 9.05 Not sampled 9.05 
07/19/94 9.12 Not sampled 9.12 
10/03/94 7.09 Not sampled 7.09 
11/01/94 6.81 5.13 5.97 
01/03/95 7.66 7.52 7.59 
04/05/95 9.75 8.57 9.16 
07/05/95 10.502 7.58 9.04 
08/28/95 Not sampled 5.60 5.60 
10/02/95 7.66 4.96 6.31 
01/02/96 7.86 Not sampled 7.86 
03/04/96 7.59 8.30 7.95 
06/04/96 9.28 7.94 8.61 
09/10/96 4.46 4.58 4.52 
12/03/96 6.59 5.47 6.03 
03/03/97 7.01 8.14 7.58 
06/04/97 8.55 8.17 8.36 
09/02/97 7.80 5.51 6.66 
12/01/97 6.04 5.81 5.93 
01/05/98 6.81 7.55 7.18 
04/01/98 Samples not uniquely identified 7.52 
06/01/98 Samples not uniquely identified 7.78 
09/01/98 Samples not uniquely identified 6.60 
01/04/99 Samples not uniquely identified 7.24 
06/01/99 Samples not uniquely identified 8.09 
12/01/99 Samples not uniquely identified 5.50 
04/04/00 Samples not uniquely identified 7.20 

1mg/l is approximately equivalent to parts per million 
2Above MCL 
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2.4  Previous Investigations  
 
Grand View water system personnel collected ground water samples in 1995 and 1996 for nitrate 
analysis from nine domestic wells and from the Grand View Mutual Irrigation Canal located 
immediately south of the city wells.  Eight of the nine wells were sampled both years; nitrate levels 
increased in six of the eight wells.  Nitrate levels above 10 mg/l (roughly equivalent to 10 ppm) were 
measured in four wells in 1995 and five wells in 1996.  The nitrate levels ranged from a low of 0.644 
mg/l in the canal water to a high of 23.7 mg/l in well GV-3.  Seven of the wells sampled during these 
years (GV-1, GV-2, GV-3, GV-4, GV-5, GV-8, and GV-9) were sampled during this investigation.   

FIGURE 3. 
Grand View, Idaho
Average Nitrate Levels 
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3.0  CHARACTERIZATION OF THE WELLHEAD PROTECTION AREA 
 
3.1  Climate 
 
Based on precipitation records for 1961 through 1990, the mean annual precipitation in Grand View 
is approximately seven inches (Idaho State Climate Services, 1999).  The monthly precipitation 
varies from an average low of 0.21 inches in July to an average high of 0.86 inches in November.  
The mean annual temperature is approximately 52 o F (Idaho State Climate Services, 1999).  July is 
the warmest month with a mean temperature of 74.7o F.  January is the coldest month with a mean 
temperature of 29.9o F.  The U.S. Bureau of Reclamation Hydromet/Agrimet station in Grand View 
measured 8.26 inches of precipitation during the October 1, 1997, through September 30, 1998, 
water year.  The growing season in the Grand View area is approximately 150 days per year (USDA, 
1991).   
 
3.2  Soils 
 
Numerous soil types are located in the study area (Figure 4).  In general, the surface is covered with 
sandy soils that allow rapid infiltration of precipitation.  The predominant soil types in the wellhead 
protection area are Hawsley loamy sand and Loray gravelly fine sandy loam.  A gravel deposit is 
located immediately upgradient of the city wells.   
 
Hawsley loamy sand and the Loray gravelly fine sand cover approximately two-thirds of the 
wellhead protection area (Figure 4).  These soils have a low available water capacity and a rapid 
permeability, meaning water moves quickly through them (2 to 20 inches per hour).  The other soils 
within the wellhead protection area are well-drained sandy or silty loams with moderate permeability 
(0.6 to 2 inches per hour) and moderate to high available water holding capacity. 
 
3.3  Hydrogeology 
 
Grand View’s public water supply wells are located within a hydrogeologic environment 
predominated by Quaternary alluvium (Figure 5).  The alluvium is present at the surface to a depth of 
approximately 130 feet near the city wells. Grand View wells draw water from sand and gravel zones 
within the unconfined alluvial aquifer.  A thick sequence of blue clay and shale of the Idaho 
Formation underlies the alluvium and acts as a base for the alluvial aquifer.  The Idaho Formation 
consists of poorly- to well-stratified terrestrial and lake deposits and lenticular beds of sand, 
sandstone, silt, and clay.  Water in the alluvium is unconfined, while water under artesian pressure is 
found within permeable beds within the Idaho Formation.  The well driller’s logs were reviewed and 
used to create a geologic cross-section illustrating subsurface conditions in the area (Figure 6).  Well 
driller’s logs are included in Appendix B. 
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Water level data from the Idaho Department of Water Resources indicate the regional ground water 
flow direction in the area is to the north-northwest under a hydraulic gradient of approximately 0.01 
feet/foot (Bendickson, 1998).  Water level measurements were collected from ten wells in August 
1998 to determine the direction of ground water flow in the study area.  The water level elevations 
represented on Figure 7 indicate that the ground water in the alluvial aquifer is moving to the north 
under a gradient of approximately 50 feet per mile (0.01 feet/foot). 
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3.4  Wellhead Protection Area Delineation 
 
The wellhead protection area for Grand View was developed using two different methods:  the Basic 
Method and the Refined Analytical Method.  Comparison of the wellhead protection delineation 
methods was done to evaluate if collection of site-specific hydrogeologic information is scientifically 
or economically justified.  A single wellhead protection area was developed for Grand View because 
its two wells are located only about 300 feet apart.  The two methods are described in Chapter 4 of 
the Idaho Wellhead Protection Plan (DEQ, 1997).  
 
In accordance with the Idaho Wellhead Protection Plan (DEQ, 1997), the wellhead protection area 
for Grand View is composed of four zones (IA, IB, II, and III).  Zone IA, the sanitary setback zone, 
extends at least 50 feet from the well.  The outer boundaries of the remaining zones represent the 
distance it takes water to travel to a specific well within a specific time period.  For example, water at 
the outer three-year time of travel boundary would take three years to travel to the well. The three-
year time-of-travel corresponds to Zone IB; the six-year time-of-travel corresponds to Zone II; and 
the ten-year time-of- travel corresponds to Zone III.   
 



 

 12

 
 
The wellhead protection area zones are designed so that appropriate levels of management can be 
applied to contaminant sources within those zones.  Typically, more stringent management practices 
are applied to contaminant sources closer to a well and less stringent management practices are 
applied to contaminant sources further from a well.  Ideally, all contaminant sources within a 
wellhead protection area should be managed in a manner to prevent contamination from reaching a 
water supply well.  
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3.4.1  Basic Method 
 
The Basic Method uses generalized hydrogeologic information for the major aquifer types in Idaho 
and the well pumping rate to create wellhead protection areas.  The delineation of a wellhead 
protection area involves drawing circles around the well for the three-, six-, and ten-year time-of-
travel boundaries.  The radius for each time-of-travel boundary is determined from pumping rate 
tables contained in the Idaho Wellhead Protection Plan (DEQ, 1997) that are specific for each 
generalized Idaho aquifer type.  This method is used when site-specific data are not available.  An 
advantage of this method is the low cost and ease with which a delineation can be performed.  A 
disadvantage is the delineation does not use site-specific data; and therefore may not accurately 
represent the source area of the drinking water.   
 
The Basic Method wellhead protection area was calculated using an unconsolidated alluvium aquifer 
type and a pumping rate of 100 gallons per minute.  Table 4.8c in the Idaho Wellhead Protection 
Plan (DEQ, 1997) was used to determine the radii of the wellhead protection area zones.  The 
wellhead protection area estimated using the Basic Method encompasses over 77,000 acres (120 
square miles).   
 
3.4.2  Refined Analytical Method  
 
The Refined Analytical Method utilizes site-specific hydrogeologic information and a ground water 
flow computer model to delineate wellhead protection areas.  The refined wellhead protection area 
was delineated by DEQ using the Wellhead Analytic Element Model (WhAEM 2000) ground water 
flow computer model distributed by the U.S. Environmental Protection Agency (EPA) (Kraemer, 
2000).  The wellhead protection area for Grand View should be considered to be only an 
approximation because seasonal variations in ground water flow conditions have not been 
determined.  The WhAEM 2000 model assumes the aquifer is uniform within the entire wellhead 
protection area and pumping rates do not change.  In reality, the aquifer thickness, the ground water 
flow direction, the hydraulic conductivity, and the effective porosity all vary within the wellhead 
protection area.  To account for this variability, average values are used in the computer model to 
estimate the wellhead protection areas.  
 
The geologic map and ground water flow data indicate the source of the drinking water supply for 
Grand View moves through a coarse sand and gravel aquifer.  The aquifer hydraulic properties used 
in the computer model are representative of unconsolidated alluvium.   The aquifer parameters 
shown in Table 2 were used to delineate the wellhead protection area for Grand View.  The wellhead 
protection area estimated using the Refined Analytical Method encompasses 1,341 acres (2 square 
miles) and is shown in Figure 8. 
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Table 2.  Aquifer Parameters Used in Refined Wellhead Protection Area Delineation 
 

Aquifer Parameter Value Comments 
Hydraulic Conductivity (feet/day) 150 Within range for sand and gravel, K1 value from 

wellhead plan = 250 feet/day  
Aquifer Thickness (feet) 100 Approximate thickness of water producing zones, 

based on driller’s logs 
Ground Water Flow Direction S to N Based on water levels - August 1998 
Ground Water Gradient (feet/foot) 0.01 Calculated by WhAEM 2000 computer model.  

Similar to gradient based on water levels – August 
1998 

Well Pumping Rate (gallons/day) 144,000 
(100 gpm) 

450 users @ consumption rate = 320 gallons per 
user 

Recharge Rate (inches/year) 24 Based on irrigation, canal losses, and precipitation  
Effective Porosity (%) 0.30 Coarse sand and gravel with few fines 
Ground Water Velocity (feet/day) 3 Calculated by computer model.  10-year time-of-

travel distance/3650 days 
1K = Hydraulic Conductivity 
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4.0  POTENTIAL CONTAMINANT SOURCES 
 
A potential contaminant source is simply a location where there is or was an activity having the 
potential to release contaminants into the ground water at a level of concern.  The activity may be 
associated with a business, industry, or operation involving the use, transport, storage, or 
manufacture of the potential contaminants.  Identification of a business, industry, or operation as a 
potential contaminant source does not mean that the business, industry, or operation is out of 
compliance with any local, state, or federal regulation, and it does not necessarily mean that the 
business, industry, or operation has or will cause contamination.  What it does mean is that the 
potential for contamination (or pollution as it is sometimes called) exists due to the nature of the 
business, industry, or operation. 
 
Potential sources of contamination are often separated into two categories:  point sources and 
nonpoint sources.  Point sources of contamination occur at discrete locations and are associated 
with facilities that handle large quantities of a contaminant.  For example, ground water can be 
contaminated by a single point source at a specific location, such as a leaking storage tank.  Point 
sources of contamination include industrial facilities, animal feeding operations, waste disposal sites, 
and large accidental spills.  Additionally, point sources can be associated with small businesses, 
abandoned wells, and other activities located in every community.  
 
Nonpoint sources of contamination are more difficult to distinguish because they are associated with 
everyday activities and occur on an area-wide basis.  Typically, contamination results when a large 
mass of contaminant is dispersed over a large area.  No single release may be enough to affect 
ground water quality, but the cumulative effects of widespread releases may adversely impact 
ground water quality.  Nonpoint sources of contamination include subdivisions with a high septic 
system density, fertilizer and manure applications on agricultural land, and legume crops.   
 
In November 1998 a contaminant inventory of the study area was conducted by DEQ State Office 
staff.  The potential contaminant inventory involved identifying and documenting potential 
contaminant sources within the Grand View refined wellhead protection area. The potential 
contaminant inventory provides:  1) information on the locations of potential contaminant sources, 
especially those that present the greatest risks to the water supply, and 2) a reliable basis for 
developing a wellhead protection plan to reduce the risks to the water supply. 
 
4.1  Potential Contaminant Sources – Point  
 
A computerized review of databases containing businesses that could be potential sources of 
contamination identified only two potential sources in the wellhead protection area:  a gravel pit 
located just south of the wells and a geothermal well site located within the wellhead protection area 
near the six-year time-of-travel boundary (Table 3).  The gravel pit contains equipment storage and 
maintenance buildings and fuel pumps.  Activities associated with the gravel pit, such as equipment 
maintenance and fuel storage, are potential sources of contamination.  The geothermal well is 
considered a potential source of fluoride contamination because it may act as  
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Table 3.  Grand View Wellhead Protection Area Potential Point Source Contaminant 
Inventory 
 

Site # Type of Facility Potential Contaminants Wellhead Protection Zone 
P1 Gravel pit operation with 

equipment storage and 
potential fuel storage 

Fuel, oils, solvents 0-3 year time of travel 

P2 Geothermal well Fluoride – IOCs1 3-6 year time of travel 
 1Inorganic Chemicals 

 
a conduit for water from the deeper aquifer (which contains elevated fluoride levels) to mix with the 
drinking water aquifer.  The potential contaminant sources are located on Figure 9. 
 
4.2  Potential Contaminant Sources – Nonpoint  
 
Irrigated agricultural operations that use fertilizers, herbicides, and insecticides appear to be the 
primary potential nonpoint sources of contamination surrounding Grand View.  The primary crop 
within the wellhead protection area is alfalfa; secondary crops include beans, corn, sugar beets, 
potatoes, and peppermint.   
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5.0  GROUND WATER SAMPLING 
  
Ground water sampling was conducted in August and November 1998.  The August sampling 
included 12 wells (see Figure 8) that were sampled for major ions (bicarbonate alkalinity, calcium, 
chloride, fluoride, magnesium, potassium, sodium, and sulfate), nitrate (NO3 as nitrogen), total 
ammonia (as nitrogen), and total dissolved solids.  The purpose of the August sampling was to 
identify wells containing high levels of nitrate.  In November, samples were collected from the seven 
wells containing the highest nitrate or ammonia levels (GV-1 through GV-7).  A stable nitrogen 
isotope ratio analysis was conducted on the samples.  In addition, they were analyzed for total 
coliform bacteria and E-coli bacteria.  A scan for organochlorine/ organophosporous 
herbicides/insecticides was conducted using EPA Method 525.2.  The water samples from City Well 
#1 also were analyzed for chlorinated herbicides using EPA Method 515.1.  The water sample from 
Well GV-7 was analyzed for ammonia in addition to the other analytes because it previously 
contained elevated ammonia levels. 
 
Duplicate samples were collected at City Well #1 in August for quality control purposes.   All 
samples were collected in containers provided by the state of Idaho Bureau of Laboratories (Idaho 
State Lab).  The Idaho State Lab in Boise completed all analyses except for the stable nitrogen 
isotope ratios.  Coastal Science Laboratories, Inc. in Austin, Texas, performed the nitrogen stable 
isotope ratio analyses.   
 
Ground water samples were collected from outside faucets or taps as close as possible to the 
wellhead to reduce the potential for contamination from plumbing and hoses.  All wells were 
pumped prior to sample collection to remove water from the wells and ensure that the water samples 
were representative of aquifer conditions.  The specific conductance, temperature, pH, and 
dissolved oxygen of the purged water were measured with a Horiba U-10 Water Quality meter to 
monitor water chemistry.  Field measurements were continued until water quality parameters 
stabilized, indicating water from the aquifer, not stagnant water from the well casing, was being 
discharged.  Samples were not field filtered, but were acidified and chilled as needed for 
preservation. 
 
5.1  General Ground Water Quality 
 
The major ion chemistry was evaluated because the chemical composition of ground water is a 
function of the mineral composition of the aquifer material as well as the residence time of the 
aquifer.  Therefore, the major ion chemistry sometimes can be used as an indicator of the rock type 
of the aquifer.  The other analyses (nitrate, nitrogen isotope, ammonia, pesticides, herbicides, and 
bacteria) were used as indicators of different types of contamination from a variety of anthropogenic 
activities.  The specific organic compounds contained in herbicides and insecticides that were 
analyzed for are contained in Appendix C.  
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5.2  Nitrogen Isotopes 
 
Isotopes of an element have the same number of protons but a different numbers of neutrons.  
Elements have a predominant isotope and less abundant isotopes.  The standard notation for 
identifying different isotopes is to write the sum of the number of protons and neutrons in the upper 
left corner of the symbol of the element (e.g., 1H=common hydrogen with one proton and zero 
neutrons; 3H=[tritium] hydrogen with one proton and two neutrons).  
 
The stable nitrogen isotope ratio analysis was conducted on the samples to identify the source of 
nitrate in the ground water.  This test provides a measurement of the ratio of the two most abundant 
isotopes of nitrogen, 14N and 15N.  The ratio of these two isotopes is a useful indicator of sources of 
nitrogen contamination because unique 15N/14N ratios are associated with each of the predominant 
sources of nitrogen contamination. 
 
The nitrogen isotopes 15N and 14N constitute an isotope pair.  The lighter isotope 14N is significantly 
more abundant in the environment than 15N.  In the atmosphere there is one atom of 15N per 273 
atoms of 14N (Drever, 1988).  The ratio of the heavier isotope to that of the lighter isotope in a 
substance can provide useful information because the slight differences in the mass of the isotopes 
cause slight differences in their behavior.  Stable isotopes are measured as the ratio of the two most 
abundant isotopes of a given element.  Isotope values for nitrogen and other elements are presented 
in the delta notation:  
 

δ15N = {[(15N/14N)sample ) (15N/14N)air ] –1} x 1000. 

The δ-value is expressed as parts per thousand or per mil (0/00) difference from the reference.  For 
example, a δ15N value of +10 per mil has 10 parts per thousand (one percent) more 15N than the 
reference.  A positive δ-value is said to be “enriched” or “heavy,” while a negative δ-value is said to 
be “depleted” or “light.”  The reference standard for the stable isotopes of nitrogen (15N/14N) is 
atmospheric nitrogen (Clark and Fritz, 1997).  
 
Several steps in the nitrogen cycle can modify the stable-isotope composition of a nitrogen-
containing chemical.  These changes, called fractionation, occur as a result of physical and chemical 
reactions.  Isotopic effects, caused by slight differences in the mass of two isotopes, tend to cause 
the heavier isotope to remain in the starting material of a chemical reaction.  Denitrification, for 
example, causes the nitrate of the starting material to become isotopically heavier.  Volatilization of 
ammonia results in the lighter isotope preferentially being lost to the atmosphere, and the ammonia 
that remains behind becomes isotopically heavier.    
 
These isotopic effects mean that, depending on its origin, the same compound may have different 
isotopic compositions.  For stable isotopes to provide a useful tool in identifying sources of 
nitrogen contamination, the isotopic composition of the potential source materials must be 
distinguishable.  Major potential sources of nitrogen contamination in the environment commonly 
have characteristic 15N/14N ratios.  Typical δ15N values for important sources of nitrogen 
contamination are presented in Table 4.  For example, if a ground water sample contained a nitrogen 
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isotope δ15N value of -1 0/00, it would indicate commercial fertilizer is the source of the nitrogen.  
These sources can also be present in different combinations.  For instance, while a nitrogen isotope 
δ15N value of +4 to +9 0/00 generally indicates organic nitrogen in the soil, a value in this range could 
also be the result of a mixture of commercial fertilizer and animal waste. 

 
 

   Table 4.  Nitrogen Sources Associated with δδ 15N Values (Seiler, 1996) 
   

Nitrogen Source ä 15N (0/00) 
Precipitation -3 

Commercial Fertilizer -4 to +4 

Organic Nitrogen in Soil +4 to +9 

Animal or Human Waste  > +10 
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6.0  RESULTS AND DISCUSSION 
 
Multiple analytical tests were performed on the ground water samples collected during this 
investigation to develop multiple lines of evidence to distinguish if specific sources are responsible 
for the elevated nitrate levels in Grand View drinking water.  Well information, field parameter 
measurements, and analytical results for Grand View are summarized in Tables 5 and 6 and 
discussed in later sections.  The general chemistry of the ground water is presented first, followed 
by a discussion of nitrate and nitrogen isotope results.  The bacteria and pesticides data are then 
summarized and finally, the quality assurance results are reviewed.  
 
Table 5.  Well Information and Field Parameter Measurements 
 

Well Sample Date Depth to 
water 

(ft) 

Well 
Depth1 

(ft) 

Water 
Temp 
(oF) 

Specific 
conductance 
(µmhos/cm) 

pH Dissolved 
Oxygen 
(mg/l)2 

GV-1 08/27/98 85.35 131 - L 63 910 7.4 7.0 
GV-2 08/27/98 65.40 172 - R 61 910 7.5 4.6 
GV-3 08/27/98 53.49 70 - L 61 1,400 7.6 9.9 
GV-4 08/27/98 35.52 63 - R 63 940 7.7 4.5 
GV-5 08/27/98 31.50 80 - R 61 1,400 6.8 8.8 
GV-6 08/27/98 46.82 68 - R 61 1,200 7.7 1.0 
GV-7 08/27/98 62.39 725 - R 70 750 7.5 0.1 
GV-8 08/27/98 39.48 65 - M 63 770 7.5 7.2 
GV-9 08/27/98 19.17 45 - R 63 740 7.4 4.7 
GV-10 08/27/98 39.25 220 - R 66 1,000 7.3 0.1 
GV-11 08/27/98 18.94 100 - L 64 620 7.1 7.6 
GV-12 08/27/98  3.84 UNK 59 580 7.8 8.1 

1R = depth reported by well owner, M = measured depth, L = depth from driller’s log, UNK = unknown 
2mg/l is roughly equivalent to parts per million, so 7.0 mg/l = 7.0 parts per million 

 
6.1  Field Measurements   
 
Water quality parameters (temperature, specific conductance [a measure of salinity, reported in units 
called mhos or in millionths of mhos, called micro {µ} mhos], pH, and dissolved oxygen) were 
monitored in the field on August 27, 1998, using a Horiba U-10 water quality meter to allow an initial 
evaluation of aquifer conditions.  No field measurements were performed during the sampling event 
in November 1998.  Water temperatures were 61� F or 63� F for 8 of the 12 samples. The 
warmest temperature ground water was extracted from the wells drawing water from the Idaho 
Formation (GV-7 and GV-10).  Ground water samples from these wells also had the lowest 
dissolved oxygen and contained significant levels of ammonia.   
 
The specific conductance ranged from 580 to 1400 µmhos/cm and was generally highest in water 
samples from wells with high nitrate.  The pH readings ranged from 6.8 to 7.8 standard units.  The 
lowest pH was measured in the water sample from the well with the most anomalous water chemistry 
(GV-5).  The other water samples had pH values between 7.1 and 7.8 standard units.
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 Table 6.  Grand View Vicinity Wells’ Inorganic Analytical Results 
 

Well Sample 
Date 

Nitrate 
(mg/l) 

Nitrogen 
Isotope 

(per mil) 

Ammonia 
(mg/l)1 

HCO3 
(mg/l) 

SO4 
(mg/l) 

Ca 
(mg/l) 

CL 
(mg/l) 

Mg 
(mg/l) 

Na 
(mg/l) 

K 
(mg/l) 

F 
(mg/l) 

TDS 
(mg/l) 

Ion 
Balance  

(%) 
GV-1 08/27/98 9.050 --2 <0.005 272 123.0 48.0 52.6 26.70 93 11.4 0.70 576 2.44 
GV-1b3 08/27/98 9.000 -- <0.005 -- -- 47.8 -- 26.80 92 11.4 -- 581 -- 
GV-1 11/12/98 7.040 2.3 -- -- -- -- -- -- -- -- -- -- -- 
GV-2 08/27/98 8.390 -- <0.005 363 91.5 50.0 36.8 26.80 100 106.0 2.59 585 2.35 
GV-2 11/12/98 8.130 2.7 -- -- -- -- -- -- -- -- -- -- -- 

GV-3 08/27/98 23.600 -- <0.005 521 159.0 48.2 63.6 23.60 250 7.5 0.75 955 6.09 
GV-3 11/12/98 14.100 2.4 -- -- -- -- -- -- -- -- -- -- -- 
GV-4 08/27/98 9.320 -- <0.005 365 89.1 44.7 37.8 38.10 87 15.2 0.47 578 3.44 
GV-4 11/12/98 9.030 1.9 -- -- -- -- -- -- -- -- -- -- -- 
GV-5 08/27/98 7.920 -- <0.005 271 296.0 101.4 129.0 49.00 110 19.8 0.34 1018 0.51 
GV-5 11/12/98 7.780 3.6 -- -- -- -- -- -- -- -- -- -- -- 
GV-6 08/27/98 14.600 -- <0.005 416 160.0 61.6 63.8 39.30 132 16.0 0.25 793 1.08 
GV-6 11/12/98 17.100 3.9 -- -- -- -- -- -- -- -- -- -- -- 
GV-7 08/27/98 0.809 -- 9.140 366 47.8 22.4 16.6 6.69 110 12.8 0.49 459 (-4.79) 
GV-7 11/12/98 1.660 5.34 8.560 -- -- -- -- -- -- -- -- -- -- 
GV-8 08/27/98 6.650 -- <0.005 261 92.2 43.4 39.3 27.30 64 12.8 0.64 600 1.46 
GV-9 08/27/98 2.120 -- 0.005 279 95.2 52.2 30.4 24.00 60 5.4 1.12 454 (-0.58) 
GV-10 08/27/98 <0.005 -- 4.040 699 111.0 89.4 74.1 40.20 150 19.5 <0.10 875 (-3.48) 
GV-11 08/27/98 0.722 -- <0.005 238 74.9 39.3 20.8 17.10 58 5.6 0.93 349 (-0.11) 
GV-12 08/27/98 0.824 -- <0.005 249 56.2 45.7 21.5 18.30 43 7.5 0.87 363 (-0.08) 

1mg/l is approximately equivalent to parts per million, so 9.14 mg/l equals 9.4 parts per million 
2Not Analyzed  
3Duplicate of GV-1 
4Nitrogen isotope ratio analysis performed on ammonia 
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Dissolved oxygen ranged from a low of 0.1 mg/l to a high of 9.9 mg/l.  The lowest values were 
measured in wells completed in the Idaho Formation.  The highest dissolved oxygen values were 
observed in wells completed in the alluvium. 

6.2  General Ground Water Chemistry  
 
The major ion chemistry data were evaluated using the Piper Diagram graphical technique. This 
graphical method is useful for illustrating variations in major ions between different aquifers.  The 
Piper Diagram is a convenient method for comparing a large number of chemical analyses because 
numerous water samples can be plotted on a single diagram.  Water samples with different major ion 
chemistries will plot on different portions of the Piper Diagram.  
 
The Piper Diagram (Figure 10) depicts the major ion composition of each water sample on a single 
plot.  Water samples with similar chemistry plot in the same area on the diagram.  The major cations 
(calcium [Ca], magnesium [Mg], sodium [Na], and potassium [K)]) are plotted on the left triangle.  
The major anions (chloride [C], bicarbonate [HCO3], and sulfate [SO4]) are plotted on the right 
triangle.  The plotted points for each water sample are then projected to the upper diamond-shaped 
area that shows cation and anion groups as a percentage of total milliequivalents per liter of sample.  
All but three of the water samples plot in the same area of the diagram.  The Piper Diagram indicates 
that the chemistry of water samples GV-3, GV-5, and GV-7 deviate considerably from the other 
samples due to differences in cation and anion chemistry.   
 
The water samples are separated into five different water types (Waterloo Hydrogeologic, 1998-
1999).  Seven of the water samples have basically the same water chemistry and are classified as a 
Na-Ca-Mg (Mg-Ca)-HCO3-SO4 water type.  Two samples, classified as Na-Ca-Mg (Mg-Ca)-HCO3, 
are chemically very similar to the first water type but contain less sulfate.  The water samples that 
have the most anomalous chemistry again appear to be from wells GV-3, GV-5, and GV-7.  The 
water types of are summarized in Table 7. 
 
Table 7.  Types of Water Sampled in Grand View City Wells 
 

Water Type Water Sample Location 
Na-Ca-Mg-HCO3-SO4   or   

Na-Mg-Ca-HCO3-SO4 
GV-1, GV-2, GV-9, GV-11 
GV-4, GV-6, and GV-8 

Na-Ca-Mg-HCO3 or Ca-Na-Mg-HCO3 GV-10 and GV-12 
Na-HCO3-SO4 GV-3 
Ca-Na-Mg-SO4-HCO3 -Cl GV-5 
Na-HCO3 GV-7 

 
The water sample from GV-3 contained the highest concentration of sodium and high bicarbonate 
and sulfate levels.  This well also yielded water samples with nitrate concentrations of 23.6 mg/l and 
14.1 mg/l.  The well is constructed to a depth of approximately 70 feet and is completed within the 
alluvium.  The elevated levels of sulfate and sodium suggest the well, at the  
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time it was sampled in August, had been impacted by animal or human wastes.  However, the 
nitrogen isotope results indicate the nitrate levels in November are due to commercial fertilizer, rather 
than from animals or wastes.  It is possible ground water chemistry varies seasonally in response to 
changes in land use and water use associated with the growing season.   
 
The water sample from GV-5 contained the highest levels of sulfate, chloride, calcium, magnesium, 
and total dissolved solids measured in any of the samples.  The depth of the well is reported to be 
80 feet and therefore should draw from the alluvium.  Elevated levels of chloride, sulfate, and 
sodium suggest the ground water is impacted by animal waste or human waste.  However, the 
nitrogen isotope results indicate the nitrate impacts are due to commercial fertilizer. Once again, 
ground water chemistry may be influenced by seasonal variations in land use and water use.  
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The variations in water quality in the water sample from GV-7 are attributable to the well being 
completed in a deeper confined aquifer within the Idaho Formation.  Water samples from this well 
contained the highest ammonia concentration, the highest temperature, and basically no dissolved 
oxygen.  The water chemistry in this well should not be affected by seasonal variations in land use. 
 
6.3  Nitrate and Ammonia Results 
 
Nitrate was detected in 11 of the 12 water samples collected in August 1998 and in all seven follow-
up samples collected in November 1998.  Ammonia was detected in three of the 12 water samples 
collected in August 1998.  In November, ammonia analysis was conducted only on the water sample 
from GV-7, the well with the highest ammonia concentration.  The nitrate and ammonia results are 
contained in Table 6.  Five of the seven samples collected in November 1998 contained lower nitrate 
concentrations than samples collected from the same wells in August 1998.  This trend is consistent 
with the seasonal variation exhibited by samples collected from Grand View public water supply 
wells.  The nitrate results from the August sampling event are summarized in Figure 11.  The 
November results are shown in Figure 12. 
 
Water samples from GV-3 and GV-6 contained nitrate levels above the drinking water standard for 
nitrate of 10 mg/l in both August 1998 and November 1998.  The water samples collected from GV-
3 contained a nitrate concentration of 23.6 mg/l in August 1998, and 14.1 mg/l in November 1998.  
The water samples collected from GV-6 contained nitrate concentrations of 14.6 mg/l and 17.1 mg/l 
in August and November, respectively.  No other water samples contained nitrate above 10 mg/l.   
 
Water samples collected in August 1998 from wells believed to be completed in the Idaho 
Formation, GV-7 and GV-10, had nitrate levels of 0.809 mg/l and <0.005 mg/l, respectively.  Water 
samples from wells with ground water depths of less than 20 feet below land surface, GV-9, GV-11, 
and GV-12, had nitrate levels of approximately 2 mg/l and lower.  These wells appear to be 
influenced by surface water containing low concentrations of nitrates.  The water samples from the 
other five wells sampled in August 1998, including Grand View Well #1, contained nitrate levels 
ranging from 6.65 mg/l to 9.32 mg/l.  These wells are completed in the alluvial aquifer with depths to 
water ranging from 39 to 85 feet below land surface.   
 
These nitrate results indicate higher nitrate concentrations (above 6 mg/l) are present in the alluvial 
aquifer supplying the city wells.  Low nitrate concentrations (below 2 mg/l) were measured in water 
samples collected from wells screened in the Idaho Formation and from wells influenced by surface 
water with very shallow depths to ground water.  The variation in nitrate levels appears to be 
primarily the result of hydrogeologic conditions under which ground water occurs because the land 
use is consistent throughout the study area.  
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6.4  Nitrogen Isotope Results 
 
The nitrogen isotope analyses were conducted to evaluate the causes of the elevated nitrate levels in 
the ground water.  The nitrate nitrogen isotope δ15N values varied from +1.9 0/00 to +3.9 0/00.  The 
δ15N results, coupled with the agricultural land use, strongly suggest the elevated nitrate levels in 
these wells are likely a result of inorganic commercial nitrogen fertilizer leaching to ground water (see 
Table 4).  According to Seiler (1996), these δ15N values fall within the range indicative of 
commercial fertilizer sources (-4 0/00 to +4 0/00 ). One sample, GV-7, did not contain sufficient nitrate 
for the laboratory to conduct the nitrogen isotope analysis.  However, the ammonia concentration 
yielded a δ15N value of +5.3 0/00.  This value is representative of nitrogen naturally occurring in the 
geologic formation.  The nitrogen isotope results are summarized in Table 6 and shown on Figure 
12. 
 
All of the δ15N values below 3 0/00 were detected in the ground water samples collected from wells 
located hydraulically downgradient of irrigated cropland on topographically higher areas 
south/southwest of State Route 78 (GV-1, GV-2, GV-3, and GV-4).  These low δ15N values suggest 
the nitrate levels are strongly influenced by commercial fertilizer.  Water samples from these wells 
contained nitrate ranging from 7 mg/l to 14.1 mg/l. 
 
The two water samples containing δ15N values between 3 0/00 and 4 0/00 are located at slightly lower 
elevations east (GV-5) and north (GV-6) of State Route 78.  The higher nitrogen isotope ratios 
suggest water in these wells is influenced by both chemical fertilizer and organic nitrogen sources 
from the decomposition of legume crops such alfalfa and beans.  GV-5 had a nitrate level of 7.78 
mg/l while GV-6 had a nitrate level of 17.1 mg/l. 
 
6.5  Bacteria Results 
 
The water samples were analyzed for total coliform bacteria as an indicator of potential bacterial 
contamination.  Coliform bacteria are common in the environment and are not generally harmful. 
However, the presence of coliform may indicate the water is contaminated with organisms that cause 
diarrhea, cramps, nausea, headaches, and fatigue.  Samples for total coliform bacteria were collected 
from six of the seven sampling sites – the sample from GV-7 was not analyzed for bacteria.  Three 
of the six samples (GV-2, GV-3, and GV-4) contained total coliform bacteria. The highest total 
coliform level detected was 57 colony-forming units per 100 ml (CFU/100 ml) detected in the water 
sample from GV-4.  Water samples GV-2 and GV-3 had total coliform levels of 3 CFU/100 ml.    
 
E-Coli bacteria were analyzed to evaluate if the bacterial contamination was associated with animal 
or human wastes.  E-Coli is also a useful indicator that pathogens are present in the ground water. 
E-Coli bacteria were not present in any of the samples.  
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6.6  Pesticide Results 
 
Water samples from six of the seven wells sampled in November 1998 (GV-7 was excluded) were 
analyzed for the presence of organic compounds contained in herbicides and insecticides commonly 
applied in the area.  Over 120 compounds were included in the EPA Method 525.2 analysis that was 
performed on the samples (Appendix C).  An additional 17 herbicide compounds were analyzed in 
the water sample collected from Grand View City Well #1 (Appendix C).  There were no organic 
compounds detected in any of the samples.  It should be noted that the laboratory tests used in this 
study do not encompass the entire suite of compounds present in herbicides and insecticides.  
Rather, the tests are used as indicators of potential for ground water contamination caused by 
herbicide and insecticide use.  
 
6.7  Quality Assurance Results 
 
To evaluate the reproducibility of the analytical results, a duplicate sample was collected from GV-1 
and analyzed for nitrate, ammonia, calcium, magnesium, sodium, potassium; and total dissolved 
solids.  All the analyses differed by 0.6% or less.  The samples were submitted to two different 
laboratories for nitrogen isotope ratio analysis.  Unfortunately, only one laboratory was able to 
complete the analysis.   
 
To evaluate the accuracy of the major ion analyses, a cation-anion balance was conducted.  Cations 
are positively charged ions, such as calcium, sodium, and potassium: anions are negatively charged 
ions such as chloride, sulfate, and bicarbonate.  The cation-anion balance is calculated by 
subtracting anions from cations and dividing by total ions.  A cation-anion balance error indicates 
either a lack of accuracy or that ions are present in the water that were not analyzed.  The balance 
errors ranged from -4.79 percent to 6.09 percent.  These errors are relatively low, indicating the 
analyses were accurate and no significant ions were missed.  The ion balance results are included in 
Table 6. 
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7.0  CONCLUSIONS  
 
♦ The ground water in the Grand View area contains elevated levels of nitrate.  Nitrate levels in 

Grand View wells are highest in the spring and lowest in the fall.  The nitrate levels in the city 
wells may be influenced by infiltration from nearby irrigation canals.  Leakage of water from the 
canals appears to dilute the nitrate concentrations in the ground water supplying the city wells.    

♦ Ground water chemistry in the alluvial aquifer may be influenced by seasonal changes in land and 
water use.  Seepage from canals and cropland may alter the ground water chemistry during part 
of the year.   

♦ The shallow alluvial aquifer contains the highest concentrations of nitrate.  Ground water from 
wells that draw from the blue clay/shale in the Idaho Formation below the alluvial aquifer 
typically contains much lower nitrate levels.  

♦ The nitrogen isotope analyses indicate that, at the time of sampling in November 1998, 
commercial fertilizer was the predominant source of the nitrate contained in the ground water.  

♦ The widespread occurrence of elevated nitrate levels suggests nonpoint sources of nitrate, such 
as application of commercial fertilizer on cropland, are impacting ground water quality.  

♦ The wellhead protection area created using the Refined Analytical Method was significantly 
different in shape and size than the wellhead protection method created with the Basic Method.  
The refined delineation decreased the size of the wellhead protection area from 77,000 acres to 
1,360 acres.  Potential contaminant sources may decrease from 113 sources to two sources 
(assuming the source per acre ratio is the same). 
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8.0  RECOMMENDATIONS 
 
♦ Ground water protection efforts should focus on managing the use of commercial fertilizer.  

Best management practices should be implemented to reduce nitrate leaching from the soil into 
the ground water.   

♦ Ground water quality monitoring should be conducted concurrent with best management 
practice implementation to evaluate the effectiveness of these practices.  

♦ Quarterly monitoring of major ions and nitrogen isotopes may be useful to evaluate seasonal 
changes in ground water chemistry and to test the hypothesis that canal leakage has a significant 
impact on the city wells’ water quality. 

♦ Future land uses within the Grand View wellhead protection area should be protective of ground 
water quality.  A wellhead protection plan should be developed by Grand View to provide 
written documentation to guide future protection efforts. 
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APPENDIX A 

 

 

INTERPRETATION OF COLOR 

INFRARED AERIAL PHOTOGRAPHY 
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APPENDIX B 
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