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1.0

EXECUTIVE SUMMARY

The Gallatin Local Water Quality District (GLWQD) is a non-regulatory department of Gallatin County
with a mission to protect, preserve and improve water quality within the District. In 2011, the GLWQD
received funding from the Montana Department of Environmental Quality (MT DEQ) as part of the
Federal Clean Water Act (CWA) Section 319(h) Nonpoint Source Pollution Program to investigate
impacts to groundwater quality from areas of high density septic systems in the Gallatin Valley. The
project was intended to carry-out several recommendations from the 2010 GLWQD report, Assessment
of Current Wastewater Treatment and Disposal in Gallatin County (English 2010).
Wastewater treatment systems that serve a single family home or a structure with multiple living units
are considered individual septic systems. These systems usually consist of a septic tank and a drain field.
All treated wastewater in the Gallatin Valley is discharged to either groundwater, surface water or
applied to the land surface. At the same time, residents in the Gallatin Valley, with the exception of the
City of Bozeman, rely on groundwater for their drinking water supply. Between 1990 and 2010, the
county population increased by approximately 77%. This has resulted in an increase in the number of
individual wells and septic systems in the County, many at high density levels. This increases the
potential for groundwater contamination.
Historical data evaluation, spatial analysis of nutrient loading, and water quality sampling were used to
identify areas of potential groundwater contamination and characterize groundwater quality as a result
of potential cumulative impacts from individual septic systems and public sewage systems within the
GLWQD.
GLWQD sampled 201 groundwater wells from six subdivision areas and two follow-up investigation
areas with high density septic systems in the Gallatin Valley. Water samples were collected in 2013 and
analyzed for nitrate + nitrite as N (nitrate), orthophosphate, chloride, specific conductivity, and dissolved
metals (boron, iron, manganese, sodium). Water samples were also collected from each well and frozen
for future nitrate isotope analysis (δ18O-NO3-, δ15N-NO3-) once nitrate results were known. Nitrate
isotope analysis was conducted on 97 of these samples.
Fifty-two percent of samples had nitrate elevated above 2 mg/L, while 4%, or 7 individual samples had
nitrate greater than the U.S. Environmental Protection Agency (EPA) Maximum Contaminant Level
(MCL) of 10 mg/L. These seven samples exceeding the MCL and were found between three separate
subdivision areas. Samples with elevated orthophosphate, boron, or chloride were found sporadically in
various locations. The only subdivision area with multiple lines of evidence indicating wastewater
influence was the Western Drive area. Nitrate isotope results from the Western Drive area were
characteristic of nitrate sourced from septic waste. The influence from septic waste on groundwater in
the other subdivision areas remains unresolved given inconsistent findings of elevated nutrients or
wastewater tracers. However, nitrate isotopes indicate the source of groundwater nitrate is septic
waste and/or soils.
The Forest Park wastewater lagoon system was investigated further in 2011, 2012, and 2013 following
complaints dating back to the 1980’s. Historical data from the 1980’s in down-gradient wells and Jay
Hawk Creek indicated likely contamination by wastewater. In 2011 and 2012, two wells down-gradient
of the lagoon system were sampled, along with one well upgradient of the lagoon system that was
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installed during this project investigation. Results from the more recent sampling indicate there is an
impact to shallow groundwater from wastewater.
Nitrate values for several groundwater samples collected during this project exceeded the U.S. EPA MCL
of 10 mg/L. Historical groundwater nitrate levels were generally lower. However, several historical
nitrate values exceeded the MCL. These nitrate exceedences were related to the area down-gradient of
the River Rock subdivision during the time period when there were problems with the River Rock
wastewater lagoon system. The mean nitrate was greater in the 2013 data than the mean of all
available historical data for four out of eight subdivision areas evaluated. Furthermore, in six of eight
subdivision areas, mean nitrate levels in the down-gradient section of the study areas exhibited higher
nitrate levels in 2013 samples when compared to the historical mean nitrate level for the respective
area. The maximum nitrate for each subdivision area in the 2013 data was greater than the maximum
nitrate level seen within the subdivision area when all available historical data was evaluated for seven
out of eight areas.
Nitrate appears to be rising in several of the Public Water Supplies (PWS) selected for analysis. Eight out
of a total of twelve PWS (67%) showed an upward trend in nitrate levels. The remaining four out of
twelve (33%) showed a negative trend in nitrate levels. The most pronounced upward trend for a
change in PWS nitrate was seen within the North Jackrabbit Lane area, especially in the Lexley Acres
Mobile Home Park. PWS nitrate trends over time were analyzed for statistical significance using an
Analysis of Variance (ANOVA) for regression analysis with variable results.
High nitrate in subdivision focus areas was not found to be a widespread problem in 2013, yet there are
localized areas of concern. Our results show that nitrate appears to be generally increasing in the areas
assessed and rising nitrate levels are likely in the future. With suburban residential development
projected to continue, groundwater quality concerns related to high density septic system areas may
become more widespread.
The GLWQD recommends that Gallatin Valley residents take steps to properly maintain septic systems,
appropriately fertilize lawns and gardens, and avoid excessive watering (therefore reducing nitrate
leaching) in order to minimize future nutrient additions to the groundwater. Additionally, the use of
community water and wastewater systems and down-gradient monitoring wells for new subdivisions
are encouraged. These systems are required to be monitored while individual wells and septic systems
are not. With regular monitoring, any problems or malfunctions could be pinpointed and more easily
remedied than diffuse contamination from an array of individual septic systems. Annual testing of
domestic drinking water is also recommended for the health and safety of Gallatin Valley residents
consuming water from private domestic wells, and will have the additional benefit of producing long
term water quality data sets which will lend further insight into nitrate levels and trends. These records
will assist in identifying future water quality problems in the Gallatin Valley groundwater as
development pressure increases.
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2.0

INTRODUCTION & BACKGROUND

Wastewater effluent from areas of high septic system density can negatively impact groundwater and
surface water quality. Between 1990 and 2010, the population of Gallatin County, Montana increased
by approximately 77% (U.S. Census Bureau 1995) (U.S. Census Bureau 2014). This has resulted in an
increase in the number of individual wells and septic systems in the County, many at high density levels.
There are an estimated 13,350 active septic systems discharging about 4 million gallons per day of
effluent into groundwater in Gallatin County (English 2010). Of the 147 public, non-municipal
wastewater systems in the County, 59% of these are large septic tank and drainfield systems discharging
about 255,000 gallons per day of effluent to groundwater.
All treated wastewater from these septic systems, as well as from municipal and public systems in
Gallatin County, is discharged to either groundwater, surface water, or applied to the land surface. At
the same time, residents in the Gallatin Valley, with the exception of the City of Bozeman, rely on
groundwater for their drinking water supply. Therefore, it is critically important to determine areas of
groundwater contamination and the cumulative impacts of high-density development on groundwater
quality, especially given that growth is likely to continue.
Studies conducted in the early 2000’s investigating impacts to groundwater quality as a result of
nonpoint source wastewater disposal were inconclusive (Kendy 2001, Fleming 2003, Greenup 2003).
More recent research in the project area suggests groundwater and surface water quality are impacted
by wastewater (Swinney, Miller and English In preparation) (Icopini, Swinney and English In
preparation). These latter studies looked at bacteria and multiple chemical indicators of wastewater
contamination (nitrate, chloride, nitrogen isotopes and pharmaceuticals), which suggest potential
impacts to groundwater from septic systems and public sewage systems. Additionally, a review of
nitrate sampling results for public water supplies in the project area over the past decade reveals that
nitrate levels appear to be on the rise in some cases (data source: MT DEQ Public Water Supply
Database). Generally, effects of the increased number of septic systems in the GLWQD were not fully
assessed and additional data collection of various wastewater tracers was needed to further understand
the cumulative impacts of wastewater in high density septic system areas.
Gallatin County has 13 public sewage lagoon systems discharging an estimated 1.8 million gallons per
day of effluent, mostly into groundwater (English 2010). Several of these systems currently have or have
had problems, including the Forest Park Mobile Home Park in Gallatin Valley near Four Corners, along
the east bank of the West Gallatin River. In 2008, concerns were raised as to whether the Forest Park
wastewater lagoon system was affecting water quality in adjacent waterways. Relevant historical data
was minimal and additional data collection was needed to assess whether the wastewater lagoon
system was impacting water quality in adjacent groundwater and surface water.

2.1

Project Purpose

The GLWQD is a non-regulatory department of Gallatin County with a mission to protect, preserve and
improve water quality within the District. In 2011, the GLWQD received funding from the MT DEQ as
part of the Federal Clean Water Act (CWA) Section 319(h) Nonpoint Source Program to investigate
impacts to groundwater quality from areas of high density septic systems in the Gallatin Valley. The
GLWQD conducted the Gallatin Groundwater Project to investigate these potential impacts. The project
was designed to answer the following question: “In the Gallatin Local Water Quality District, are
individual septic systems and public sewage systems in high density development areas measurably and
9

negatively impacting groundwater quality?” Several more specific research questions were formed in
order to address this:


Is the identified wastewater lagoon system negatively impacting surface water quality along the
segment of the river adjacent to the lagoon system?



Have historical nitrate levels increased down-gradient of subdivisions characterized by high
density septic systems and public sewage systems?



Are nitrate levels trending upward for public water supplies down-gradient of developed areas?

2.2

Project Area

The GLWQD is located in the Gallatin River watershed (Figure 1) within the Upper Missouri River Basin.
The watershed is defined by the Gallatin and Bridger mountain ranges to the east, the Madison Range
and Madison Plateau to the west, and the Horseshoe Hills to the north. It encompasses 1,816 mi2 and
includes 23 major water bodies totaling 394 miles of stream highlighted by two main river systems:
Gallatin River and East Gallatin River. Elevations in the watershed range from 11,166 feet (Lone
Mountain) in the southwest to 4,030 feet near Three Forks where the Gallatin River joins the Madison
and Jefferson Rivers; forming the Missouri River headwaters. Regional groundwater flow in the Gallatin
Valley is generally to the northwest. Mean annual precipitation ranges from 55 inches in the upper
watershed to 12 inches in the western portion near Logan.
The project area is in the Gallatin Valley within the GLWQD (Figure 1b). Alluvial sediments (alluvial fan,
alluvium, or alluvial braid plain deposits) of Quaternary age underlie all or most of the subdivision focus
areas, with the exception of the Wylie Creek-Baxter Creek-Valley Grove Subdivision area which is
partially underlain by Tertiary sedimentary coarse grained deposits (Figure 15 in Appendix C) (Vuke, et
al. 2014).
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Figure 1. The Gallatin watershed and Gallatin Local Water Quality District in Gallatin County, Montana.
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Figure 1b. The Gallatin Local Water Quality District and the project focus area (inset) within the Gallatin Valley.
Subdivision focus areas are shown within the red polygons in the inset map as well as in Figure 2.
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3.0

METHODS

Staff conducted a review of previous groundwater quality data in the high density septic zones, in
addition to using a nitrogen loading GIS model constructed as part of this project, to determine
subdivision areas in these zones to sample. A weighted sampling matrix was developed to objectively
rank the high density septic areas identified in the nitrogen loading GIS model. Eight subdivision focus
areas with a high density of septic systems were chosen for sampling (Figure 2). Non-degradation
reports for selected areas were reviewed to compare predicted and current groundwater quality.
Historical and recently collected public sewage system data for the Forest Park Mobile Home Park was
compiled to assess wastewater impacts to groundwater in the area, and in adjacent Jay Hawk Creek.
Sampling approaches for the subdivision focus areas within this project included targeted sampling and
trend assessment via a network of sampling sites in and near the eight subdivision areas as homeowner
permission and time allowed. Groundwater samples were collected up-gradient, mid-gradient, and
down-gradient of the subdivision focus areas. Up-gradient sites were used as reference sites for the
subdivision focus areas.
Public Water Supply (PWS) data provided by MT DEQ was assessed to further understand nitrate
dynamics in groundwater in and adjacent to, the subdivision focus areas. PWSs are required to submit
source water delineation and assessment reports (SWDARs) to MT DEQ for review and certification. A
map showing the location of water supply intakes and boundaries of the source water protection area
are a required element of SWDARs. However, no mapping of all source water protection areas for
public water supplies in the Gallatin Valley has been compiled into a single spatial data layer. This
information was needed to better understand potential impacts to groundwater quality from high
density septic system areas on the source water for PWSs.

3.1 Conversion of Septic System and Public Sewage System Point Data
to a Nitrogen Loading GIS Data Layer
Existing GIS point layers identifying septic systems and public sewage systems in the project area were
used to develop a nitrogen-loading to groundwater GIS data layer. Utilizing Spatial Analyst™ and other
GIS-specific software, the point data layers were converted to a raster or grid spatial data layer. For this
conversion, nitrogen loading quantities in pounds per day were calculated for each public sewage
system, based on the best available information, including effluent monitoring data, permits and design
estimates. If no other information was available for a system, nitrogen loading estimate was based on
typical values for the type of system, or non-degradation estimates for septic tank systems. The
following equation was used to calculate nitrogen loading:

Calculations for septic systems were based on the MT DEQ estimates for effluent concentration and flow
for the average conventional septic system serving a single family home.

3.2

Digitizing Public Water Supply Source Water Protection Areas

PWS maps within the project area were reviewed and digitized using ArcGIS™10 to create a single
polygon data layer of source water protection areas. The base map for digitizing these areas was the
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2009 NAIP (National Agriculture Imagery Program) imagery. The data layer projected coordinate system
was NAD 1983, UTM Zone 12N. The corresponding Attribute Table within the layer contains system
data per coordination with the MT DEQ Source Water Protection Program (Table 1).
Table 1. Attribute table field descriptions for the PWS source water protection areas GIS data layer.
Attribute Field
Public Water Supply Name (PWS_Nm)
Public Water Supply Number (PWSID_Num)
Public Water Supply Source (PWS_Source)
GWIC ID (GWICID)
Address
Latitude (Well_Lat)
Longitude (Well_Long)
GPS

Domestic Use GPD (PumpRtGPD)

Irrigation GPD (Irrigation)
Pump Rate (PumpRtGPD)
Resident Population (ResPop)
Non-resident Population (NonResPop)
Transient
Hydraulic Conductivity (K_Value) (ft/day)
Aquifer Thickness (AqThick)
Porosity % (PctPorosity)
Hydraulic Gradient (H_Gradient)
Comments
Water Type
Status
Date Established (DtEnteredE)
Done By (DoneBy)
Updated
Updated By (UpdatedBy)
FID
Shape Length (Shape_Leng)
Shape Area (Shape_Area)

Description
Obtained from the DEQ PWS SDWIS database
Obtained from the DEQ PWS SDWIS database
Also known as the Facility ID. Refers to the source number as
assigned by DEQ PWS for the well or intake.
Well log number from MBMG Ground Water Information Center.
Provided for water supply systems serving a single address. Not
included for subdivisions or systems serving multiple structures.
Location for the wellhead
Location of the wellhead
Notes whether the well location has GPS coordinates. If not, it was
located using maps, aerials or site plans by GLWQD or
Environmental Health Dept.
Gallons per day calculated using DEQ PWS SDWIS population
numbers, class and DEQ4 Table 5-2 Typical Flow. Does not include
irrigation water use.
Gallons per day assumed use based on land area measured in 2011
NAIP imagery or plat acreage.
How pump rate was determined. Notes if rate was calculated as
noted above by GLWQD or obtained from another source.
Population of residents as per DEQ PWS SDWIS database
Population as per DEQ PWS SDWIS database
(employee/student/etc.)
Population (customers/visitors/etc.)per DEQ PWS SDWIS database.
Values obtained from SWDAR if available.
In feet. Values obtained from SWDAR if available.
Values obtained from SWDAR if available.
Value obtained from SWDAR if available.
Additional information
Ground water or surface water supply
Active/ inactive PWS at time region drawn or updated by GLWQD.
Refers to date the source water protection area was drawn in GIS
Notes whether the polygon was digitized by DEQ or GLWQD
Date polygon was altered or changes made to Attribute Table.
Notes what entity provided updates to polygon & Attribute Table.
From original Attribute Table provided in database from DEQ
11/2011. No entries made by GLWQD.
From original Attribute Table provided in database from DEQ
11/2011. No entries made by GLWQD.
From original Attribute Table provided in database from DEQ
11/2011. No entries made by GLWQD.
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3.3

Sample Area Selection

A study area matrix was developed to reduce bias in identifying sampling areas. The components of the
matrix are: nitrogen loading density, depth to seasonal high groundwater, previous groundwater
sampling results in the area for nitrate, previous water quality investigations completed in the area,
unsewered subdivisions in the area with non-degradation analysis completed, public water supplies in
the target area, and availability of non-PWS wells to sample within the study area. Each of these
categories included a weighted scoring component. The matrix categories and weighted scoring are
provided in Table 2. Subdivision study areas identified from the nitrogen loading to groundwater ArcGIS
map were input to the matrix and scored. We then identified six study areas that were the focus of our
sampling efforts and two additional areas were identified for follow-up investigation, if time allowed
(Figure 2).
Table 2. Weighted matrix for subdivision study area sampling selection.
Nitrogen Loading
Density
(cell average
within area)

>1
septic/acre

6

Depth to
Seasonal High
Groundwater
(feet below
ground
surface) per
GIS Depth to
Water Layer

<25’

Previous
Groundwater
sampling
results in Area
for Nitrate
(mg/L)

Previous
Water Quality
Investigations
Completed in
Area

Unsewered
Subdivisions
in Area with
Nondegradation
Analysis
Completed

Public
Water
Supply
Wells in
Area

Availability of
Non-PWS Wells
to Sample in Area

3

One or
more
samples ≥
5

4

≥2

2

≥2

2

>9

3

Up-gradient

1

2

1

1

1

1

4-9

2

Downgradient

1

0

None

0

None

0

1- 3

1

Within study
area/
subdivision

1

None

0

>1 septic/1.5
acre but <1
septic/acre

4

25’ – 50’

2

One or
more
samples ≥
3, but
none ≥ 5

>1 septic/2
acre but <1
septic/1.5
acre

2

51’ to 75’

1

All
samples <
3

<1 septic/2
acre

0

>75’

0

3.3.1 Selected Sample Area: Middle Creek Subdivision Area
The Middle Creek Subdivision is located west of Bozeman along Huffine Lane in the Four Corners area.
Surrounding development has been converted from agriculture to commercial and residential in the last
20 years. Lot sizes are generally less than one acre. The geology of the Middle Creek Subdivision study
area consists mostly of Quaternary alluvial braid plain deposits of varying ages (Qab, Qabo) (Vuke, et al.
2014). Groundwater in the area is shallow, with the average well depth about 43 feet and average
depth to groundwater about 14 feet. This study area was part of the Fleming thesis (Fleming 2003).
Public water supply systems evaluated for this subdivision area are the Four Corners Baptist Church and
the Garden Center Subdivision.
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3.3.2 Selected Sample Area: North Jackrabbit Lane Area
The North Jackrabbit Lane study area is located along Highway 85 (also known as Jackrabbit Lane). This
study area consists mostly of commercial development. The Star Mobile Home Park, which is a public
water supply, is located at the center of the study area along with the Lexley Acres Mobile Home Park.
Geology in the area consists of older Quaternary alluvial braid plain deposits (Qabo) (Vuke, et al. 2014).
Groundwater in the area is relatively shallow with the average well depth about 96 feet and the average
depth to groundwater about 26 feet. Public water supply systems evaluated for this subdivision area
are the Broadway Flying J Truck Stop and the Lexley Acres Mobile Home Park.

3.3.3 Selected Sample Area: Hyalite Heights-Lazy TH Estates Area
This study area is situated just north of the Gallatin Range foothills. It is bisected by South 19th Avenue
with Patterson Road to the north and South 3rd Avenue as the eastern boundary. The geology of the
area consists of the Hyalite alluvial fan (Qafh) (Vuke, et al. 2014). Average depth to groundwater is 16
feet with average well depth at 51 feet. Lot sizes are generally between 0.9 and 1.5 acres, although
there are several lots that are much larger to the north of the Hyalite Heights subdivision that were
included as part of the study area. The area has a history of elevated nitrate levels. Public water supply
systems evaluated for this subdivision area are the Hardin Subdivision and Eagle Mount.

3.3.4 Selected Sample Area: Western Drive-Valley Drive Area
This study area is an island of unsewered residential lots within the county on individual wells and septic
systems surrounded by sewered areas of the City of Bozeman. Depth to groundwater is about 14 feet
with the average well depth at 48 feet. Geology in the area consists of older Quaternary alluvial fan
deposits (Qafo) (Vuke, et al. 2014). Lot sizes are less than one acre. The public water supply system
evaluated for this subdivision area is the Ponderosa Mobile Home Park.

3.3.5 Selected Sample Area: Mountain View Subdivision
The Mountain View Subdivision is located between Bozeman and Belgrade with Interstate 90 and
Frontage Road along the southern border. The subdivision is surrounded by agricultural land. The
geology of the area consists of older braid plain alluvium (Qabo) (Vuke, et al. 2014). The average depth
to groundwater is 40 feet. Total well depth average is 77 feet. Lot sizes average one acre. No public
water supplies exist in or adjacent to this subdivision focus area.

3.3.6 Selected Sample Area: Baxter Creek-Wylie Creek-Valley Grove
Subdivisions
This study area is bisected by Valley Center Road northwest of Bozeman. The Valley Grove Subdivision is
served by public water and subdivision phases 1, 2, and 3 are on individual septic systems. This large
residential area is surrounded by undeveloped agricultural lands with several small streams and
irrigation ditches in the area. The geology of the area is dominated by Tertiary sediments of the
Madison Valley member containing cobble-dominated conglomerate (Vuke, et al. 2014). Quaternary
alluvial braid plain deposits (Qab) comprise the northwestern edge of the study area while older braid
plain alluvium (Qabo) is found in the Baxter Creek area and intermittent throughout the Wylie CreekValley Grove portion of the subdivision area (Vuke, et al. 2014). The average depth to groundwater is 40
16

feet. Total well depth average is around 76 feet. Lot sizes are generally around 0.5 acre. Public water
supply systems evaluated for this subdivision area are various wells serving the Valley Grove Subdivision.

3.3.7 Selected Sample Area: High K-Royal Arabian-River Rock Area
This study area is located to the east of the West Gallatin River and west of the City of Belgrade. The
River Rock area was sampled extensively in 2008-2010 by the GLWQD. Groundwater contamination
from problems with the River Rock wastewater lagoon system resulted in elevated nitrate in downgradient groundwater. Many samples had levels above 10 mg/L and ranging up to 41 mg/L. Since then,
the system has been extensively upgraded and groundwater contamination problems associated with
the old system appear to have been resolved. Total well depth average is around 76 feet. The average
depth to groundwater is around 44 feet. Most lot sizes are 0.5 to 1 acre, though there are numerous 4-5
acre residential lots present in the area. The geology of the area consists of older braid plain alluvium
(Qabo). The public water supply system evaluated for this study area was the River Rock Subdivision.

3.3.8 Selected Sample Area: Wheatland Hills Subdivision-Sentinel Drive
Area
This study area is located along the western edge of the Bridger Mountain foothills. Lot sizes average
one acre in size. There are two public water supply systems located in the study area (Spirit Hills
Subdivision and Foothills Fellowship). The average depth to groundwater is 92 feet. Total well depth
average is about 148 feet. The geology of the area consists of older alluvial fan deposits (Qafo) as well
as braid-plain alluvium (Qab).

3.4

Groundwater Sampling

Nutrients, wastewater tracers and nitrate isotopes were analyzed in this study. Groundwater samples
from domestic wells within the eight subdivision focus areas were collected and analyzed by Energy
Laboratories Inc., in Billings, MT for chloride (Cl-), boron (B), orthophosphate (PO4-3), inorganic nitrogen
(NO3- + NO2- as N), hereafter referred to as simply ‘nitrate’), specific conductance (SC), and other
dissolved metals. Both orthophosphate and nitrate can be found naturally, but may be indicative of
wastewater influence on groundwater when found at high levels. Excessive nitrate can pose human and
ecosystem health concerns and can indicate that a contaminant source is entering the groundwater. If a
contaminant source is present, additional pollutants such as pathogens or pesticides may also be
present. The maximum contaminant level (MCL) for nitrate in drinking water set by the U.S.
Environmental Protection Agency (U.S. EPA) is 10 mg/L. Most of the nitrite in many environment
conditions is readily converted to nitrate; the most stable inorganic form of nitrogen. Therefore, it is
assumed that nitrite within the samples collected is negligible.
Excess phosphorus in water resources can be especially problematic for surface water quality. It can
contribute to excess algae and plant growth, and eutrophication can result. Groundwater can be a
conduit for phosphorus-rich water entering streams or lakes. In a hydrogeologic setting such as the
Gallatin Valley, where groundwater and surface water are readily connected, groundwater phosphorus
will have implications for surface water quality. No maximum contaminant level is set for
orthophosphate. However, the total phosphorus base numeric nutrient standard proposed in 2014 by
MT DEQ ranges from 0.04 mg/L to 0.06 mg/L on various reaches of the East Gallatin River, 0.09 mg/L to
0.105 mg/L for Hyalite Creek and 0.076 mg/L for Bozeman Creek.
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Wastewater tracer analytes evaluated include boron (B), chloride (Cl-), and specific conductivity (SC), all
of which are conservative tracers not readily removed under common environmental conditions. B, Cl-,
and SC are found naturally but can increase in groundwater through disposal of household detergent
and cleaning products use via septic systems.

Figure 2. Subdivision focus areas shown in red polygons with orange dots representing location of wells sampled for each study
area. Regional groundwater equipotential lines (Slagle 1995) are shown in blue. Groundwater flow is generally towards the
northwest in the Gallatin Valley.
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Nitrate isotope ratios (δ15N-NO3- and δ18O-NO3-) were evaluated. Nitrate isotope ratios, relative to a
standard, can be useful in identifying the source of nitrate. Samples were collected and filtered in
plastic bottles and frozen until shipment. A subset of samples from each subdivision focus area was
selected for nitrate isotope analysis. These samples were representative of a range of nitrate levels and
spatial distribution within the study area. Samples were analyzed for nitrate isotopes by the University
of California Davis Stable Isotope Facility. Results for δ18O are in units of per mil deviations from a
standard (Vienna Standard Mean Ocean Water, or ‘VSMOW’). Results for δ15N are in units of per mil
deviations from the ratio of 15N and 14N in air.
Homeowner permission was granted prior to sampling. Equipment was decontaminated before sample
collection and procedures were followed in order to avoid cross contamination and to avoid debris
entering the well. Samples were preserved or filtered as necessary (Table 3), and chilled until
refrigeration or freezing upon returning from the field. See Appendix A for additional sampling
protocols and procedures, and Appendix B for materials used while sampling.
Table 3. Analytical methods, preservation, and reporting limits for laboratory analysis of the groundwater
samples. Energy Laboratories, Billings, MT and the University of California Davis Stable Isotope Facility, Davis, CA,
were the facilities that conducted sample analysis for this project.
Volume,
Sample
Laboratory
Parameter
Method
Bottle
Handling/Preservative
Reporting Limit
Orthophosphate as
Filter within 15 minutes
0.005 mg/L
E365.1
250 mL, Plastic
Phosphorus, Dissolved
(0.45µ), Cool ≤6°C.
5 µmhos/cm
Specific Conductivity
A2510 B
500 mL, Plastic Cool ≤6°C.
Chloride

E300.0

500 mL, Plastic

Boron, dissolved

E200.7

250 mL, Plastic

Iron, dissolved

E200.7

250 mL, Plastic

Manganese, dissolved

E200.7

250 mL, Plastic

Sodium, dissolved

E200.7

250 mL, Plastic

Nitrate + Nitrite as Nitrogen

E353.2

250 mL, Plastic

Nitrogen & Oxygen Isotope
(δ15N and δ18O)

bacterial
denitrification
preparation

250 ml, Plastic

3.5

Cool ≤6°C.

1 mg/L

Filter (0.45 µ); then add
HNO3 to pH <2.
Filter (0.45 µ); then add
HNO3 to pH <2.
Filter (0.45 µ); then add
HNO3 to pH <2.
Filter (0.45 µ); then add
HNO3 to pH <2.
H2SO4 to pH <2, Cool
≤6°C.

0.01 mg/L

Filter (0.45 µ); hard
freeze <0°C.

0.03 mg/L
0.01 mg/L
1 mg/L
0.01 mg/L
Nitrate
concentration
must be ≥ 1 µM

Wastewater Lagoon Sampling

Adjacent to the Forest Park Wastewater Lagoon System are monitoring wells #1 and #2, to the west and
the north, respectively. Both are within approximately 200 feet of Jay Hawk Creek, a tributary to the
West Gallatin River (Figure 3). All available historical data for these monitoring wells was compiled and
included: fecal coliform data from 1982 and 1983; specific conductivity, nitrate and chloride data from
1984; and biochemical oxygen demand, nitrate, total phosphorus, ammonia, and total Kjeldahl nitrogen
data from 1989. An additional monitoring well, 3-S, was installed upgradient of the wastewater lagoon
system in 2011 (Figure 3). Additional samples were taken between November 2011 and March 2012
from the three monitoring wells, the wastewater effluent, the lagoon drain, and a seep. These samples
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were analyzed for boron, chloride, ammonia as N, total Kjeldahl N, nitrate + nitrate (as N), and
orthophosphate (as P) as well as E. coli bacteria (for some samples) by Energy Laboratories, Inc. in
Billings, MT. During the time of sampling, field parameters and photographs were taken. This
information was used to assess whether the identified wastewater lagoon system is negatively
impacting surface water quality along Jay Hawk Creek and groundwater in the area.

Figure 3. Location of the Forest Park Mobile Home Park wastewater lagoon system and the approximate locations
of nearby monitoring wells.

3.6

Non-Degradation Reports

Non-degradation reports are required as part of the septic system permitting process in Gallatin County.
They are used to demonstrate that installing a septic system will not cause significant degradation of
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groundwater or surface water. Reports were gathered and used to aid in the interpretation of the 2013
sampling data. These reports were retrieved from the Gallatin City-County Environmental Health
Department. Non-degredation reports were available for six out of eight subdivision areas. A minimum
of four reports were collected for each of these six areas. Non-degradation reports were not available
for the Western Drive-Valley Drive area or the Mountain View subdivision. As part of a non-degredation
report, a nitrate sensitivity analysis is conducted, in which a calculation of expected groundwater nitrate
concentration at the end of a septic system mixing zone is performed. Several parameters are input into
the analysis including background nitrate concentrations in or near the subdivision, hydraulic
conductivity (determined from pump tests in or near the subdivisions), groundwater flow gradient, and
others. The shallowest groundwater well available nearby is used as the background nitrate value in the
analysis. A subset of available non-degradation reports were gathered and background nitrate values
and the maximum potential cumulative effect (maximum expected nitrate level) from the sensitivity
analysis found in each report were collected for use in data analysis. In certain reports, multiple
background nitrate values from nearby wells were used. When this was the case, the mean of these
background values was used in data analysis. The expected nitrate, or potential cumulative effect within
the non-degredation reports were compared to measured nitrate in wells within the same subdivision
area to assess if current groundwater conditions differ from report predictions.

3.7

Public Water Supplies

Limiting development to appropriate uses in identified source water protection (SWP) areas is included
as a policy to protect water quality in the Gallatin County Growth Policy (Gallatin County Planning
Department 2003). Mapping and digitizing of SWP areas for public water supplies (PWS) in Gallatin
County was included in this project, in addition to the assessment of nitrate levels in PWS down-gradient
from the eight high density subdivision focus areas. PWS in the state of Montana are required to test
for nitrate, and data was provided to the GLWQD by MT DEQ. Two PWS were selected, if available, for
each subdivision focus area: one down-gradient PWS within or adjacent to the focus area, as well as an
up-gradient PWS, and the temporal trends in nitrate were evaluated. In the case that a PWS did not
have enough data to adequately assess temporal trends, the next most physically proximate PWS that
had adequate data was selected. No PWS were available in or near the Mountain View subdivision area.
The High K-River Rock area and the Western Drive area each had only one nearby PWS with a data set
that was adequate for data analysis.

3.8

Data Interpretation

Mean analyte concentration differences between subdivision areas were evaluated, and subdivision
areas were divided into up-gradient, mid-gradient, and down-gradient sections. These sections were
based on digital regional groundwater gradient geographic information from Slagle (1995) and Hackett
et al., (1960). Up-gradient, mid-gradient, and down-gradient analyte results were compared within each
focus area to determine if nutrient levels (NO3-, PO4-3) or wastewater indicator levels (Cl-, B, SC) increase
along a groundwater flow gradient through a subdivision focus area. Laboratory samples below analyte
detection limits were not included in data analysis as they could not be used for calculating and
comparing means. Five Cl- samples had non-detectable levels (detection limit 1 mg/L), and 38 B samples
had non-detectable levels (detection limit 0.01 mg/L). Mean analyte levels described herein are
reported as +/- one standard deviation.
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4.0

RESULTS

4.1

Data Quality

Data quality assurance was incorporated into the groundwater sampling plan. Twelve duplicate samples
along with one field blank were incorporated into the sampling and sent to Energy Laboratories, Inc.
Laboratory QA/QC procedures were incorporated into data analysis performed by Energy Laboratories,
Inc. For inorganic and metals analysis (orthophosphate, nitrate, chloride, boron, iron, manganese, and
sodium), calibration standards, method blanks, lab fortified blanks, sample matrix spikes, and sample
matrix spike duplicates were used. For specific conductivity analysis, laboratory control samples,
method blanks, and sample duplicates were used. Energy Laboratories, Inc. provided QA/QC summary
reports with the laboratory reports.
For nitrate isotope samples analyzed at the University of California-Davis Stable Isotope Facility, check
standards were incorporated into each sample analysis run for δ18O-NO3- and δ15N-NO3-. Check standard
results were included with the laboratory reports.

4.2 Are Areas of High Density Septic Systems Measurably and
Negatively Impacting Groundwater Quality?
Nutrient levels (orthophosphate and nitrate), wastewater tracers (boron, chloride, specific conductivity),
and nitrate isotopes (δ18O-NO3- and δ15N-NO3-) as nitrate source identifiers were evaluated to determine
if high density septic systems are negatively impacting groundwater quality. Individual analytes were
found elevated in many locations; however, an area was only considered impacted by wastewater when
multiple lines of evidence from nutrients, wastewater tracers, or isotopes were in accord.

4.2.1 Nutrients
4.2.1.1 Nitrate
Nitrate levels in the eight subdivision focus areas were commonly below the U.S. EPA MCL of 10 mg/L.
The mean nitrate level among all samples throughout the study was 3.16 +/- 2.74 mg/L with a maximum
level of 17.40 mg/L. The mean nitrate level for each of the eight study areas sampled was less than 5.0
mg/L. Three subdivision focus areas (Hyalite Heights-Lazy TH Estates area, Mountain View Subdivision,
and High K-River Rock area) had maximum nitrate levels above 10 mg/L: (17.40, 12.80, and 10.10 mg/L,
respectively). Of 201 wells sampled, 47.8% had nitrate levels below 2.0 mg/L, 32.8% had nitrate levels
between 2.0 and 5.0 mg/L, 15.9% had nitrate levels between 5.0 and 10.0 mg/L, and 3.5% of samples (or
7 wells samples) had nitrate levels greater than the U.S. EPA MCL (Figure 4).
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Figure 4. Nitrate-N levels found throughout the eight subdivision focus areas in 2013. Only 3.5% of samples, or 7
wells, had nitrate levels exceeding the U.S. EPA MCL of 10 mg/L. 52.2%, or 105 wells sampled had nitrate elevated
above 2 mg/L.

When analyte results were split into up-gradient, mid-gradient, and down-gradient sections, nitrate did
not appear to be consistently increasing along groundwater flow gradients. Five of the eight subdivision
areas had nitrate levels greater in the mid-gradient section than in the up-gradient section, and four
subdivision areas had nitrate levels greater in the down-gradient section than in the up-gradient section
(Table 4).
Table 4. Mean nitrate levels as well as mean up-gradient, mean mid-gradient, and mean down-gradient nitrate levels, for the
subdivision focus areas. Shaded cells indicate values greater than up-gradient nitrate for the respective subdivision area.

Area Name

Mean Upgradient Nitrate
as N (mg/L)

Mean Midgradient Nitrate
as N (mg/L)

Mean Downgradient Nitrate
as N (mg/L)

Mean
Nitrate as
N (mg/L)

Middle Creek Subdivision

1.49

1.40

1.28

1.41

North Jackrabbit Lane Area

1.03

1.43

2.90

1.70

Hyalite Heights-Lazy TH Estates

5.00

1.97

3.92

3.48

Western Drive-Valley Drive Area

2.72

4.61

2.01

2.94

Mountain View Subdivision
Baxter Creek-Wylie Creek-Valley Grove
Subdivision
High K-Royal Arabian-River Rock

4.87

4.89

3.95

4.59

1.61

2.08

2.92

2.07

1.35

3.15

3.19

2.84

Wheatland Hills-Sentinel Drive

5.13

4.23

5.34

4.93

For up-gradient, mid-gradient, and down-gradient data groups, variability in sample sizes and well as
small sample sizes within these three designations precluded statistical analysis of differences in nitrate
among the gradient locations. However, statistical analysis (ANOVA) of nitrate level compared to well
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age, and nitrate level compared to total well completion depth were conducted using data from well log
reports (Montana Bureau of Mines and Geology n.d.). Nitrate results from 2013 were compared to well
age (the number of years since the well was completed) for wells with drill date information available (n
= 186 wells) and the resulting correlation produced an R2 of 0.0141 for a linear line of best fit, and
suggestive but inconclusive evidence that there is a positive correlation between nitrate and well age
given an ANOVA p-value of 0.107 (Figure 5). Nitrate results from 2013 were also compared to total well
depth for wells with depth information available (191 wells) and the resulting correlation produced an
R2 of 0.0078 for a linear line of best fit and inconclusive evidence that there is a positive correlation
between nitrate and total well completion depth given an ANOVA p-value of 0.226 (Figure 6).

Nitrate-N (mg/L)

Nitrate-N vs. Years Since Well Completion
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Figure 5. Nitrate-N values compared to the number of years since the well drilling was completed. The line of best fit (linear)
2

Nitrate-N (mg/L)

through the data is shown along with the resulting equation and R value. ANOVA results indicated a suggestive but
inconclusive p-value of 0.107.

Nitrate-N vs. Total Well Depth
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Figure 6. Nitrate-N values compared to total well depth for the respective well. The line of best fit (linear) through the data is
2

shown along with the resulting equation and R . ANOVA results indicated an inconclusive p-value of 0.226.
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4.2.1.2 Orthophosphate
The mean orthophosphate level among all samples throughout the study was 0.07 +/- 0.04 mg/L. The
maximum orthophosphate levels were elevated in some cases: 0.15 mg/L for the Hyalite Heights/Lazy
TH Estates area, 0.38 mg/L for the Western Drive-Valley Drive area, and 0.27 mg/L for the Baxter CreekWylie Creek-Valley Grove Subdivision. Maximum levels for all other areas evaluated were less than or
equal to 0.10 mg/L.
When analyte results were split into up-gradient, mid-gradient, and down-gradient sections,
orthophosphate did not appear to be consistently increasing along groundwater flow gradients. Five of
the eight subdivision areas had orthophosphate levels greater in the mid-gradient sections than in upgradient sections, and four down-gradient sections had orthophosphate levels greater than in upgradient sections (Table 5).
The Western Drive-Valley Drive area had the highest mean orthophosphate level, at 0.13 mg/L.
Variability in sample size for the different subdivision areas precluded statistical analysis of
orthophosphate levels among subdivision areas. For up-gradient, mid-gradient, and down-gradient data
groups, variability in sample sizes, as well as small sample sizes within these three designations,
precluded statistical analysis of orthophosphate among the gradient locations.
Table 5. Mean orthophosphate levels as well as mean up-gradient, mean mid-gradient, and mean down-gradient
orthophosphate levels for the subdivision focus areas. Shaded cells indicate values that are greater than up-gradient
orthophosphate for the respective subdivision area.

Area Name

Mean Upgradient
Orthophosphate
(mg/L)

Mean Midgradient
Orthophosphate
(mg/L)

Mean
Down-gradient
Orthophosphate
(mg/L)

Mean
Orthopohsphate
(mg/L)

Middle Creek Subdivision

0.079

0.082

0.068

0.077

North Jackrabbit Lane Area

0.059

0.047

0.033

0.046

Hyalite Heights-Lazy TH Estates

0.099

0.090

0.079

0.090

Western Drive-Valley Drive Area

0.065

0.272

0.068

0.129

Mountain View Subdivision

0.050

0.052

0.044

0.049

Baxter Creek-Wylie Creek-Valley
Grove Subdivision

0.052

0.054

0.089

0.062

High K-Royal Arabian -River Rock

0.028

0.027

0.031

0.028

Wheatland Hills-Sentinel Drive

0.015

0.019

0.018

0.017

4.2.2 Non-Degradation Reports
Non-degradation reports used as part of the septic system permitting process in Gallatin County were
gathered, and data used within the nitrate sensitivity analyses as part of these reports was evaluated.
Six out of eight subdivision focus areas had non-degradation reports available. A subset of available
reports was gathered and data within were evaluated, including the expected nitrate at the end of the
mixing zone, Nt, modeled in the nitrate sensitivity analyses. Generally, Nt over-predicted groundwater
nitrate in five of six subdivision areas (Figure 7). In all six cases, the mean 2013 nitrate level was greater
than the mean background nitrate level used as baseline in the non-degradation reports (Figure 7). The
difference between the background nitrate used as a baseline in the non-degradation reports and
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nitrate measured within the same subdivision in 2013 ranged from 0.33 to 3.06 mg/L. The difference
between Nt and nitrate measured within the same subdivision areas in 2013 generally deviated less,
from -1.69 to 0.19 mg/L.

Non Degradation and 2013 Nitrate Data

6

Mean Background Non-Degradation Nitrate
5

Nitrate-N (mg/L)

4

5.20
4.93

Mean Non-Degradation Expected Nitrate
Mean 2013 Nitrate
3.28

3.10

3

3.48

3.35
2.84

2.65

2.61
2.07

1.97

2

1.87

1.70
1.41

1.41
1.08

1.12

1.29

1
0

Figure 7. Mean nitrate levels used as background for the nitrate sensitivity analyses within subdivision non-degradation reports,
the results of the nitrate sensitivity analyses (expected nitrate concentration at the end of the mixing zone, Nt), and 2013 nitrate
results. Values shown on the plot are means for the respective subdivision focus areas. Only six of eight subdivision focus areas
are shown, as non-degradation reports for two areas were not available.

4.2.3 Wastewater Indicators
4.2.3.1 Chloride
Chloride is a conservative solute found at high levels in wastewater as a result of human additions,
household product use, and water softener use. Mean chloride level among all samples with detectable
levels throughout the study was 11.2 +/- 10.8 mg/L. Chloride levels were highly variable among the
eight study areas, with a maximum chloride level of 78 mg/L. Four of eight subdivision areas had a
mean chloride level greater than 10 mg/L, and five areas had a maximum chloride level greater than or
equal to 38 mg/L. Chloride data for 2013 from the City of Bozeman Water Treatment Plant indicate that
background chloride levels range from approximately 5-15 mg/L (City of Bozeman Public Works n.d.)
(Miller, J., pers. comm. 2014). However, these background levels represent only two of many
subwatersheds that are recharging groundwater within the Gallatin Valley.
Six of eight subdivision areas had mean mid-gradient chloride levels greater than mean up-gradient
chloride levels, and seven areas had mean down-gradient chloride levels greater than mean up-gradient
chloride levels (Table 6). These trends suggest a chloride source is present within many of the
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subdivision focus areas. For up-gradient, mid-gradient, and down-gradient data groups, variability in
sample sizes as well as small sample sizes within these three designations prevented statistical analysis
of differences in chloride among the gradient locations.
Table 6. Mean chloride (Cl-) levels as well as mean up-gradient, mean mid-gradient, and mean down-gradient chloride levels
for the subdivision focus areas. Shaded cells indicate values that are greater than up-gradient chloride levels for the respective
subdivision area.

Area Name

Mean Upgradient
chloride
(mg/L)

Mean Midgradient
chloride
(mg/L)

Mean
Down-gradient
chloride (mg/L)

Mean
chloride
(mg/L)

Middle Creek Subdivision

4.92

5.55

6.14

5.43

North Jackrabbit Lane Area

7.00

6.00

6.00

6.25

Hyalite Heights-Lazy TH Estates

4.76

3.74

7.15

4.89

Western Drive-Valley Drive Area

11.50

44.33

22.90

27.05

Mountain View Subdivision

17.00

20.38

23.21

19.91

Baxter Creek-Wylie Creek-Valley Grove Subdivision

8.62

9.86

12.07

9.83

High K-Royal Arabian- River Rock

4.67

12.92

8.00

10.88

Wheatland Hills-Sentinel Drive

7.00

19.50

35.50

18.71

4.2.3.2 Nitrate to Chloride Ratio
Background nitrate-N to chloride ratios were assessed from two National Atmospheric Deposition
Program sites nearest the Gallatin Valley. Sites MT07 near Clancy, Montana and WY08 in Yellowstone
National Park (National Atmospheric Deposition Program 1984-2012) indicate a background nitrate-N to
chloride ratio of 1.80 when evaluated from 1984 to 2012. This is greater than the average nitrate-N
chloride ratio of 0.43 seen in the 2013 Gallatin Valley data. This greater amount of chloride per unit
nitrate implies additions of chloride to groundwater beyond wet deposition background levels as
measured within the 2013 study areas.

4.2.3.3 Boron
Boron is a conservative solute that is added to groundwater through household products in wastewater.
Mean boron level among all samples with detectable levels throughout the study was 0.02 +/- 0.01
mg/L. The highest boron value was in the High K-Royal Arabian-River Rock area with a concentration of
0.15 mg/L, over three times greater than the next highest values of 0.04 mg/L for Mountain View,
Western Drive, and Baxter Creek-Wylie Creek-Valley Grove areas.
When analyte results were split into up-gradient, mid-gradient, and down-gradient sections, boron did
not appear to be consistently increasing along groundwater flow gradients. Five of eight areas had midgradient boron levels greater than up-gradient boron levels, while only three areas had down-gradient
boron levels greater than up-gradient boron levels (Table 7). For up-gradient, mid-gradient, and downgradient sections, variability in sample sizes as well as small sample sizes within these three designations
prevented statistical analysis of differences in boron among the gradient locations.
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Table 7. Mean boron (B) levels as well as mean up-gradient, mean mid-gradient, and mean down-gradient boron levels for the
subdivision focus areas. Shaded cells indicate values that are greater than up-gradient boron levels for the respective
subdivision area.

Area Name

Mean Upgradient
boron (mg/L)

Mean Midgradient
boron
(mg/L)

Mean Downgradient
boron (mg/L)

Mean
boron
(mg/L)

Middle Creek Subdivision

0.023

0.024

0.021

0.023

North Jackrabbit Lane Area

0.020

0.010

0.010

0.013

Hyalite Heights-Lazy TH Estates

0.017

0.013

0.023

0.017

Western Drive-Valley Drive Area

0.020

0.033

0.017

0.024

Mountain View Subdivision

0.022

0.029

0.029

0.026

Baxter Creek-Wylie Creek-Valley Grove Subdivision

0.024

0.024

0.023

0.024

High K-Royal Arabian-River Rock

0.017

0.040

0.025

0.033

Wheatland Hills-Sentinel Drive

ND

ND

ND

ND

4.2.3.4 Specific Conductivity
Specific conductivity (SC), or the ability of water to conduct an electrical current by means of ion
presence in water and corrected to 25°C, is elevated in wastewater as a result of human additions of
various salts, household product use, and water softener use. SC levels throughout the 2013 project
samples averaged 480 +/- 111 µmhos/cm. The highest SC level was in the High K-Royal Arabian-River
Rock area with a concentration of 794 µmhos/cm, followed closely by a concentration of 793 µmhos/cm
in the Mountain View subdivision area. SC levels were higher in mid-gradient sections compared to upgradient sections of the subdivision focus areas in six out of eight cases, and down-gradient conductivity
levels were higher than up-gradient levels in six out of eight areas (Table 8).
Table 8. Mean specific conductivity (SC) levels as well as mean up-gradient, mean mid-gradient, and mean down-gradient SC
levels for the subdivision focus areas. Shaded cells indicate values that are greater than up-gradient SC for the respective
subdivision area.

Area Name

Mean Upgradient SC
(µmhos/cm)

Mean
Mid-gradient
SC (µmhos/cm)

Mean Downgradient SC
(µmhos/cm)

Mean SC
(µmhos/cm)

Middle Creek Subdivision

453

451

475

458

North Jackrabbit Lane Area

457

475

503

478

Hyalite Heights-Lazy TH Estates

365

332

400

359

Western Drive-Valley Drive Area

425

621

510

526

Mountain View Subdivision

605

615

614

610

Baxter Creek-Wylie Creek-Valley Grove Subdivision

487

518

482

494

High K-Royal Arabian-River Rock

432

492

405

471

Wheatland Hills-Sentinel Drive

409

453

523

454
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4.2.4 Nitrate Isotopes
Ninety-seven groundwater samples were analyzed for nitrate isotopes: δ18O-NO3- and δ15N-NO3-. δ18ONO3- samples are in units of per mil (‰) deviations from the isotope ratio of 18O/16O in Vienna Standard
Mean Ocean Water (VSMOW). δ15N-NO3- samples are in units of per mil (‰) deviations from the
isotope ratio of 15N/14N in air. Most samples exhibited isotope ratios that are generally characteristic of
ratios found in nitrate sourced from soil ammonium and/or septic and manure waste. Soil organic
matter varies throughout the Gallatin Valley, and is relatively high nearer the mountain foothills, such as
on the south side of the valley underlying the Hyalite Heights/Lazy TH subdivision area (Figure 14 in
Appendix C). Soil organic matter mineralizes over time into inorganic forms of nitrogen; first ammonium
(NH4+) and then into nitrite followed by nitrate. In all subdivision areas, the primary land use consists of
suburban residential single family homes, and although a legacy effect from previous manure waste is
possible, we assume negligible influence on groundwater nitrate from manure waste.
Results for each subdivision area are shown in Table 9 and Figure 8. The Western Drive-Valley Drive
focus area nitrate isotope results indicate δ15N-NO3- values between +8.53 to +9.84 ‰ (Table 9, Figure
8). These values are within the range of ratios commonly found in nitrate derived from manure and
septic waste and not generally characteristic of isotope ratios in nitrate derived from soil ammonium
(Kendall 2007). In all other subdivision areas, results within the range characteristic of nitrate derived
from soil ammonium or septic waste predominated (Figure 8) (Kendall 2007). It is likely that both soils
and septic systems contribute to groundwater nitrate, though this method of nitrate source
identification is unable to distinguish proportional additions from the sources. Several samples from the
Hyalite Heights/Lazy TH area fall in the septic and/or soil ammonium isotope range of δ15N-NO3-, but
may also be influenced by nitrate derived from fertilizer or precipitation ammonium. Precipitation
ammonium, or wet deposition of ammonium ions is low in the region (National Atmospheric Deposition
Program 1984-2012), therefore we consider precipitation additions to soil and groundwater nitrate
minimal and fertilizer the more likely source contributing to relatively low δ15N-NO3- ratios.
Several of the subdivision areas had some individual samples that were out of the range of δ15N-NO3characteristics of nitrate derived from soil ammonium, yet within the range derived from septic waste.
These areas included the Mountain View subdivision, the High K-Royal Arabian-River Rock area, the
Middle Creek subdivision, and the Baxter Creek-Wylie Creek-Valley Grove area. The nitrate in these
samples may be a result of septic waste influence, or the effect of isotopic fractionation from
environmental denitrification (Kendall 2007). Denitrification results in an enriched ratio of 15N/14N, as
the 14N is more readily lost to the atmosphere via the denitrification process.
Table 9. Nitrate isotope results in units of per mil relative to a standard (15N relative to air and 18O relative to Vienna Standard
Mean Ocean Water).

Area Name

Min δ N (‰)

15

Max δ N (‰)

15

Min δ O (‰)

18

Max δ O (‰)

18

High K-Royal Arabian-River Rock

4.50

19.40

-8.04

0.36

Hyalite Heights-Lazy TH Estates

1.55

7.48

-9.22

-3.97

Western Drive-Valley Drive Area

8.53

9.84

-8.60

-6.82

Mountain View Subdivision

6.53

10.44

-7.38

0.51

Middle Creek Subdivision

6.28

9.20

-6.65

-4.57

North Jackrabbit Lane Area

3.70

7.28

-7.22

-3.58

Baxter Creek-Wylie Creek-Valley Grove

5.69

10.12

-7.54

-2.11

Wheatland Hills-Sentinel Drive

6.41

7.23

-7.95

-5.97
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Nitrate Isotope Results for Subdivision Focus Areas
High K-Royal ArabianRiver Rock

0.00

δ18O-NO3-

Hyalite Heights-Lazy
TH Estates
Western Drive-Valley
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-5.00

Mountain View
-10.00

Middle Creek
North Jackrabbit

-15.00

-20.00
-5.00

Fertilizer and
Precipitation
NH4+
0.00

Soil
NH4+

Baxter Creek-Wylie
Creek-Valley Grove

Manure and Septic Waste
5.00

10.00

δ15N-NO3-

15.00

18

20.00

Wheatland HillsSentinel Drive
25.00

-

Figure 8. Nitrate isotope results for all subdivision focus areas. δ O-NO3 samples are in units of per mil (‰)
18
16
15
deviations from the isotope ratios of O/ O Vienna Standard Mean Ocean Water (VSMOW). δ N-NO3 samples
15
14
are in units of per mil (‰) deviations from the isotope ratio of N/ N in air. Most samples exhibited isotope
ratios generally seen within the soil ammonium range, as well as the septic waste range (Kendall 2007). The
Western Drive area isotope ratios are characteristic of septic waste, along with many from the Mountain View
subdivision and several from the High K-River Rock and Baxter Creek-Valley Grove areas, though fractionation
15
caused by denitrification can result in enriched δ N values. Several samples from the Hyalite Heights-Lazy TH
Estates area fall not only in the septic and soil ammonium range, but may also have influence from fertilizer
ammonium.

4.3 Is the Identified Wastewater Lagoon System Negatively Impacting
Surface Water Quality Along the Segment of the River Adjacent to the
Lagoon System?
Historical data for the monitoring wells and Jay Hawk Creek near the Forest Park wastewater lagoon
system indicate that there may have been an impact to groundwater and surface water from
wastewater as early as 1982. Data from monitoring well 1-W indicate two out of three samples tested
positive (contaminated) for fecal coliform bacteria between December of 1982 and October of 1983. In
monitoring well 2-N, one out of four samples tested positive for fecal coliform bacteria between
December of 1982 and October of 1983. Data from the original complaint investigation in 1989 show
that Jay Hawk Creek above the lagoon and below the first lagoon had ammonia levels <0.01 and total
phosphorus of 0.032 and 0.021 mg/L, respectively. At the same time, Jay Hawk Creek below both
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lagoons and the infiltration/percolation (I/P) beds had ammonia of 0.11 mg/L and total phosphorus of
0.151 mg/L.
In 2011 and 2012, effluent samples were collected from the manhole where wastewater is discharged
from the lagoon polishing pond to the I/P beds. E. coli bacteria were only detected in the manhole
effluent (Table 10).
Table 10. E. coli bacteria results for 2011 and 2012 samples from the Forest Park wastewater lagoon system and
the nearby monitoring wells. E. coli bacteria were not detected in monitoring well samples but were present in the
manhole effluent. TNTC = Colony forming units too numerous to count.
Location Sampled

Collection Date

Bacteria, E. coli (CFU/100 ml)

Manhole Effluent

11/29/2011
11/29/2011
3/21/2012
11/29/2011
11/29/2011
3/21/2012
11/29/2011
3/21/2012

TNTC
ND
ND
ND
ND (duplicate)
ND
ND
ND

Monitoring Well – 1-W

Monitoring Well – 2-N

Monitoring Well – 3-S

Ammonia-N concentrations from the manhole effluent from November 2011 and March 2012 were 27.4
and 19.8 mg/L, respectively, while nitrate levels remained below 0.10 mg/L in the same sample. This is
typical of wastewater, where ammonia has not undergone the transformation to nitrate via bacteria
(nitrification). Monitoring well 3-S, up-gradient of the lagoon system, had non-detectable ammonia
levels. Monitoring well 2-N, to the north of the I/P beds, had levels of ammonia ranging from 0.44-0.51
mg/L. Monitoring well 1-W, to the west of the I/P beds, had ammonia levels of 3.84 and 3.25 mg/L,
respectively, in November 2011 and March 2012 (Table 11). These ammonia levels found in well 1-W
are uncommon in groundwater, indicating that there is an ammonia source present.
Table 11. Ammonia concentrations results for the 2011, 2012, and 2013 samples from the Forest Park wastewater
lagoon system, and the nearby monitoring wells. ND = Not detected.
Location Sampled
Manhole Effluent
Seep
Lagoon Drain
Monitoring Well – 1-W

Monitoring Well – 2-N

Monitoring Well – 3-S

Collection Date

Nitrogen, Ammonia as N (mg/L)

11/29/2011
3/21/2012
2/28/2013
2/28/2013
11/29/2011
3/21/2012
11/29/2011
11/29/2011
3/21/2012
11/29/2011
3/21/2012

27.4
19.8
0.71
ND
3.84
3.25
0.44
0.44 (duplicate)
0.51
ND
ND

Total Kjeldahl Nitrogen (TKN) was not detected in the up-gradient monitoring well (3-S). Both downgradient monitoring wells (1-W, 2-N) had detectable levels of TKN, ranging from 0.5 – 1.0 mg/L in well 231

N and 4.0 - 4.3 mg/L in well 1-W. Chloride levels in monitoring well 3-S (up-gradient) were 2.0 mg/L and
3.0 mg/L in November of 2011 and March of 2012, respectively, while chloride levels in the downgradient monitoring wells (1-W, 2-N) ranged from 5.0 – 7.0 mg/L (Table 12).
-

Table 12. Total Kjeldahl Nitrogen (TKN) and chloride (Cl ) concentrations results for the 2011 and 2012 samples
from the monitoring wells near the Forest Park wastewater lagoon system. Levels of TKN as well as chloride levels
increase from the up-gradient monitoring well (3-S) to the monitoring wells (1-W and 2-N) downgradient of the
lagoon system.
Location Sampled
Monitoring Well – 1-W
Monitoring Well – 2-N
Monitoring Well – 3-S

Collection Date
11/29/2011
3/21/2012
11/29/2011
11/29/2011
3/21/2012
11/29/2011
3/21/2012

Nitrogen, Kjeldahl, Total as N (mg/L)
4.3
4.0
1.0
0.5 (duplicate)
0.8
ND
ND

Chloride (mg/L)
5.0
7.0
6.0
6.0 (duplicate)
6.0
2.0
3.0

4.4 Have Historical Nitrate Levels Increased Down-gradient of
Subdivisions Characterized by High Density Septic Systems and Public
Sewage Systems?
Nitrate levels in water samples collected during the project in 2013 were generally below the U.S. EPA
MCL of 10 mg/L. Nitrate levels for the subdivision areas assessed were commonly higher than historical
data (Figures 9, 10, 11, and 12). The mean nitrate level in 2013 among all samples throughout the study
was 3.16 +/- 2.74 mg/L with a maximum level among all samples of 17.40 mg/L. The mean historical
nitrate level pooled from all study areas was 5.15 +/- 6.47 mg/L with a maximum level among all
historical samples of 41.00 mg/L. However, sampling efforts in the River Rock/High K area in 2007-2010
detected many excessively high nitrate samples. These were related to problems with the River Rock
Subdivision wastewater lagoon system which have now been fixed. All historical samples across the
subdivision areas where nitrate exceeded 10 mg/L came from the River Rock project area (Figure 9).
During the project sampling in 2013, seven nitrate samples exceeded 10 mg/L, and were found in three
different study areas: Hyalite Heights-Lazy TH Estates area (three samples), Mountain View Subdivision
(three samples), and the High K-River Rock area (one sample).
The mean nitrate was greater in 2013 than the mean of all available historical data for four out of eight
subdivision areas evaluated (Figure 10). For each subdivision focus area, the maximum nitrate level
during this study was greater than the historical maximum nitrate level, except for the High K-River Rock
subdivision area (Figure 11). This indicates that nitrate may be increasing throughout the valley.
However, the variability in historical sample sizes versus the 2013 sample sizes should be noted (Table
13).
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Historical and 2013 Nitrate-N Data
45
40

Historical Nitrate-N Data for All Subdivision Areas
2013 Nitrate-N Data for All Subdivision Areas

Nitrate-N (mg/L)

35
30
25
20
15
10
5
0
Aug-87

Jan-93

Jul-98

Jan-04

Jul-09

Dec-14

Figure 9. Many 2013 nitrate samples (solid symbols) were higher than historical samples (open symbols).
However, sampling efforts in the River Rock area in 2007-2010 detected many excessively high nitrate samples
(within the orange oval) due to problems with the River Rock Subdivision wastewater lagoon system, which have
now been fixed. Seven samples (4%) collected in 2013 were above the U.S. EPA Drinking Water Standard of 10
mg/L (red dashed line). Fifty-two samples (26%) collected in 2013 were elevated above 4 mg/L. (Historical data
source: GLWQD Groundwater Database and Montana State University Extension Water Quality Well Educated
Program).

Mean Historical and 2013 Nitrate-N Data

7

Mean Historical Nitrate-N

Mean Nitrate-N (mg/L)

6

5.72

Mean 2013 Nitrate-N

4.93

5

4.59
3.82

4
2.72

3

2.30

2
1

3.61

3.48

1.41

1.70

2.94

3.25
2.84

2.50
2.07

1.00

0

Figure 10. Nitrate measured for this project during 2013 (mean of all samples for each subdivision area) is higher
than the mean historical nitrate level for four of eight respective subdivision areas.
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Max Historical and 2013 Nitrate-N Data
Max Nitrate-N (mg/L)

50
Max Historical Nitrate-N

40

41.00

Max 2013 Nitrate-N

30
20

17.40
12.80
9.37

10

5.88
1.60

2.11

2.58

10.10

7.27

2.90

6.16

5.30

4.97

3.20

6.40

0

Figure 11. Maximum nitrate measured for this project during 2013 (max of all samples for each subdivision area) is
higher than the maximum historical nitrate level for the respective subdivision areas, with the exception of the
High K/River Rock Area. Historical data for this area includes samples taken prior to the repair of the River Rock
wastewater treatment lagoon.

Table 13. The range of years in which there is available historical nitrate data for the subdivision areas is variable
as is the number of historical samples, and the number of 2013 samples. Sampling efforts near the High K-River
Rock subdivision area during 2007-2010 as part of another study provided abundant historical nitrate data.
Subdivision Area

Time Span of Historical
Nitrate Data

Number of Historical
Nitrate Samples

Number of 2013
Samples

Middle Creek
North Jackrabbit
Hyalite Heights-Lazy TH
Western Drive
Mountain View
Baxter-Wylie-Valley
High K-River Rock
Wheatland Hills

1995-2007
2005-2008
1989-2009
2006-2009
1997-2008
1997-2008
1997-2010
1997-2009

12
2
18
2
12
4
276
14

30
4
61
10
45
27
17
7

Wells sampled in the various subdivision areas were broken into up-gradient, mid-gradient, and downgradient sections based on regional groundwater flow gradients (Hackett et al., 1960 and Slagle 1995).
Mean nitrate within each of these sections was compared, and these values were compared to the
mean historical nitrate. In six of eight subdivision areas during 2013, mean nitrate in the down-gradient
section of the study area was higher than the historical mean nitrate level for the respective area.
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Mean Nitrate-N (mg/L)

7

2013 Gradient Section and Historical Nitrate-N

6
5
4

3
2
1
0

Mean Historical Nitrate
Mean Mid-gradient Nitrate

Mean Up-gradient Nitrate
Mean Down-gradient Nitrate

Figure 12. Wells sampled in the subdivision areas were broken into up-gradient, mid-gradient, and down-gradient
sections. Mean nitrate within each of these sections is shown here, along with the mean historical nitrate. Nitrate
does not consistently increase along groundwater flow gradients in all subdivision areas. In six of eight subdivision
areas, mean down-gradient nitrate is higher than the historical mean for the respective area.

4.5 Are Nitrate Levels Trending Upward for Public Water Supplies
Down-gradient of Developed Areas?
Public water supply (PWS) water quality data was used to assess whether nitrate levels are trending
upward for public water supplies located down-gradient of high density subdivision focus areas.
Additionally, PWS were selected at the up-gradient end of subdivision areas, if available, and used for
comparison of nitrate trends. Mid-gradient PWS were used when an up-gradient or down-gradient PWS
was not available. PWS water quality data sets were compiled and assessed only if adequate historical
data was available. Nitrate appears to be rising in several of the PWS selected for analysis.
Trend information shown in Table 14 was gleaned from linear lines of best fit for the time series data for
the selected PWS. Eight out of a total of twelve PWS, or 67% showed an upward trend in nitrate levels.
The remaining four out of twelve, or 33%, showed a negative trend in nitrate levels (Table 14 and Figure
13). The most pronounced upward trend for a change in PWS nitrate was seen within the North
Jackrabbit Lane area, especially in the Lexley Acres Mobile Home Park (Figure 13).
PWS nitrate trends over time were analyzed using an Analysis of Variance (ANOVA) for regression
analysis (Table 14). Regression analysis showed a significant positive correlation (increasing nitrate) for
the down-gradient PWS for the North Jackrabbit Lane Area and the Middle Creek Area. A significant
negative regression (decreasing nitrate) was found for the down-gradient Hyalite Heights-Lazy TH Area
PWS. Two down-gradient PWS showed an insignificant correlation: Baxter-Wylie area and the
Wheatland Hills-Sentinel Drive area. One mid-gradient PWS had a significant positive correlation: North
Jackrabbit Area, while one mid-gradient PWS had a significant negative correlation and one mid35

gradient did not have a significant correlation. Three out of four up-gradient PWS had a significant
positive correlation (High K-River Rock, Baxter-Wylie, and Wheatland Hills-Sentinel Drive areas), while
one out of four PWS had a significant negative correlation (Western Drive).
Table 14. Public water supply (PWS) nitrate levels over time were analyzed in terms of a linear best fit. The resulting slope of
2

increasing or decreasing nitrate-N in units of mg/L per year is shown along with R values for a linear fit and statistical
significance (based on a p-value of 0.10) using Analysis of Variance (ANOVA) for regression analysis. No PWS are present in or
near the Mountain View subdivision area.

Subdivision
Area

Linear Line of Best
Fit Slope (mg
nitrate-N/L/yr)

Linear Line
of Best Fit
2
R

Lexley Acres Mobile
Home Park

+0.1095

0.4659

(p-value 3.38 x 10 ,
n = 101 data points)

Broadway Flying J
Truck Stop

+0.0292

0.2718

(p-value 0.016,
n = 21 data points)

River Rock

+0.0365

0.7382

(p-value 1.01 x 10 ,
n = 20 data points)

Valley Grove Wells
1&2

+0.02555

0.5319

(p-value 5.89 x 10 ,
n = 23 data points)

Valley Grove Well 3

+0.0073

0.0035

(p-value 0.785,
n = 15 data points)

Ponderosa Mobile
Home Subdivision

-0.1095

0.4724

(p-value 6.78 x 10 ,
n = 48 data points)

Hardin Subdivision

+0.0365

0.0606

(p-value 0.514,
n = 10 data points)

Eagle Mount

-0.073

0.8228

(p-value 6.27x10 ,
n = 14 data points)

Four Corners Baptist
Church

-0.0292

0.5594

(p-value 0.001,
n =16 data points)

Garden Center
Subdivision

+0.073

0.2209

(p-value 0.009,
n = 28 data points)

Spirit Hills

+0.0146

0.313

(p-value 0.030,
n = 16 data points)

Foothills Fellowship

-0.00073

0.00001

(p-value 0.951,
n = 44 data points)

PWS Name

ANOVA
significance?

Y

North Jackrabbit

Y

Baxter-Wylie

Western Drive

Middle Creek

Wheatland HillsSentinel Drive

Downgradient
Up-gradient

-5

Up-gradient

-8

N
Y

Mid-gradient

-6

N
Y

Hyalite HeightsLazy TH

-16

Y
Y

High K-River Rock

Location

(p-value <0.10)

-6

Y
Y
Y
N

Downgradient
Up-gradient

Mid-gradient
Downgradient
Mid-gradient
Downgradient
Up-gradient
Downgradient

36

Nitrate-N (mg/L)

10
8
6
4
2
0

Nitrate-N (mg/L)

10
8
6
4
2
0

Nitrate-N (mg/L)

10
8
6
4
2
0

Nitrate-N (mg/L)

10
8
6
4
2
0

Nitrate-N (mg/L)

10
8
6
4
2
0

Nitrate-N (mg/L)

10
8
6
4
2
0

Nitrate-N in Hyalite Heights Area PWS
Eagle Mount
Hardin Subdivision

Nitrate-N in Middle Creek Area PWS
Four Corners Baptist Church
Garden Center Subdivision

Nitrate-N in River Rock Area PWS
River Rock

Nitrate-N in North Jackrabbit Area PWS
Broadway Flying J Truck Stop
Lexley Acres Mobile Home Park

Nitrate-N in Western Drive-Valley Drive Area PWS
Ponderosa Mobile Home Subdivision

Nitrate-N in Valley-Wylie-Baxter Area PWS
Valley Grove Well 3
Valley Grove Subdivision Wells 1 & 2

Nitrate-N in Wheatland Hills Area PWS

Nitrate-N (mg/L)

10
Foothills Fellowship
8
Spirit Hills
6
4
2
0
May-70 Nov-75 Apr-81 Oct-86 Apr-92 Sep-97 Mar-03 Sep-08 Mar-14
Figure 13. Nitrate trends over time for PWS nearest the subdivision focus areas. Eight out of twelve PWS nitrate data series
increased, while the remaining four showed a negative slope when linear lines of best fit were plotted among respective data
sets. ANOVA significance test results are shown in Table 14.
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5.0

DISCUSSION/CONCLUSION

Widespread negative effects on groundwater from high density septic system areas were not seen
during this study. Nitrate levels were elevated above 2 mg/L in 52% of project samples, and 4% of
samples were above 10 mg/L, indicating that although high nitrate in high density septic system areas
was not found to be a widespread problem in 2013, there are localized areas of concern.
Nitrate levels above 10 mg/L were found in the Hyalite Heights-Lazy TH area, the Mountain View area,
and one sample was found in the High K-River Rock area. The Mountain View subdivision and the
Hyalite Heights-Lazy TH area both consist of many homes with older septic systems. Well age, or the
number of years that have passed since well completion (Montana Bureau of Mines and Geology n.d.),
and nitrate concentration were compared using ANOVA for regression analysis, resulting in a p-value of
0.107 indicating suggestive, but inconclusive evidence that there is a positive correlation between
nitrate and well age.
Only one subdivision focus area, the Western Drive area, had multiple lines of evidence from
wastewater indicators, as well as high nutrient levels, indicating that wastewater is likely impacting
groundwater quality. Nitrate isotopes provide additional information supporting the idea that the
groundwater nitrate in this area is influenced by septic waste.
In addition to the Western Drive area, isotope results suggest that several individual samples from other
subdivision areas have septic waste influencing groundwater nitrate, although environmental
denitrification can cause fractionation resulting in isotopically enriched δ15N values. Most isotope
results indicate that soil or septic waste (or a combination) were the source of nitrate in the 2013
samples. Multiple environmental sources of nitrate are likely present in most areas. The Hyalite
Heights/Lazy TH area is in a location with relatively high soil organic matter (see Figure 14 in Appendix
C), supporting the idea that elevated groundwater nitrate in that area is partially a result of soil nitrogen
in addition to older septic systems. The Hyalite Heights-Lazy TH area was the only subdivision focus area
that had any isotope results within the range of δ15N characteristic of fertilizer or precipitation as a
source. We assumed nitrogen inputs sourced from precipitation to be minimal in this area; therefore
some influence from fertilizer is likely.
Nutrients and wastewater tracers indicated that there are effects on groundwater and surface water
from the Forest Park wastewater lagoon system. The system appears to have influenced surface water
quality in terms of nutrients in Jay Hawk Creek when historical data was evaluated, and recent data
indicate effects on groundwater in the monitoring wells on the down-gradient side of the lagoon
system. It is likely that effects on groundwater and Jay Hawk Creek may not be measurably affecting the
West Gallatin River because of dilution; however various logistical constraints during this project
prevented the data collection necessary to evaluate this.
Nitrate appears to be on the rise when comparing available historical nitrate data (both GLWQD
database historical nitrate data as well as non-degradation background nitrate) to 2013 data. This
indicates that although problematic nitrate levels are currently isolated, rising nitrate levels are likely.
Given the stability of the nitrate ion, additional nitrate additions to the aquifer will most likely increase
groundwater nitrate concentrations beyond current levels. Although only one subdivision focus area
was identified as having impacts from wastewater during this study, anthropogenic influence on
groundwater was seen during sampling conducted by the GLWQD in 2008 and 2009 for
pharmaceutical/personal care products (PPCP). Forty separate locations were sampled around the
Gallatin Valley during that study, and 73% (29 locations) had detected levels of PPCP, including 21
locations with detections of sulfamethoxazole. Evidence from these previous sampling efforts indicates
38

that wastewater does have some influence on groundwater resources in the Gallatin Valley. However,
this 2013 study demonstrated that wastewater influence is currently not causing extensive and
measureable impacts to groundwater when evaluated by nutrients and certain wastewater tracers.

6.0

RECOMMENDATIONS

Areas of high density septic systems do not appear to be uniformly affecting groundwater quality in a
measureable and negative way at the current time. However, with continued future residential
development likely, groundwater quality concerns related to high density septic system areas may
become more widespread. Our results show that nitrate appears to be generally increasing in the
subdivision focus areas assessed. The nitrate sources appear to be some combination of septic waste
and soil organic matter, with some localized fertilizer influence. Because homeowners and Gallatin
Valley residents can do little to avoid soil organic matter contributions to groundwater nitrate, steps to
properly maintain septic systems, appropriately fertilize lawns and gardens, and avoid excessive
watering (therefore reducing nitrate leaching) should be taken to minimize future nutrient additions to
the groundwater. As part of this project, three homeowner education workshops were conducted, and
113 Gallatin Valley residents learned about care and maintenance of their wells and septic systems,
along with proper fertilizer and watering practices for lawns and gardens. Additional educational
opportunities would allow residents to obtain information about minimizing additional nitrogen
contributions to groundwater.
The GLWQD supports the use of community water and wastewater systems for new subdivisions.
Community systems are required to be monitored closely for malfunction and problems along with
regularly scheduled sampling. While all wastewater treatment system problems could result in the
discharge of partially treated or untreated wastewater to groundwater, problems in a community
system would likely be identified earlier than with individual septic systems and remedied more quickly.
Ensuring early problem detection and good water quality for downstream users would best be
accomplished by annual or biannual sampling of one or more monitoring wells down-gradient of these
community wastewater treatment systems.
Source water protection is included in the current Gallatin County Growth Policy. To ensure SWP areas
function as intended, future policy updates that encourage the installation of community wastewater
and water systems is recommended in these areas. Additionally, the installation and regular sampling of
monitoring wells up-gradient and down-gradient of these areas provide important trend data that may
help protect source water quality.
Annual testing of domestic drinking water is recommended for the health and safety of Gallatin Valley
residents consuming water from private domestic wells. Long term water quality data sets created from
domestic sampling records, as well as agency and PWS sampling, should be continued and will lend
further insight into nitrate levels and trends. These records will assist in assessing and protecting water
quality in the Gallatin Valley as development pressure increases.
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APPENDIX A
SAMPLING PROTOCOLS AND PROCEDURES
Sampling protocols were followed using the GLWQD Standard Operating Procedures for Groundwater
Sampling. This document provides sampling guidelines and describes general and specific procedures,
methods and considerations to be used and observed when collecting groundwater samples for
laboratory analysis of general inorganics.
A YSI ProPlus multiparameter field meter connected to a flow-through cell was used for collecting field
parameter data (pH, specific conductance, dissolved oxygen). The meter was calibrated each day prior
to going into the field following manufacturer instructions and recorded in a calibration log. The
following procedures were followed for each sampling site:
1. Water supply taps, including hydrants near the well and taps on the house were located.
2. A site sketch was drawn on the Site Visit Form showing major features such as home and road
locations.
3. The wellhead was located and the well cap removed. If the well was in a location where it could be
exposed to contamination (debris from shrubs or bushes), the open well was immediately covered
with a clean plastic bag. Well cap and casing condition was noted (sanitary well cap present, signs
of insects, etc.) and recorded on the Site Visit Form.
4. The static water level (SWL) was obtained from the well using an electronic tape sounder that was
disinfected with a bleach water solution and dried with clean paper towels prior to deployment in
the well. If the well pump was running, the SWL was recorded as a “pumping” water level.
5. A splitter valve was connected to the tap/spigot and a clean garden hose attached to one half of
the splitter. The splitter valve was opened to only the hose portion. The tap/spigot was turned on
and the hose connection adjusted to eliminate water leakage at the splitter connection. Water was
pumped into a five-gallon bucket. Flow rate (gpm) was monitored using a stopwatch and recorded
on the Site Visit Form.
6. The YSI meter with flow-through cell was connected to the discharge line of the other side of the
hose splitter valve. Water quality parameters were recorded every 5 minutes on the Site Visit Form
until stabilized using the following criteria:
Parameter
pH
specific conductance (SC)
dissolved oxygen (DO)

Stabilization Criteria
+/- 0.1
+/- 3%
+/- 0.3 mg/L

Reference
Puls and Barcelona, 1996; Wilde et al., 1998
Puls and Barcelona, 1996
Wilde et al, 1998

7. Three well volumes were purged and a pumping water level was recorded on the Site Visit Form a
minimum of one time during the purging process.
8. Once three well volumes were purged and water quality parameters stabilized, the tap/spigot was
turned off and all hoses and tubing were removed.
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9. Prior to sample collection, a clean stainless steel sample container was placed below the tap and
triple rinsed.
10. Wearing disposable gloves, water was pumped from the stainless steel container using a peristaltic
pump fitted with clean tubing. All sample bottles were triple rinsed with native water prior to
sample collection. Samples were filtered using a 0.45 micron disposable filter, if required. Samples
were preserved, as appropriate. Samples were placed in a one-gallon Ziploc bag and stored in a
cooler on ice.
11. All tubing, the electronic tape sounder, and stainless steel sampling containers were
decontaminated between sites.
12. Samples were shipped to the laboratory via overnight carrier along with a completed chain of
custody form. Isotope samples were frozen and stored until shipment on ice to the laboratory.
Equipment Decontamination Procedures
To ensure no cross-contamination between sampling locations, sampling equipment was
decontaminated between each site:
a. Deionized water rinse.
b. Soapy wash (1 cap full of Liqui-Nox™ detergent in 1 liter deionized water).
c. Nitric acid water rinse (1 liter deionized water mixed with 10 ml, 35% concentrated nitric acid).
1. Wearing disposable gloves, and with the peristaltic pump running, the pump tubing was
decontaminated following the above procedure.
2. The same DI water rinse, soapy wash, and nitric acid DI water rinse was used on the stainless steel
containers.
For the electronic tape sounder:
1. Rinse with a dilute bleach/water solution.
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APPENDIX B
MATERIALS LIST






























3 clean garden hoses
2 hose splitters with flow control valve
Extra hose connection gaskets
2, 5-gallon buckets
YSI ProPlus™ multiparameter meter and flow-through cell
Peristaltic pump
0.45 µm standard capacity filters
3/8” tubing for pump (~3’)
3, 250 mL sampling bottles
6, 1 L Nalgene™ bottles
2 stainless steel food service containers (~1 L each)
Bleach spray bottle (~200 ppm chlorine refilled weekly)
Paper towels
Energy Laboratories sample bottles and cooler
Ice
Deionized water for sample blanks
2 electronic tape sounders
Adjustable crescent wrenches
7/16” wrench
Screwdriver
Flashlight
60 mL Nalgene™ sample bottles (for isotope samples)
Clipboard
Field forms
Field notebook
Calculator
Stop watch
Parameter stabilization summary sheet
Aerial map of sampling area with addresses, roads labeled
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APPENDIX C
ADDITIONAL MAPS AND FIGURES
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Figure 14. Soil organic matter (Soil Survey Staff, Natural Resources Conservation Service, United States
Department of Agriculture 2012) shown with subdivision focus areas and nitrate results. The Hyalite Heights-Lazy
TH focus area exists on soils where higher organic matter is found. This subdivision focus area is where several
nitrate results exceeded 10 mg/L and the highest individual sample from the 2013 project sampling was found:
17.40 mg/L nitrate-N.
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Figure 15. Surficial geology in the Gallatin Valley (Vuke, et al. 2014) and the subdivision focus areas. All
subdivision areas are underlain by Quaternary alluvium, and the Baxter-Wylie area is underlain by alluvium as well
as Tertiary sediments of the Madison Valley member.
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