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Abstract

The Sumas-Blaine Aquifer in northwestern Whatcom County, Washington is the major drinking
water source for 18,000 to 27,000 local residents. The aquifer is the southern (U.S.) portion of
the transboundary Abbotsford-Sumas Aquifer.

Based on water quality studies conducted by the Washington State Department of Ecology
(Ecology) and the U.S. Geological Survey over the past 30 years, 29% of sampled wells in the
aquifer exceeded the nitrate maximum contaminant level (MCL) of 10 mg/L-nitrogen (N). A
total of 14% of wells had concentrations more than double the MCL. Groundwater from 36% of
shallow wells (less than 40 feet deep) exceeded the MCL. About 20% of the deeper wells
exceeded the MCL. The highest documented nitrate concentration in a domestic drinking water
well is 73 mg/L-N.

The purpose of this report was to summarize the available data on nitrate in the Sumas-Blaine
Aquifer, physical characteristics that make the aquifer vulnerable to nitrate contamination, and
major sources of nitrate to the aquifer.

The Sumas-Blaine Aquifer is highly vulnerable to nitrate contamination due to several factors
including:

1. Shallow depth to water (less than 10 feet in most areas).

2. The aquifer’s limited thickness (mostly less than 50 feet).

3. Intensive agricultural production (97% of the estimated annual nitrogen load to the ground
overlying the aquifer).
4. Heavy rainfall during the non-growing season that carries unused nitrate to the water table.

In addition to aquifer-wide studies, intensive field investigations by Ecology in the Sumas-Blaine
Aquifer are summarized. Two studies indicate that the amount and timing of manure applied to
a grass crop greatly affected underlying groundwater nitrate concentrations. In years when the
amount of nitrogen applied exceeded the amount removed, groundwater nitrate concentrations
exceeded the MCL by a factor of 2 to 3. Groundwater nitrate concentrations were closer to the
MCL (better) in winters when the amount of nitrogen applied to the grass crop the previous
growing season was close to the amount removed in the grass crop.

Although groundwater data are not available for all areas where dairies and berries are prevalent,
high nitrate concentrations occurred beneath and downgradient of both major land use areas.
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Introduction

The Sumas-Blaine Aquifer (SBA) covers about 150 square miles of mostly rural, low-lying
farmland in northwest Whatcom County, Washington (Figure 1). The aquifer is the exclusive
source of drinking water for 18,000 to 27,000 area residents (1). The SBA is part of the larger
Abbotsford-Sumas Aquifer that straddles the U.S.-Canada border (Figure 1).

Widespread nitrate contamination has been documented in groundwater over large areas of the
SBA for over 40 years (3-13). Past sampling by the Washington State Department of Ecology
(Ecology) and others suggests that the aquifer has some of the most widespread and elevated
groundwater nitrate concentrations in Washington State. The SBA nitrate problem is severe
enough that several public water supply wells near the City of Lynden were taken off line in
recent years, leaving 1,200 people without a potable water supply (14).

The USGS and Ecology have conducted regional studies of nitrate in the SBA for 30 years.
These studies indicate that nitrate concentrations continue to be affected by overlying land use
and jeopardize use of the aquifer for drinking water. Ecology currently conducts annual nitrate
sampling at 25 private wells in the SBA.

Highlights of past studies include an aquifer-wide survey of 248 private domestic wells in 1997
which found that 21% of wells had nitrate concentrations exceeding the maximum contaminant
level (MCL) of 10 mg/L-nitrogen (N) (Chapter 246-290 WAC, 8). Follow-up monitoring in
areas where nitrate concentrations were elevated in 1997 indicated that 50 to 70% of wells in
those areas exceeded the MCL in 1999 and 2003 to 2005 (7, 12).

Ecology has also conducted small-scale groundwater investigations over the past 15 years to
observe the effects of typical management practices such as application of manure to crops and
lagoon storage of manure.

Agriculture is the predominant land use over the SBA. Dairy farming has been the predominant
agricultural activity over the SBA for the past 50 years with raspberry and other berry production
becoming more widespread in the past 20 years. A small percentage of the land is residential,
with the cities of Lynden, Nooksack, and Everson overlying the aquifer (6).

This report is a primer for readers wanting a brief summary of groundwater nitrate contamination
affecting the SBA. The objectives of this report are to:

e Summarize historic groundwater quality information and results of intensive investigations.
e Describe the characteristics of the aquifer that make it vulnerable to contamination.
e Describe the major contamination sources with regard to land use.

e Provide general recommendations for future actions to monitor and improve water quality.
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Abbotsford Sumas Aquifer

—> General groundwater flow direction

Figure 1. Location of the Sumas-Blaine Aquifer, the portion of the Abbotsford-Sumas Aquifer in northwest Washington (2).
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Groundwater Nitrate Data Analysis

Historical data for nitrate concentrations were used to evaluate spatial and temporal relationships
in the SBA. Data from Ecology and USGS studies available from agency databases between
1981 and 2010 were used (EIM for Ecology data and NWIS for USGS data). Appendix B lists
the procedures used to ensure that data used were of adequate quality for the analysis.

Aquifer-wide spatial patterns

The maximum nitrate concentrations observed in 515 wells sampled over the past 30 years are
mapped in Figure 2. For the majority of wells, only one measurement was available.

Nitrate concentrations in 29% of the wells shown in Figure 2 were 10 mg/L-N or greater. In
14% of the wells, nitrate exceeded 20 mg/L-N. The highest nitrate value in a private domestic
well was 73 mg/L-N.

Depth

Well depths ranged from 9 to 92 feet deep, but depths were not known for 18 wells. Of the wells
with reported depths, 80% are less than 40 feet deep and referred to here as shallow. Maximum
nitrate concentrations exceeded 10 mg/L-N in 36% of shallow wells shown in Figure 3. Nitrate
exceeded 20 mg/L-N in 17% of shallow wells.

A total of 20% of the 60 deep wells (40 feet deep and greater) had maximum nitrate
concentrations above 10 mg/L-N; in 5% of the deep wells, nitrate exceeded 20 mg/L-N

(Figure 4). Although spatial coverage for the deeper depths was relatively sparse, the high
percentage of wells with elevated nitrate indicates that contamination may be affecting much of
the aquifer volume.

Because groundwater typically moves more quickly in the horizontal direction than in the
vertical direction, impacts on groundwater from activities at the surface usually show up first at
the shallowest depths. In addition, elevated concentrations of contaminants at deeper depths may
be due to land use practices that occurred at some distance upgradient and probably at some time
in the near or distant past.

Page 9



e

o O . ! a
=] .n . l
o iy P . &B y 1 U| { | u
fap ¥ ] gl = [ l 8 Lyhden
=] IO . l__‘: | | 2 _:. 3 =
L) o D‘ B ) ' B " ) ‘- ],'
. “en &
"o\ YR a
OLe 2 8 s
=] ‘ I D m
=] z = DD | s 1 QE:E OB
tepe Ar (= El | O
RN T
Maximum Nitrate concentrations " e D}. & ‘8
(mg/L-N) -
¢ @ Less than 3.0 LY el - jﬂ__ I D'é} D.E
* = 3010499 - <& W :
© o 50t09.99 daldSom e
® B 1010199 AT~ _
@ B 20andgreater g s Tk
[ ] Sumas-Blaine Aquifer A Iy {
[ ] Canadian portion of aquifer By = 0051 2 Mies
“ﬁ._ Bt_alllr_lglj o o o e e e e |

Figure 2. Maximum nitrate-N concentrations in wells sampled by Ecology and USGS between 1981 and 2008.

Circles represent Ecology data (335 wells); squares represent USGS data (216 wells). Data are listed in Appendix C.
Ecology data are also available at www.ecy.wa.gov/eim/. USGS data are available at http://waterdata.usgs.gov/wa/nwis/nwis/.
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Figure 3. Nitrate-N concentrations in wells less than 40 feet deep.
Squares represent wells sampled by the USGS; circles by Ecology.
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Figure 4. Nitrate-N concentrations in wells 40 feet deep and greater.
Squares represent wells sampled by the USGS; circles by Ecology.

Page 11



Aquifer-wide patterns over time

Figure 5 shows nitrate concentrations for a subset of 11 wells with long-term records. The
highest nitrate concentration in wells with long-term records was 53 mg/L-N in a 29-foot deep
well (Well G, Figure 5). Shallow wells tended to have the highest nitrate concentrations

(G and I); however, two wells greater than 40 feet deep (Wells E and K) also consistently
exceeded 10 mg/L-N. The tendency for higher nitrate concentrations in shallow wells has been
found around the U.S. (22, 23).

Several wells with long-term nitrate records have concentrations that vary seasonally or over
time (Wells A, B, C, F, H, and I), while other wells have fairly stable concentrations (Wells D,
E, and K). Changes in upgradient land use (including change in crop, nutrient application rate,
and nutrient application method) as well as weather-related crop uptake of nitrogen and
recharge can all influence year-to-year and seasonal nitrate variation (21-32).
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Figure 5. Representative graphs of nitrate concentrations in drinking water wells (mg/L-N) with long-term records.

Yellow dots represent wells monitored since 2003 as part of Ecology’s SBA ambient monitoring program (12, 13). Results from previous studies by
the USGS (6) and Ecology (4, 8) at several wells are also included. Well depths are shown in the upper left corner of each graph.
Ecology data are available at www.ecy.wa.gov/eim/; USGS data at http://waterdata.usgs.gov/wa/nwis/nwis/.
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Intensive Study Findings

Ecology has conducted a number of targeted field studies to better understand the potential
sources and mechanisms that contribute excess nitrate loads to the SBA. These studies relate
land application of manure and leaking manure lagoons to groundwater quality.

Nitrogen balance study

A study of nitrogen inputs to and outputs from a manured grass field over the SBA was
conducted from 2004 through 2008 (19, 33). The draft preliminary findings include:

e Average winter nitrate concentrations in groundwater near the top of the water table beneath
the field were 11 to 13 mg/L-N when nitrogen inputs were similar to nitrogen outputs.
However, average shallow winter groundwater nitrate-N concentrations were 17 to 24 mg/L
when nitrogen inputs exceeded outputs.

e Timing of manure application affected nitrate concentrations in:

o Fall: Application in October, just prior to the heavy rainfall season, was followed by an
increase in shallow groundwater nitrate of up to 18 mg/L-N.

o January through March: Continued high potential for nitrate leaching due to high water
table and recharge that can carry nitrate below the root zone.

2002 land application of manure study

Beneath a manured grass field with higher than recommended manure application, the median
winter groundwater nitrate concentrations near the top of the water table were 27 to 31 mg/L-N.
Nitrate reached 74 mg/L-N in shallow groundwater beneath this field. At the field with close to
the recommended application rate, the median nitrate concentration in shallow groundwater was
10 mg/L-N (9).

Lagoon studies

Leakage to groundwater was found at two manure storage lagoon systems from 1990 to 1993
(34-36). Leakage impacted nearby long-term groundwater quality, including ammonia, but not
nitrate. Decreases in ammonium in groundwater over time and lack of nitrate increases were
attributed to adsorption, biological and chemical degradation, and dispersion.

Studies of lagoon and wastewater ammonium plume movement indicate that large amounts of
ammonium can be stored in shallow aquifers by adsorption (37, 38). Redox conditions often
determine whether ammonium converts to nitrogen gas (denitrification) or mineralizes to nitrate
(nitrification). Nitrification is generally restricted to the margins of an ammonium plume where
oxygen is present (37). Recharge and pumping play a key role in redox conditions and thereby
the fate of ammonium leached from lagoons (38).
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Vulnerability Analysis

Reasons for widespread nitrate contamination in the SBA are related to the aquifer’s
vulnerability. Aquifer vulnerability consists of two aspects (39):

e Susceptibility due to natural characteristics such as hydrogeology, climate, and soils.
e Activities that together with susceptibility present a high likelihood of contamination.

Erwin and Tesoriero (40) found that the Lower Nooksack Valley (including the SBA) had a very
high vulnerability for nitrate contamination compared to most of the Puget Sound area due to the
shallow depth to water and high density of agricultural land use. They found a 50% probability
that nitrate in public drinking water wells was 3 mg/L-N or greater.

The main local factors that contribute to the SBA’s susceptibility to contamination include:

e Hydrogeology
e Climate and recharge

Hydrogeology

The SBA lies in the Fraser-Whatcom Lowlands, a glacial outwash plain. Outwash from the last
glacial episode left gravel and cobble deposits near the Canadian border. These deposits grade
finer southward to sand and some clay layers in the Lynden area as well as peat bogs and layers
in many areas (41).

In more recent times, the Nooksack and Sumas rivers have eroded the glacial deposits, resulting
in the current flat terrace flood plain. The principal hydrogeologic units in the area are shown in
Figure 6 and include:

e Sumas-Blaine Aquifer (SBA)

e Everson-Vashon Semiconfining Unit
e Bedrock

The SBA consists of stratified sand and gravel outwash with minor clay and peat lenses (6, 41).
Groundwater flows predominantly toward the Nooksack River, from north to south (Canada to
the U.S.) in the northern part of the aquifer and south to north in the southern part (Figures 1
and 6).
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Figure 6. Surficial hydrogeology of the Sumas-Blaine Aquifer (from 41, 42) and cross-section
A-A’ showing the principal aquifer units (from 6).

Page 16



The depth to groundwater is less than 10 feet across most of the SBA, making it highly
susceptible to contamination from activities on the land surface (Figure 7). During the winter
months (October through March), heavy precipitation carries nitrate left over in the soil to the
water table which in many areas rises close to the land surface (6). Once nitrate reaches the
water table, it moves slowly and mainly in a horizontal direction. A system of ditches and tile
drains helps to control high water table conditions in many areas of the SBA and prevents some
nitrate-laden water from reaching groundwater in the winter (6).

Depth to Water (feet) '
[_] 50 and greater pafes
[ ] 25-49.9 \

[ ]10-24.9
[ ] Lessthan 10

Figure 7. Depth to water in the Sumas-Blaine Aquifer in feet below ground surface based on
drilling logs (2).

In addition to shallow depth, the SBA is susceptible due to its limited thickness. The aquifer
ranges from 75 feet thick near Sumas to 25 feet thick near Blaine. Most of the aquifer is less
than 50 feet thick (Figure 8). Low quality and quantity of occasional water-bearing zones in the
underlying Everson-Vashon Semiconfining Layer prevent this deeper unit from providing
significant usable water (Figure 6).
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Figure 8. Thickness of the Sumas-Blaine Aquifer in feet based on drilling logs (2).

Climate and recharge

Annual precipitation over the SBA ranges from 32 inches near the southwest corner of the
aquifer to 50 inches on the eastern edge. The average annual precipitation at Clearbrook,
Washington (Figure 1) is 46 inches for the period of 1970 to 2010 (43). Over the past 40 years,
67% of rainfall in Clearbrook, Washington fell between October and March, when crop uptake is
lowest (43).

The generally low rainfall intensity and flat topography allow much of the precipitation that
occurs during the non-growing season to move through the soil and into the groundwater or tile
drain system (6).

The average annual estimated groundwater recharge over the aquifer is 16 to 30 inches (6).
During warm, dry summers, evapotranspiration is about twice the amount of precipitation, and
little water moves below the soil zone.
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Land use and nitrogen loading

Until recently, Whatcom County had more dairy cows than any other county in Washington.
The number of milking cows decreased from 67,000 in 1997 to 41,000 in 2010, although the
density of dairy cows increased due to land use shifts (15, 16, 44). Whatcom County is also the
leading producer of raspberries in the U.S (17).

Nitrogen is added to the SBA each year from several sources including agriculture, atmospheric
deposition, and on-site sewage systems. A rough estimate of the relative contributions of
nitrogen from these sources is shown in Figure 9 (details in Appendix D). These estimates do
not account for nitrogen lost due to volatilization, crop uptake, denitrification, or flow to tile
drains.

W Manure applied to crops (65%)
W Fertilizers (27%)

B Atmospheric deposition (2.3%)
M Legumes (2.5%)

M Dairy lagoons (1.2%)

M Irrigation (1.0%)

On-Site Sewage (1.2%)

Figure 9. Distribution of estimated annual nitrogen inputs to the land and subsurface of the SBA
(16, 45, 46).

Most of the nitrogen added to the ground overlying the SBA is from agriculture (97%). Within
the agriculture category, roughly two-thirds of the nitrogen applied over the SBA is from manure
applied to crops, while one-third is from inorganic fertilizer. On-site sewage systems account for
1% of the nitrogen added to land overlying the SBA. Atmospheric deposition makes up about
2% of the loading. The individual sources of nitrogen and assumptions made for the estimates
are described below.

Manure applied to crops

The estimate of nitrogen applied to crops from manure is based on (1) the number of cows in
Whatcom County in 2010, including milking and dry cows, heifers, and calves (16) and (2) the
map locations of licensed dairies. The total number of cows at dairies with addresses over the
SBA in 2010 was 40,834. This may be a conservative estimate, because dairies with addresses
near the border of the SBA were not included but may apply manure to fields over the aquifer.
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Between 10 and 12 million pounds of manure-derived nitrogen are applied to crops over the
SBA annually, assuming 20 to 35% processing loss (16, 47). This equates to 64 to 68% of the
total annual load of nitrogen applied the ground overlying the aquifer.

Manure applied to crops, mainly grass and corn, is in the forms of ammonium and organic
nitrogen. Although not considered in the source inventory, some of the manure ammonium
volatilizes after it is applied to the crop. The amount of nitrogen volatilized depends on the
method of application and weather conditions.

Ammonium is rapidly converted to nitrate by bacteria when the temperature is above 5°C, and
the nitrate is then available for crop uptake. A portion of the organic nitrogen also mineralizes
each year to ammonium and then to nitrate.

Nitrate is very soluble in water and does not adhere to soil particles. This makes it very
susceptible to leaching loss during the rainy months, October through March. Crop uptake is the
main mechanism for nitrate removal in the SBA (30). A lesser amount of nitrate can be lost due
to microbial conversion of nitrate to nitrogen gas (denitrification) depending on local redox
conditions (48).

Fertilizers

The estimate of nitrogen applied as inorganic fertilizer to the SBA is based on acreage estimates
for various crops and application rates for each crop including lawns and manured fields (46).
The total estimate of nitrogen applied as inorganic fertilizer is 4.6 million pounds per year, or
25 to 29% of the annual total.

Raspberries, the largest crop over the SBA that receives mainly inorganic fertilizer, cover
roughly 7,000 acres (17). Chesnaux et al. (49) and Hirsch (50) found that spring rainfall can
move inorganic nitrate fertilizer from the root zone of berries to the water table.

Legumes

Clover is a common component of pasture lands in the SBA. Clover can fix nitrogen from the
air and is assumed to contribute 5 pounds per acre of nitrogen (46). The estimated annual
nitrogen contribution from legumes over the SBA is 428,000 pounds, 2.5% of the total.

Dairy lagoons

The estimate of nitrogen from dairy lagoons assumes that 110 dairies with addresses over the
SBA have a lagoon with the same assumptions used in Cox and Kahle (6): an average surface
area of 30,000 square feet that leaks 1 mm/day and has an ammonia concentration of 840 mg/L.
These assumptions result in the following estimate for lagoon leakage:

(110 dairies) x (1,880 Ib N leached/dairy-year) = 206,800 Ib N/year

Although the total estimate for lagoon leakage, 206,800 Ib N/year, is a small percentage of the
total input of nitrogen to the land overlying the entire aquifer (1.2%), lagoons may have
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significant localized impacts on groundwater nitrate depending on how they are constructed and
managed.

Atmospheric deposition

The estimated total of wet and dry atmospheric nitrate deposition was 380,000 pounds, or 2.2%
of the total amount reaching the land surface annually (46).

On-site sewage systems

The up to 23,000 people living on the SBA outside sewered areas were assumed to contribute to
the nitrogen estimate from on-site sewage systems (1). Each person was assumed to contribute
9 pounds of nitrogen per year (51). The total amount of nitrogen contributed annually by on-site
sewage systems was 270,000 pounds, or 1.2% of the total.
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Discussion

Information from regional and site-specific nitrate studies in the SBA between 1980 and 2010
were compiled and analyzed. Regional monitoring studies revealed that 29% of 515 private
wells have exceeded the nitrate MCL, and 14% of the total have had nitrate concentrations at
least double the MCL.

Shallow depth to water and limited thickness of the SBA make the aquifer especially vulnerable
to contamination from overlying land use. Agriculture contributes 97% of the nitrogen inputs to
the ground overlying the aquifer. Figure 10 shows the below-ground nitrogen scenario during
the two main seasons: (A) fall/winter/spring, when the water table is relatively close to the
surface and excess nitrate is likely to leach to groundwater and (B) summer, when
evapotranspiration exceeds precipitation and little leaching occurs.

Climate and timing of nitrogen application to crops

Of the major crops grown over the SBA, grass removes the most nitrogen (30). Figure 10-C
shows the timing of precipitation and grass growth as well as application of manure and fertilizer
to grass and berries. Times of high vulnerability occur when precipitation is high and nitrogen
uptake by grass is low. Application of manure or fertilizer to crops during this time presents a
high risk of nitrate leaching to groundwater. Conventional timing of manure application to grass
includes the high vulnerability time in the early spring and late fall.

Ecology’s nitrogen balance study indicated an almost immediate increase in soil nitrate followed
by shallow groundwater nitrate beneath a grass field following an early October application of
manure (19).

Inorganic fertilizer application outside of the recommended timeframe (Figure 10-C) or
recommended amount, especially on coarse-grained soils, also poses a high risk for nitrate
leaching to groundwater. In addition, berry crops remove very little of the nitrogen applied
indicating a substantial leaching potential (30).
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Figure 10. Schematics of recharge and nitrogen cycling patterns during the fall-winter-early
spring (A) and summer (B) periods in the SBA area and average precipitation, grass growth, and

0

— - Average Monthly Precipitation (1970-2010)
—— Grass Growth Curve

== Typical Manure Application

== Typical Berry Fertilizer Application

|| Vuinerable Leaching Periods.

4

_J
/
~

L ~
Y 4
R, '

N

lan Feb Mar April May June July Aug Sept Oct Nov Dec

typical manure and raspberry fertilizer application dates (C).

Sources: Winter recharge estimate in (A):6; Grass growth curve and manure application dates in

(C):53; Berry fertilizer timing (C):54.

25

&

=
(=]
YIMOID SSBID [BI0L %

0

Page 23




Major land uses and groundwater nitrate

Figure 11 is designed to provide a generalized perspective on the location of the major
agricultural land uses over the SBA and nitrate concentrations in nearby wells.

e Figure 11-A shows a general approximation of the number of milking cows within each
section. We assumed that manure is applied to cropland close to the dairy where it is
generated. However, because dairy locations were based on the address of the dairy, and the
location of the manure application for the dairy may not be in the same section, these ratings
are inexact.

e Figure 11-B shows the sections where berries are the primary crop.

Figure 12 shows the primary crop for each section overlying the SBA. Dairy farms apply
manure primarily to grass and corn crops. Although groundwater data are not uniformly
distributed in areas where dairies and berries are prevalent, high nitrate concentrations have been
found beneath both land use areas.

Once nitrate reaches the water table, it continues to move slowly downgradient and gradually
deeper into the aquifer. Therefore, depending on depth in the aquifer, current groundwater
nitrate concentrations in private wells are probably the result of activities upgradient in years
past. To further complicate nitrate source-tracking, much of the land now in berry production
was formerly manured cropland. Organic nitrogen remaining in the soil from past practices
gradually mineralizes to nitrate, contributing nitrate to groundwater for years after manure
application has ended.
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Figure 11. Maximum nitrate-N concentrations and number of milking cows per section in 2010
(A), sections where berries were the primary crop in 2010 (B) (16, 52).

Circles represent Ecology data; squares represent USGS data. Nitrate data are listed in Appendix C.
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Depth, soil texture, and denitrification

More than one-third of wells less than 40 feet deep exceeded the MCL for nitrate. Nitrate
concentrations are typically higher near the top of the water table than at deeper depths. This is
because land use impacts are more recent, and significant dilution with aquifer water has not yet
occurred (22, 23). Also denitrification, which converts nitrate to nitrogen gas, is less common in
shallow, oxygenated zones, especially in coarse-grained material (21, 25, 27).

Groundwater with little or no oxygen commonly occurred in groundwater less than 10 feet deep
at two study sites with fine-grained material (9, 19). Areas with fine-grained soil and aquifer
material in the SBA, including peat lenses, probably lose a significant amount of nitrogen to
denitrification. Groundwater nitrate concentrations in fine-grained materials around the SBA
would probably be higher were it not for loss of nitrogen to denitrification.

Sandy, coarse-grained materials without peat or clay lenses pose the highest risk of nitrate
contamination from manure and fertilizer application. Deeper depth to water likewise adds to
the risk of nitrate leaching: organic matter, available closer to the surface in manured fields, is
needed for denitrification but can decompose before reaching the water table (23, 55).
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Conclusions

Groundwater quality data from aquifer-wide studies by Ecology (1981 to 2010) and the
U.S. Geological Survey (1981 to 2008) indicate that:

A total of 29% of 515 wells had results exceeding the 10 mg/L-nitrogen (N) maximum
contaminant level (MCL) for nitrate in drinking water. 14% of wells exceeded 20 mg/L-N of
nitrate.

The highest nitrate concentration in a domestic drinking water well was 73 mg/L-N in a
25-foot deep well.

A total of 36% of 214 wells less than 40 feet deep had results exceeding the MCL for nitrate.

A total of 20% of 60 wells 40 feet deep and greater had results exceeding the MCL for
nitrate.

Out of 11 wells with long-term records, shallow wells tended to have higher nitrate
concentrations than deeper wells, although two wells over 40 feet deep consistently exceeded
the MCL.

The highest nitrate concentration observed in wells with long-term records was 53 mg/L-N in
a 29-foot deep well.

Nitrate concentrations close to the water table in the Sumas Blaine Aquifer (SBA) are
probably most influenced by nearby upgradient land use.

Results of intensive groundwater studies by Ecology and cooperators between 1990 and 2011
indicate that:

In a nitrogen balance study

0 A balance of nitrogen applied in manure and removed in a grass crop corresponded with
lower shallow groundwater nitrate below the field, but concentrations still exceeded the
MCL.

0 When the amount of nitrogen applied substantially exceeded the amount removed in the
crop, shallow groundwater nitrate was roughly two times the MCL.

0 A substantial increase in shallow groundwater nitrate resulted from application of manure
in early October (up to 18 mg/L-N increase).

In 2002 land application of manure study

0 Winter median nitrate concentrations in shallow groundwater beneath a field receiving
excess nitrogen were 2 to 3 times the MCL.

0 Where manure nitrogen was applied at the recommended rate, median shallow winter
groundwater nitrate was at the MCL.

o Nitrate reached 74 mg/L-N in shallow groundwater at the field with excess manure.
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In lagoon studies

o Ammonium leakage observed at two manure storage lagoons was related to recent
construction and the proximity of the bottom of the ponds to the water table.

o Downgradient nitrate concentrations were not elevated compared to upgradient, but
ammonium was elevated.

The SBA is vulnerable to contamination due to several factors:

Shallow depth to water (less than 10 feet in most areas). Permeable soils, many coarse-
grained.

Limited aquifer thickness (mostly less than 50 feet thick) underlain by a thick semi-confining
layer. Drilling deeper to avoid shallow contamination is not a long-term solution.

Heavy rainfall during the non-growing season which carries left-over nitrate to the water
table.

Long-term, intensive agricultural production that makes up 97% of the estimated nitrogen
applied to the ground overlying the SBA.

o 10 to 12 million pounds of nitrogen per year produced by dairy cows.

o0 4.6 million pounds of inorganic nitrogen per year applied to crops.

Because groundwater moves slowly, it may take years, if not decades, of significantly
reduced nitrate input to groundwater to improve water quality in the SBA.
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Recommendations

Results of this study support the following recommendations.

Conduct aquifer-wide follow-up nitrate monitoring in shallow wells to compare with 1997.

Monitor nitrate concentrations in wells 40 feet deep and greater in the Sumas-Blaine Aquifer
(SBA) to evaluate the extent of nitrate contamination throughout the aquifer.

Work cooperatively among government agencies, with agriculture, environment, and human
health responsibilities, to ensure that residents of the SBA are not harmed by drinking water
above the nitrate maximum contaminant level (MCL).

Encourage all residents on private wells to have their drinking water tested for nitrate.

Provide public education and outreach to residents whose well water exceeds 10 mg/L-
nitrogen (N).

Intensify efforts to minimize nitrate leaching. Examples of strategies include:

o Improving synchronization of nitrogen application and crop need
o0 Track nitrogen mass balance for all crops grown on the SBA

o0 Include groundwater and drinking water standards into technical standards for crop
management.

o Curtail fall nitrogen application.

Coordinate with Canadian federal, provincial, and academic groups conducting monitoring
and research to improve groundwater nitrate conditions on both sides of the transboundary

Abbotsford-Sumas Aquifer. Investigate the degree of influence of Canadian nitrate sources
on groundwater in Washington.
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Appendix A. Glossary, acronyms, and abbreviations

Glossary
Aquifer: An underground bed of saturated material.

Recharge: The downward flow of water through the soil and unsaturated zone to the water
table. Also the amount of water added over a period of time (i.e., inches/year).

Redox conditions: The system of oxidation and reduction reactions. Oxidizing systems
typically contain relatively high oxygen concentrations, while reducing systems have very low or
virtually no oxygen. Microbial reactions involving electron transfer in groundwater and soil
(i.e., mineralization, denitrification) are greatly affected by redox conditions.

Water table: The top of the saturated surface of an unconfined aquifer.

Acronyms and Abbreviations

B.C. British Columbia, Canada

Ecology Washington State Department of Ecology

EIM Environmental Information Management database www.ecy.wa.gov/eim/
MCL Maximum contaminant level

N Nitrogen

SBA Sumas-Blaine Aquifer

USGS United State Geological Survey

WAC Washington Administrative Code

Units of Measurement

mg/L: milligrams per liter
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Appendix B. Quality assurance procedures for data and
sources of data

The following procedures were used to ensure that data used were of adequate quality for the
analysis:

e Removed duplicate entries and outliers.

e Combined information for wells with different names but the same location and well depth.
e Included non-detects in the mapping category “less than 3.0 mg/L nitrate-N".

e Combined filtered and unfiltered results.

e Assumed USGS wells 10 to 60 feet deep are in the Sumas-Blaine Aquifer (SBA).

e Included all Ecology wells, because studies included only wells in the SBA.

e Included 446 private domestic wells and 69 monitoring wells.

Table B-1. Sources of groundwater nitrate data used in Figures 2 through 4.

Sampling | Number Type Frequency Wells sampled Qe Study
Agency . . . assurance | . .
dates of wells of wells of sampling in other studies level* citation
Ecology 1988 28 Domestic Once 5 4
Ecology 1997 298 Domestic Once Some USGS 1990-91 5 8
Ecology 1997-2000 15 Monitoring | Monthly None 5 9
Ecology 2003-2005 32 Domestic Quarterly Several from Ecology 1997 2 13
Ecology 2004-2008 7 Monitoring | Monthly None 2 19
2 in Ecology 1988;
Ecology 2007 32 Domestic Once 2in Ecology 1997; 2 18
1in Ecology 1997-2010
Ecology 2009-2010 27 Domestic Annually Most also in 2003-2005 2 12
Most once,
. 11 wells Some in Ecology 1997,
USGS 1990-1991 201 Domestic monthly for | 2003-2010 5 6
15 months
USGS 1995 Domestic
USGS 1997-2008 Domestic Every 2 years 5

* Quality Assurance levels: 1. Data neither verified nor assessed for usability.
2. Data verified.
3. Data verified and assessed for usability.
4. Data verified and assessed for usability in a formal study report.
5. Data verified and assessed for usability and published in a report.
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Appendix C. Groundwater nitrate data

Table C-1. Groundwater data used in maps and statistics.

Well Maximum
e 'USGS Station Latitude Longitude e Sample N.itr.ate+ Q'l.,la|- Fraction
site number name (HARNS83) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)
Ecology 817_BBL 48.93480873 -122.5247589 1/31/2007 0.010 | U
Ecology N39205D2 48.90428 -122.59461 21 4/28/1997 0.010 | U
Ecology N39211K1 48.88055 -122.51805 47 3/12/1997 0.010 | U
Ecology N39214C1 48.87381 -122.51924 35 3/13/1997 0.010 | U
Ecology N39316A2 48.87598 -122.42414 34 3/26/1997 0.010 | U
Ecology N39321D2 48.86211 -122.43704 30 3/12/1997 0.010 | U
Ecology N39409)2 48.88124 -122.28856 25 4/14/1997 0.010 | U
Ecology N39419A1 48.86092 -122.33313 31 4/15/1997 0.010 | U
Ecology N39420M1 48.85098 -122.33003 33 4/17/1997 0.010 | U
Ecology N40108A1 48.97729 -122.70528 20 3/27/1997 0.010 | U
Ecology N40210N2 48.96686 -122.54728 38 3/10/1997 0.010 | U
Ecology N40309G1 48.97469 -122.42456 65 4/28/1997 0.010 | U
Ecology N40333J1 48.91255 -122.42111 33 3/21/1997 0.010 | U
Ecology N40335R2 48.90635 -122.37535 51 3/24/1997 0.010 | U
Ecology WHWS16 48.93753 -122.53142 23 8/25/1988 0.010 | U
Ecology N39206B1 48.90258 -122.60198 29 3/11/1997 0.012
Ecology N39222K1 48.85351 -122.53846 17 3/13/1997 0.014
Ecology TI_MW1D 48.95523 -122.48773 60 7/15/2003 0.020
Ecology N39426L1 48.83777 -122.25728 37 4/16/1997 0.022
Ecology N39206A1 48.90396 -122.59542 28 3/10/1997 0.026
Ecology N40116A2 48.96225 -122.68557 16 3/27/1997 0.026
Ecology N40217D1 48.96256 -122.59562 25 3/14/1997 0.027
Ecology N40417R1 48.95059 -122.31067 40 4/15/1997 0.031
Ecology N40429H2 48.92824 -122.31033 59 4/14/1997 0.032
Ecology N40123Q1 48.93718 -122.6482 16 3/26/1997 0.037
Ecology N40319A1 48.94986 -122.46685 40 4/28/1997 0.037
Ecology N40308D2 48.9788 -122.45902 46 3/12/1997 0.039
Ecology N40232C1 48.91854 -122.59135 21 3/13/1997 0.041
Ecology N39205D1 48.90539 -122.59212 20 3/11/1997 0.043
Ecology N41336J2 48.99763 -122.35439 92 2/18/1997 0.043
Ecology N40406A1 48.99162 -122.33201 75 2/18/1997 0.045
Ecology N40231N1 48.90651 -122.61395 23 3/11/1997 0.046
USGS A484331122383803 37N/01E-02H03D1 48.726773 -122.643788 37.9 6/19/1995 0.050 | U Dissolved
USGS A484320122384701 37N/01E-02K01 48.722051 -122.6474 42 5/30/1995 0.050 | U Dissolved
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Maximum

feaEy . USGS Station Latitude Longitude dvev:tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)

USGS A484310122385008 37N/01E-02Q08 48.71844 -122.648233 24.5 6/1/1995 0.050 | U Dissolved
USGS A484648122382410 37N/01E-02Q11 48.719829 -122.648511 46 5/31/1995 0.050 | U Dissolved
USGS A484303122385201 37N/01E-11B01 48.717329 -122.649622 59 5/26/1995 0.050 | U Dissolved
USGS A485412122304001 39N/02E-02A01 SU16 48.902888 -122.512377 40 8/7/1996 0.050 | U Dissolved
USGS A485251122165801 39N/04E-10M01 48.880672 -122.284046 44 4/27/1991 0.050 | U Dissolved
USGS A485826122295101 40N/02E-12C01 48.975948 -122.497941 26 8/22/1991 0.050 | U Dissolved
USGS A485721122292001 40N/02E-13J04 48.95567 -122.490164 16.2 7/19/1991 0.050 | U Dissolved
USGS A485719122292001 40N/02E-13J05 48.955114 -122.490164 16 8/13/1991 0.050 | U Total
USGS A485719122291701 40N/02E-13J07 48.955114 -122.489331 15.8 7/19/1991 0.050 | U Dissolved
USGS A485900122271901 40N/03E-05L01 48.983172 -122.456551 17.6 8/14/1991 0.050 | U Dissolved
USGS A485607122161101 40N/04E-22R01 48.935119 -122.270988 60 5/3/1991 0.050 | U Dissolved
USGS A485546122202601 40N/04E-30G01 48.929284 -122.341825 37 10/3/1991 0.050 | U Dissolved
Ecology N39429A3 48.84325 -122.3112 18 4/17/1997 0.052

Ecology N39429A1 48.8449 -122.31637 28 4/17/1997 0.055

USGS A485342122193003 39N/04E-05N01P3 48.894838 -122.32627 42.5 10/25/2004 0.060 | U Dissolved
USGS A485341122191202 39N/04E-05P03P2 48.894561 -122.321269 27 4/1/2004 0.060 | U Dissolved
USGS A485341122195301 39N/04E-06R03 AFK-177 48.894525 -122.331436 18 9/28/2004 0.060 | U Dissolved
USGS A485858122282901 40N/03E-06L02 48.982616 -122.475996 34 7/22/1981 0.060 Dissolved
Ecology N40116A1 48.96234 -122.68697 19 3/25/1997 0.060

USGS A485727122190001 40N/04E-17G01 48.958452 -122.317934 26 10/3/1991 0.062 Dissolved
Ecology N39223B1 48.86081 -122.51628 10 3/12/1997 0.073

USGS A484327122384201 37N/01E-02K08 48.72344 -122.647677 60 5/31/1995 0.080 Dissolved
USGS A485659122321501 40N/02E-20E01 48.949558 -122.538777 19.6 10/1/1998 0.080 Dissolved

MW-WC-20

Ecology N40115N1 48.95079 -122.67752 22 3/24/1997 0.081

Ecology N40215F1 48.96066 -122.54343 26 3/12/1997 0.087

USGS A490007122243301 40N/03E-33103 49.001784 -122.410437 57 9/28/1998 0.090 Dissolved

MW-WC-03

Ecology N39427C1 48.84437 -122.27827 37 4/16/1997 0.097

USGS A484329122391801 37N/01E-02M02 48.724829 -122.656845 35.7 5/31/1995 0.100 Dissolved
USGS A485244122293901 39N/02E-12Q01 48.878723 -122.495444 44 4/13/1990 0.100 | U Total
USGS A485138122324601 39N/02E-22D02 48.860388 -122.547391 48 4/10/1990 0.100 | U Total
USGS A485112122321501 39N/02E-22K02 48.853166 -122.53878 17 4/10/1990 0.100 | U Total
USGS A485121122311301 39N/02E-23F01 48.855666 -122.521557 20 4/12/1990 0.100 | U Total
USGS A485131122305801 39N/02E-23G02 48.858444 -122.51739 10 4/10/1990 0.100 | U Total
USGS A485055122300901 39N/02E-24N02 48.848444 -122.503778 29 4/12/1990 0.100 | U Total
USGS A485332122235701 39N/03E-03R02 48.892059 -122.400439 40 3/20/1990 0.100 | U Total
USGS A485424122253001 39N/03E-04B01 48.905948 -122.426274 31 3/21/1990 0.100 | U Total
USGS A485317122240201 39N/03E-10H02 48.887892 -122.401829 47 3/29/1990 0.100 | U Total
USGS A485314122212401 39N/03E-12G01 48.887059 -122.361827 48 3/27/1990 0.100 | U Total
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Maximum

feaEy . USGS Station Latitude Longitude dvev:tlL Sample N.itr.ate+ CIIL.JaI- Fraction

site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier

(mg/L)

USGS A485316122165401 39N/04E-10D01 48.887617 -122.282935 51 5/22/1990 0.100 | U Total
USGS A485144122195601 39N/04E-18R01 48.862059 -122.333493 28 4/25/1990 0.100 | U Total
USGS A485104122192501 39N/04E-20L01 48.850948 -122.324882 37 4/24/1990 0.100 | U Total
USGS A485105122194001 39N/04E-20M02 48.851226 -122.329049 33 4/24/1990 0.100 | U Total
USGS A485028122184401 39N/04E-29H01 48.840948 -122.313493 20 4/25/1990 0.100 | U Total
USGS A485727122291001 40N/02E-13H01 48.959281 -122.487941 26 8/15/1990 0.100 | U Total
USGS A485720122291901 40N/02E-13J02 48.955392 -122.489886 40 8/17/1990 0.100 | U Total
USGS A485848122274001 40N/03E-05N01 48.979838 -122.462384 18 7/11/1990 0.100 Total
USGS A485817122244702 40N/03E-10L02 FP-08 48.971228 -122.414327 40 2/10/1998 0.100 Dissolved
USGS A485425122223201 40N/03E-35R02 48.906782 -122.376827 51 4/25/1990 0.100 Total
Ecology N40115E1 48.96047 -122.67895 30 3/24/1997 0.114
Ecology N39409J1 48.88233 -122.28862 70 4/14/1997 0.120
USGS A485234122293401 39N/02E-13B01 48.875945 -122.494055 52 4/26/1991 0.130 Dissolved
Ecology N40122A1 48.9477 -122.66206 27 3/24/1997 0.132
Ecology N40113A1 48.9605 -122.61816 25 3/14/1997 0.189
USGS A485224122191801 39N/04E-17C01 48.873171 -122.322937 52.3 5/23/1990 0.200 Total
USGS A485703122394301 4B3NW/?SllJE—§(§’;£1 48.950822 -122.666477 22.5 8/20/1996 0.200 Dissolved
USGS A485659122275601 40N/03E-19A01 48.949559 -122.46683 39.5 7/19/1990 0.200 Total
USGS A485726122314701 40N/02E-15J01 48.957058 -122.530999 24 4/29/1991 0.210 Dissolved
Ecology N39436D1 48.83035 -122.24242 40 4/16/1997 0.229
USGS A485336122195301 39N/04E-06R07 AFK-173 48.893383 -122.331494 17 12/4/2003 0.230 Dissolved
Ecology N40211N1 48.96676 -122.52968 30 4/28/1997 0.237
USGS A484556122362001 38N/02E-19L03 48.765385 -122.606842 12 5/17/1995 0.250 Dissolved
Ecology N39204N1 48.89497 -122.57097 26 3/10/1997 0.266
Ecology N39212M1 48.88334 -122.50743 23 3/12/1997 0.280
Ecology N40136H1 48.91392 -122.61767 17 3/27/1997 0.280
Ecology WHWS03 48.94941 -122.57177 20 8/22/1988 0.280
USGS A485106122322101 39N/02E-22K03 48.851499 -122.540447 25 4/11/1990 0.300 Total
USGS A485418122225401 39N/03E-02B02 48.904837 -122.382938 39.5 3/19/1990 0.300 Total
USGS A485358122250401 39N/03E-03E01 48.899281 -122.419051 43 3/20/1990 0.300 Total
USGS A485806122122901 40N/05E-07K01 48.968177 -122.209318 31 5/30/1990 0.300 Total
Ecology AKG-726 48.99319 -122.50517 38 10/19/2004 0.330 Dissolved
Ecology N40110D1 48.97812 -122.67678 22 3/26/1997 0.332
USGS A485736122255901 40N/03E-16F01 48.959838 -122.434328 21 5/1/1991 0.350 Dissolved
Ecology N39417C1 48.87294 -122.32122 36 4/14/1997 0.381
USGS A485326122223601 39N/03E-11A02 48.890393 -122.377939 36.5 4/12/1990 0.400 Total
USGS A485328122220701 39N/03E-12D02 48.890948 -122.369883 43 4/9/1990 0.400 Total
Ecology N39422M1 48.85386 -122.28379 22 4/16/1997 0.406
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Maximum

feaEy . USGS Station Latitude Longitude dV::tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)
Ecology N40232N1 48.90851 -122.59403 21 3/13/1997 0.449
Ecology N39309Q2 48.87798 -122.42693 25 3/26/1997 0.455
Ecology N39301C1 48.90557 -122.36831 49 3/25/1997 0.475
Ecology N39316F1 48.87016 -122.43587 38 3/21/1997 0.482
Ecology N40210Q1 48.96514 -122.54036 3/28/1997 0.483
USGS A485342122193002 39N/04E-05N01P2 48.894838 -122.32627 27 4/1/2004 0.490 Dissolved
USGS A485410122222301 39N/03E-01D01 48.902615 -122.374327 39 3/20/1990 0.500 Total
Ecology 1003_BBL 48.93392068 -122.539157 1/30/2007 0.504
Ecology N40126A1 48.93462 -122.63992 24 3/26/1997 0.538
USGS A485658122340901 40N/02E-21D01 48.94928 -122.570446 18 8/20/1991 0.590 Total
USGS A485258122314101 39N/02E-11M01 48.882611 -122.529334 40 4/10/1990 0.600 Total
USGS A485658122331401 40N/02E-21A01 48.94928 -122.554611 21 8/14/1990 0.600 Total
USGS A485202122310601 39N/02E-14L01 48.867056 -122.519612 21 4/25/1991 0.630 Dissolved
Ecology N39204D1 48.90527 -122.56986 21 3/11/1997 0.642
USGS A485610122311901 40N/02E-23Q04 48.935947 -122.523221 30 9/30/1998 0.680 Dissolved
MW-WC-13
USGS A485241122253401 39N/03E-09Q02 48.877891 -122.427385 20 3/29/1990 0.700 Total
Ecology N39310M2 48.88113 -122.41526 32 3/27/1997 0.716
Ecology N39409R1 48.87646 -122.29214 67 4/14/1997 0.789
USGS A485846122304401 40N/02E-02Q01 48.981504 -122.514609 23 8/15/1990 0.800 Total
USGS A485808122122401 40N/05E-07K02 48.968732 -122.207929 335 5/30/1990 0.800 Total
USGS A485223122330501 39N/02E-16H03 48.872889 -122.552669 19 4/25/1991 0.830 Dissolved
USGS A485342122193001 39N/04E-05N01P1 48.894838 -122.32627 12 4/1/2004 0.860 Dissolved
Ecology N39302P2 48.89372 -122.39092 24 3/25/1997 0.883
Ecology N39422M2 48.85113 -122.28624 32 4/16/1997 0.905
Ecology N40333G1 48.91393 -122.43004 28 3/24/1997 0.916
Ecology N39215B1 48.87429 -122.53954 21 3/10/1997 0.920
Ecology N39420L2 48.8537 -122.32368 54 4/15/1997 0.920
Ecology N39420H1 48.85509 -122.31256 41 4/15/1997 0.959
Ecology N40123M1 48.94242 -122.65887 20 3/25/1997 0.968
Ecology N39420L1 48.85264 -122.32346 46 4/15/1997 0.982
Ecology WHWS04 48.93104 -122.56283 8/23/1988 1.04
Ecology N40114P1 48.95067 -122.64902 21 3/24/1997 1.10
Ecology N39101A1 48.90465 -122.62053 20 3/12/1997 1.12
Ecology N39302A1 48.90372 -122.37699 39 3/20/1997 1.19
Ecology N40219D1 48.94939 -122.61463 30 3/14/1997 1.19
USGS A485330122212401 39N/03E-01R01 48.891504 -122.357938 46 3/20/1990 1.20 Total
USGS A485213122255901 39N/03E-16F02 48.870113 -122.43433 37 4/30/1991 1.20 Dissolved
USGS A485032122175801 39N/04E-28F01 48.842059 -122.300715 52 4/26/1991 1.20 Dissolved
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Maximum

feaEy . USGS Station Latitude Longitude dV::tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)

USGS A485545122215901 40N/03E-25F01 48.929005 -122.367659 29 8/21/1991 1.20 Dissolved
Ecology N40434P1 48.90744 -122.28142 57 4/14/1997 1.21

USGS A485450122254601 40N/03E-33G01 48.913726 -122.430718 28 4/27/1990 1.30 Total
Ecology N39204M1 48.89261 -122.57017 25 3/10/1997 1.31

Ecology N39302P1 48.89223 -122.39019 11 3/25/1997 1.31

Ecology N40219J1 48.94143 -122.59736 28 3/14/1997 1.34

Ecology N40110F1 48.97279 -122.67157 21 3/24/1997 1.35

Ecology N40231B1 48.92018 -122.60567 20 3/27/1997 1.39

USGS A485148122264001 39N/03E-17R03 48.863168 -122.44572 60 4/23/1991 1.40 Total
USGS A485758122324401 40N/02E-10N02 48.965947 -122.546833 38 8/21/1991 1.40 Dissolved
USGS A485752122234601 40N/03E-10R02 48.964284 -122.397382 38 5/1/1991 1.40 Dissolved
Ecology N40115B2 48.96328 -122.66911 11 3/25/1997 1.45

Ecology WHWS08 48.93738 -122.55077 18 8/24/1988 1.49

USGS A484503122382901 38N/01E-26J01 48.750662 -122.641844 16.3 6/21/1995 1.50 Dissolved
USGS A485330122233001 39N/03E-02N02 48.891503 -122.392939 29.5 3/19/1990 1.50 Total
USGS A485706122253301 40N/03E-16Q01 48.951505 -122.427106 50 7/19/1990 1.50 Total
USGS A485957122230801 40N/03E-35102 48.999007 -122.386825 25 9/29/1998 1.50 Dissolved

MW-WC-07

USGS A485604122191601 40N/04E-20F01 48.94484 -122.321268 18 2/19/1991 1.50 Total
Ecology N39417)1 48.86653 -122.3109 60 4/17/1997 1.52

Ecology N40230G1 48.93178 -122.60702 40 3/13/1997 1.52

Ecology N40113Q1 48.9505 -122.62655 3/28/1997 1.53

USGS A485333122195203 39N/04E-06R11 AFK-169 48.89245 -122.331883 12 2/24/2003 1.62 Dissolved
Ecology N39409N1 48.87855 -122.30933 20 4/15/1997 1.66

Ecology N40232E1 48.91598 -122.58982 28 3/13/1997 1.67

Ecology N40124P1 48.93678 -122.62777 30 3/25/1997 1.68

Ecology N40321E1 48.94593 -122.439 4/28/1997 1.69

USGS A485052122311901 39N/02E-26C01 48.84761 -122.523224 30 4/18/1990 1.70 Total
USGS A485755122253901 40N/03E-09Q03 AG-05 48.965111 -122.4285 28 8/16/2006 1.71 Dissolved
Ecology N39429A2 48.84629 -122.31258 42 4/17/1997 1.74

Ecology N39404H1 48.89837 -122.28964 41 4/14/1997 1.78

Ecology N39213F1 48.87378 -122.49755 33 3/13/1997 1.79

USGS A485333122234401 39N/03E-02N03 48.892337 -122.396828 36 3/20/1990 1.80 Total
USGS A485506122332401 40N/02E-33B02 48.918168 -122.557946 36 10/2/1991 1.80 Dissolved
USGS A485341122195302 39N/04E-06R04 AFK-176 48.894525 -122.331444 26 9/28/2004 1.85 Dissolved
Ecology N39420F1 48.85564 -122.32332 60 4/15/1997 1.91

Ecology N40434F1 48.91421 -122.2815 51 4/15/1997 1.97

Ecology N40336J2 48.91242 -122.35609 37 3/20/1997 1.98

Ecology N40115A1 48.96334 -122.6651 22 3/25/1997 1.99
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Maximum

feaEy . USGS Station Latitude Longitude dV::tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)

USGS A485754122251001 40N/03E-09R03 48.964839 -122.420716 36 7/22/1981 2.00 Dissolved
Ecology N39310M1 48.88134 -122.41861 20 3/27/1997 2.02

Ecology N39208C1 48.88987 -122.5844 24 3/11/1997 2.03

Ecology N39302B1 48.90581 -122.38414 20 3/27/1997 2.05

Ecology N39204C1 48.90545 -122.56291 25 3/11/1997 2.19

Ecology N39421K1 48.85458 -122.29556 35 4/29/1997 2.19

Ecology N39301R2 48.89155 -122.35629 40 4/29/1997 2.20

Ecology N39304N1 48.8945 -122.43997 40 3/25/1997 2.20

Ecology N39211B1 48.89071 -122.51817 26 3/12/1997 2.23

Ecology N40434D1 48.91986 -122.28666 30 4/14/1997 2.24

Ecology N41431R2 48.99378 -122.33056 71 2/18/1997 2.28

USGS A485431122212701 40N/03E-36Q01 48.908449 -122.358771 45 4/30/1991 2.30 Dissolved
USGS A490005122262001 41N/03E-33E01 49.001228 -122.44016 43 6/29/1990 2.30 Total
USGS A485624122160701 40N/04E-22)01 48.939841 -122.269877 56 5/2/1991 2.40 Dissolved
Ecology N40123D1 48.94811 -122.65849 28 3/24/1997 2.40

Ecology N40421B1 48.94602 -122.29604 4/15/1997 2.43

Ecology N40112J1 48.97033 -122.62035 18 3/24/1997 2.44

Ecology N39303N2 48.89431 -122.41654 40 3/28/1997 2.45

Ecology N39302M1 48.89636 -122.39587 36 3/25/1997 2.46

USGS A485725122242701 40N/03E-15F01 FP-01 48.956652 -122.408913 29 6/17/1998 2.50 Dissolved
Ecology WHWS09 48.9333 -122.54834 17 8/23/1988 2.50

Ecology N39404H2 48.9005 -122.29005 44 4/14/1997 2.57

USGS A485704122303901 40N/02E-14R01 48.950947 -122.512109 30 8/15/1990 2.60 Total
Ecology N40124D1 48.94832 -122.63425 20 3/25/1997 2.60

USGS A485340122195301 39N/04E-06R01 AFK-179 48.894519 -122.331319 16 2/24/2003 2.61 Dissolved
Ecology N39316A1 48.87641 -122.42441 21 3/26/1997 2.64

USGS A485505122171801 40N/04E-33A03 48.917895 -122.289601 34 6/15/1990 2.70 Total
USGS A485336122195201 39N/04E-06R05 AFK-175 48.893377 -122.331316 15 12/4/2003 2.73 Dissolved
Ecology N39420E1 48.85814 -122.33109 43 4/15/1997 2.74

Ecology N40336J1 48.91249 -122.35565 51 3/20/1997 2.75

USGS A485340122195302 39N/04E-06R02 AFK-178 48.894525 -122.331327 23 9/28/2004 2.76 Dissolved
Ecology 39307N1 48.8776 -122.48119 30 3/28/1997 2.77

USGS A485257122244101 39N/03E-10L01 48.882336 -122.412662 34.9 2/21/1991 2.80 Total
USGS A485324122192001 39N/04E-08C02 48.889838 -122.324881 46 5/22/1990 2.80 Total
USGS A485428122262901 40N/03E-32Q01 48.907614 -122.450719 25 4/25/1991 2.80 Dissolved
Ecology N40124M1 48.94196 -122.63358 20 3/25/1997 2.81

USGS A485336122195302 39N/04E-06R08 AFK-172 48.893383 -122.331502 25 12/4/2003 2.85 Dissolved
Ecology N40305N2 48.97969 -122.45868 24 2/18/1997 2.93

USGS A485341122191201 39N/04E-05P03P1 48.894561 -122.321269 43 4/1/2004 2.96 Dissolved
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Maximum

feaEy . USGS Station Latitude Longitude dV::tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)

USGS A485234122250301 39N/03E-15D02 48.875947 -122.418774 35 3/29/1990 3.00 Total
Ecology 786_BBL 48.93614783 -122.5189868 2/6/2007 3.00

Ecology N40226C1 48.93366 -122.51895 32 3/11/1997 3.03

Ecology N40405N2 48.98116 -122.33054 85 4/29/1997 3.07

Ecology 1155_CK 48.92025 -122.55626 2/7/2007 3.08

Ecology N39303R1 48.89379 -122.39843 12 3/25/1997 3.08

Ecology N40225B1 48.93537 -122.49203 40 3/11/1997 3.11

USGS A485336122195202 39N/04E-06R06 AFK-174 48.893375 -122.33133 23 12/4/2003 3.14 Dissolved
Ecology N39404M1 48.89662 -122.30469 41 4/15/1997 3.14

USGS A485333122195204 39N/04E-06R12 AFK-168 48.89245 -122.331897 24 12/4/2003 3.15 Dissolved
USGS A485333122195502 39N/04E-06R10 AFK-170 48.892447 -122.331758 22 12/4/2003 3.17 Dissolved
USGS A485754122314601 40N/02E-15A02 48.964836 -122.530721 12 8/21/1991 3.20 Total
USGS A485736122314801 40N/02E-15H02 48.959836 -122.531277 15 8/21/1991 3.20 Total
Ecology N39422P1 48.84898 -122.28176 30 4/16/1997 3.20

Ecology 729_LT 48.94931132 -122.5227633 2/7/2007 3.25

Ecology N39404F1 48.90167 -122.30254 32 4/15/1997 3.25

Ecology N40219L1 48.94204 -122.60647 25 3/12/1997 3.29

Ecology N41332J1 48.99942 -122.4418 24 3/19/1997 3.39

Ecology N39407D1 48.89013 -122.34985 50 4/14/1997 3.41

Ecology N40233A1 48.9202 -122.55749 33 3/13/1997 3.47

Ecology N39408E1 48.88404 -122.32692 57 4/14/1997 3.48

Ecology N40332H1 48.914 -122.44379 3/27/1997 3.48

USGS A485358122320701 39N/02E-03G01 48.899279 -122.536556 32 4/10/1990 3.50 Total
USGS A485209122180701 39N/04E-16L02 48.869005 -122.304325 28.5 5/24/1990 3.60 Total
Ecology N39408C1 48.89057 -122.32189 46 4/14/1997 3.61

Ecology N39210J1 48.88143 -122.53321 40 3/12/1997 3.63

Ecology N39416F1 48.8699 -122.30249 22 4/14/1997 3.64

Ecology WHWS15 48.95985 -122.53259 8/23/1988 3.76

USGS A485335122301501 39N/02E-01N01 48.89289 -122.505444 25 4/10/1990 3.80 Total
USGS A485137122295401 39N/02E-24C02 48.860111 -122.499611 22 4/10/1990 3.80 Total
USGS A485608122320101 40N/02E-22R02 48.935391 -122.534889 30 8/15/1990 3.80 Total
Ecology N40127A1 48.93205 -122.66212 18 3/24/1997 3.87

Ecology N39422N1 48.85047 -122.28614 39 4/16/1997 3.88

Ecology N39305Q1 48.89223 -122.45256 9 3/25/1997 3.92

Ecology N40126Q1 48.92301 -122.64809 12 3/25/1997 3.92

Ecology WHWS10 48.93592 -122.54739 24 8/25/1988 3.92

Ecology N39420N1 48.84702 -122.33165 46 4/17/1997 3.97

USGS A485608122320501 40N/02E-22Q02 WC-15 48.935391 -122.536 30 8/30/2006 4.02 Dissolved
Ecology N40112Q1 48.96668 -122.6266 20 3/27/1997 4.04
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Maximum

feaEy . USGS Station Latitude Longitude dV::tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)
Ecology 909_LT 48.94970589 -122.5299087 1/31/2007 4.06
Ecology N40108R1 48.96709 -122.70424 23 3/26/1997 4.06
Ecology N39204N2 48.8926 -122.57015 24 3/10/1997 4.07
Ecology 994_BBL 48.93566858 -122.5347152 1/31/2007 4.15
Ecology N39201N1 48.89193 -122.50434 25 3/10/1997 4.16
Ecology WHWS23 48.93579 -122.51867 40 8/22/1988 4.20
Ecology N40219M1 48.94175 -122.61253 26 3/12/1997 4.33
USGS A485701122302701 40N/02E-14R02 48.950114 -122.508776 39 9/30/1998 4.34 Dissolved
MW-WC-14
Ecology N40125B1 48.93249 -122.62661 30 3/26/1997 4.40
Ecology N40135G1 48.91539 -122.64461 25 3/27/1997 4.40
Ecology N39406E1 48.90122 -122.35184 67 4/14/1997 4.48
Ecology TI_MW1S 48.95523 -122.48775 14 7/15/2003 4.50
USGS A485739122261901 40N/03E-16D01 48.962338 -122.439328 27 8/8/1990 4.60 Total
Ecology N40110E1 48.9718 -122.68153 19 3/27/1997 4.60
Ecology WHWS05 48.94236 -122.55677 18 8/24/1988 4.60
Ecology WHWS21 48.95153 -122.52044 32 8/22/1988 4.60
Ecology N39316C1 48.8769 -122.43621 24 3/20/1997 4.74
USGS A485632122331701 40N/02E-21J05 48.942057 -122.556001 17 8/21/1991 4.80 Total
USGS A485638122330101 40N/02E-22E02 48.943724 -122.551556 21 8/21/1991 4.80 Total
Ecology 8525_WD 48.94729615 -122.530767 1/31/2007 4.86
USGS A485351122271301 39N/03E-05L02 48.898724 -122.454886 38 3/21/1990 4.90 Total
Ecology WHWS27 48.93183 -122.50855 11 8/25/1988 4.97
Ecology N39309C1 48.89097 -122.43218 25 3/26/1997 5.00
Ecology 973_BBL 48.9349074 -122.5337496 1/31/2007 5.02
Ecology N41336J1 48.99749 -122.3528 3/13/1997 5.03
USGS A484618122360401 38N/02E-19B02 48.77233 -122.602953 11.8 6/20/1995 5.10 Dissolved
USGS A485727122250801 40N/03E-16H06 48.957338 -122.420161 28 8/8/1990 5.20 Total
USGS A485639122161801 40N/04E-22G01 48.944008 -122.272932 42 6/21/1990 5.20 Total
Ecology WHWS14 48.95069 -122.54081 18 8/22/1988 5.43
Ecology N39212C2 48.88853 -122.49882 24 3/14/1997 5.47
Ecology N40124Q2 48.93824 -122.62211 23 3/26/1997 5.49
Ecology N40231F1 48.91381 -122.60769 20 3/13/1997 5.51
USGS A485855122205501 40N/04E-06M01 48.981785 -122.349879 40 9/29/1998 5.52 Dissolved
MW-WC-11
Ecology N41431R1 48.99559 -122.33162 77 2/18/1997 5.58
USGS A485701122312101 40N/02E-23C01 48.950114 -122.523777 38 8/14/1990 5.60 Total
USGS A485659122312601 40N/02E-23D01 48.949558 -122.525166 30.4 7/10/1990 5.60 Total
USGS A485427122271701 40N/03E-32P01 48.907336 -122.455997 40 4/24/1990 5.60 Total
Ecology N39404N1 48.89184 -122.30695 52 4/15/1997 5.72
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Maximum

feaEy . USGS Station Latitude Longitude dV::tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)

USGS A485237122253601 39N/03E-16B02 48.87678 -122.427941 23 3/29/1990 5.90 Total
Ecology N40228D5 48.93353 -122.5728 22 3/12/1997 5.90

Ecology N40335P1 48.90949 -122.38909 3/20/1997 5.90

Ecology N40111J1 48.97038 -122.64141 14 3/24/1997 5.96

Ecology N40305N1 48.97958 -122.45784 3/12/1997 6.00

Ecology WHWS12 48.96312 -122.54373 21 8/23/1988 6.00

USGS A485147122172901 39N/04E-16H02 48.871227 -122.293213 48 5/25/1990 6.20 Total
USGS A485839122242501 40N/03E-10C02 48.977339 -122.408215 18 5/3/1991 6.20 Total
Ecology 39211F1 48.88747 -122.52039 30 3/11/1997 6.26

USGS A485303122190901 39N/04E-08G01 AGO3 48.883808 -122.320441 29 11/12/1997 6.26 Dissolved
USGS A480006122171701 41N/04E-33H02 49.000676 -122.289598 58 6/4/1990 6.30 Total
Ecology N39214E1 48.87004 -122.52922 28 3/14/1997 6.32

Ecology 39212K2 48.88229 -122.49559 20 3/17/2003 6.33

Ecology 8591_WD 48.948649 -122.5308958 1/31/2007 6.40

Ecology N39317N1 48.863 -122.46363 20 3/12/1997 6.40

Ecology N39308C1 48.8908 -122.45685 32 3/26/1997 6.42

Ecology 40211P1 48.96709 -122.52149 31 3/19/2003 6.47

USGS A485149122280601 39N/03E-18Q01 48.86289 -122.470165 21 4/11/1990 6.50 Total
USGS A485608122330201 A0N/02E-22N08 48.935391 -122.551834 23 9/28/1998 6.50 Dissolved

MW-WC-02

Ecology 756_BBL 48.93565448 -122.516562 2/7/2007 6.55

USGS A485954122293601 41N/02E-36K01 48.998171 -122.494607 29 8/14/1990 6.60 Total
USGS A485753122332901 40N/02E-16B02 48.964558 -122.559333 20 8/15/1990 6.70 Total
Ecology N39416Q2 48.86498 -122.29423 33 4/17/1997 6.80

Ecology 1201_WIL 48.92241 -122.55622 1/31/2007 6.82

Ecology N39317F1 48.87029 -122.45418 3/28/1997 6.82

Ecology 7766_RTH 48.92516 -122.52971 2/6/2007 6.84

Ecology N39212K1 48.88225 -122.49354 27 3/12/1997 6.88

USGS A485328122310201 39N/02E-11B01 48.890945 -122.5185 26 4/10/1990 6.90 Total
Ecology N40114A1 48.96332 -122.64036 26 3/26/1997 7.06

Ecology N40228M1 48.92578 -122.57 20 3/12/1997 7.08

USGS A485719122253601 40N/03E-16K01 48.955116 -122.427939 33 7/23/1990 7.20 Total
Ecology N40222N7 48.93577 -122.54787 18 3/11/1997 7.62

Ecology 1313_BBL 48.93487921 -122.5527129 1/30/2007 7.65

Ecology 1223_BBL 48.93502017 -122.5488076 2/6/2007 7.78

USGS A485209122312501 39N/02E-14M01 48.869 -122.52489 34 4/11/1990 8.00 Total
USGS A485629122330501 40N/02E-21J01 48.941224 -122.552667 21 8/17/1990 8.00 Total
USGS A485700122313401 40N/02E-23D02 AG-01 48.949722 -122.527594 48 8/14/1990 8.00 Total
Ecology N39422K1 48.85394 -122.27622 38 4/16/1997 8.09
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Maximum

feaEy . USGS Station Latitude Longitude dV::tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)

USGS A485818122233601 40N/03E-11E04 48.971506 -122.394604 44 8/8/1990 8.10 Total

USGS A485709122314701 40N/02E-15R03 48.952336 -122.530999 26 8/21/1991 8.20 Total

Ecology WHWS24 48.94936 -122.5185 32 8/25/1988 8.24

Ecology N39303N1 48.89304 -122.41544 20 3/27/1997 8.55

Ecology 950_LT 48.95057957 -122.5322047 2/6/2007 8.58

USGS A485937122241502 4':/I1VI\\II{E§F(;§4QO3 48.993291 -122.405305 48 11/10/1997 8.69 Dissolved

Ecology N40316H2 48.95714 -122.42129 28 4/28/1997 8.77

Ecology N40333F1 48.91422 -122.43237 29 3/24/1997 8.89

USGS A485751122242401 40N/03E-10Q02 48.964005 -122.407938 55 9/28/1998 8.97 Dissolved
MW-WC-04

USGS A485924122224301 40N/03E-02B01 48.992896 -122.379602 25 5/2/1991 9.00 Dissolved

Ecology AAF282 48.98673 -122.4659 10 6/26/1997 9.00

Ecology N41431H1 49.00093 -122.33062 3/12/1997 9.06

Ecology 40222D1 48.94973 -122.54795 3/28/1997 9.08

Ecology WHWS22 48.93359 -122.51943 25 8/22/1988 9.10

Ecology N40301P1 48.9785 -122.3666 49 3/20/1997 9.18

Ecology N40221R6 48.93857 -122.55254 30 3/10/1997 9.23

USGS A485629122233101 40N/03E-23M01 48.941227 -122.393216 20 7/23/1981 9.30 Dissolved

Ecology 1119_BBL 48.94936329 -122.5185145 2/7/2007 9.38

Ecology N40229C1 48.93268 -122.58611 20 3/13/1997 9.42

USGS A485324122262401 39N/03E-09D02 48.889836 -122.441275 38 3/23/1990 9.50 Total

USGS A485700122315001 40N/02E-15R04 48.949836 -122.531833 26 9/30/1998 9.50 Dissolved
MW-WC-12

Ecology WHWS06 48.93611 -122.55323 26 8/24/1988 9.60

Ecology WHWS25 48.93008 -122.51537 32 8/22/1988 9.67

Ecology N39214L2 48.8691 -122.52354 24 3/13/1997 9.76

USGS A485936122235501 40N/03E-03A02 48.993173 -122.399881 26 5/1/1991 9.90 Dissolved

USGS A485951122210601 41N/03E-36J01 48.997341 -122.352934 37 7/6/1990 9.90 Total

Ecology 4033111 48.91229 -122.47877 30 3/25/1997 9.92

USGS A485937122241503 :/levl\\l/{(:gzi4Q04 48.993291 -122.405344 23 11/10/1997 9.98 Dissolved

USGS A485337122294801 39N/02E-01P02 48.893446 -122.497944 335 4/12/1990 10.0 Total

USGS A485346122261901 39N/03E-04M02 48.895947 -122.439885 37 3/21/1990 10.0 Total

USGS A485214122255901 39N/03E-16F01 48.870391 -122.435719 28 4/11/1990 10.0 Total

Ecology 1264_BBL 48.9359082 -122.5511894 1/30/2007 10.1

USGS A485541122310501 40N/02E-22Q01 48.927891 -122.519333 25 9/30/1998 10.1 Dissolved
MW-WC-16

Ecology WHWS19 48.94937 -122.52724 29 8/23/1988 10.3

Ecology WHWS20 48.93281 -122.52606 33 8/23/1988 10.4

Ecology N40331L2 48.91268 -122.47587 19 3/24/1997 10.5

Ecology 39212C1 48.88975 -122.49768 32 3/12/1997 10.6
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Maximum

feaEy . USGS Station Latitude Longitude dV::tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)

Ecology 950_WL 48.92161 -122.53192 2/6/2007 10.7

Ecology 39221H1 48.8579 -122.55389 27 3/17/2003 10.8

Ecology N41431Q1 48.99358 -122.33535 50 2/18/1997 10.8

Ecology N39301E1 48.90151 -122.37478 39 3/25/1997 10.9

Ecology N40124Q1 48.9374 -122.62207 23 3/25/1997 10.9

Ecology N40215Q1 48.95045 -122.54118 26 3/10/1997 10.9

USGS A485555122302401 40N/02E-26A04 48.93178 -122.507943 24.5 8/16/1990 11.0 Total
USGS A485835122274301 40N/03E-07A02 48.976227 -122.463218 21 5/1/1991 11.0 Dissolved
USGS A485848122191301 40N/04E-05P01 48.979841 -122.321545 23 5/2/1991 11.0 Dissolved
Ecology N40135K1 48.91133 -122.64483 21 3/26/1997 11.1

USGS A485725122244401 40N/03E-15F02 48.956783 -122.413494 40 9/28/1998 11.2 Dissolved

MW-WC-05

Ecology N40311E1 48.9716 -122.39544 36 3/14/1997 11.2

Ecology 8138_BH 48.93785336 | -122.5511035 2/7/2007 11.3

Ecology N40308D1 48.97801 -122.45766 3/12/1997 11.4

Ecology N40223D4 48.9497 -122.52494 43 3/10/1997 11.6

Ecology N40406H1 48.9877 -122.33199 40 2/18/1997 11.6

Ecology 943_BBL 48.93439995 -122.5312391 1/31/2007 11.8

Ecology 1124_BBL 48.9377 -122.54787 1/30/2007 11.9

USGS A485258122293901 39N/02E-12K03 48.882612 -122.495444 27 4/13/1990 12.0 Total
USGS A485932122241601 40N/03E-03B01 48.991983 -122.406369 29 8/7/1996 12.0 Dissolved

MW-SU-017

USGS A485818122234001 40N/03E-11E03 48.971506 -122.395715 36 8/8/1990 12.0 Total
USGS A485445122271201 40N/03E-32L01 48.912336 -122.454608 50 4/25/1991 12.0 Dissolved
USGS A485850122191401 40N/04E-05P02 48.980397 -122.321822 28 8/29/1990 12.0 Dissolved
USGS A490008122290001 41N/03E-31E01 49.00206 -122.484607 30 6/29/1990 12.0 Total
Ecology N40332M1 48.91169 -122.4601 26 3/24/1997 12.5

Ecology 40223A3 48.94682 -122.51331 23 8/23/1988 12.7

USGS A485751122241601 40N/03E-10Q01 AG-04 48.964133 -122.405941 30 8/17/2006 12.9 Dissolved
Ecology WHWS13 48.93491 -122.54174 21 8/24/1988 12.9

USGS A485444122272801 40N/03E-32M01 48.912058 -122.459053 25.5 4/24/1991 13.0 Total
Ecology N40223B2 48.94974 -122.51819 35 3/10/1997 13.0

Ecology 1064_BBL 48.93614783 -122.5460181 2/7/2007 13.1

USGS A485936122223001 40N/03E-02A02 WC-09 48.993174 -122.376269 38 9/29/1998 13.1 Dissolved
Ecology 8132_BH 48.93738 -122.55077 1/31/2007 13.1

Ecology N40302B1 48.99268 -122.38015 27 3/14/1997 13.4

Ecology N40302F1 48.98699 -122.38509 35 3/14/1997 13.5

Ecology 4033211 48.91216 -122.45375 45 3/24/1997 13.6

Ecology N41335N1 48.99358 -122.39608 28 3/13/1997 13.6

USGS A485843122242301 40N/03E-03P04 FP-05 48.978663 -122.407955 59 11/11/1997 13.9 Dissolved

Page 51




Maximum

feaEy . USGS Station Latitude Longitude dV::tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)
USGS A485316122322601 39N/02E-10F01 48.887612 -122.541835 20 4/12/1990 14.0 Total
USGS A485558122303101 40N/02E-26A03 48.933724 -122.510721 33 8/17/1990 14.0 Total
USGS A485522122325701 40N/02E-27N02 48.922612 -122.550445 26 4/30/1991 14.0 Dissolved
USGS A485843122242302 40N/03E-03P05 FP-06 48.978663 -122.40798 29 11/11/1997 14.1 Dissolved
USGS A485750122244901 40N/03E-15D02 48.963728 -122.414883 27 9/28/1998 14.1 Dissolved
MW-WC-01
Ecology N40303E1 48.98623 -122.41324 20 3/21/1997 14.1
Ecology 1349_BBL 48.93499198 -122.5552663 1/30/2007 14.2
Ecology N40310K1 48.97108 -122.4065 30 3/14/1997 14.2
Ecology N39408R1 48.87722 -122.31001 35 4/15/1997 14.3
Ecology N41334E1 49.00199 -122.4183 20 3/13/1997 14.3
Ecology AAF274 48.96912 -122.40347 23 5/28/1998 14.5
Ecology N40223P4 48.93611 -122.51896 30 3/11/1997 14.8
Ecology N41336Q1 48.99354 -122.35846 34 2/18/1997 14.8
USGS A485330122272601 39N/03E-08C02 48.891502 -122.458498 27 3/22/1990 15.0 Total
Ecology 40226B1 48.93391 -122.51625 30 3/18/2003 15.0
Ecology 40316H1 48.96015 -122.42001 58 4/28/1997 15.0
USGS A490008122242701 41N/03E-34F01 49.002062 -122.40877 21.7 7/5/1990 15.0 Total
Ecology WHWS07 48.94409 -122.55141 26 8/25/1988 15.0
Ecology N39227C1 48.84755 -122.5439 23 3/13/1997 15.1
Ecology N40303Q1 48.98016 -122.40625 30 3/20/1997 15.4
Ecology 1157_BBL 48.93502017 -122.547048 2/7/2007 15.6
USGS A485751122304601 40N/02E-14B01 AGREF 48.964003 -122.514054 25 8/21/2008 15.7 Dissolved
Ecology 39215J1 48.86916 -122.53468 21 3/13/1997 15.8
USGS A485631122332401 40N/02E-21)06 48.94178 -122.557945 27 10/1/1998 15.9 Dissolved
MW-WC-18
Ecology WHWS11 48.95102 -122.54603 24 8/24/1988 16.0
Ecology WHWS18 48.96454 -122.53108 40 8/22/1988 16.2
Ecology 40221J5 48.94264 -122.55677 17 3/10/1997 16.6
Ecology N40405L1 48.985 -122.32359 38 4/29/1997 16.7
Ecology 40310F1 48.97469 -122.41128 21 3/13/1997 16.9
Ecology N40226A4 48.9311 -122.51229 33 3/11/1997 17.1
Ecology WHWS17 48.95206 -122.53129 8/24/1988 17.1
Ecology 40303B1 48.99216 -122.40645 29 3/13/1997 17.2
Ecology N40303R3 48.97928 -122.39815 73 4/28/1997 17.2
Ecology N41336N1 48.99389 -122.37391 26 3/13/1997 17.2
Ecology 40308P1 48.96547 -122.45574 15 5/14/2003 17.5
Ecology 7969_RTH 48.93428718 -122.5303164 1/31/2007 17.5
Ecology N39422L1 48.85429 -122.2827 30 4/16/1997 17.5
Ecology N40221G1 48.94437 -122.56219 25 3/12/1997 17.8
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feaEy . USGS Station Latitude Longitude dV::tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)

USGS A485708122311301 40N/02E-14P03 AG-16 48.95215 -122.520305 42 8/25/2006 18.0 Dissolved
USGS A485905122272201 40N/03E-05M05 48.984561 -122.457384 11.7 8/14/1991 18.0 Total
Ecology AAF276 48.9668 -122.40477 25 5/28/1998 18.2

USGS A485817122244701 40N/03E-10L01 AG-13 48.971563 -122.411111 18 8/30/2006 18.7 Dissolved
Ecology 39203Q1 48.89201 -122.53794 31 3/10/1997 19.0

USGS A485304122282001 39N/03E-07K02 48.884279 -122.473498 24 4/26/1991 19.0 Dissolved
USGS A485917122241901 40N/03E-03G02 AG-06 48.987841 -122.40675 28 8/28/2002 19.4 Dissolved
Ecology AAF273 48.96894 -122.40474 24 5/28/1998 19.4

Ecology N40309H1 48.97225 -122.4193 21 3/13/1997 19.5

Ecology 40332M2 48.91028 -122.46308 20 3/18/2003 19.6

Ecology WHWS01 48.93663 -122.57383 43 8/24/1988 19.6

USGS A485611122330801 40N/02E-21R01 48.936224 -122.553501 23.5 4/30/1991 20.0 Dissolved
USGS A485613122310401 40N/02E-23P01 48.93678 -122.519055 28.6 8/22/1991 20.0 Total
USGS A485951122244501 41N/03E-34M01 49.000395 -122.413215 20 5/1/1991 20.0 Dissolved
USGS A485749122250301 40N/03E-16A01 AG-15 48.963355 -122.418958 32 8/29/2006 20.1 Dissolved
Ecology 40307H1 48.97378 -122.4645 21 3/19/1997 20.2

Ecology 40305N3 48.97976 -122.45945 26 3/19/1997 20.4

Ecology 413340 49.00199 -122.4183 12 3/20/2003 20.5

USGS A485607122321401 40N/02E-27B01 AG-02 48.933955 -122.538425 41 8/15/1997 20.7 Dissolved
Ecology AAF277 48.96674 -122.40365 25 5/28/1998 20.7

USGS A485957122230401 41N/03E-35L01 48.999007 -122.385714 25 5/1/1991 21.0 Dissolved
Ecology N41431P1 48.99362 -122.3451 3/13/1997 213

Ecology AAF281 48.98666 -122.46686 9 6/26/1997 21.4

Ecology 1055_WL 48.92179651 -122.5352356 2/6/2007 21.5

Ecology 39308F2 48.88473 -122.45327 20 3/18/2003 21.8

Ecology 39317H1 48.87012 -122.44533 3/18/2003 22.1

USGS A485941122230601 40N/03E-35Q01 48.994563 -122.386269 28 9/29/1998 22.8 Dissolved

MW-WC-08

Ecology AKG-727 48.99319 -122.50632 12.8 9/20/2004 22.8 Dissolved
USGS A485706122310801 40N/02E-14P02 48.951503 -122.520165 39 8/14/1990 23.0 Total
Ecology AAF275 48.97127 -122.40347 20 5/28/1998 23.0

Ecology N41335Q1 48.99397 -122.38459 25 3/12/1997 23.0

Ecology 40331P3 48.90709 -122.47724 36 3/26/1997 23.2

Ecology N40211R1 48.96549 -122.51013 29 4/28/1997 23.5

Ecology 40315L1 48.95659 -122.41007 20 4/28/1997 24.4

Ecology 1152_WL 48.9202 -122.55749 2/7/2007 24.5

Ecology WHWS02 48.9335 -122.57185 12 8/25/1988 24.5

Ecology AAF284 48.98297 -122.46673 10 6/26/1997 26.2

Ecology AKG-724 48.99108 -122.50506 12 9/21/2004 27.8 Dissolved
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feaEy . USGS Station Latitude Longitude dV::tlL Sample N.itr.ate+ CIIL.JaI- Fraction
site number name (HARNS3) (HARNS83) (feet) date Nitrite-N ifier
(mg/L)

Ecology AKG-724 48.99108 -122.50506 12.4 9/21/2004 27.8 Dissolved
Ecology AKG-721 48.99328 -122.50732 13 9/21/2004 28.3 Dissolved
Ecology 40214P1 48.95155 -122.52049 43 3/10/1997 28.6

Ecology 39307K2 48.884 -122.47326 24 3/17/1997 28.7

Ecology BR_BW2 48.97113 -122.40284 10 7/18/2003 29.0

Ecology AAF278 48.9796 -122.46653 11 6/26/1997 31.0

Ecology N40332M2 48.91028 -122.46308 25 3/21/1997 32.3

Ecology N40406G1 48.98616 -122.34024 20 3/13/1997 33.4

Ecology 41333M1 49.00092 -122.44033 43 3/13/1997 33.9

Ecology AKG-725 48.99207 -122.50724 13.2 9/20/2004 35.5 Dissolved
Ecology 40227C1 48.93517 -122.54201 32 3/11/1997 36.5

Ecology AAF283 48.98293 -122.46561 11 6/26/1997 39.3

Ecology AKG-723 48.99101 -122.50722 12.7 9/21/2004 39.5 Dissolved
Ecology N40406C1 48.99262 -122.34474 71 2/18/1997 42.0

Ecology AAF272 48.97128 -122.40493 19 5/28/1998 423

USGS A485949122270001 41N/03E-32Q01 48.996783 -122.451272 73 8/13/1991 43.0 Dissolved
Ecology 40226D2 48.93268 -122.52493 15 3/11/1997 43.1

Ecology AKG-722 48.99211 -122.50506 12 9/20/2004 453 Dissolved
Ecology AAF279 48.98136 -122.46599 11 6/26/1997 45.9

Ecology AAF285 48.98435 -122.46617 11 6/26/1997 50.7

Ecology AAF280 48.97962 -122.46542 10 6/26/1997 52.0

Ecology 39307H1 48.88541 -122.46641 29 3/17/1997 53.0

Ecology N41332Q1 48.99657 -122.45137 25 3/12/1997 73.0

Ecology AAF286 48.986 -122.46541 10 6/26/1997 74.1
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Appendix D. Estimated nitrogen loading to the Sumas-Blaine
Aquifer by source

Table D-1. Estimated annual nitrogen loading to the ground overlying the Sumas-Blaine Aquifer
(SBA) in Ib/acre.

Nitrogen Mean

Source Loading % of

(Ib/year) total
Manure applied to crops' 10-12,000,000 65
Fertilizers® 4,600,000 27
Atmospheric deposition® 380,000 2.3
Legumes2 428,000 2.5
Dairy lagoons* 206,800 1.2
Irrigation’ 170,000 1.0
On-Site Sewage Systems’ 207,000 1.2

! Washington State Department of Agriculture 2010 dairy summary (16). Includes only farm addresses
over the SBA. Assumes 20-35% loss before applied to crops. Lagoon leaching subtracted from total.
2 Almasri and Kaluarachchi, 2003 (46).
¥ Assumes 0.26 mg/L nitrogen in precipitation (6) over the 150 square miles of the SBA with 45.8 inches
annual precipitation, plus 46% more for dry deposition (46).
* Assumes all dairies have a lagoon with leakage as estimated in Cox and Kahle (1999):

(110 dairies with addresses over the SBA in 2010) x (1,880 Ib N leached/dairy-year).
® US EPA (51) per capita nitrogen output from on-site systems (9 Ib/person/year) assuming 23,000
residents outside sewered areas.
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