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ABSTRACT

During the period December 19, 1987 to March 28, 1988, the un sturated and
shallow saturated groundwater zones under two agricultural land use sites, new.. Waterloo
Ontario, were investigated to determine the effect of snowmelt percolation on the
groundwater quality.

Periods of widely fluctuating temperatures and sporadic rain events produced large
changes in snowpack water equivalence. The resulting infiltration of snowmelt
significantly altered the extent cf the saturated arca and the concentration of N (nitrogen)
ions in both the soil column and percolate water.

An N flux from the vadose (unsaturated) zone to the shallow phreatic (saturated)
zone, occurring in association with snowmelt events, suggests that mineralization of
organic soil N and N fertilizer residues occurred during wetting/drying and freeze/thaw
cycles. It is demonstrated that N input from precipitation is minor in respect to the
total mass of N exported from the vadose zone.
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CHAPTER ONE
INTRODUCTION

1.0 Introduction

It is widely recognized that the problem of eutrophication is linked to increased
nutrient levels in aquatic ecosystems. Eutrophication may be accelerated by human
activities. The result of excessive nutrient loading, and associated increases in plant
productivity, is often observed in the reduction of water quality for municipal water
supplies, recreational use, and fish habitat (Thomann, 1987, Waite, 1984; Gower,1980;
Wiens, 1980).

In recent years response to the problem of eutrophication is illustrated by numerous
studies emphasising the relationship between human activities and nutrient export from
drainage basins (Switzer-Howse, 1983; Beaulac and Reckhow, 1982; Neilsen, 1982; Hill,
1978; Dillon and Rigler, 1974). Of the different land uses, agricultural land is most
susceptible to natural processes, such as erosion and leaching, which alter the cycling
of nutrients and chemicals through the soil system and its biogeochemical cycles
(Kennedy, 1978; Park, 1980). Consequently, the net effect of different agricultural
practices on water quality has been examined in some detail (Hubbard, 1983; Caporali

et al., 1981; Hill, 1978; Asmussen et al., 1975; Schuman et al.,, 1975; Romkens et al.,

1973).



1.1 Statement of the problem

Nitrate (NO,-) enrichment of surface and groundwater remains an increasingly
serious problem and nitrate-nitrogen (NO,-N) is found to be the most common
contaminant in groundwater (Freeze and Cherry, 1979). Furthermore, there is a limited
amount of information pertaining to the amount of N lost from soils during winter
months. If soil sources are responsible for large fall and winter increasss in river nitrate
concentration (Haynes, 1986; Edwards, 1986), and NO,-N export from agricultural areas
is to be minimized, it is important that factors which influence the availability of soil
N, and potential loss, during winter months are well understood. Development of
measures which will minimize the impact of agricultural practices on water quality
requires a better understanding of nutrient transport under varying cropping and tillage
conditions, and soil types (MOE, 1986; Sheppard, 1985). Knowledge of factors affecting
N loss during snowmelt, and flowpaths through which N may be transported, is critical
in constructing chemical mass balances and assessing the winter contribution of
agricultural drainage to the N content of surface waters. The remainder of this chapter
provides a review of the N cycle and of some of the literature related to over-winter

changes in soil N content.

1.2 Nitrogen Cycle

In the environment nitrogen is continuously being converted from one form to

another through biological and physical processes. In combination all of these processes
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constitute the nitrogen cycle (Figure 1).
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Figure 1. Nittogen cycle. (After Foth, 1984)

The two primary conversions in the nitrogen cycle are nitrogen fixation and
denitrification. Nitrogen fixation is the process where N, gas is converted to chemical
compounds containing plant usable forms of nitrogen. This process is performed
primarily by nitrogen fixing bacteria blue-green algae some of which have a symbiotic
association with plants. Nitrogen is returned to the atmosphere through the process of
denitrification in which denitrifying bacteria in the soil convert nitrogen back into
gaseous forms. The processes of nitrogen fixation ard denitrification explain the general
cycling of nirogen from the atmosphere, its addition to the soil, and its subsequent
return to the atmosphere.

As indicated in Figure 1, a subcycle exists within the soil where following

3



fixation nitrogen may undergo transformations through the processes of mineralization
and nitrification. Nitrogen mineralization, the decomposition of nitrogen containing
compounds, results in the release of potentially mobile inorganic nitrogen in the form
of ammonium (NH,"). Nitrification, a two step process in which ammonium is
converted to nitrite (NO,?, and then to nitrate (NO,” occurs as the result of the oxidation
of NH,*. Uptake of NH,* and NO, by roots and organisms is referred to as

immobilization, and is the process whereby nitrogen is re-incorporated in organic form.

1.3 Nitrogen Loss

There are three ways m which nitrogen can be transported from the soil and into
surface streams, these are:

1) in solution in subsurface drainage;

2) in solution in surface runoff;

3, in association with sedime.'t in surface runoff.

The loss of nitrogen is not limited to the soluble fraction removed by leaching and/or
runoff. Denitrification may sometimes account for a considerable loss of N in addition
to that removed by drainage and/or plant uptake. The process of denitrification is most
likely to occur ven nitrate or nitrite is present together with decomposable organic
matter under conditions of oxygen deficiency (Hesse, 1971).

Factors determining the amount of N loss include; the amount and location of N
in the soil profile; the degree to which chemical transformations occur within the soil,
which are affected by various parameters including temperature, pH, moisture content
etc.; and the timing and relative volume of water flowing through the soil profile

(Bergstrom, 1987; Stevenson, 1986; Haynes, 1986; Lund, 1974)
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1.3.1 Nitrogen Availability

As suggested in section 1.1 there are three major forms of N occurring in mineral
soils, these includs:

1) organic N associated with soil humus;

2) ammonium N fixed by certain clay minerals;

3) soluble inorganic ammonium and nitrate compounds.
The largest proportion of N in soil is associated with organic matter, is unavailable for
plant use, and is protected against rapid microbial release. The amount fixed by clays
varies depending upon the amount and nature of clay present. NH,* ions are absorbed
or adsorbed by mineral fractions in such a way that ions are relatively water insoluble
and unexchangeable (Brady, 1974). Dissolved inorganic N (NO,, NO, and NH,")
constitutes a small percentage of Total N, seldom more than 1-2%, the exception being
where large applications of inorganic fertilizer are made. Although N which occurs as
dissolved inorganic N represents only a small proportion of total N it is the form most
directly available to plants (Brady, 1974). Other forms of N in soil may include traces
in the gaseous forms of dinitrogen, and nitrogen oxides.

Reviews of N forms and their bioavailabilty have found that the most commonly
found form of N in groundwater is soluble inorganic NO,-N (Freeze and Cherry, 1979)
Nitrate originates from organic N or ammonium which occur naturally or are introduced
to the soil zone by human activities. Biological availability of N is determined by the
rate at which organic N is converted to plant usable (inorganic) forms of nitrate and
ammonium, which is a function of rates of mineralization, nitrification, denitrification,

and the rate of immobilization.



Nearly all changes in soil N are due to microbial activity, which itself is strongly
influenced by micro-climate conditions. To a large degree mineralization,
ammonification and nitrification, of organic N is controlled by scil temperature and
moisture content (Foth, 1984; Myers, 1982; Brady, 1974). Production of NO, decreases
with decreasing temperature; below 5 °C very little NO, is formed. Moisture content of
the soil is of major importance since the source of O, and CO, required by nitrifying
bacteria is present in the solution phase of the soil. In conditions of excess moisture,
soil pores become saturated thereby restricting the recharge of O,. This results in
anaerobic conditions which provide an environment favourable for denitrification and
gaseous loss of N.

A number of other factors also contribute to the determination of the relative

proportions of soil N. These include:

- climate - temperature
- precipitation - type, amount and distribution
- N content

- soil properties - physical properties
- organic N content
- C/N ratio
- moisture content
- soil substrates

- land management - land use: crop type, tillage etc.
- drainage
- fertilizer applications
- amount/timing
- manure/chemical

Stevenson (1986) provides a good review of the influence of these factors in Cycles of
Soil.



1.3.2 Temporal Variation in N Export from Soil

It is recognized that Nitrogen (N) export from terrestrial systems is strongly
linked to the hydrologic cycle, and is biotically regulated, resulting in clearly defined
seasonal variations in the output of ions (Likens and Bommann, 1977). During the
growing season biological utilization and denitrification limit the amount of soluble
inorganic N in the soil. Therefore the output of N ions to surface water is generally
low during summer months. In the northern temperate climatic region the majority of
N is lost to surface waters between January and April (Haynes, 1986; Sharpley, 1981;
Chichester, 1977). During this period active plant growth is minimal and large volumes
of runoff and infiltrating water result from winter and spring thaws. Given these
conditions snowmelt events may act to displace N ions which may have accumulated in
the soil as the result of the mineralization of soil nitrogen and crop residues, animal
excreta or of excess fertilizer dressings (Bergstom, 1987; Neilsen et al., 1982; Gower,
1980; Kauppl, 1979; Brady, 1974). Furthermore, it is recognized that alternate drying
and wetting of soils can account for a significant portion of the variability in nitrogen
mineralization; where wetting of a soil is often accompanied by a surge of microbial
activity and N mineralization (Haynes, 1986; Myers et al., 1982; Cassman and Munns,
1980; Kowalenko and Cameron, 1976; Campbell et al., 1970; Mack, 1963). This flush
is due to the remineralization of dead, nitrogen-rich microbial biomass (Campbell et al.,
1978). Thus as yearly maxima in percolate volume often occur during winter months
(Haynes, 1986), a major proportion of annual nutrient losses can be expected to occur
during snowmelt and spring runoff (Hill, 1986; Neilson, 1982; Burwell, 1977).

Similarly freeze/thaw cycles have been identified as an important factor
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contributing to the availability of inorganic N in soil. Often in association with
freeze/thaw events there is a flush of microbial activity and N mineralization, and
therefore these cycles also promote nitrification and thus nitrate mobilization (Edwards,

1986; Haynes, 1986; Dorman and Evans, 1983; Likens and Bormann, 1977).

1.3.3 Over-winter change in mineral N content

Nitrogen loss associated with leaching or runoff is not only a water quality
concern, it is also an economic concern as increased losses necessitate increased fertilizer
applications (Burwell, 1977; Cameron, 1978). In the attempt to maximize production
potential and reduce fertilizer use research has been conducted to determine the
reliability of soil tests in the prediction of spring fertilizer requirements (Read, 1979;
Bauder, 1979).

Soper et al., (1971) found that spring determination of NO,-N content in the
soil profile was a good test for predicting cereal responses to N fertilization for certain
Manitoban soils. However predictions of fertilizer requirement are often based on soil
sampling conducted during the fall on the assumption that little change will occur
between fall and spring (Malhi, 1985). Research in various geographical regions, and
under different soils, indicates that variable changes may occur in soils during winter
months and that sigunificantly different nutrient concentrations can occur between fall
and spring sampling {Cameron, 1978; MacLean, 1977; Campbell, 1970). Soils may
contain more N in spring reflecting mineralization of organic N from crop residues and
soil organic matter (Malhi, 1983, 1985), but losses occurring through leaching and

denitrification may also reduce available N content in spring (Sheppard and Bates; 1985;

8



MacLean, 1977; Read and Cameron, 1977). It has been demonstrated that the principle
movement of solutes occurs during percolation of winter rainfall and/or snowmelt water
(Bergstrom 1987; Haynes, 1986; Bauder, 1979; Chichester, 1977).

In addition to climatic influences, particle size and soil texture have been
demonstrated as important factors in controlling leaching and removal of soil NO,-N
and NH,/-N. In general terms leaching from sandy soils results in greater losses than
from clay soils since in a sandy soil the entirc water input quickly reaches the
groundwater table (Lind, 1979; Bauder and Montgomery, 1979; Devitt et al., 1976;
Lund, 1974). In clayey soils not only is percolation slower but there is also a greater
nutrient adsorbing capacity (Sowden, et al., 1977; Brady 1974). Profiles with high clay
content or layers of clay also tend to restrict water movement thereby reducing the
leaching factor (Devitt et al., 1976). Sheppard and Bates (1985) suggest that, given the
semi-humid climate of southern Ontario, sandy loam and silt loam soils may generally
be depleted of available nitrate through the over-winter processes of leaching and
denitrification. However their research also found that spring and fall soil NO,-N

content were almost equal in a clay loam soil.

14 STUDY OBJECTIVES

Nitrogen losses from leaching and direct runoff in agricultural areas significantly
influence the amount and temporal pattern of N export in surface waters. Research has
delineated factors which influence N loss. However it remains difficult to predict the
behaviour of soil N under winter field conditions. Changes between fall and spring soil

N content may vary significantly from one area to another depending upon variations

9



in the hydrologic cycle and ionic concentration of precipitation; differences in land use
management practices and soil type.

This work examines over winter change in NO,-N and NH,*-N concentration of
soil and shallow ground water at a study site in Southwestern Ontario. To determine
the importance of snowmelt events and their contribution to the export of soil N,
particular attention is paid to the periodic mid-winter thaw events commonly experienced
in this area.

Specific objectives of this research are:

1) to examine the net change in the content of available soil N in the unsaturated zone
of a silt loam during the winter months;

2) to examine the effects of freeze thaw events and associated snowmelt events upon
movement of soil N, as reflected in the N concentration (NO,-N and NH,*-N) of
groundwater;

3) to determine whether the atmospheric contribution of N is a significant factor
contributing to the N concentration of percolate water in the soil zone under
consideration.

To achieve these objectives field work serves to determine:

1) total volume of precipitation;

2) concentration of NO,-N and NH_*-N in precipitation (rain aand snowfall);

3) changes in snowpack water equivalence and N (NO,-N and NH,*-N) content
of the snowpack;

4) N content of meltwater prior to interaction with the ground surface;
5) changes in N concentration of shallow groundwater;

€) changes in soil moisture and N content (NO;-N and exchangeable NH,*-N).
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CHAPTER TWO
METHODS OF INVESTIGATION

2.0 Introduction

Winter weather conditions have a strong influence on the temporal distribution
of available nitrogen (NO,-N and NH/-N) in agricultural soils (Haynes 1986; Sheppard
and Bates 1985). During snowmelt events there is the potential for large quantities of
water to be released from temporary storage in the snowpack. Initially, melt water may
not be able to infiltrate frozen or partially frozen ground, but once initiated, percolation
of melt water can induce changes in the forms of nitrogen present in the soil (Read and
Cameron, 1979; Malhi, 1985). Inorganic nitrogen may subsequently be leached from
the soil, altering not only the N content of the soil column, but also increasing the
export of N in drainage waters (Bergstrom 1987; Chichester, 1977). Although factors
affecting mineralization and leaching ?f nitrogen have been extensively researched, few
studies have examined the specific timing and magnitude of winter N loss in Southern
Ontario.

To contribute to the understanding of the effect of melt events on winter loss of
available N, this research investigates N dynamics during snowmelt; and examines the

nitrogen content of precipitation, the accumulated snowpack, soil, and groundwater.

2.1 Study Area
The study area is located outside the village of Winterbourne, Ontario,

approximately 25 km north of Waterloo (Figure 2). Due to poor drainage, soils in this
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Figure 2. Study area and site location.
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area generally have a seasonably high water table and are highly susceptible to frost
(Preasant and Wicklund, 1971). This particular site was chosen for several reasons, the
most significant being, proximity to Waterloo, a mixture of land use, gently sloping
topography, and the existence of tile drainage lines. A variety of land use allows the
comparison of N change under two different management conditions, and the
combination of low slope and subsurface drainage increase potential infiltration by

minimizing ponding and surface runoff.
2.2 Site Location

On the basis of land use and over winter tillage condition, two separate sites
were chosen within the study area. Site 1 was established in a field that is cropped in
rotation with a mixture of grains and forage crops. During this particular season a
combination of hay stubble and red clover was maintained as a cover crop during the
fall and winter months. Site 2 was located in a field which is continuously cropped
with com. This site had been plowed in late November prior to instrumentation. The
two sites are adjacent, both draining into a County Municipal Drainage ditch which

bisects the study area (Figure 2).

2.3 Precipitation Measurement and Collection

2.3.1 Rain

Two gauges (P1,P2) consisting of polyethylene buckets (inside diameter = 24cm)

13



were installed to measure rainfall during the study period (Figure 3). The buckets were
mounted on wooden posts with the orifice 1.0m above the ground surface. The readings
from P1 and P2 varied minimally (+/- 0.03cm), and further comparison with values
obtained when rain fell in the empty snow lysimeter indicate that the catch in all three
instruments was strongly correlated. Table 2 presents the precipitation measurements
used to determine the accuracy of the data collection. Based on these results, the mean
value obtained from gauges P1+P2 will be reported as the depth of rainfall (cm) for
each event.

The volume of precipitation was measured and a sample for N analyses was
collected from both rain gauges within 24 hours of each precipitation event. On most
occasions each gauge provided more than the minimum 30 ml required for analyses.
On certain occasions the minimum was collected as a composite of the catch in both

containers.

Water Equivalence cm

Date P1 P2 L1 Mean

09/12/87 088 091 093 091
12/12/87 028 028 030 029
20/01/88 043 043 047 044
01/02/88 1.02 103 106 1.04
26/03/88 1.01 101 111 104
04/04/88 266 2.68 275 2.69

Table 1. Comparison of Precipitation Catch by Rain Gauge (P1.P2) and Lysimeter (L1)
during rainfall.
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2.3.2 Snow

Due to equipment constraints the rain gauges were also used as snow gauges.
After each snowfall, samples were collected in clean plastic bags, transported to the

lab, melted at room temperature, the volume measured and then analyzed for NO,-N

and NH/*-N content.

2.3.3 Snow Survey

To measure the change in water content of the snowpack snow surveys were
conducted along the snow courses shown in Figures 3 and 4. A snow profile was
exposed at each sampling location and the depth of each distinct layer was recorded to
the nearest 0.1cm. Three measurements were performed for each layer and the average
value recorded. Water equivalence values for each layer were also determined in the
field by weighing samples of a known volume (100cc). After measurements were
completed, the snow pit was back-filled to prevent exposure to radiation and/or
precipitation. Total water equivalence was later determined by multiplying the mean
water equivalence of each layer with its corresponding depth, and summing the values
of all layers in the profile.

Composite snow samples were obtained from beside each snow pit, placed in
clean plastic bags and stored in a cooler for transportation to the laboratory. Samples
were subsequently melted at room temperature, filtered through a pre-rinsed 0.45 um

glass microfibre filter and analyzed immediately using the methods reported in section
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25.2.

At the time of the first snow survey on December 19, the values obtained for
water equivalence at Site 1 provided a mean value of 5.5cm (n = 10) with a standard
deviation of 0.9cm. Individual water equivalence values ranged from 3.9cm to 7.0cm;
variation in the pattem of accumulation occurring due to differences in the type of
ground cover (hay stubble vs. compacted clover), and variations in surface topography.
To determine whether the sample size provided a statistically acceptable mean water
equivalent, the original values were substituted into the equation

N = (sle * tf Equation 1.,
where N = number of samples required, s = standard deviation of the original sample

set, e = error deemed acceptable and t = the desired confidence level (Avery, 1975).

N = (sle * 1) where s = 0.95
e = 5% (0.25 cm weq)
t=0.01

N = 1159

The result of this calculation indicates that a sample size of 12 is required to
provide a mean value acceptable at a 99% confidence level as having an error of +/-
5% water equivalence.

At Site 2, the ridge/furrow topography created by plowing resulis in
disproportionate accumulation of snow in furrows. At the time of the first survey, and
for most of the study period, snow accumulated in the furrows while the soil remained
bare along ridges between furrows. This condition, coupled with the fact that numerous
crevasses occur in the uppermost soil layer, makes it difficult to calculate water

equivalence of the snowpack at this site. To provide the best estimate of water
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potential, the mean water equivalent was determined between furrows, and this value
was applied mathematically to the ratio of area between furrows and the area along the
ridges between furrows (2:1).

On February 5, an extensive snow survey was conducted to verify whether this
methodology, and the method used at Site 1, was appropriate, and whether values
obtained on previous sampling dates were statistically acceptable. During this survey
2 samples were obtained from 26 locations at site 1 and 3 values were recorded at each
of 18 locations at site 2.

The survey at Site 1 was designed to obtain an equal number of samples from
areas containing hay stubble and from those without. At Site 2, the survey provided
an equal number of samples from furrows and ridge tops. The mean values obtained
are presented below as Table 2, and a complete record of the values obtained may be

found in Appendix A.

Site 1 Site 2

Stubble Open FurrowRidge
No. of observations 18 18 26 26
Mean value 1.5 13 1.2 0.7
Maximum value 23 1.6 2.1 1.2
Minimum value 1.1 0.7 0.5 0.1
Standard deviation 0.3 02 04 0.3

Table 2. Values of Water Equivalence (cm) Determined During Extensive Snow Survey
(Feb. 5 1988).

Using the t-test to compare mean values (Freund, 1981), the results derived from
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Site 1 data indicate no significant difference (P=0.01) between the water equivalence of
samples from open areas and areas containing hay stubble (Table 3). At Site 2, a
significant difference was observed between the snowpack water equivalence in the
furrows and that which accumulates on top of the ridges between the furrows. The
difference between the mean values (57%) is approximately equal to the ratio of the
area between furrows and on ridge tops and the factor used in the mathematical
calculation of water equivalence (2:1). It is therefore suggested that the methodology
employed to calculate snowpack water equivalence at Site 2 provides an acceptable

mean value.

Site 1 t=1.853
df = 32
critical value of [t] (P = 0.01) = 2.75

Site 2 t =5.733
df = 50
critical value of {t] (P = 0.01) = 2.68

Table 3. t-values used in analysis of Snowpack Water Equivalence.

2.3.4 Snow Lysimeter

Variation in the volume and chemical concentration of meltwater is an important
consideration when assessing the temporal change in N content of soil and groundwater.
A snowmelt lysimeter may be used to estimate the amount of melt and the downward
flux of solutes moving through the snowpack. In this study three snowmelt lysimeters

were installed at site 1 (Figure 3), to estimate the loss of volume and NO,-N and NH,*-
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N from the snowpack during snowmelt events. These devices consisted of plastic iined
boxes (0.81m?%), with outlet pipes draining into collection chambers below ground level.
Snowmelt was channelled through the outlet and collected in a 22 litre polyethylene
bucket. Volume was measured on each sampling date, and two 125 ml samples were
taken for N analyses.

Due to frost action and an unusually high water table, two of the snowmelt
lysimeters (L2 and L3) were no longer functional on December 23, 1987. Lysimeter 1
(L1) was located closer to the drainage ditch in an area of more highly permeable
material, and there was no disturbance of the lysimeter or collection barrel at this
location. A reduction in the water table elevation at this location results from greater
drawdown to the stream, and higher permeability is due to alteration of the natural soil

profile during construction and maintenance of the drainage ditch.

2.4 Groundwater
2.4.1 Measurement and Collection
A network of groundwater wells was installed at each site to monitor changes in
the elevation of the water table (Figures 3 and 4). These wells also provided water
samples for N analyses. Two lengths of well casings were utilized: the first reached
a depth of 30-40cm; the second a depth of 95-105cm, passing into the saturated zone.
The well casings were constructed from polyvinyl chloride pipe (PVC), with an
inside diameter of Scm. The bottom 30cm of the pipe was slotted with 0.2cm openings
to allow lateral flow into the well. The bottoms were capped and wrapped in vinyl
mesh and nylon screen to prevent sedimentation in the base (Lowrance et al., 1984).

The above ground ends were also capped to prevent direct deposition into the wells.
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Figure 3. Site 1, instrumentation and sampling locations.
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Figure 4. Site 2, instrumentation and sampling locations.
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2.4.2 Location of Groundwater Wells

The positioning of wells was determined after an on-site inspection and was based
on the assumption that ground water flow paths can in part be attributed to, and
determined by, surface topography.

At site 1, the deeper wells {wells D1 to D10) were locaied along two transects,
which rise approximately 2m over a distance of 190m, between the drainage ditch and
the field boundary. Figure 5 illustrates the positioning of these wells in relation to
changes in surface topography. The ‘deep’ wells were coupled with shailower wells
(wells S1, §2, S6, S10, S11, and S12) which were positioned to provide samples from
the 0-30cm depth. Additional samples were obtained from wells S3, S4, S5, §7, S8,
and S9 (Figure 3).

At site 2, the deep wells (wells D1 to D8) were located along two transects
between the highest and lowest areas of a gentle swale rising approximately 1m in a
distance of 220m (Figure 5). At this site, each deep well was also coupled with a

shallow well (Figure 4).

2.4.3 Sampling Procedure

When sampling, each well was pumped dry and allowed to recharge prior to
observations being recorded. Elevation of the water table was measured using a
weighted tape, and a 125ml sample, for chemical analyses, was collected using a

peristaltic pump.
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2.5 Water Chemistry

2.5.1 Sample Collection, Preparation and Storage

Groundwater, rain and snow lysimeter samples were collected in 250 ml
polyethylene bottles (Env. Can., 1979). To minimize the possibility of contamination all
sample bottles and lab equipment were routinely washed in 20% sulphuric acid and
rinsed thoroughly with distilled water.

At the laboratory, a portion of each sample (25-30ml) was filtered through a
0.45 micron glass fibre filter which was pre-washed with 30 ml of distilled water and
20 ml of the sample. The filtrate was transferred to a 30 ml screw top test tube,

capped and refrigerated at 2-4 degrees Ceisius until all samples were ready for analysis.

2.5.2 Analytical Methods

A review of the literature indicates that preferred methods for the analysis of
NO,-N and NH.*-N include colorimetric methods and the use of ion specific electrodes
following nitrate reduction and ammonium distillation. In this study ammonium contents
were determined colorimetrically using the Berthlot Ammonium Test (Peirson, 1987),
while Nitrate contents were determined by ultraviolet spectrophotometry. It is
recognized that the potential for interference by organic matter exists in this method,
however it has been demonstrated that the Nitrate content of waters, sewage effluents
and soil solutions determined using ultraviolet spectrophotometric methods are in good
agreement with the nitrate reduction and ammonium distillation method (Bastien et al.,

1957; Hoather and Rackman, 1959; Crawse, 1967).
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Analyses for NO,-N and NH,*-N were conducted within 48 hours of collection (Env.
Can., 1979). Replicate determinations (N = 3) were averaged to provide the final
concentration of both NO,-N and NH,*-N. When necessary samples were diluted by as
much as 20:1 to provide accurate measurement.

Standard solutions were analyzed to determine the level of variation which would
normally be encountered during analyses of NQC,-N and NH,-N concentration.
Determination of standards using the Berthlot Ammonium Test found a maximum error
of +/- 0.05 mg/l, while the average error range was determined as +/- 0.03 mg/l. The
average error observed in the ultraviolet spectrophotometry analysis of NO,-N was

calculated as +/- 0.14 mg/l and the maximum +/-0.32 mg/i.

2.6 Pedological Methods

2.6.1 Sample Location

In order to follow temporal changes in exchangeable NO,-N and NH,*-N, and
moisture content, soil samples were collected on six separate occasions during the study
period. The first samples were collected in early January just after soils had frozen,
and the fifth set of samples were taken in late March after soils had thawed. A final
sixth sampling was conducted in April, providing an indication of potential change in
N content after spring melt and prior to fertilization.

At sites 1 and 2, soils were sampled at ten locations adjacent to the ‘deep’ wells
(Figures 3 and 4), and were chosen in order that soil data could be examined in
conjunction with data obtained from the analyses of groundwater samples. Four

additional sampling locations were added at Site 1 to provide better cove:age of this
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site which showed greater variation in its topography and surface drainage patterns.
Soil samples, obtained using a hand auger (diameter = dcm), were placed in
plastic bags and transported to the laboratory in a Coleman cooler and refrigerated prior
to analysis. Composite samples were obtained from three depths: 0-30cm, 30-60cm,
and 60-90cm. The excavation of 6 soil pits showed that the topsoil and first subsoil
horizons were approximately 30cm deep, thus demonstrating a relatively uniform profile
along the instrumented transects. On dates following the initial sampling, samples were

taken from within 1.0m of the original location.

2.6.2 Soil Analyses

2.6.2.1 Moisture Content

Moisture content, expressed as a percentage of water on an oven dry basis, was
determined after drying for 24 hours at 50 degrees Celsius (Foth, 1984). The dried
samples were ground to pass through a 2mm sieve and sealed in plastic bags for

subsequent chemical analyses.

2.6.2.2 Nitrate and Ammonium Determination

NO,-N and exchangeable NH,*-N content were determined by extracting 5 grams
of oven dry soil in 50 ml of 2N KCL (Hesse, 1971). The solution was shaken for 1
hour at a rate of 80 cycles per minute, and the filtrate from this extraction analyzed
using colorimetric and ultraviolet spectrophotometry as previously outlined in section

25.2.
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Although replicate analyses were not conducted on the entire sample set, the
values obtained from five pairs of replicate samples demonstrate a reasonable level of
precision. Table 4 indicates the difference observed between two individual extractions
of the same sample and in each case the difference falls within the range of the

maximum error of the method (see section 2.5.2).

NO,-N A (mg/) B (mg/l) A-B (mg/) A-B (ug/g)

1) 2.62 2.62 0.00 0.00
2) 291 2.62 0.29 290
3) 2.62 2.47 0.15 1.50
4) 2.62 291 0.29 2.90
5) 2.62 2.35 0.27 2.70

Range of difference: x,-x,: 0.0 - 2.9 ug/g
Replication of Standards +/- 0.28 mg/l = +/- 2.8 ug/g

NH/-N A (mg/h) B (mg/) A-B (mg/) A-B (ug/g)

1) 0.350 0.336 0.014 0.14
2) 0.490 0.511 0.021 0.21
3) 1.036 1.054 0.018 0.18
4) 1.050 1.071 0.021 0.21
5) 1.320 1.316 0.004 0.04

Range of difference: x,-x, : 0.04 to 0.21 pg/g
Replication of Standards +/- 0.039 mg/l = 0.39 pg/g

Table 4. Results of Soil Chemistry Precision Tests.
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CHAPTER THREE
RESULTS

3.0 Introduction
The study site was fully instrumented by December 15, 1987, and field work was
conducted from December 18, 1987, until March 28, 1988. The results of this work,

and subsequent laboratory studies, are presented here.

3.1 Hpydrology

3.1.1 Precipitation: Temporal distribution, type and total water equivalence of
precipitation events.

Precipitation events deposited a total water equivalence of 12.8 cm at the study
site during the period December 19 to March 26. Of this total, 3.7cm (29.1%) occurred
as snowfall, 3.3cm (25.8%) as rainfall and 5.8cm (45.1%) as a combination of rain and
snow. Figure 6 illustrates the distribution, type, and water equivalence (cm) of
precipitation events. A complete record of precipitation data is provided in Appendix

B.
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Figure 6. Precipitation recorded at P1/P2.
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3.1.2 Snowpack Water Equivalence: Snow Surveys

Sudden thaws can release large quantities of water from temporary storage in the
snowpack. To monitor changes in snowpack water equivalence, and to provide a
measure of water potentially available for infiltration, snow surveys were conducted
approximately every six to eight days. Dates of the snow surveys included December
19, 1987, January 7, and 15, February 2, §, 16, 23, 29, and March 8, 1988. Figure 7
illustrates change in mean standing water equivalent values obtained from snow surveys
at site | and site 2. A complete record of the data obtained at individual sampling

locations on each survey date is provided in Appendix C.
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Figure 7. Standing Water Equivalent (cm).

29



3.1.3 Snowmelt: Snow Lysimeter Data

Melt water input to the soil from the snowpack is an important factor which
contributes to the determination of the mineral N content of the soil. Although snow
course measurements provide information regarding the average change in snowpack
water equivalence between two dates, due to their nature, they do not allow for the easy
collection of a daily record of snowmelt. The use of snow lysimeters can overcome this
sampling problem by allowing snowmelt volume to be sampled daily. In this way,
melting and potential meltwater input to the soil from the snowpack can be monitored
through time. Water equivalence values obtained at L1 during daily sampling are

depicted in Figure 8, a further numerical record of the data is provided in Appendix D.

SNOWMELT
WATER EQUIVALENCE (cm)
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Figure 8. Reduction in Snowpack Water Equivalence.
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To provide average values of daily snowmelt three snow lysimeters were installed
at site 1 (see Figure 3); due to the combination of an extremely high water table and
frost action, only one lysimeter (1) remained functional throughout the study period (see
section 2.4.4). While the data is limited to one location, Table S indicates that a
calculated water equivalence based on measurement of the decrease in snowpack water
equivalence recorded at L1, and increases recorded at P1/P2 during precipitation events,

compares well with the data obtained during snow surveys.

SC WEQ (cm) PREC (cm) MELT (cm) CALC WEQ (cm)

Dec. 19 55 20 50

Jan. 7 24 0.2 0.7 25
Jan. 15 1.7 2.6 38 1.9
Jan. 30* 0.0 23 0.2 0.5
Feb. 5 14 1.3 1.6 1.9
Feb. 16 2.8 3.6 1.7 1.7
Feb. 23 59 0.0 0.0 4.7
Feb. 29 52 0.0 1.9 59
Mar. 8% 3.6 2.8 2.6 33
Mar. 28 0.0 3.8

Table 5. Observed and Calculated Snowpack Water Equivalence.

Note:

* Snow lysimeter empty

SC WEQ - Snowpack water equivalence determined from snow survey

Prec - Precipitation recorded at gauges P1 and P2

Melt - Snowmelt recorded at snow lysimeter L1

Calc. Weq = SC Weq at time of previous sampling + Prec and - Melt during interval
between sampling dates

' Snow course data obtained March 8 indicate average standing water equivalence of
3.6 cm at site 1. At this time 25% of the site including the snow lysimeter had no
snow cover. This would explain the discrepancy observed between SC Weq and Calc.
Weq on March 28.
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3.1.4 Soil Moisture Content

The infiltration of melt water is an important factor in the determination of soil
N content. Times of soil sampling were therefore chosen to correspond with decreases

in the water table elevation following infiltration of melt water (Figure 9).
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Figure 9. Soil Sampling Dates.

Soil moisture content was determined on six occasions during the study period.
Water content was found to be variable with depth, the quantity decreasing with depth
and being most variable in the 0-30 cm depth. Moisture content at each depth also
demonstrates variation in both time and space. Figure 10 illustrates temporal variation
in soil N content with spatial variation indicated by bars representing the standard error

of the mean. A complete record of individual samples is provided in Appendix E.
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Figure 10. Soil Moisture Content.

3.1.5 Water Table Fluctuation

Water table elevation was measured 55 times from December 19 to March 28.
The elapsed time between measurements varied depending on antecedent conditions.
When daily maximum temperature remained above 0° Celsius, producing significant
snowmelt, wells were monitored daily. Wells were monitored less frequently (each 2-
3 days) during periods of extended low temperatures. Due to a period during which
the water table dropped below well depth at Site 2 the number of observations vary

between Site 1 and Site 2.
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Figure 11 illustrates the average depth to the water surface at site 1 and site 2.
Although all wells do not respond identically they generally follow a similar pattern at
both sites. A comiplete record of depth to the water table is presented in Appendix F,
accompanied by a series of hydrographs depicting change through time at individual

groundwater wells.
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Figure 11. Average Depth to the Water Table (cm).
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3.2 Nitrogen Chemistry
3.2.1 Precipitation: Concentration of Nitrate and Ammonium

Concentrations of soluble inorganic N in precipitation are summarized in Table
6. Variation in the N concentration of precipitation observed during the study period is

illustrated in Figure 12. The complete data set is listed in tabular form in Appendix B.

No. of Mean (mg/l) Range (mg/l)
Samples NO,-N NH/-N NO,-N NH,-N

Snow' 16 125 198 0.06 - 270 0.11 - 5.87
Rain 6 293 337 0.56 - 979 0.73 - 105

Table 6. N Concentration of Precipitation.

Note: ! Includes events when a combination of rain and snow was recorded
6

-

ﬂ M ...... r " .....
0 Yrrrrrrrepertereene W it erebdrrretr ey

NH4-N (ma/D
N

PRECIPITATION

NO3-N (mg/1)

2 i ] 1
r n - ”[ r :

Trrrrrry ey Yy \AAAARAAALAANAS R BAARAALS AXSLARLS ML ARAAES AR RARES | RAARAARRALA) ASAARARARLRLAALE AR RS

DEC 18/g7 JAN 1,55 JAN 15 JAN 26 FEB 12 FEB 26 MAR 11 MAR 25

Figure 12. N Content of Precipitation (mg/l).
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3.2.2 Snowpack Nitrogen

During each snow survey, composite snowpack samples were collected at the edge
of pits dug to determine snowpack water equivalence. These were subsequently melted
and analyzed to determine the concentration of N ions (NO,-N and NH,*-N) in the
snowpack. Temporal variation in snowpack N concentration (mg/l NO,-N and NH,*-
N) is depicted in Figure 13. Snowpack NO,-N concentration was generally higher than
NH,*-N at both sites, however during mid-winter a reversal in this trend was observed
at site 1 when NH,*-N became the dominant ion. A complete list of the results of each

survey is presented in Appendix C.
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Figure 13. Snowpack N Content: Mean NO,-N and NH,*-N Concentration.
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3.2.3 N Content of Snow Melt: Lysimeter Results

In addition to monitoring the rate of loss of water from the snowpack and potential
contribution to soil moisture content the snow lysimeter allows analyses of the chemical
characteristics of meltwater. The range of N concentrations (NO,-N and NH,*-N) in
meltwater collected at the snowmelt lysimeter (L.1) are presented in Table 7. The data
presented in Figure 14 indicate that the highest concentrations of N occur during the
initial stages of a melt event or in association with periodic and characteristically small

melt events. A complete record of numerical data is presented in Appendix D.

No. of Mean (mg/l) Range (mg/1)
Samples NO;-N NH,/-N NO;-N NH,"-N

27 1.63 1.81 0.00'-6.02  0.00'- 6.55

Table 7. N Concentration of Snow melt water at L1.

Note: ! Below Detection Limits
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Figure 14. Snowpack Lysimeter: Concenuation of NO;-N and NH,*-N in melt water
collected at L1.

324 Mean N (NO,-N and NH,*-N) Concentration of Groundwater

Groundwater samples were collected for N analyses on a maximum of 43 of the
55 days on which water table elevation was recor&ed. Results of NO,-N and NH,*-N
analyses are summarized in Table 8. The data from individual wells show a range of
NO,-N concentration from 0.8 mg/l and 2.6 mg/l to maximums of 129.8 mg/l and 74.5
mg/l at sites 1 and 2 respectively. NH,*-N concentrations range from 0.06 mg/l at both
sitts to maximums of 1.3 mg/l and 09 mg/l at sites 1 and 2 respectively.

Concentrations of both NO,-N and NH,*-N demonstrate considerable variation, both in
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space and time. Average concentrations through time are depicted in Figﬁms 15 and
16. The number of observations varies amcng wells and between sites, suggesting
differences in the pattern of infiltration and hydraulic conductivity. A complete record
of the data may be found in Appendix G and is accompanied by figures depicting

change in N concentration at individual groundwater wells through time.

NO,-N (mg/l)

Site 1 SID1  s2D2 SID3 SID4 SIDS SID6  SID7  SID8 SID9 SID10
NO.OBS' 16 11 43 13 31 42 41 19 41 37
MEAN 1529 1863 1727 1094 906 1004 3695 671 7846 53.16
MAX. 2563 4048 2970 1631 3038 2640 6290 1835 9726 129.78
MIN. 4.59 10.77 7.28 747 347 146 1864 087 5276 621

Sie 2 S2D1 §2D2 S2D3 S2D4 S2DS S2D6 S2D7  S2D8
NO.OBS' 36 36 33 2 K) | 10 10 31
MEAN 1028 1005 1397 1055 1733 856 4679 1441
MAX. 1805 3145 4802 3552 5768 1175 7454 3203
MIN. 2.62 339 689 . 262 6.21 4,08 19.51 495

NH,"N (mg/l)

Site 1 SID1  S§2D2 SID3 SID4 SID5 SID6 SI1D7  SID8 S1D9 SIDI10
NO.OBS' 16 10 43 13 30 41 42 18 41 19
MEAN 040 048 0.22 0.71 0.19 0.22 0.28 028 029 028
MAX. 0.75 1.31 0.50 1.09 0.37 047 0.60 041 046 0.40
MIN. 0.12 0.17 0.11 0.16 0.06 0.06 0.15 016 0.15 0.15

Site 2 S$2D1  S2D2  S2D3 S2D4  S2DS S2D6 S2D7  S2D8§
NO.OBS' 36 36 32 32 31 10 10 31
MEAN 0.16 0.18 0.18 0.15 0.17 0.17 0.29 0.16
MAX. 095 0.45 0.26 0.23 0.28 0.31 043 0.28
MIN. 0.08 0.06 0.11 0.06 0.09 0.07 0.16 0.08

Table 8. N Concentration of Groundwater. \
!+ Number of Observations reflects the number of times water available in wells
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Figure 16. Mean NH,*-N Concentration in Groundwater.
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3.2.5 Soil N: Mineral NO,-N and NH_,-N Content

Analyses of soil samples examine changes in available N (NO,-N and NH,*-N)
during the study period. Soil samples were obtained on five occasions during the study:
January 9 and 29, February 10, March 6 and 28; and one month after other data
collection had been suspended (April 26).

As indicated in section 3.1.5, dates of soil sampling coincide with the end of
infiltration from snowmelt events (see Figure 9), and are characterized as periods during
which minimum water table elevations were recorded.

The average NO,-N and NH,/*-N content, expressed in pg/g dry weight of soil, of
extracts obtained from 0-30, 30-60 and 60-90 cm depths are depicted in Figure 17. N
content is variable both in time and space. The distribution of NO,-N and NH/-N
generally show a decline from the surface soil layer to the layers below. Throughout
the study, the quantity of NO,-N exceeded that of NH,*-N at both sites. This condition
suggests that favourable conditions resulted in the rapid transformation of NH-N to
NO,-N, or that N™1,*-N was clay fixed or lost in gaseous form and consequently, the
percentage of mineral-N present in soil in the form of NH,*™-N represents only a fraction
of total mineral N. A summary and complete record of data from individual sampling

locations is presented in Appendix H.
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CHAPTER FOUR
INTERPRETATION AND DISCUSSION

The purpose of this chapter is to discuss temporal variation observed in: total water
equivalence of the snowpack and water table elevation; and change in the Nitrogen

content (NO,-N and NH,*-N) of snowmelt water, groundwater and the soil column.

4.1 Hydrology
4.1.1 Snowpack accumulation: Changes in total water equivalence

In the period prior to implementation of a continuous sampling schedule (December
9 - December 18), precipitation events resulted in total accumulation of 5.5 cm. During
the actual time limit of the study, December 18, 1987 to March 28, 1988, precipitation
events deposited an additional 12.8 cm water equivalence. Snowpack accumulation was
controlled by widely fluctuating temperatures and sporadic rain events. Variable
meteorological conditions resulted in large changes in the water equivalence of the
snowpack (Figure 18). This phenomenon is not uncommon in Southern Ontario which
is a "region characteristic of the continental accumulation zone, where winter ablation
and winter rain may interrupt the continuous development of a snowpack” (Goodison,
1978).

Prior to spring melt there were two periods (December 23 - January 3 and January
19 - January 29) during which there was substantial loss of the snowcover at the study
site (Figure 18). The final melt began during early March when rain and warmm
temperatures combined to greatly reduce snowpack waier equivalence. Most of the

snowcover had melted by March 9 leaving only scattered patches of ice and pools of
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water standing on the ground surface. Though minor amounts of accumulation occurred
after March 9 by March 25 all snowcover and ice lenses had melted, and all standing
water had infiltrated the ground surface.

Periods of accumulation were interspersed with cycles of melting and refreezing
associated with periods of mild temperatures and rain on snow events. These cycles
produced significant changes in snowpack water equivalence and resulted in distinct
stratification of the snow pack. Figure 19 illustrates mean water equivalence recorded

during snow surveys and change observed in snowpack stratification.

8 ~ SITE 2

SITE 1

SNOWPACK STRATIGRAPHY
AND WATER EQUIVALENCE (cm)
(=]

Figure 19. Snowpack water equivalence and stratigraphy.
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Changes in snowpack water equivalence and granular structure will be demonstrated
to have an important influence on hydrological response observed at the study site;
where the development of ice lenses impede the downward percolation of melt water
thereby delaying infiltration of water into the soil below. The development of a basal
ice lens and saturation at the base of the snowpack also contributed to downslope flow
of meltwater. Depression storage resulting from ponding of melt water led to subsequent
increases in snowpack water equivalence at certain locations.

Variation is common in the absolute water equivalent values obtained in a shallow
snowpack (Goodison, 1978). Differences in the spatial pattern of snowpack accumulation
occurred as a result of minor changes in surface topography, redistribution of snow by
wind and the aforementioned cycles of melting, percolation and refreezing within the

snowpack.

4.1.2 Soil Moisture Content

Soil samples were obtained for chemical analyses at times of low water table
elevation. With the exception of March 28, the water table at these times was close to
or below the 60-90 cm sampling depth (Table 9). Determination of the moisture content

in these samples indicates that the soil condition was similar on each sampling date.



Site 1  Site 2

Jan. 9 9 98
Jan.29 101 102
Feb. 10 94 88
Mar. 6 97 &
Mar. 28 56 57
Apr.26 88 9%

Table 9. Mean Depth to Water Table (cm)

Soil moisture data from successive sampling dates between January 9 and March
28 exhibits moderate variation (Table 10). Greatest variation is generally observed in
the 0-30 cm depth where the moisture content at times of sampling varied by as much
as (11%) of the samples dry weight. Variation is a function of available melt water and
temperature conditions prior to sampling.

The calculation of variation in soil moisture among sampling dates (Table 10) is
based on soil moisture content values expressed as a percentage of the sample’s oven
dry weight (Section 3.1.5). The percentage of water calculated on an oven dry basis

can be converted to the volume basis as follows:

% water on oven x bulk density of soil = % water on volume
dry basis density of water basis
(Foth, 1984)

Bulk density, the weight of a given volume of soil in its natural condition is expressed
as the samples weight (g) per cubic centimetre and is calculated using the formuia

Bulk Density = dry soil weight (g)

soil volume (cm?)
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Site #1 Depth

Interval 0-30cm 30-60cm 60-90cm
Jan 9 - 29 + 3.7 + 0.1% NA

Jan 29 - Feb 10 - 028 - 0.4 + 0.5™
Feb 10 - Mar 6 NA +1.1° + 0.6™
Mar 6 - Mar 28 - 24, +2.3% +2.3%
Mar 28 - Apr 26 -10 -54 - 4.5
Site #2 " Depth

Interval 0-30cm 30-60cm 60-90cm
Jan 9 - 29 +93° + 0.3 + 3.8°
Jan 29 - Feb 10 - 0.4 + 02N NA

Feb 10 - Mar 6 + 1.7 + 0.7™ - 1.2%,
Mar 6 - Mar 28 -11.6° + Q.18 + 1.288
Mar 28 - Apr 26 -94° -3.0 - 0.2%

Table 10. Soil Moisture Content'; Change between Successive Sampling Events.

! Change in soil moisture expressed as percent sample dry weight
. Based on change between Feb 10 and Mar 26
» Based on change between Jan 29 and Mar 6

Confidence Level

* P=01 Significant at 90%
™ No Significant Difference
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In a field situation soil density varies spatially, horizontally and vertically with a
tendency to increase as the profile is penetrated (Foth, 1984). Tillage conditions that
temporarily loosen surface soil lower bulk density; an increase in density with depth
results from compaction by overlying soils and the downward migration of clay (Foth,
1984). Samples for bulk density determinations were obtained from three soil pits at
Site 1 (Figure 3). The data presented in Table 11 exhibit both horizontal and vertical
variation among the samples, however a measure of the standard error of the mean at
each sampling depth suggests that mean values are representative of soil conditions at

the site.

Depth (cm) Pit1 Pit2 Pit3 Mean oV,

00-30 1.57 152 131 147 0.08

30-60 145 176 185 169 0.12
60-90 163 181 193 179 0.08

Table 11. Bulk Density of soil at Site 1.

Table 12 presents values of soil water content calculated on a volume basis for

site 1 and site 2 respectively.
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Site 1 Jan. 9 Jan. 29 Feb. 10 Mar. 6 Mar. 28 Apr. 26

00-30cm 417 473 469 ND 434 329
30-60cm 323 325 31.8 337 376 284
60-90cm ND 317 32,6 337 37.8% 207

Site 2 Jan. 9 Jan. 29 Feb. 10 Mar. 6 Mar. 28 Apr. 26

0-30cm 369 507 S03 618 444 308
30-60cm 323 329 333 345 347 297
60-90cm 256 324 ND 302 324 320

Table 12. Soil Water Content: Percent Calculated on a Volume Basis.

Comparison of the values in Table 12 with values of percentage pore space, which
is calculated using the soil bulk density and an assumed soil particle density of 2.65
(Bowles) in the formula:
Percent Pore Space = 100 - _ Bulk density x 100
Particle density
indicates that soil at both Site 1 and Site 2 was at near saturated conditions throughout

the study period.
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Depth (cm) Bulk Density % Pore Space

00-30 1.47 43
30-60 1.69 36
60-90 1.79 33
Mean 1.65 38

Table 13. Relationship between Bulk Density and Percent Pore Space.

On January 29, February 10 and March 6 the water content in the 0-30 cm depth
is seen to exceed the calculated volume given a porosity of 43%. It is thought that this
phenomenon can be attributed to ground frost conditions and the sampling method which
may have inadvertently resulted in an over-estimation at site 1. At site 2 the tillage
condition of the upper 30 cm results in a greater pore space which results in an increase
in the capacity for soil water retention.

As previously indicated, the small degree of variation in the 30-60 and 60-90 cm
depths, with the exception of samples obtained from 60-90 cm on January 9 and April
26, suggests that the soil profile at both sites was near saturation throughout the study
period. Lower water content on January 9 and April 26 is a function of antecedent
conditions; the period prior to January 9 was characterized by cold temperatures and
reduced soil water input while in the period prior to the April 26 sampling rainfall
associated with warmer temperatures rapidly infiltrated the ground surface and percolated

through the vadose layer.

51



4.1.3 Groundwater Table Fluctuation

For discussion purposes the study period has been broken into five time intervals.
These intervals, which are depicted in Figure 20, represent periods in which fluctuations
of the temperature and corresponding changes in the rate of infiltration result in major

fluctuations of the water table elevation.
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Figure 20. Mean Depth to Groundwater table (cm).

Average depth to the water table, at both sites, is shown in Figure 21 and can be
seen to be time linked with snowmelt and rain on snow events. Snowmelt and resulting
percolation is variable within the study site, and consequently small scale differences
were observed in the timing and magnitude of change in depth to the water table among
wells. However, as indicated in Figure 21, the pattern of well response generally

follows a similar trend at both site 1 and site 2. The timing of infiltration is generally
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uniform throughout each site and the earliest response to the pulse of water is observed
where the water table is closest to the ground surface prior to melting (Appendix I).
The responsiveness of the groundwater table to soil water inputs suggested by Figure 21
is a function of the shallowness of the water table due in part to the capillary fringe
effect (Price et. al.,, 1978), antecedent soil moisture conditions, and the volume of melt
water available during a melt episode.

As indicated in Figure 21 there are periods which are characterized by significantly
different response at site 1 and site 2. These differences are discussed in the following
section which summarises the relationship between temperature, snowmelt and change

in groundwater table elevation.

I1 - December 18 to January 9

Discussion of the fluctuation of the water tabie elevation during I1 is limited by the
available data, however temperature data suggest that the infiltration of meltwater would
have produced peak water table elevations, at both sites, on or about December 25. It
is thought that cooler temperatures between December 27 and January 9, would have
effectively ended melting and infiltration and thus this period would have been

characterized by a continual decline in the elevation of the water table.

12 - January 10 to January 28

In combination with increased temperatures, rain on snow events occurring between
January 13 and January 19 resulted in a major depletion of the snow cover. The surface

of the groundwater table at Site 1 remained below a measurable depth at most wells
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until January 16 when infiltration of melt water resulted in a rising water table elevation.
Continued infiltration and percolation was associated with continued warm temperatures
and melting of the snowpack and wells continued to rise with highest levels being
observed January 21. With little additional melting, and a reduction in infiltration
associated with cooler temperatures, well levels show a distinct pattern of decline
throughout the remainder of 12. Without additional soil water inputs, drainage from the
unsaturated area of the soil column resulted in most percolate water draining from the
sampled depth of the soil profile and by January 27-28 water levels stabilized at near

pre-event elevations.

Unlike Site 1 where an increase was observed in the extent of the saturated area,
conditions at Site 2 were characterized by a significant reduction in the water table.
The water table dropped after January 10 leaving only the two wells at the base of the
slope below water level. Occasional observations were possible at midslope locations,
however upslope wells remained dry throughout the interval. The differences observed
between site 1 and site 2 are a function of differences in the amount and rate of
infiltration which are influenced by the characteristics of the ground surface.

At site 1 meltwater infiltrated uniformly, and standing water which pooled in surface
depressions upslope of wells during the initial phase of the interval continued to provide
soil water inputs at all well locations. While an equivalent reduction of the snowpack
occurred at both sites, most of the meltwater at site 2 was observed as overland flow.
This diversion of meltwater flow was created by a layer of ice in the base of the
furrows. The furrows ran parallel to the transects of wells and no significant depressions

existed along the slope. Thus overland flow severely reduced infiltration in the vicinity

55



of all wells except S2D1 and S2D2 (Figure 4) where significant pooling of water

occurred.

I3 - January 29 to February 10
Well levels began to rise January 30, at both Site 1 and Site 2, in response to the

infilration of meltwater associated with rain events and rapid depletion of the snow
cover. The resulting increase in the saturated zone produced high water table levels
between January 30 and February 1. A precipitation event on January 31 contributed
to depression storage at site 1 and the infiltration of this water maintained elevated well
levels for a longer duration than observed at site 2. Within 48 hours of peak water
table elevations the water surface had dropped approximately 20 cm at both sites.
Continued percolation from the vadose zone and reduced infiltration resulted in the
stabilization of all wells by February 5, and water levels remained at a relatively

constant elevation throughout the remainder of the interval.

14 - February 11 to March 7

During the initial stages of 14 (February 11 to February 18) well levels demonstrate
a slightly different trend at the two sites. At site 2 a general reduction in the elevation
of the groundwater table was observed between February 11 and February 18 when cool
temperatures ended snowmelt and infiltration. In contrast well levels remained stable
until February 16 at Site 1 before receding February 18. Between February 18 and
February 23 melting of the snowpack associated with warmer temperatures and the
infiltration of meltwater resulted in a steady rise in water table elevations. Infiltration

was reduced and well levels began to decrease as temperatures dropped February 25, this

56



decrease marked the beginning of decline of the water table at both site 1 and site 2.

Water table elevation stabilized at both sites March 2 and March 4.

15 - March 8 to March 27

Consistently warm daily temperatures characterize the period between March 8 and
March 16; during which time most of the snowpack melted. Decreased albedo produced
greater and earlier melting at site 2; groundwater well response was rapid with peak
levels observed on March 9. Within 24 hours levels began to recede and the water table
continued to drop reaching a low on March 16. At site 1, earlier development of ice
lenses at the ground surface (Figure 19) delayed response until March 11-12. With the
exception of a small time lag well response followed a similar pattern at both sites
during the remainder of the interval.

The final period of record, March 17 to March 27, constitutes the end of the spring
melt. Infiltration of snowmelt began March 17 producing a continuous rise of the
groundwater table. On March 23 a second more rapid rise resulted from a rain on snow
event melting the remaining snow cover. Subsequent rain events (March 25- 27)
substantially increased the saturated zone with peak levels observed March 26 (Figure
21). On March 27 the majority of the water being observed in the wells resulted from
spring rainfall and not snowmelt and thus following the collection of soil samples the
study was suspended on March 28.

The preceding discussion indicates that the percentage of available melt water
infiltrating the ground surface varied among melt events. At times when melt water
percolates through the snowpack and is unimpeded by ice lenses and/or ground ice the

soil rapidly becomes saturated and noticeably large increases occur in the elevation of
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the water table. Groundwater observations from both sites suggest that between January
30 and February 2, and March 15 and March 26 most event water rapidly infiltrated the
ground surface and contributed to a rise in water table elevation. A similar pattern was
observed at Site 1 between January 16 and January 21. Confirmation that most melt
water infiltrated during these events is provided in Table 14 which indicates that
measurement of precipitation and snowmelt comrelate well with changes observed in

snowpack water equivalence.

SC WEQ (cm) PREC (cm) MELT (cm) CALC WEQ (cm)

Dec. 19 5.5 20 50

Jan. 7 24 0.2 0.7 2.5
Jan. 15 1.7 2.6 38 19
Jan. 30* 0.0 23 0.2 0.5
Feb. 5 14 1.3 1.6 1.9
Feb. 16 2.8 3.6 1.7 1.7
Feb. 23 59 0.0 0.0 4.7
Feb. 29 5.2 0.0 1.9 59
Mar. 8* 3.6 2.8 2.6 33
Mar. 28 0.0 3.8

Table 14. Observed and Calculated Snowpack Water Equivalence.

Note:

* Snow lysimeter empty

SC WEQ - Snowpack water equivalence determined from snow survey
Prec - Precipitation recorded at gauges P1 and P2

Melt - Snowmelt recorded at snow lysimeter L1

Calc. Weq - SC Weq + Prec - Melt

! Snow course data obtained March 8 indicate average standing water equivalence of
3.6 cm at site 1. At this time 25% of the site including the snow lysimeter had no
snow cover. This would explain the discrepancy observed between SC Weq and Caic.
Weq on March 28.
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The periods February 5 to February 16, February 29 to March 8 were characterized
by snowmelt events, however water table response indicates that most melt water did not
infiltrate the ground surface during these events. Reduced infiltration during both periods
is attributed to freeze thaw processes which contributed to the formation of ice lenses
within the snowpack and at the ground surface (Figure 19). Development of ice lenses
reduced the rate of infiltration and contributed to ponding of standing water which
maintained the water equivalence of the snowpack. Reduced infiltration between
February 5 and February 16 is reflected in the snow course data; where snowpack water
equivalence is not reduced to the extent suggested by the snow lysimeter data (Table
14). Frost conditions, ice lenses and rapid saturation of the uppermost soil aiso resulted
in overland flow during early March, when rapid melting occurred above partially frozen
ground. At this time an undetermined amount of direct surface runoff contributed to

flow in the drainage ditch separating the swudy site (Figure 2).

4.2 Precipitation and snowmelt N content

Precipitation events resulted in a measured deposition of approximately 118 mg/m’
NO,-N and 149 mg/m’ NH_*-N at the study site between December 19, 1987 and March
26, 1988. When comparing N input and loss during this period the data indicate that
the total mass (mg/m?) of N (NO,-N and NH,*-N) in snowmelt, as recorded at L1, was

greater than observed in precipitation samples collected at gauges P1 and P2 (Table 15).
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NO,-N (mg/m?) NH/*-N (mg/m?)

'Precipitaion  118.1 149.2
2Snowmelt 174.2 160.5

Table 15: Comparison of total N input and release from the snowpack December 19,
1987 to March 26, 1988.

! Precipitation recorded at gauges P1 and P2
? Snowmelt recorded at snow lysimeter L1

This disparity is thought to be, in large part, due to the N content of the snowpack
which had accumulated prior to December 19. Although analyses of snowpack N
content were not conducted on December 19, reconstruction of the snowpack N content
suggests that N accumulated prior to December 19 accounts for most of the difference

observed between NO,-N and NH,*-N input to the snowpack and loss during melt events

(Table 16).

NO,-N (mg/m?®) NH"-N (mg/m?)

Snowpack Mass Jan. 7 +29.0 +14.6
Snowmelt Dec. 19 - Jan. 7 +27.5 +17.2
Precipitation Dec. 19 - Jan. 7 -15.2 -10.3
Snowpack Mass Dec. 19 41.3 215
Precipitation Input 118.1 149.2
Snowpack Contribution 41.3 215

Total Input 1594 170.7

Snowmelt Output 174.2 160.5

Table 16. Determination of Snowpack N Content 12/19/87.
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The data in Table 16 indicate that the mass of NO,-N in snowmelt recorded at the
snow lysimeter (L1) remains greater than that observed in precipitation. In contrast the
mass of NH,*-N measured at L1 is less than the calculated input. The degree of
accuracy obtained in the measurement of precipitation may contribute to the difference
observed between NO,-N input and output. Because trace amounts of precipitation
which were observed during several snowfall events (Appendix A) could not be
accurately quantified it is suggested that the available precipitation data represent an
under-estimation of N input. Disparity in NH,*-N input and output is attributed to in-
situ volatilization and loss of N in a gasecus form from the sample on collection.

The fact that the snowmelt lysimeter provides a measure of melt at a single location
might be expected to contribute to the difference observed in NO,-N values; the
lysimeter yielding a greater volume of melt water than an unprotected location as snow
which accumulates within the snow lysimeter is protected against redistribution by wind.
This suggestion does not appear to explain the difference as the total water yield at the
lysimeter closely approximates input (see Table 14).

The disparity in NO,-N content is in part attributed to post depositional dry
deposition. It is not uncommon for the snowpack to accumulate particulate matter in
large concentrations (Pierson, 1983). Barica and Armstrong (1971) have demonstrated
that the particulate matter concentration of the snowpack may increase 15-40 fold over
the course of the winter. On several occasions during this study, redistribution and/or
melting of the shallow snowpack resulted in partial or total exposure of the ground
surface. Associated with the occurrence of high winds during these periods was the

deflation and deposition of particulate matter from surrounding fields. Potential
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enrichment of the snowpack by particulate matter was investigated on one occasion,
when the concentration of particulate matter was determined in conjunction with regular
analyses of snowpack NO,-N and NH/-N content. Data from a small number of
samples (n=10) is summarized in Table 17. These values may reflect additional leaching
during preparation for analyses as it is impossible to remove particulate matter prior to
melting the sample. However the data indicate that dry deposition contributes to the N
content of the snowpack; this would account for some of the variation observed between

input and output while also potentially providing an explanation for a portion of the

variation observed among sampling sites.

Site 1 Site 2

No. PM, NO, NH No. PM NO, NH,
(&) (mg/1) (mgM) gM") (mgh) (mg/)

SN1.1 04 038 024 SN23 124 0.75 0.15
SN1.3 04 034 038 SN24 104 0.75 0.29
SN14 20 038 022 SN25 192 0.84 0.24
SN15 5.6 072 040 SN26 20 033 0.21

SN16 17.2 097 035 SN29 168 0.77 0.20

Mean 5.1 056 032 122 0.69 022

Table 17. Particulate Matter, Nitrate and Ammonium Concentration of snow samples
obtained January 15 1988

PM Particulate Matter

NQO,-N Nitrate-Nitrogen
NH,*-N Ammonium-Nitrogen
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4.2.1 Variation in snowpack N content

Conversion of water equivalence (cm) and concentration (mg/l) to an arcal loading
provides a measure of temporal variation in the mass (mg/n?®) of N (NO,-N and NH,*-
N) in the snowpack. Figure 22 illustrates temporal variation in snowpack N load and
water equivalence with spatial variation among sites indicated by bars representing the

standard error of the mean. A complete record of numerical data is provided in
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Temporal variation in snowpack N content occurs in conjunction with change in
total water equivalence, increases occurring during precipitation, and loss during
snowmelt events. Analysis of snow melt water collected at the snow lysimeter (L1)
indicates that on a weight to volume basis N is lost from the snowpack at a greater
rate than meltwater. This phenomenon is known as preferential elution, a process which
has been documented in experiments conducted both in the laboratory and under field
conditions (Johanneson and Henrikson, 1978; Skartvelt and Gjessing, 1979). It has been
demonstrated that nitrate is quickly eluted from the snowpack and that high
concentrations are commonly found in the early fractions of meltwater (Seip, 1980).
Consistent with these findings, the data recorded at the snow lysimeter (L1) indicate that
high concentrations of NO,-N and NH,*-N were associated with short duration low
volume melt events, rain on snow events and with the onset of major thaw events
(Figure 23). A good example of elution is observed between January 7 and January 15
when a 57% (165 mg/m®) and 50% (7.3 mg/m?) loss of NO,-N and NH/'-N was
associated with a 19% reduction in snowpack water equivalence.

Spatial variabiJl‘ity in the mass of N in the snowpack depends largely on differences
in water equivalence among sampling l'ocations. On each date variation in the mass of
N occurs as a result of the pattern of snow accumulation and resulting differences in
snowpack water equivalence. Differences in snowpack water equivalence result from
minor changes in surface topography, redistribution by wind and the influence of melting
and percolation of water through the snowpack. Redistribution and melting not only

affect the water equivalence of the snowpack but also the chemical composition.
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Additional N input or loss among sites may occur in association with redistribution
of snow within the site. Melt water percolation may result in the loss of N ions through
the process of elution or an enrichment due to saturation at the base of the profile.

Differences observed in water equivalence among sites cannot explain the variation in
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concentration of NO,-N and NH,*-N in snow samples. Concentration is the result of
several factors which include; elution during percolation of meltwater; the concentration
of particulate matter; interaction with organic matter, and possibly enrichment by the
upward capillary flow of N enriched meltwater (Peck, 1978). The effect of these
processes is not of significance to this study; the importance of the data is in the
identification of the timing and approximate measure of N loss from the snowpack to
the soils below. The significance of these losses will be discussed in section 4.4 which
deals with the change in the N content of water in the vadose and shallow groundwater

zones.

4.3 Soil N Content

The values of soil N content (NO,-N and exchangeable NH,*-N) reported in
section 3.2.4 demonstrate variation at each sampling depth in both time and space. It
has been demonstrated that the chemical properties of soil may vary spatially due to
variability of soil properties (section 4.1.2), and in agricultural soils variability may be
increased due to residual effects of fertilizer application (Selles, 1986). The technique
used to obtain samples may also contribute to the variation observed; as composite
samples obtained from a standard 30 cm depth (see section 2.6.1) cannot account for
potential differences in the depth of individual soil horizons. To determine whether
temporal changes in exchangeable N content were statistically significant, t-tests were
performed using the mean values obtained on successive sampling dates. The results of

this analysis are presented in Tables 18 and 19.



4.3.1 Soil NOy-N Content

Changes in Nitrate-Nitrogen content follow a similar trend at both sites during most
of the study. Calculations of net change in NO,-N content between successive sampling
dates (Table 18) indicate a progressive increase in N content resulting in maximum
levels March 6. The observed increases reflect mineralization of Organic N from crop
and fertilizer residues and soil organic matter during periods of wetting and drying
associated with periodic melting of the snowpack (Malhi and Nyborg, 1983; Malhi, 1985;
Sheppard and Bates, 1986; Bergstrom, 1986). Soil samples obtained in the spring
(March 28) also contained more NO,-N than the original mid-winter samples (January
9) however the values indicate a reduction in available NO,-N since March 6 (Figure
17). Given the variation observed in the 0-60cm depth the average change at site 1 was
not significant. At site 2 the change was marked with a significant reduction in content
at all sampling depths (Table 18). This decrease suggests; reduced mineralization,
increased leaching of soluble mineral N during springmelt, and nitrate reduction. Earlier
melting in the period prior to the March 28 sampling produced an elevated water table
at site 2 (Figure 21), given this condition it is possible that a portion of the large
decrease in NO,-N results from denitrification and a loss of N in gaseous form.

The last series of soil samples were obtained approximately one month after the
monitoring of groundwater wells had been suspended (April 26). At this time a
significant quantity of water, the result of heavy spring rains, had drained through the
soil profile. The reason for including these samples is to demonstrate the potential

change in N availability during the period following snowmelt and prior to spring
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fertilization and seeding. At the time of sampling the NO,-N content was significantly
different than that observed March 28 and the pattern of change was opposite at the two
sites; a large reduction was observed at sitc 1 while a substantial increase was recorded
in the 30-90cm depth at site 2. It is suggested that the difference between sites is a
function of land use. At site 1 plant uptake associated with early spring growth could
account for the reduction in available N whereas the availability of organic material in

a decaying state would contribute to an increase in the pool of available N at site 2.

Site 1 Interval 0-30cm 30-60cm 60-90cm
Jan 9 - Jan 29 + 9.6 + 104 NA
Jan 29 - Feb 10 + 25.6™ -11.0" - 0.2
Feb 10 - Mar 6 NA + 18.0"" + 293"
Mar 6 - Mar 28 - 7.3%, + 8.6™ - 2273
Mar 28 - Apr 26 - 264" - 36.1" - 18.0°

Site 2 Interval 0-30cm 30-60cm 60-90cm
Jan9 - 29 + 0.7% - 3.6% - 0.3
Jan 29 - Feb 10 + 6.0" + 473% NA
Feb 10 - Mar 6 + 305" +21.4™" + 26.8°%,
Mar 6 - Mar 28 - 239" -22.7 - 21.8"
Mar 28 - Apr 26 + 228 + 16.1" - 1.7t

Table 18. Average change in soil NO,-N content (jg/g).

, Based on change between Feb 10 and Mar 28
, Based on change between Jan 29 and Mar 6
Confidence Level

*  Significant at 90%

*  Significant at 95%

*** Significant at 99%

¥  No Significant Difference
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43.2 Soil NH;-N Content

Unlike change observed in NO,-N content, NH,*-N content does not demonstrate a
general trend and also differs between site 1 and site 2 (Table 19). Although a trend
of increase or decrease in NH,*-N content is not clear, a pattern is observed where; at
site 1 significant changes in NH,*-N content generally correspond with similar increases
or decreases in NO,-N content; at site 2 when a significant increase in NO,-N was
observed it was usually associated with a decrease in NH,-N content and visa versa.
At site 1, with the exception of change in the 0-30cm depth on January 29 and March
28, NH,*-N content was not significantly different at times of sampling prior to April
26. At site 2, values exhibit moderate change however a clear trend is not
demonstrated. As previously indicated the transformation of NH,'-N to NO,-N requires
that soils be adequately aerated and the increase in levels of NH,*-N at site 2 between
March 6 and March 28 may reflect mineralization of organic N which can continue even
under rather anaerobic conditions (Kuo, 1981), however lower rates of nitrification result
fror: the wetter and more reduced environment (Lowrance et. al., 1984). The increase
may also be attributed to denitrification which occurs under water saturated conditions
if appreciable NO,-N is present, this is consistent with the decrease observed in NO,-

N during the same period.
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Site 1 Interval 0-30cm 30-60cm 60-90cm

Jan 9 - Jan 29 + 32" + 0.4 NA
Jan 29 - Feb 10 + 1.0 - 0.4 + 0.8
Feb 10 - Mar 6 NA - 0.3 + 01N
Mar 6 - Mar 28 - 7.3, + 04™ + 0.0™
Mar 28 - Apr 26 - 1.9* - 1.7 - 1.0
Site 2 Interval 0-30cm 30-60cm 60-90cm

Jan 9 - 29 + 57" - 0.5™ +2.5°
Jan 29 - Feb 10 - 8.6™ +3.6™ NA
Feb 10 - Mar 6 + 2.5 - 55" - 27,
Mar 6 - Mar 28 +1.1° + 1.3% + 1.3M
Mar 28 - Apr 26 - 0.5™ -15 - 1.7

Table 19. Average change in soil exchangeable NH,*-N content (jg/g).
, Based on change between Feb 10 and Mar 28

» Based on change between Jan 29 and Mar 6

Confidence Level

*  Significant at 90%

*  Significant at 95%

***  Significant at 99%
N No Significant Difference

4.3.3 Net Change in Soil N Content

The following section provides an indication of the net change durirg the study
period by comparing the mean NO,-N and NH,-N content of the original samples
(January 9) and samples obtained in the spring (March 28 and April 26). Tables 20 and
21 summarize the changes observed.

The data indicate a significant increase in mineral NO,-N content at both sites
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between January 9 and March 28, Losses at site 1 between March 28 and April 26
result in a net loss in the 30-90 cm depth while in the same period an increase at all
depths results in a net gain at site 2; this in comparison to the N content of the initial
samples (January 9). Nitrogen present in the form of NH,*-N represents a small fraction
of the total mineral N and in the final analysis the data suggest minimal differences in

the content measured January 9 and April 26.

0-30cm 30-60cm 60-90cm
Jan 9 NO,-N 30.7 284 NA
NH,*- 9.4 45 NA
Mar 28 NO,-N 58.6 544 34.2
NH,*-N 6.3 4.6 3.8
Apr 26 NO,-N 322 i8.3 16.2
NH_-N 4.4 29 2.8
Jan 9 - Mar 28 NO,-N + 27.9™ + 26.0™ + 6.3,
NH.*-N -3.1° + 0,18 + 0.9°,
Mar 28 - Apr 26NO;-N - 26.4™ - 36.1"" - 18.0"
NH,*-N 1.9 - 17 - 1.0™
Jan 9 - Apr 26 NO,-N + 1.5 - 10.1° -11.7°,
NH,/-N -5.0™ - 1.6 - 0.1,

Table 20. Average NO;-N and NH,*-N Content in 0-90 cm of soil at Site 1: mid-winter
(January 9) and spring March 28/April 26).

Level of Confidence

Significant at 90% , Based on difference between Jan 29 and Mar 28
™ Significant at 95% . Based on difference between Jan 29 and Apr 26
**  Significant at 99%
¥ No Significant Difference
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0-30cm 30-60cm 60-90cm

Jan 9 NO,-N 239 12.5 6.3
NH,-N 6.6 6.5 3.5
Mar28  NO,-N 35.8 19.1 11.6
N 72 5.4 4.6
Apr 26 NO,-N 38.0 35.2 44.4
NH,*-N 6.7 39 2.9
Jan 9 - Mar 28 NO,-N +11.9” + 66 + 53"
NH,-N + 0.6 - 09 + 09
Mar 28 - Apr 26NO,-N + 228 +16.1° +32.8™
NH,*-N - 0.5% - 15 - LT
Jan 9 - Apr 26 NO,-N +14.17 + 247 +38.1
NH,*-N + 0.1% - 26" - 0.6

Table 21. Average NO,-N and NH,*-N Content in 0-90 cm of soil at Site 2: mid-winter
(January 9) and spring (March 28/April 26).

Level of Confidence for T-test Comparing Means
*  Significant at 90%

Significant at 95%

**  Significant at 99%

¥  No Significant Difference

The soil data reported up to this point provide a measure of change based on the
N content of a known dry weight of soil. These results allow the chemical
characteristics of the material obtained from different depths to be compared. However
as the bulk density of soil varies with depth the mass of N present varies
proportionately. To provide an indication of net change at each depth the data were

converted to a mass of exchangeable N based on the mean dry sample concentration and
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bulk density (Section 4.1.2). Results of these calculations are presented in Tables 22 and

23.
0-30 cm 30-60 cm 60-90 cm

Site 1 Site 2 Site 1 Site 2 Site 1 Site 2

gim’y, g/m’y, g/m’y gm’, gim’y, g/m’y,
Jan. 09 13.8 10.8 142 64 ND 34
Jan. 29 18.7 198 198 82 150 3.6
Feb. 10 29.6 13.1 142 104 147 ND
Mar. 06 ND 269 234 213 305 18.0
Mar. 28 263 16.1 27.7 97 185 6.3
Apr. 26 144 17.1 9.3 17.9 87 239

Table 22. Temporal Variation in Soil NO,-N Content (g/m?,,)

g/m’y, value expressed as grams per square meter in 30 cm sampling depth
* site 2 based on density observed at site 1

0-30 cm 30-60 cm 60-90 cm

Site 1 Site 2 Site 1 Site 2 Site 1 Site 2

g/m’y,y g/m’y gm’y  g/m’y gim’y g/m’y
Jan. 09 42 20 23 33 ND 19
Jan. 29 5.7 5.5 2.5 3.1 1.6 32
Feb. 10 6.1 1.7 2.3 49 2.0 ND
Mar. 06 ND 27 2.1 2.1 2.0 1.8
Mar. 28 28 32 2.3 2.8 2.0 25
Apr. 26 20 3.0 1.5 20 1.5 2.0

Table 23. Temporal Variation in Soil NH,*-N Content (g/m?%,)

g/m’, value expressed as grams per square meter in 30 cm sampling depth
* site 2 based on density observed at site 1
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4.3.4 Summary

Calculation of a net loss or gain of N per m? indicates that NO,-N levels increased
by approximately 34 g/m® at site 1, and 12 g/m? at site 2, between January 9 and March
28. As data is unavailable from 60-90 cm at site 1 the calculation of change at that site
is based on the assumption that the increase between January 9 and January 29 was
proportional at all depths. If this was the case the NO,-N content in the 60-90 cm depth
on January 9 would have been approximately 10 g/m?

The change in N in the NH,*-N form during the same period is based on a January
9 content of 2 g/m’® as the content of NH,*-N varies only slightly in the 60-90 cm depth
at site 1 (Table 23). Therefore a loss of 1.4 g/m?® is suggested to have occurred at site
1 between January 9 and March 28 while an increase of approximately 1.3 g/m® was
observed at site 2.

April rainfall and plant uptake reduced the increase of both forms of N at site 1.
The combination of these factors resulting in a decrease in N of approximately 40 g/m?
and 2 g/m* NO,-N and NH,*-N respectively between March 28 and April 26. The data
from site 2 suggest an increase of approximately 27 g/m* NO,-N and a reduction of
approximately 1.5 g/m* NH*-N. As previously noted the increase in NO,-N is attributed

to possible oxidation of NH,*-N and a high level of organic matter in a decaying state.
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4.4 Groundwater: NO,-N and NH_/-N Content

Comparison of the range of N (NO,;-N and NH,-N) concentrations in groundwater
wells reported in section 3.2.4 indicates notable differences between Site 1 and Site 2.
Examination of the data collected from Site 1 shows that the higher concentrations are
the result of high values observed at wells D7, D9 and D10 (see Figure 3 for well
location). Samples obtained from these wells consistently contained 4-8 times the N
content recorded at the remaining wells. Excluding wells D7, D9 and D10, a plot of
the remaining data demonstrates a trend which more closely approximates the change
observed at Site 2 (Figure 24). Furthermore a plot of the mean N concentration
recorded at wells D7, D9 and D10 illustrates that although on an elevated scale the
change through time follows a similar trend as observed at the other wells (Figure 24).
It is noteworthy that wells D7, D9 and D10 were located in close proximity to one
another in an area bordering the edge of the study site, and that the adjacent field was
broadcast with liquid manure in the late fall and winter. It is thought that the
concentrations observed at wells D7, D9 and D10 are representative of a difference in

N availability associated with a different agricultural management technique.
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76



Differences in N (NO,-N and NH,*-N) concentration were observed among the wells
on all sampling dates, however analysis of the range recorded on any particular date
suggests that the mean values are representative of the changes observed. Although
differences in concentration exist between the two sites as the result of different cropping
and management systems (Owens, 1983), the majority of dissolved inorganic N occurs

as NO,-N at both sites, as is common for drainage water from agricultural lands

(Bergstrom, 1987).

4.4.1 Temporal Variation in Groundwater N Content

Changes in groundwater NO,-N concentration follow a similar trend at both sites
where, as indicated in Figure 24, a major increase in concentration was observed at least
once during each interval (see Section 4.1.3). Generally speaking this trend of increase
and decrease is linked with snowmelt events and corresponding fluctuations in water
table elevation (Figure 21). The data indicate that an increase in NO,-N concentration
usually occurs in association with, or immediately fol'owing, an increase in the saturated
area during the initial stages of a melt event (Figure 24). Downward displacement of
pre-event N enriched water from the capillary fringe by meltwater results in an increase
in N content in the saturated zone. This is indicative of scouring of NO,-N ions
produced by mineralization in the unsaturated zone and capillary fringe area. As the
water table recedes NO,-N concentration generally decreases as the initial pulse of water,
which displaced the pre-event water, is followed by more recent event water. The

concentration of soil water may remain elevated as mineral N is continuously leached
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during percolation, however a general reduction is observed as event water mixes with
and dilutes the water in the saturated zone. In association with the reduction in
available N, and reduction in the volume of water infiltrating the ground surface, a
continual dilution is observed during the final recession of the water table. Concentration
generally begins to increase toward the end of an event when infiltration is reduced and
percolation less rapid. A continual flux of water occurs from the phreatic zone and
consequently during periods in which little or no melt water is generated the water table
elevation is maintained by percolation from the vadose zone. At these times, the
percolating soil water having longer residence time has greater contact time with soil and
therefore increased potential to come into chemical equilibrium with the soil.

The change observed in NH,*-N concentration generally follows a similar trend as
NO,-N. Under conditions favourable for nitrification decreases in concentration suggest
rapid transformation of NH,-N to NO;-N and/or potential volatilization of NH,-N to
gaseous forms of N. Differences in the pattern of change are observed during periods
of prolonged saturation. It has been demonstrated that the transformation of ammonia
to nitrate is hindered in water-saturated soils (Kuo, 1981) and that in these conditions
denitrification of nitrate may be pronounced. Although it is not possible to account for
NO, loss by denitrification, increases in NH,*-N content were observed during periods
of prolonged saturated conditions. Examples of such increases are most noticeable in
the periods January 3 to January 16, January 27 to January 30, and February 29 to

March 8 (Figure 24).
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4.4.2 N Mass in the shallow saturated zone

Water held under tension in the unsaturated layer and capillary fringe is eventually
lost via subsurface tile drainage, or becomes phreatic water, as it is displaced by event
water or drained from the saturated zone under gravity. The N in solution will therefore
contribute to an increase in the N content of the phreatic zone and to the content
observed in throughflow water and stream discharge. To assess the change in soluble
N content and potential loss via sub-surface drainage, and/or deep percolation, an
analysis of N content in the saturated area was conducted (Tables 24 and 25). This
analysis is based on the volume and N concentration of phreatic water in the zone of
saturation which existed above maximum well depth (105 ¢m). Determination of the
volume of water in this zone is achieved using soil porosity values presented in section
4.1.2; the calculation of change in N content considers N concentration at times of
maximum water table fluctuation.

The data presented in Tables 24 and 25 illustrate a flux of N (NO,-N and NH,/*-
N) into (+) and from (-) the saturated zone in association with fluctuation of the water
table elevation. Given this data, a question arises as to the relative contribution of N
from snowmelt and that which results from soil sources. Using the values of N content
in the saturated area and the N content of snowmelt occurring during the corresponding
time interval the following section provides an indication of the enrichment of snowmelt

water during infiltration.
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DWT SA 1 NO,-N' NH,*-N* NO,-N NH/-N AWT +/- +/-

(¢cm) (cm) Conc. Conc. Mass m*Mass m*(cm) NO,~N NH,*-N
(mg/M) (mgl) (mg) (mg) Mass m* Mass m?
(mg) (mg)

Dec. 16 70 35 123 108 0.17 1330 35 NA NA NA

Dec. 21 S2 53 186 7.9 0.21 1470  39.1  +18 +140 +344
Jan. 3 83 22 71 15 023 576 177 31 -84 214
Jan. 10 96 9 32 63 032 202 102 13 374 -175
Jan. 16 104 1 4 4.4 034 20 14 -8 -182 -88
Jan. 21 77 28 98 132 030 1200 294 427 41270 4280
Jan. 30 101 4 14 116 039 160 5.5 24 -1130 -239
Feb. 1 67 38 133 118 0.35 1570 46,5 +34  +1410 4410
Feb. 13 92 13 46 8.2 0.13 380 59 25 1190 406
Feb. 16 85 20 70 108 016 760 112 +7 +380 +53
Feb. 23 92 13 46 111 025 510 115 -7 -250 +03
Feb. 29 88 17 60 127 026 760 156 +4 +250 +4.1
Mar. 2 101 4 14 83 0.26 120 3.6 13 -640 -120
Mar. 12 83 22 77 206 035 1590 269 +18 +1470 +233
Mar. 16 93 12 42 139 029 580 122 -10 -1010 -147
Mar. 18 86 19 67 169 0.27 1132 181 +7 +552 +59
Mar. 20 89 16 56 238 0.30 1332 168 -3 +200 -13
Mar. 26 56 49 172 137 029 2356 499 433 +1024 +33.1
Mar. 28 71 34 119 NA NA NA NA -15 NA NA

Table 24: Site 1 - Change in Mass of N in the Shallow Saturaied Zone

DWT Depth to water table (cm below ground surface)

SA Saturated Area above well base (cm)

I Volume of water (I) per m? of saturated area - based on porosity = 35%
! Mean concentration of NOy-N - excluding wells $1D7, S1D9, S1D10

?  Mean concentration of NH,”-N

AWT Change in elevation of water table (cm)

Mass m* Mass (mg) of N in solution in saturated area above weil bottom
+/- Change in mass (mg) of N in solution in measured saturated area
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DWT SA 1  NO,-N' NH*N*NO;N NH/N AWT +/- 4/

(cm) (cm) Conc. Conc. Mass m* Mass m® NO,-N NH,-N
(mgM) (mgl) (mg) (mg) (cm) Mass m?*Mass m?
(mg) (mg)

Dec. 21 50 55 193 5.1 0.25 98 48 NA NA NA
Jan. 3 83 22 77 94 0.18 724 13.9 -33  +626  +49.1
Jan. 10 98 7 25 84 0.29 210 7.3 -15 514 66
Jan. 16 98 7 25 338 0.23 95 58 NA -115 -15
Jan. 21 103 2 7 11.1 0.17 78 12 -5 -17 4.6
Jan. 30 102 3 11 67 0.39 74 43 + 4 +3.1
Feb. 1 66 39 137 10.1 0.22 1384 30.1 +36 +1310 +25.8
Feb. 13 84 21 74 111 0.13 821 9.6 -18 -563  -20.5
Feb. 16 87 18 63 124 0.13 781 82 -3 40 04
Feb. 23 83 22 77 9.2 0.20 708 154 #4713 +71.2
Feb. 29 89 16 56 127 022 711 123 -6 +2 -3.1
Mar. 2 93 12 42 129 0.23 542 9.7 -4 -169 26
Mar. 12 67 38 133 177 022 234 293 +26 +1812 4196
Mar. 16 85 20 W 188 0.19 1316 133 -18  -1038 -16.0
Mar. 18 81 24 84 154 0.21 124 176 4 22 +4.3
Mar. 20 86 29 102 285 0.22 2907 224 +5  +1613 448
Mar. 26 51 54 189 13.1 0.21 2476 397 +15 431 +17.3
Mar. 28 57 48 168 NA 0.13 NA NA -6 NA NA

Table 25. Siic 2 - Change in Mass of N in the Shallow Saturated Zone

DWT Depth to water table (cm below ground surface)

SA Saturated Area above well base (cm)

! Volume of water (1) per m? of saturated area - based on porosity = 35%
! Mean concentration of NO,-N

?  Mean concentration of NH,*-N

AWT Change in elevation of water table (cm)

Mass m* Mass of N in solution in saturated area above well bottom

+/- Change in mass (mg) of N in solution in measured saturated area
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4.4.3 Comparison of N content in meltwater and groundwater

As reported in section 4.1.3 not all available melt water infiltrates the ground surface
during a melt event. Calculation of N input to groundwater from the snowpack is therefore
problematic. However, assuming 100% infiltration, when N in snowmelt and groundwater is
compared on an event basis, the data indicate that N input in melt water generally accounts

for only a small fraction of the total present in the saturated zone (Table 26).

Site 1
Potential Melt Change in Mass of N (mg/m?)
Water Input (m?) in Saturated Zone
NO,-N NH/~N  NO,-N NH/-N

(mg) (mg) (mg) (mg)
Dec. 16 - Dec 21 218 7.8 +140 +34.4
Dec. 21 - Jan 3 72 112 -894 -21.4
Jan. 3 - Jan 10 8.3 7.8 374 7.5
Jan. 16 - Jan 21 303 15.1 +1270 +28.0
Jan. 30 - Feb 2 100 104 +1410 +41.0
Feb. 13 - Feb 16 209 26.6 +380 +5.3
Feb. 22 - Feb 29 166 17.3 +250 +4.1
Mar. 2 - Mar 12 309 422 +1470 +23.3
Mar. 15 - Mar 26 274 279 +1767 +37.7

Table 26: Comparison of Potential Input of N from Meltwater and Observed Changes in N
Content of the Shallow Saturated Zone
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With the exception of the period December 21 to January 10 an increase in NO,-N
content is observed in the saturated zone during melt events. Moreover, the loss calculated
between December 21 and January 10 may not be representative of actual change as the data
for this period is limited. In all other cases the increase in NO,-N content is well in excess
of the potential snowmelt contribution. Smaller than average increases between February 13
and February 29 reflect the reduction in infiltration of melt water (Table 26) and reduced
leaching and translocation of N ions during this period.

The change in NH,-N content follows a similar trend as change in NO,-N content the
exception being the period March 2 to March 12. In most cases the increase in NH*-N
content is well in excess of the potential snowmelt contribution. Consistent with change in
NO,-N content a smaller than average increase in NH,-N content is observed between
February 13 and February 29 when infiitration was limited. Soil sources clearly account for
most of the increase in groundwater N content during melt events. This is further indicative
that most water contributing to the rise in water table is pre-event which is displaced from the

unsaturated zone and capillary fringe area.

4.4.4 N Enrichment of Soil Percolate Water

Comparison of N content in water samples obtained from ‘shallow’ and ‘deep’ wells
further demonstrates N enrichment of meltwater during percolation (see Figures 3 and 4 for
well locations). Observations at shallow wells are limited to times at which the

upper 30 cm of the soil was saturated: these numbering 10 and 12 occasions at Site 1 and Site
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2 respectively (Appendix G). At both sites the NO,-N content of melt water generally
increases during percolation (Table 27); the available data indicating that NO,-N enrichment
of melt water occurs throughout the depth sampled.

In contrast the NH/-N concentration of snowmelt is generally greater than the
concentration observed in soil water (Table 27) suggesting nitrification to NO, and/or gaseous
loss. Furthermore, a difference in the pattern of change is observed between site 1 and site
2. At site 1 NH/*-N concentration generally decreases with depth while at site 2 an increase
is usually observed. As previously reported, under favourable conditions NH/*-N is rapidly
transformed to NO,-N however fixation of NH,*-N may account for some of the loss observed
at site 2 (Stevenson, 1986). Transformation of NH,* to NO, would contribute to any initial
increase in NO, concentration resulting from the removal of NO,-N ions during percolation,

but would not provide a sufficient quantity to result in the enrichment observed at either site.
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NO,-N (mg/l) NH/-N (mg/)

Site 1  Snowmelt S D Snowmelt S D

Dec. 21 046 23 179 036 0.15 0.21

Jan. 18 0.49 13.5 28.1 039 0.63 0.14

Jan. 19 99 162 oNn 0.38

Jan. 20 1.16 55 132 090 140

Jan. 21 49 0.72

Jan 31 2.57 6.1 158 200 0.65 0.22

Feb. 1 053 172 1138 041 0.61 0.35

Feb. 2 1.15 6.8 10.6 090 0.35 0.29

Mar. 10 3.2 1.43

Mar. 11 4.8 0.88 0.58

Mar. 12 3.39 11.8 20.7 151 0.83 0.35

Mar. 15 NA NA 192 216 NA 0.28

Mar. 24 6.7 130 200 0.54 0.27

Mar. 25 1.71 39 127 123 0.64 0.30

Mar. 26 080 23 137 041 048 0.29
NO,-N? NH/-N*

Site 2 S D S D

Dec. 21 2.7 5.1 0.14 025

Jan. 20 11.1 64 009 0.10

Jan. 22 NA 11.1 NA 0.13

Jan. 30 9.3 6.7 0.11 030

Feb. 1 9.3 10.1 009 0.17

Feb. 2 129 127 0.10 0.21

Feb. 3 NA 11.3 NA 0.14

Mar. 9 9.3 12.1 0.16 0.21

Mar. 10 7.1 10.8 0.19 0.21

Mar. 11 8.0 11.8 022 017

Mar. 12 9.6 17.7 021 0.17

Mar. 15 NA 20.6 NA 0.21

Mar. 24 12.4 14.0 0.19 NA

Mar. 25 9.0 11.5 022 0.16

Mar. 26 52 13.1 0.14 0.16

Table 27. Comparison of N concentration in Deep and Shallow Wells

1 Mean value excluding wells S1D7, S1D9 and S1D10
2 Mean excluding well S2D7
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4.5 Conclusion

The intention of this research was to study the change in mineral N content in soil and
percolate water during winter months, as related to snowmelt infiltration. The study also
examined atmospheric N contribution to determine ‘whether this source provided a significant
contribution to N concentrations in the shallow saturated soil zone.

During the months December, 1987 to March, 1988 snowcover displayed considerable
spatial and temporal variability. Prominent peaks in the elevation of the groundwater table
commonly followed snowmelt events; the combination of above average temperatures, rain
events and a relatively thin depth of frost resulting in infiltration of most melt water during
thaw events.

Changes in the mass of soluble N (NO,-N and NH,-N) in the vadose and shallow
saturatecl zones were related to variations in the rate and volume of infiltration. The rate of
infiltration in turn depended upon surface conditions and was controlled by precipitation and
snowcover accumulation, and temperature.

Periods of reduced infiltration following snowmelt events were generally characterized by
the accumulation of mineral N in the soil profile. Measured changes in soil NO,-N and
exchangeable NH,™N are the net result of a variety of N-processes acting simultaneously,
including mineralization, nitrification, defixation of NH,*-N, leaching and denitrification.
Periods of drying and wetting, and fr.ezing and thawing of the soil resulted in the increased
availability of mineral N. Losses resulting from leaching, indicated by changes in the N
content of soil N, are further reflected in increases in the N content of groundwater samples.

While NO, is transported downward in percolate water it can simultaneously be lost by
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denitrification; and it has been suggested that a large proportion of the loss occurred via this
process (Stevenson, 1986).

Overwinter transformation of organic N in the vadose zone resulted in a significant
increase in the N content of soils in early spring (March 28). NO,-N content increased in the
0-30, 30-60 and 60-90cm depths by 12.5, 13.5 and ~5 g/m* at site 1 and 5.3, 3.3, and 2.9
g/m® at site 2. Changes in NH,*-N content were not consistent, those changes observed were
generally small and deemed not to be significant. The increase in NO,-N content at site 1
was subsequently reduced by leaching associated with spring rainfall so that by late spring
(April 26) the N content of the soil was not significantly different from that observed at the
time of early winter sampling (January 9). At site 2, additional increases in NO,-N were
observed between March 28 and April 26 so that at the time of final sampling N content was
significantly greater than recorded January 9. Once again NH,-N content did not vary
significantly.

Although it is not possible to absolutely quantify the loss of N during the winter months
this study demonstrates that considerable movement of N can be associated with snowmelt
events; the degree to which N transformations and leaching occur during winter being related
to the timing and rate of infiltration. The flux of N from the vadose and capillary fringe areas
is seen to be a function of soil moisture conditions prior to a melt event, the length of time
between infiltration events, the drainage volume of an event and of the soil N content.
Finally, comparison of NO,-N and NH,*-N concentrations in winter precipitation and shallow
groundwater indicated that the contribution of precipitation N to groundwater is a small

fraction in comparison to that derived from soil sources.

In order to reduce the N content of drainage water, management practices must aim to
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reduce the N concentration in soil water as it is difficult to control the volume of subsurface
drainage. Annual crops usually leave a considerable amount of inorganic N in the soil at
harvest. In addition to this fraction, mineralization of organic N produces a further pool of
N which is susceptible to leaching. Therefore, to reduce N export to surface waters,
management practices which result in large inorganic and organic N residues in the upper soil
zones after cropping should be avoided. While N losses from soil cannot be completely
eliminated, conservation tillage, maintenance of cover crops, more efficient rates and timing
of fertilizer application and waste disposal, can act to reduce the post harvest N content of soil
thereby reducing the likelihood of water quality degradation. Continued efforts are required
to determine N inputs needed to decrease N loss while maintaining or even increasing crop
yields through efficient fertilizer use. For this reason factors infiuencing over-winter N

transformations and N loss continues to provide an interesting area for research.

4.6 Recommendations for improved sampling strategy

This study supports previous research suggesting that considerable loss of soluble
inorganic N occurs during winter months. The purpose of this section is to make suggestions
for future work in the area of over-winter change in inorganic N content. These suggestions
include recommendations for an improved sampling strategy which should be considered in

order to provide a more detailed analysis of the over winter loss of N during snowmelt events.

In order to account for the total loss of N between fall harvesting and spring sowing, the
following recommendations should be considered when developing a sampling strategy:

1) Sampling should be conducted throughout the fall, winter and spring seasons to asses the
full impact of seasonal variations in temperature and precipitation:
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2) The number of recording devices implemented for the measurement of precipitation and
snowmeit should be increased;

3) The determination of Total N, and fixed ammoniuma content would greatly enhance the
understanding of the changes observed in Nitrate and Ammonium content.

4) Soil samples should be obtained more frequently and from greater depth in order to
facilitate a detailed examination of the relationship between soil moisture and soil N
content. Increased soil moisture readings could be achieved through the installation of
access tubes for a soil moisture probe;

5) A detailed and more accurate assessment of the flux of N from the vadose zone to the
phreatic zone should be made. This could be achieved through the use of soil percolate
lysimeters and continuous recording of changing water table elevation and N
concentrations in deeper groundwater wells. In addition, soil permeability should be
measured in situ by means of a slug test or similar procedure;

6) Differences in soil type, topography and thaw patterns contribute to different hydrological
response in soils. These differences may significantly alter N transformations occurring
within the soil and therefore different soil and land use types must be examined and the
concentration of N in shallow ground water during snowmelt evaluated;

7) In conjunction with the recommendations listed above the fate of N exported from the
vadose zone should be examined. In part this would be achieved by obtaining samples
from greater depth. In addition, the examination of N dynamics of drainage water,
produced by subsurface tile drainage and surface runoff, would provide a measure of the
N contribution to surface waters from agricultural land during periodic snowmelt
events.
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APPENDIX A. Extensive snow survey, January 15, 1988.

96



APPENDIX A Extended Snov Survey, Feb, § Site |

DENSITY 0EPTH Ccm) WEQ (cm)
Stubble Open  Stubble  QOpen  Stubble GOpen

0.13 0.06 12,00 12.00 1,36 0.7%
0.12 0.1t 12,70 12,50 1,32 1.38
0.13 0.1 12,00 12,00 1.56 1.32
0.1t 0.12 10,30 3.70 1.13 .16
0.12 0.10 14,00 12,00 1,68 120
0.12 0.13 1270 10.30 1,52 1,34
0.13 0.08 15,30 13.00 .23 1.04
.10 D42 14,00 12.7 140 1.52
0,08 0.1l .70 1100 1.42 |
0.12 .1t 10,00 11,00 1,20 2
0.1t 0.13 10,00 10,00 .10 1,30
0.12 014 15,70 11,00 1.52 1.54
.13 013 10,80 12,30 1,28 1.6
0.13 0.12 3.30 9,80 .21 1.15
0.17 0.3 10,00 12,30 1.70 1,60
0,14 0.12 .80 12,3 1.20 1.48
0.17 0.16 3,50 9,60 1,63 1.54

Nean 1.47 1,31

Nax 2.2 1.60

Hin 110 0.72

Stdey 0.2 0,22
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APPENDIX A Extended Snow Survey, Feb., & Site 2

DENSITY  DEPTH(cm) WEE (cm)

Furrov  Ridge Furrow  Ridge

0.12  11.67 9.50 1.40 .14
0.08 14,00 4,67 1.12 0.37
0.10 10,33 .33 0,98 0.32
0,03 11,33 7.33 0.97 0.83
0.08 7.3 6.00 .59 0.48
0.12 17,87 8.00 2.12 0.36
0,10 14,87 5.00 1,47 2,50
0,12 10,87 8.23 1.28 1,90
0.13 5.4 4,33 2.04 0.38
0,13 LM 8.33 1.43 1.08
0.12 9.00 4,32 1,08 0.32
0,12 3.33 4,67 112 0.6
0,18 3,00 .00 144 0,36
0.12 9.67 1.00 1,18 .12
0.1 10.00 5.87 1,10 0.62
0.11  10.32 6.00 1.14 {}.66
o1t L33 16.67 1.25 1.17
0,09 t1.00 6.00 0,99 0.34
0,09 8.33 6.33 0.73 0.37
0.10 33 8.90 9.33 0.3
0.12 3,32 3.09 112 9,36
LIS T ST £.33 147 0,63
0,07 7,00 9,90 0.43 0,53
010 11,33 7.00 .13 0.70
.10 12,00 3.67 {20 0,37
083 11,33 4.67 L2 042
%ean 1.47 0.67

N3« 212 1.17

Nin .43 2,12

Stdev 0.39 0,26
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APPENDIX B. Precipitation data.

99



Appendix B: Precipitation Data

Date Pt P2 Mean  WER R/S NOp~-N NH4*-% NOa~-N NHe*-N
(al) (a]) (al}  (ca) (ag/l) (mg/l) (mg/a?) tag/a®}
fec 19 816 825 818 t.81 M 0.4 e B P 3.43
Jan 3 # 104 111 106 0.23 M 2.2t 1.40 5,08 .22
Jan 7 6 43 48 oO.M1 S 1.82 1.83 1.78 1,68
Jan 9 T 5 NA NA NA NA
Jan 13 T 8 NA NA NA NA
Jan 15 ## 0.22 § 0,64 §5.87 .41 (2.9
Jan 17 110 120 115 0.23 R 2.27 3.03 S.67 7.58
Jan 18 484 492 488 1.08 R 0.9t 6.72 9.83 7.88
Jan 20 192 196 155 0.43 R 0,88 0.97 37 33
Jan 21 T S NA NA NA NA
Jan 22 ## 0.20 S NA NA NA NA
Jan 23 19 20 20 0.04 § NA 2.11 A 0.84
lan 24 #+ 0,13 § NA NA NA NA
Jan 28 6 70 013 5§ LB 167 2.39 2.50
Jan 27 3 10 10 0.02 3§ NA 3.10 NA .62
Feb | 460 465 462 1,02 N 0,55 0.98 5.6l 9.3
Feb 2 #3 0.69 5 0.6  0.t1 0.4L .78
Feb 4 #3 0.64 5§ 015 0,44 0,38 N
Feb 8 1 97 3 0.2 8 L% 43T 4D i
Feb {1 $ 32 29 009 5§ 205 .18 L.8% 1.96
Feb 12 TR § NA NA HA NA
Feb 13 o202 22 047 0§ 425 079 5.38 .71
Feb 17 & 200 260 230 0.3t M L3t 1.2 .68 §.33
Feb 23 ## i.e0 X 0,60 0.87 %78 3.2
Feb 25 12 10 11 002 § 03 .00 0.l L.o0
Feb 27 ## TR 3§ NA NA NA A
Nar 9 4 42 42 0.09 R 477 10,80 8.8t 3,49
Mar 15 % 273 273 276 0.1 M 2.2 .40 13.79 3.5
Yar 16 ## 0.10 3 NA NA NA A
ar 20 62 68 635 04 S L7 L& L 2.28
Kar 23 ++ 0.48 3 NA NA N& NA
Yar 24 190 177 179 0.33 R 319 420 12,44 16,23
Nar 23 ##¢ 0,08 R NA NA NA NA
Mar 26 456 435 436 1.01 R 0.58  0.85 G.E6 3.%3

WEQ (ca) NO3~-N ag/e2  NH4*-N 2g/a2
Total 12.9 118.1 143,2

! Sampling Date (Precipitation event occurs 1n prior 14 hours:
AED Water equivalence (ca)
f/8 Precipitation Tyge (M - Mixture rain and snov!
TR Trace precipiiation not zeasurable
NA No Data Available
# Composite since previous saapling date
## Field observation aade when gauge 2moty
##¢ Yalue obtained from measuresent of lvsigeter catch
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Inownack Water Equivalence caj and Nitrogen Content (ag/1)
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WeEd NO3-N  NH4¢N  NO3-N  NH4+N

<] 8g/l ag/l ng/a2 ag/al

FEB 2 38l.t .63 2.06 0.10 0.38 0,82
551.2 0.72 0.08 0.11 0.58 0.77
3 0.70 0,03 0.12 0.35 0.94
§51.4 0.77 0.07 0.10 0,54 0.79
§91.5 0.63 0.02 0.11 0,13 0.7
551.6 0.63 0.05 0.11 0,32 0.72

HEAN 0.68 0.06 0.1! 0.38 0.7
0.02 0.01 0.00 0.06 0.0

[

WEQ NO3-N  NH4+N  NO3-N  NH4#N

[{] ag/l ag/l ag/a2  mg/al

FEBS  5§1.1 1.14 0.13 9,43 .71 3.0
§61,2 1.43 0.12 0.43 1.74 6.51

§81.3 1,44 0.13 0.48 1.87 6.1

581.4 1.15 0.14 0.51 1.6} 5.2

Ct
[=2Y

§51.9 .48 0.11 0.28 1,63 4.11

551.6 1,43 0.14 0.46 2.00 6.39

§851.7 1.67 0.18 9,28 L67 4.4

§51.8 1.20 0.21 0.49 .42 5.97

§51.9 1.20 0.13 0.33 1.30 .10

551.10 1,93 0.19 0,33 &3 .47
88t.11 1. 43 0.16 0.49 .38 7.2
58L.12 .18 0.18 .58 1.39 6.34
581,12 1.63 9,13 0.40 .47 6,52
MEAN 1.39 . 0.44 2,09 6.03

3.03 0.01 0.02 0.12 0.33

WER NOZ-N NH4+N  NO3-N NH4+N

4] ag/1 ag/l ag/al mg/nl

FE3 16 §51.1 .10 7,48 3. 41 10,08 .62
881.2 2.36 0,80 0,45 18,23 10,57

§§1.3 3.08 0,78 0.34 24,02 26,02

581.4 1,36 0.34 0.3t 7.34 4.1%

851,39 .86 0.85 L4l 5 16,33
851.8 4,53 0.71 0,31 382 14,32
§81.1 32 1.08 Lo 133 3043
551,10 4.44 0.62 0.77 .33 344
551,12 L3 .49 .43 R 1.9
MEAN .33 .63 0,55 19 15.57

0. 44 0,96 0.8 KON 3.1
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APPENDIX <

Snowpack dater Equisalence (ca) and Nitrogen Content (agi 1),

SITE 2

DEC 19

N7

JAN 18
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WEQ HO3-N  NH4+N  HOS-N  NH4+N
] ag/] a9/l ag/al  ag/md

FEB S  §82.1 1.26 0.15 0.22 1.95 .74
§52.2 0.98 .12 0.13 1.18 1,50
582.3 1,3 0.21 2.15 2.33 206
582.4 1,28 0.28 0.43 3.30 5036
5§82.5 1,74 0.17 0.18 .34 347
382.6 1.10 0.19 0.28 .07 312
§82.7 .20 0.19 0.22 2,31 2,83
582.8 .12 0.17 .23 1.39 .33
852.9 0.80 0.12 0.12 0.93 1,01

§52.10 1.15 0.18 0.21 2.11 &37
NEAN 1.22 0.18 0.22 .22 .72
0.08 .01 0,03 0.23 0.40

KEQ NO3-N  NH4+N  NO2-N  NH4+N
{] ag/1 ag/! ag/al  ag/ad

FEB 16  S52.1 2.2 0.49 0,25 11,24 5,75
552.2 .4 .83 0.32 .17 7.74
582.3 3 1.06 0,30 24,43 5,30
552.4 1,86 0.78 0,33 13.400 S.42
§52.5 3.25 0,34 0,38 30.23 1L
582.6 1,95 .59 0,27 1133 5. 13
§82.7 3.30 0.7 0,37 23.93 2,32
§5.8 .36 .16 0,43 27,38 10,24
§62.9 0.00 ND ND .00 3,90

532.10 NEY 0.70 0.38 17,23 1,34
MEAN .20 0.30 0.3 .97 T
9.2 0,07 0,92 RN 113

WEQ NO3-N NH4#N O NCD-N NH4+N

4] ag/1 ag/ | 17T VAR LN

FEB 23 352.1 5,89 2.30 o7 3283 30,35
§5..2 .36 0,73 .48 48, il 0.7
882,38 6.1 2,38 232 36,30 19,8
3582.4 3.56 0.49 IS S S £
382.5 370 2,50 .36 17,38 0.7
582.6 IEN 0.36 AP I P S - &
352.7 865 + 35 3,27 5003 1T.83
332.8 T Jo4l AP D UG : NG M
£52.9 5.29 143 L 3 P B ¥

352,10 nn 0,57 HET I o N R oA
582,14 Lo N ND 2,80 D]
§52.12 ST %42 ] 3.4 3.0t
NESN 5042 1,50 233 7.és MU
.66 3005 AN 1,22 :
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APPENDIX C: Mean Snowpack Water Equivalence and Nitrogen Load

Weq (cs) NOa--N* (mg/a?) NHa*-NY (ag/a®)
Site | Site 2 Site{  Site 2 Site | Site 2
Jec 19 5.5 (0.3) 5.7 (0.6) NI ND NDND D NI OND ND
Jan 7 2400.2) 21(0.2) 291 (2.9 (3.0 (2.9) 4.7 (4.5 12,7 (2.0
Jan 15 2,0 (0.3) 1.6 (0.1) 12,5 (2.7) 3.2 (0.9 7.3 (1.3 2.7 0.0
Feb 2 0.7 (0.0) D ND 0.6 (0.1) ND ND 0.7 (0.0) ND ND
Feb 3 L4 (01D LZ (0.1 2.1 (0.1 2.2 40,0 6.0 (0.9 2.7 (0.9
Feb 16 2.8 (0.4 2.2 (0.3)  19.1 (3.2) 17.9 (2.9  15.4 (2.2 7.5 1.2
Feb 22 5.9 10.5) 5.4 €0.7)  29.2 (5,00 27.6 (4.3) 3.6 (5.1 21.2 (2.9
Feb 29 5.2 (0.2) 4.0 (0.3) 32,9 (4,00 26.1 (2.2)  41.3 (3.2 4.9 (1.9
Mar 8 3.8 (0.8) 3.0 (0.00% 27.6 (9.9) 9.2 (0.6)  §5.8(32.0) 1.5 (LU

1eq dater equivalence
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APPENDIX D. Snow lysimeter data.
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Appendix Di Lysimeter Data

Date!  Volume  WEQ NOa--N NHq*-N  NDa=-N  NHe*-N
{al)  (ca) (ag/l) (ag/l) (ag/n2) (ag/a®)

Dec 19 225 0.03 0.41  1.85 0,12 0.36
Dec 20 21200 2.6l 0.78 0.2 2.3  5.48
Dec 21 3260 0.40 0.40  0.36 160 1.4
Dec 23 280 0.03 0.0 NA 0.90 NA
Jan 3t 16200 1.%9 0,28 0.49 .57 373
Jan 13 3000 0.37 2.5 Lt 8.3 7.81
Jan 16 000 0.37 2,64 .12 3.77  10.06
Jan 17 3000 0.37 .38 L3 i1 4.9
Jan 188 10200 1.2 0.86 0.9 10,73 4.86
Jan 20 3840 0.47 1,02 0.30 .79 4.23

Jan 23 He  0.04 4.06 3,85 1.2 1.3
Jan 308+ 1660 0.20 1.80 2,00 .60 4.00
Feb ! 3640  1.06 0,31 0.4l L2 4,33
Feb 2 1830 0.23 1,36 0. L1300 2,07
Feb 16 13000 1.60 .25 070 20.00 0 11,20
Feb 19 329 0.04 2,44 2,02 0,38 0.81
Feb 23 13500 1.86 6.99 L.t 16,43 16,77
Feb 23 30 0.00 0,30 0.9 NA NA
Feb 27 g¢  0.01 1.8 47 0,18 0.43
Mar 3 4000 0.49 20 L9 10,78 14.55
Mar & 30 0.4 £.02 6,53 L L.el
Mar 7 2700 0,33 L3739 48 7.89
Mar § 7700 0.93 0.9 L4 9,93 13.3%
Mar 9 2000 0.25 .39 LA .43 378
Mar 15¢ 2000 0.5 3.3 Lls .48 L4
Mar 20 00 0.26 .4 L2 L9 3.33
Mar 24 3680 0,70 L7t L .37 14,00
Mar 25¢¢ 415 0,05 0.80 .23 0,40 O.sl
Mar 26 000 L1l 0.43 0.4l 3.44  4.55

WED fca)  NOa~-N ag/p? NH4*-N ng/a?
Total 17.8 174,2 180,53

! Sampling Date ‘Precipitation avent occurs 1nm orior 24 hours:
NA  No Data Available

WEGQ Water equivalencz (ca)

+ Cosposite Since Previous Sampling Date

«+ Llysigeter completelv eaptv
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APPENDIX E. Soil moisture content.
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APPENDIX E: Moisture Content! in Soils Jan.9 - Apr, 26

Depth (cm) 0-30
Jan 09 Mean  27.8
Max. 33.7
Min.  18.2
M 1.3
No. Obs. 13
Jan 29 Mean 3.5
Mav. 40.2
Min, 22.4
‘/‘u 1.9
No. Obs. 13
Feb 10 Mean  31.23
Max, 38.2
Min, 2.4
7/ 1.4
No. Obs. 13
Nar 06 Mean NA
Max. NA
Min, NA
v/ NA
No. Obs. NA
Har 28 Mean  28.3
Max J9.6
Min., 13.9
‘ll"u 1.4
No. Obs, 13
Apr 26 Mean  21.9
Mav. 5.8
Min. 16.3
7/ 0.7
No. Obs. 13
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APPENDIX E Soil Moisture Content (1 Dry Weight) Site !

LOCATION  JAN9 JAN29  FEBIO  MARS NAR28  APR26

0-3¢ o 1.1 21,6 23.7 4.1 25.t 20.8
2.4 33.% 2.9 29.0 39.6 25.4
34 32.5 9.4 29.5 23.9 20,9
4.1 22.8 29.3 33.6 29.3 16.8
3.1 25.3 40.2 37.8 3.9 21.0
5.1 25.6 33.0 31.6 28,3 22.1
1.1 18.2 38.9 37.4 3.1 22,1
8.1 35.7 26,5 25.6
3.1 28.9 23.6 26.4 18.9 16.8

10.1 26.0 2.4 30.4 8.8 217
1.1 33.5 3.9 3.9 32.4 23.6
12.1 20.2 39.6 38.2 33.0 23.7
13.1 3.9 35.9 32.9

14,1 27.9 28.2 22.4 21.0 22.3

30-60 ca 1.2 21,0 22.1 22.8 19.8 25,1 20.8
2.2 16.8 16.3 17.9 15.1
3.2 12.5 19.3 14,1 18.3 18.8 16.5
4,2 15.7 12.8 1.2 18.7 23.1 14.2
5.2 22.4 19.5 17.6 16.8 11.4
6.2 22.0 23.3 13.2 18.3
7.2 14.6 13.2 19,0 2.1 21.8 18.9
8.2 13.1 23.5 16.2
9.2 15.6 8.7 13.1 25,6 12.4 11.2

10.2 19.6 18.8 18.5 24.6 18.3
1.2 13,9 21.8 13,1 13.1 20.6 19.0
12.2 36.5 30,2 26.35 19.4 45.5 20,0
13.2 19.2 18,0 20,3 20.9

14,2 18.7 18.5 19.3 18.2 22.2 16.5

£0-90 cm 1.3 20.1 19.4 15.6 22.3 19.0
2.3 11.8 12,9 26.4 13.6 12.9
3.3 20.9 20,0 13.9 13.4
4.3 23.7 13.7
5.3 17.9 13.7 19.1 12.7 11.4
6.3 14.9 14.8
1.3 16.9 19.3 14.5
8.3 26.9 17.8
9.3 18.9

10.3 1 21,5 22.4 14,2
1.3 16.1 20.8 18.7
12.3 27,0 15.7 33.1 20.9
13.3 21.3 18.9 21,9

14.3 19.2 17,0 2.2 0.6 18.3
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APPENDIY E  Soil Moisture Content (Y Dry Weight) Site 2

LOCATION  JAN9 JAN29  FEBIO  MARG MAR28  APR26

0-30 ca 1.1 23.3 371 36.6  37.2 4.5 20.8
2.1 27.1 36.9 32.7 4713 32.1 19.2
3.1 21,9 30.0 3.0 3.9 38.3 2L.3
4.1 30.3 36.2 40.3 28.9 23.2
5.1 21.7 30.3 3.3 43.4 6.3 21.1
6.1 36.4 30.0 37,4 4.9 18.2
7.1 0.3 33.35 46.1 27.5 22.3
8.1 33.9 2.3 41,0 26.7 17.6
9.1 23.1 29.2 41.3 26,9 18.0

30-60 ca 1.2 21.8 22.1 16.1 219 19.8
2.2 20. 20.2 20.4 17.0 14.2
3.2 18.6 2 16.4 17.3 16.7 17.6
4.2 . 16.2 16.9 28.4 19.6
3.2 17.1 . 20.7 23.0 21,1 14,0
6.2 21 5.1 18.7 18.2
1.2 20,3 21.3 21,0 19.9 17.8
8.2 19.4 21,2 18.4 19.7 18.8
3.2 16.9 16.9 22,2 19.7 16,6

60-90 ca 1.3 8.9 25.3 21.6
2.3 16.7 17.3 13.2
3.3 . 14,4 15,0 17.6
4.3 18.5 19.8 17.1
3.3 12,4 14.8 10.9
6.3 16,4 12.3
7.3 20.5 10.9 23.8 22,0
8.3 17.4 20.3 22,7
9.3 3.0 13.7 17,3
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APPENDIX F, Groundwater table elevation.
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Site |

APPENDIX F Depth to Groundvater Table (ca)

DATE D1 D2 b3 M 03 bé 07 08 i D10
DEC20/87 -103 -76 -58 -102 ~25 -56 -63 -35 -102 -20
DEC2! -9 -33 -62 95 -2 -28 -35 -1 -82 -36
JAN3/68 -93 -100 -87 -96 -74 -61 -78 -69 -82 -90
JANL0 -103 -107 -36 =91 -9 -84 -102 =90 -36
JAN1Z -103 -100

JANL4 -106 ~102 107 -103 -103 -36 -102
JAN16 ~106 ~104 -103 -103 -102
JAN18 105 -75 -42 -105 -104 -103
JAN19 -101 -78 -105 -99 -§7 -3 -104 -103
JAN20 -103 -82 -39 -2 -100 -39
JAN21 -98 -67 -63 33 -58 =94 -85 -99
JAN22 -165 -108 -82 -104 -9t -62 -68 -105 -85 -99
JAN23 -103 -110 -85 -103 %4 -63 -4 -103 -86 -94
JAN2S -101 -108 -90 -104 -95 =10 -9 -102 -89 -95
JAN27 -105 =110 -110 -104 -98 -B9 -83 -103 -92 -98
JAN29 -108 97 -104 -94 -105 -97 -100
JAN30 -105 -100 -104 -104 -9 -105 -96 -99
JAN3I -108 -109 52 -98 54 102 -104 -101 -100
FEB1/88 -104 -82 -70 -43 -39 -53 -39 -82 -89
FEB2 -102 -103 -84 -102 -63 49 -38 532 -88 -89
FEB3 -105 -108 -86 -80 -62 -73 -64 -84 -86
FeBd -106 110 -86 -87 -66 -73 -76 -82 -18
FEBS -106 -110 -86 -89 -89 -4 -103 -85 -94
FEBS -105 110 -86 -101 =92 ~63 -n -10t -34 92
FEB10O -105 -110 -89 -106 -89 -67 -78 -104 -95 -93
FEB11 -106 -110 -89 -103 -7 -67 -78 -103 -96 -98
FEBI3 -105 -110 -90 -86 -63 -1 -102 -97 -94
FEBL6 -90 -9 -63 =75 -91 -97
FEB18 -104 -109 -95 -103 -92 -68 -78 -103 -34 -98
FEB!9 -104 -109 -101 -104 -9 -67 -18 -103 -38 -38
FEB23 -103 -109 -30 -102 -85 -68 -80 -101 -88 -97
FEB2S -101 -36 -69 -78 -87 -36
FEB2?7 -99 -103 -96 -70 -19 ~30 -96
FEBZ9 -103 -98 -87 -83 -95 -39
NAR2 -103 -96 -1 -B3 ~103 -100 -99
NAR4 -105 -103 -87 -98 -96
MAR7 -104 -10t -84 -104 -52 =95
HARS -106 -106 =35 -104 -6 -96
MARS -104 -105 -76 -94 -89
NARLO -104 -102 -74 -93 -89
MARLI -103 -103 -104 -96 -38 -1 -88 -85
KARL2 -16 -8t -98 -60 -7 -104 -B8 -85
NARIS -9 -86 94 -67 -78 -103 -84 -92
NARLG -103 -96 -% -68 -78 -102 -93 -95
NARIS -102 -74 -104 -95 ~63 -15 -B6 -92
NAR20 -100 -83 -3 -68 -78 -103 -86 -34
MAR21 -100 -86 -92 =70 -78 -104 -86 -95
NAR23 -90 -91 -68 -79 -87 -95
NAR24 -88 -108 -735 -104 -91 -42 -68 77 -97
MAR2S -84 -103 -74 -104 -81 -46 -60 -104 - -78
MAR26 -30 -74 - -99 -40 -3 -3t -24 -41 -36
MAR28 -N -89 -82 -92 -39 =35 -63 -50 ~64 -63

Number of observations indicates times wvater availahle
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MEAN

-64
-81.9
-83.2
-96.4

-101.3
-102.7
-104

-89

-90
-86.2
774
-90.9
-81.5
-93.4
-9%.4

-100.7
-100.9

R
-66.7
-78.8
-83.2
-84.3
-92.6
-92.1
-93.6
-93.7
-92.4
-85.2
-94.4
-95.8
-32.3
-87.8
~90.4

-34
-93.3
-98.2
-96.7

-100.5
-93.6
~92.4
-93.8
-82.9
-87.1
-91.4
-86.6
-83.1
-88.9
-84.8
-83.3
-86.3
-36.3
-11.4



APPENDIX F  Depth to Groundvater Table {(cm)

DATE

DEC20/87
DEC21
JAN3/88
JANIO
JANL4
JAN1G
IANIS
JAN19
JAN20
JAN21
JAN22
IN27
JAN29
JAN30
JAN3
FEB!
FEB2
FEB3
FEB4
FEBD
FEBIL
FEBI3
FEBL6
FEB1B
FEBL9
FEB23
FEB2S
FEB27
FEB29
MAR2
MAR4
NART'
MARS
NAR9
NAR1O
HARLY
NARL2
MARLS
NARLS
MARLE
MAR21
MAR23
MAR24
HAR2S
MARZ6
MAR28

Nuaber of observations

)]

-99
71
-9
-105
-100

~104

-103
-101
-104
-101
-105
-32
-48
-58
-103
-99
-9
-9
-99
-108
~104
-94
-100
-99
-99
-101
-10
-4
-2
-1
-15
-2
-54
-76
-100
-9
-94
-89
-2
-4
-7
-55

D2

1)

-18
73
-92
-9
-96
-49
101
-96
10t

-97
100
-99
19
-9
-98
-98
-38
-84
-79
-74
-79
-78
-19
-73
-18
-78
-18
-81
-86
-85
-78
-67
~36
-56
-3
-1
13
-89
-1
-1
-35
-42
-24
-39

indicates times vater available

03

-63
-43
-83
101

105
103
-96

-63
-1
-76
-1
-76
-78
-8l
-18
-82
-82
-74
-18
-79
-82
-88
-83
-77
-63
-37
-60
-64
-64
-73
-78
-12
-78
-77
-43
-50
-32
-63

D4

-4
~30
-89
104

103

74
-1
-B2
-83
-84
-84
-85
-68
-89
30
-87
-85
-86
-91
-97

-103

102

-104

=34
-84
-19
74
-19
-82
-78
-81
-80
-61
-47
=25

-54

Site 2

-86
-49
-78
-97

-390
-81
-84
-83
-85
-86
-86
-88
-90
-88
-86
-86
-89
-91
-%
-%4
-85
-80
-63
-63
-1
-1
-1
-85
-80
-82
-81
-38
-3
-8

-61

-48
=33
-93
-98

-98
-90
-32
~54

-26
-4
-85
-9

-95
-1
-98
-%6
-9
-2
=50
-27
-30

25
-40
-86
-99

-34
-39
-18
-86
-87
-87
-84
-86
-8
-90
-88
-85
-85
-88
-91
-94
-390
-91
-68
-78
-1
-81
-78
-9
-8l
-17
-82
-n
-63
-26
-13
-39

NEAN

-43.3
30
-83

-97.6

-102
-98
-49

-101

-%9.8

-103

-103
~98

102

-100
-86

-66.2

-15.3

-80.7

-88.8

-85.3

-83.2

-84.3

~86.7

-68.3

-88.35

-83.5

-85.3

-86.9

-88.7

-92.9

-93.7
-81

-12.7

-36.7

-39.8

-62.7

66,9

-81.1

-85,1

-81.4

-85.6

-81.3

-60.1

-50.8
-28

-57.1



APPENDIX G. Groundwater N Content.

118



AMERIT 6 Nitrate Coscantration (89/1) 10 Grosadwater at Site | (Deep wils)

DATE ]| 02 [ X] 04 05 06 ” o 0y 1o
DECIS 1572 1.4 1M 64 202 6.50

0ECY? 0.4 W7 8.15 16.40 18.33

0EC2 16.02 13.9% 741 670 2.43 1.9 .16 92.99 8.%
e 1340 1007 408 408 2.1 3% 2.1 ne
ML 439 177 1048 4 342 1Y 32 628 w1
Jante 18,64 N0

Jnts 1.2 1.46 38.2¢ 62
Jmte 2.70 %.40

N 11,63 A4 TS 4.6 80.32

I 18.64 7.86 .18 29.69

Iney 16.80 20,68 .2 a6l NS .50 92.02

M 3.2 an 660 7.8 A.79 90.85 4.
g 1.2 69 524 %2 81.5¢ 41,06
23 10.92 18,33 63 7.37 n.9 L4 96,20 45,02
w2 17.41 .47 .51 W28 83.87 4.7
nat 19.91 1223 0.% 92.70  8.00
FEN 0.6 1223 13,4 .82 0.74 Wl 10,00 80.37 40,08
FER2 3.9 1437 1478 961 670 8.64 .53 10,19 97.26 6148
FER 9.9 16.60 1572 §.70  6.70 .49 8.06 88,33 5.9
FEM 15.44 6.41 6.41  4.03 679 9.0 N
FEBS 16.70 786 7.8 %0.23 .4 9.0 N®
FEBS 18.6¢ 10,48 9.61 10.68 .44 6.70 62.3% 6.3
FEBLY 0.9 12,8

FERNY 15.43 6.41 1.37 W% 9 N34 e
FED6 16.11 689  9.03 .60 77.73 .19
FEBIY 1572 10,19 120 10.00 19.02 78.62  4.03
FEa 1421 142 %961 1514 3.8 262 76.88 4.0
FERZS 14.36 6.41 8.74  23.02 76.90 4672
FEB2? 14,85 8.06 699 874 N4 76.00  46.14
FEB2Y 15.92 9.61 4193 80.37 «&.72
R 1572 6.12 912 .08 23 .11 W2
MR 3.86 7.7 4
AR 14.07 .91 2.8 0.7 W33 W7
MARe 9.6l %83 76.00 4441
nAR9 18.93 10.19 393 73.38 1LY
MARLO 13.10 8.13 .20 66,39 SL9
MARLY 18.73 .47 10,48 378 71.64 3.87
MAR12 2.0 .84 16.89 .60 76.00  64.02
MARIS 20.87 21.5% 5.2 10.35  %0.09 92.89 12478
MARLE 16.11 1912 1223 1495 6.3 191 9318 N0
MARLS 17.18 .58 1631 1301 17.28 4523 81.3¢ 333
M 8.8 19,31 0.3 2514 6290 18,35 79.30 5537
MR 1.4 16.89 12.23

MAR24 W17 1456 1776 10136 7.9 12,42 W26 89.11 8.7
MR2s 13.40 16,31 10.05 6.2 .71 WBu 80.08 3L
MAR6 1466  23.3% 1631 138 R 3.2 N4 8.93 67.27 L
N0 088 16,00 11,00 43,00  13.00 21,00 42,00 4100 19,00 41,00 3700
NEM 1529 18,63 17,27 10.94 9,05  10.04 36.95 671 79.46 318
M .63 4.4 570 1631 0.8 26.40 623 1033 97.26 129.70
L] “9 .7 1.a e 1.46 10,64 0.8 s.n 6.21

Nusber of obsarvations indicates tises vater avazlable
Valuss represent the average of three replicates
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ES3s5233282832388388288

-
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-
-

P=3
=3

-
By

o o
888

1.00
3.00
1,00
1.00
6.00
4.00
3.00
3.00
6.00
6.00
1,00
8.00
.00
8.00
3,00
9.00
8.00
10.00

14.40
19,53
0.5

19.98
18.01

M.02
19.30
.03
%.30
u.:‘
.04
nn
30.0¢4
%4
2.40
.08
2%6.13
.04
%7
R.32
.38
21.43
16.60
.07
3.26
2.9
.24
i.9

a9
7.3
b B
2.29
41.39
.y
.33
3.3

9.1
.58
3.4
.50
13.4
.26
.19
.36

L1

2.3
40.48

2.1
60.28
39.40
A
29.70
0.2
99.69
2.0

81.34
86.20
83.97
82,70
80.37
97.26
8.2
91.00
91.00
62.31
20.38
.
.73
70.62
76.88
16,00
76.00
80.27
n.au
.7
38.33
76.00
n.n
66.39
T1.64
76.00
129.78
93.18
81.34
79.%
7.1
89.11
80.08
67,27

LIL]

6.4
8.13
i.16
4.00
3.0
10.6¢
1.46
26.40
11.63
1.66
.32
6.60
3.2
5.3¢
1.4
12.23
3.0
6.70
6.70
6.4
.86
6.70
12.81
KI5 )
6.89
1.8
2.62
6.41
6.99
9.61
.23
37.86
0.87
3.6l
10.19
8.13
1.47
16.89
15.92
1.5
13.01
18.33
12.23
7.86
6.21
8.93

3.9
(3 /]
10.62
R )
(Y
1.4t
1.9
L
12,83
151
10.42
10,2
10.60
9.2
10,99
11.33
173
.09
8.3
e
11,52
.08
2.68
.09
10.39
.39
.27
10,14
ERY
1L.27
9.3
10.09
8.02
11,88
10.47
9,94
.02
%13
15,67
1.2
8.2
1.63
L.
9.33
8.4%
6.12



APPERII § Assonies Coacentration (sg/l) 1a Groundwater at Site ! [Deep vells)

OATE 1] 92 <] M ] bé 0 0o ()

DECIS 0.2 015 06 042 0,19 013

QEC2! 0.2 0.83 0.2 0.16 022 022

Jg 037 0.40 037 0.2t 016  0.16 0.3
JaN1o 612 032 030 0.32 0.47 039 024 026
e 0.29 0.33
Jats 0.32 0.4 0.33
i 0.:4 .14

Jans 0.46 .22 0.19 033 0.31
Jan20 0.17 0.2 0.3 0.24
Janat 0.3 0.20 0.20 020 0.60 0.24
22 0.i6 0.16 0.17  0.26 0,22
IAN23 0.45 0.24 0.20 .23 03 o4 0.32
27 0.23 0.17 .25 0.28 0.33
130 0.24 0.4 0.35 0.46
b/ k1] 0.20 0.18 0.29

FEBL 0.33 0.33 022 0.30 0.3 030 0% 037
FER2 T0.34 .31 0.2 0.63 0.7 .20 029 025 0,22
FEN3 03 022 0.17 %18 023 02 0.27
FEB 0.18 0.47 0.18 0.4 0.2 0.25
FENS 0.17 0.16 0.16 627 013 027
FERS 0.16 1.01 0.10 0.43 023 0.2t 0.23
FEBI! 0.14 0.9

FEM3 . 0.1 0.06 0.06 0.16 0.18 017
FENLG 0.14 0.11 .13 0.2 0.21
FEIID 0.14 0.87 0,09 .12 0.2 0.18
FEDZ23 0.2 .10 0.19 0.24 0.33  0.28
FEBZS 0.2¢ 0.17 .  0.28 0.23
FEB27 0.19 0.83  0.15 0.19 023 0.2
FED2Y 0.22 0.2 0.29 0.33
NAR2 0.22 0.18 0.2 0629 03¢ 029
MARe 0.28 0.32
MAR7 0.24 0.20 028 037 033
L 0.2¢ 0.3¢
NARY 0.25 0.3 032 0.4
MARTO 0.26 0.2 0.32 0.41
MARLL 0.2¢ .22 0.2 0.30 0.33
MARL2 0.47 0.28 .28 0.3 0.37
KARLS 0.36 0.20 0.20 .22 0.28 0.30
NARLE 0.38 0.28 0.22 0.22 029 029 025
LTI 0.36 0.13 0.5 020 0.21  0.26 0.33
NAR2L 0.40 0.23 0,25 o4 028 03 Al
NAR23 0.26 o 0.16

NAR2¢ 0.32 0.43 02t 075 0N .28 023 0.27
NARZS 0.33 .42 G2 .27 0.2 0.26 0.
NARZ6 0.26 0.3 024 0.4 0.26 0.2 028 033 0.3
nAR28 0.17 0.17 0.1t 0.24 0.13 0.44 017 018 017

N0. 00S  16.00 9,00 43,00 13,00 30,00 41.00 42,00 18,00 40,00
HEAN 0.34 0.32 022 0.69 0,20 .2 0.28 028 0.29
NAY 0.47 0.43 0.5 1.10 0.37 0.47  0.60 0.41 0.46
LIL] 0.12 017 01 016 0.06 0.06 015 0.16 0.15

Values reprasent the average of three replicates
Nuaber of cbservations reflect tha tises vater available
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oto

0.18
0.17
0.29

0.24

0.17
0.24
0.27
6.39
0.2t
0.35
0.30
o.zl
0.2
0.28
0.20

0.14
0.18
0.18
0.26
0.28
0.20
olzﬂ
0.28
0.30
0.3
0.33
0.33
0.37
0.33
0.40
0'33
0129
0.3t
0.37

0.26
0.38
ol37
0.2

38.00
olza
0.40
0.14

‘C“
7.00
8.00
9.00
2.00
4.00
2.00
SQM
4.00
6.00
‘.W
8.00
6.00
5.00
4.00
9.00
10.00
eﬂoo
7.00
1.00
8.00
2.00
7.00
sloo
7.00
7.00
sloo
7.00
5.00
7.00
3.00
6.00
3.00
5.00
5.00
6.00
6.00
7.00
8.00
.00
8.c0
3.00
9.00
8.00
10,00
10,00

0.17
0.27
0.2
o' 32
0.3
0.34
0.14
0.3
0.2¢
0.30
0.1%
0.31
0.26
0.3%
0.22
0.3
0,32
0.23
0.2
0,21
0.28
0.54
0.12
2.16
0.25
0.37
0.23
0,29
0.26
0.2
0.30
0.2%
0.29
0.32
0.32
0.28
0.33
0.28
0.2%
0.33
0.30
0,20
0.32
0.30
0.30
0.17

NEAR NI

0.23
0.63
0.4
0.%
0.33
0.44
0.t4
0.33
¢.33
0.60
0.26
0.45
0.33
0.46
0.29
0.37
0.69
0.3t
0.3t
0.29
1.0
0.3
0.18
0.2t
0.87
110
9.28
0.85
0,33
0.3¢
0.32
0,37
0.33
0.34
0.4t
0.3%

0.35
0.33
0,95
0.40
0.26
0.75
0.42
0.4
0.24

0.12
0.16
0.13
0.12
0.29
0.24
0.1%
0.19
.17
0.20
0.16
0.20
0.17
0.3¢
0.18

W2
0.20
0.17
.17
0.18
0.10
0.14
0.06
0.1
0.09
0.19
0.17
0.15
6.2
0.18
0.28
0.20
0.2¢
0.2%
0.2%
0.22
0.28
0,20
0.22
0.19
0.23
0.16
0.21
0.22
0.22
0.1t

0.0t
0.08
0.04
0.04
0.01
0.0¢
0.00
0.06
0.02
0.06
0.02
0.03
0.02
0.02
0.02
0.02
0.04
0.01
0.02
0.02
0.0%
0.28
0.02
0.02
0,09
Q.11
0.02
0.99
0.02
0.02
0.0t
0.02
0,02
0.3t
0,92
0.02
0.03
0.02
0,92
0.08
0,02
0,02
0.05
0,92
0.02
0.0t



APPENBII 8§ WNitrate Comceatration (s§/1) 1n Grosndwater at Site 2

PATE

0gc2t
ng
A0
M6
e
Im20
22
Jan21
JAN30
FEM
FER
FERI
FEB4
FEBS
FERS
FEBL3
FEBIS
FERIS
FER23
FERZS
FER27
FER9
MAR2
NAR4
NART
MARR
RARY
NARLO
AARLL
NARL2
RARLS
NARLE
NARIS
NAR2L
NAR24
NAR2S
NAR26

N0.08S
NEAN
HAL
AN

Values represent the averige of three replicates

n

3.08
11.16
6.79
2.82

6.21
11.07
11.26

1.57

9.9
10.77

.1
13.98
10.48
14,56
10.19
11.26
11.36

8.25

9.61
10.39
11.07
11.63

9.9

5.92
12.82
{1.07

1.9

9.32
16.02
18.05
16.11
1.9

.71
11.85

1.8

7.96

36.00
10.28
18.03

2.62

02

.4
"so
3.4
4.93
9.03
.32

5.4
3.82
.28
9.03
8.33
1.28

13,30
912
10.87
10.87
9.6¢
.3
9.6l
10.87
10.48
9.80
4.08
10.29
10.19
8.74

10.48 -

16.30
19.32
15.14
11.84

9.31
11.94

9.61
31,48

36.00
10.03
.4

.4

11.94
14.27
13.10
12.81
13.69
18.33
12.52
13.40
14.27
12,23
12,81
12.01
13.69
1.72
12,52

7.09
13.40
12.81
13.20
11.07
16,70
21,26
12,37
16.50
48.02
12,69
11.26
11.63

33.00
13.97
48.02

6.89

M

.91
6.12
.1

4.66

8.44
10.48
LN
9.44
10.19
14.36
9. 12
.90
10.19
8.18
8.13
8.74
3%.61
11.36
8.93
2.62
9.32
n
7.84
9.12
14.73
.1
16.40
15,33
38,52
11.07
8.82
a.74

32.00
10.53
3.5

2.62

f.44
%.03
10.09

13.99
17.57
16.02
15,72
16.31
21.3%
15.43
16.79
16,60

6.2
15.43
15.72
17.18
16.60
15,72
12.62
16,02
13.69
13.10
15.3¢
20.48
.16
2.2
21,35
97.68
17.78
16.70
15.14

31.00
1.3
37.68

6.2t

Nuaber of values indicative of times vater available
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%

408
8,28
6.70

5.9

8.13

11.73

1.9
11.26
1.3
10.77

10.00
9.3
11.73
4.08

n

%.3
29.02
19.51

42.68
4.72
36.40
60.32
71.63
60.36
T4.54

10.00
46.79
74,54
19.5t

{Boep wlils)

4.95
15. 14
17.7%

9.22
13.9
11,07
10.77
11,63
16,31
10.48
12.13
12,13
11.63
1.1
12.42
13.98
14.56
14.46

s'o‘
13.98
15.14
14.27
13.43
.84
20.00
.63
14,93
32.03
20.48
14,75

6.50

.00
4.4
32.03

4.95

AR A A AR AR A A A N
il A AR AR AR A A A A A 3333838

8888888888838388888883883888888

OQDONTIQGDO\'IO!.QMQ""".\N@'IO‘

NO.ORS  MEAN

1.1
.89

.7

N

.03

6.4
11.07

.30

6.70
10.14
12.68
1.2
11.50
11.92
16.40
11.13
12.42
12,5

.18
11.02
11.62
12.73
12,89
11.8%

6.7t
12.60
12.10
10.79
11,79
1.n
22.49
22,63
18,36
2.3
2.18
17.60
20.83

2.%
29,02
19,31

.9

9.03

’On
1.7
11.26

1.5
13.98
1.3
16,02
18.72
16,41
2.3
15.43
16.79
16.60
12,23
15.83
15,72
17,18
16,60
{8.12
12,62
16.02
15.14
14,27
15,43
21.04
43,68
45.72
36.40
60.32
71.63
60.56
74.54

9
6.12
L4
.82
3.03
4.66
1.0
.
3.82
1.28
3.0
8.33
1.28

14
LR ¥

1.2
L2
9.9

10.19
6.2
8.13
LI
9.61

10.48
8.93
2.62
3.3
.1
14
9.12

14.73

1173

13.14
11.84
1.9
11.07
1.9
6.30

.9
.4
.9
0.82
0.00
0.89
0.00
1.4
0.62
0.9
.18
1,93
1.2
0.98
1.1
0.9
0.9
0.30
0.73
0.99
0.9
1.02
0.43
1,04
1.30
0.9
0.719
1.14
1.07
1.04
L
3.719
3.00
1.2
6.04
.8
7.64



APPENDIX € Aasonies Comceatration (ag/!) 1a Groundvater at Site 2

M7
Marg
NARY
RARLO
MARLL
MARI2
LT H
MARLG
MARID
MAR2L
MAR2S
MARZ6
NAR2S

Nd. 005

NEAN
NAL
Nin

0.i0
0.13
0.16
0.17

0.14
9.13
0.14
0.29
0.10
0.16
0.13
0.16
0.12
0.13
9.08
0.08
0.10
0.13
0.14
0.13
0.13
0.16
0.4
0.16
0.13
0.23
0.18
0.14
0.17
0.14
0.14
0.13
0.12
0.11
0.14
0.09

36.00

0.14
0.9
0.08

02

0.13
0.13
0.18
0.18
0.06
0.07

0.47
0.32
0.23
0.26
0.13
0.13
0.13
0.16
0.10
0.1l
0.14
0.16
0.15
0.17
0.19
0.20
0.18
0.19
0.18
0.21

0.23 .

0.24
0.20
0.21
0.16
0.19
0.18
0.18
0.17
0.13

36.00
0.17
0.32
0.06

03

0.13
0.2

0.14
0.22

0.21
0.26
0.16
0.17
0.17
0.14
0.14
0.14
0.13
0.20
0.20
0.17
0.18
0.21
0.20
0.2t
0.23
0.23
0.22
0.15
0.17
0.2
0.12
0.13
0.16
0.14
0.19
0.11

32.00
0.18
0.26
0.11

o

0.18
0.14
0.18

0.12

0.14
0.19
0.1
0.13
0.12
0.09
0.10
0.10
0.1%
0.14
0.13
0.14
0.13
0.15
9.19
0.23
0.20
0.2t
0.20
0.17
0.17
.16
0.14
017
0,20
0.16
6,20
0.06

32.00
0.13
[ Jps)
0.06

s

0.13
0.11
0.20

0.26
0.2
0.17
0.16
0.13
0.10
0.12
0.09
0.11
0.18
0.14
0.16
0.20
0.17
0,28
.19
0.16
0.17
0.23
0.21
0.16
0.19
0.14
0.14
0.17
0.16
0.13
0.12

.00
0.16
0.28
0.09

Valuas represent the average of three replicates
Nusber of observations indicates the tises vater availadle
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0.14
0.14
0.26

0.07

0.18

0.3t

0.19
0.16
9.13
0.10

10.00
0.17
0.3
0.07

07

0.16
0.13
0.32

0.43
0.36
0.29
0.38
0.28
0.27
0.20

10.00
0.28
0.43
0.15

{Deep vells)

0 M08
0.18 1.00
0.13 8.00
0.28 8.00

.00

1.00

4.00

2.00

3.0

2.0
0.10 6.00
0.14 6.00
0.0% 6.00
0.12 6.00
0.11 6.00
0.0% 6.00
0.08 6.00
0.09 6.00
0.10 6.00
0.13 7.00
0.16 6.00
0.13 6.00
LR 6.00
0.17 6.00
0.27 .00
0.16 6.00
.13 6.00
0.19 6.00
0.2t 6.00
0.16 6.00
0.16 6.00
0.2 8.00
0.17 7.00
.1 7.00
0.18 8.00
0.23 8.00
0.16 8.00
0.08 8.00

31.00
0.16
0.28
0.08

NEAN

0.15
0.14
.2
0.18
0.06
0.10
0.13
0.18
0.30
0.17
0.2t
ol 1‘
0.15
0.13
0.12
0.10
0.t0
0.11
0.16
0.16
0.15
0.17
0.18
0.21
0.19
0.18
0.21
0.21
0.17
0.17
0.23
9.18
0.18
0.20
0.18
0.17
0.11

0.18
0.13
0.32
0.18
0.06
0.14
0.14
0,22
0.2
0.26
0,26
0.17
0.17
0.17
0.16
0.14
0.14
0.14
0.20
0.20
0.17
0.20
0.21
0,28

.23
0.23
0,25
0,23
0.21
0,20
0.43
0.36
0.29
0.38
0.28
0.27
0.20

0.10
o
0.16
0.17
0.06
0.07
0.13
0.14
0.29
0.10
0.14
0.09
0.12
0.11
0.09
0.08
0.08
0.10
0.13
0.14
0.13
0.13
0.15
0.14
0.16
0.15
0.17
9.18
0.14
0.16
0.14
0.12
0.13
0.12
0.11
0.13
0.06

0.01
0.00
0.02
0.00
0.00
0.02
0.01
0.02
0.01
0.02
0.02
0.0t
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.0t
0.01
0.0t
0.0t
0.02
0.0t
0.0
0.01
0.0t
0.0
0.00
0.03
0.03
0.02
0,02
0.02
0.01
0.01



APPENDIX 6 N Concentration (mg/1) Shallow Nells

SITE 1

NO3-N Concentration (mg/D)

DATE

DEC2t
JANLO
JAN18
JAN19
JAN20
JAN21
JAN3!
FEB!

FEB2

HARS

NAR10
MARL1
HAR12
MAR24
NAR2S
MARZ6

ND.0BS
NEAN
Al
NIN

5151

3.93
9,33

2,00
3.33
5.33
5.53

5182

6.9

2.9

2.00
4,95
6,99
2.9

NH4+N Concentration (ag/l)

DATE

DEC21
JANLO
JaNIB
JAN1S
JAN20
JAN21
JAN3L
FEBI

FEB2

HARS

HAR10
HAR1L
HAR12
NAR24
MAR2S
NAR26

NO.08S
HEAN
NAX
HIN

5151

2,00
0.84
1,40
0.29

5182

1.14

0.46

2.00
0,80
114
0.46

5183

20.09

1.00
20.09
20.09
20,09

5153
0.03

0.62

2,00
0.22
0.62
0.03

5154 §153

7.86 6.99

3.97
11,65
7.28 1.28
3,53 3.64
4.08 1.46
3.00 5.00
7.28 5.07
11.65 7.28
4.08 1,46

5154 §153

0.63

0.28
0.42 0.34

0.13
0.72
0.37 47
0.75 0.55
0.67 0.46
6.00 6.00
0.59 0.37
0.73 0,55
0.37 0.12

5186
2,33
4,08

11,65

1.46

6.00
3.82
11.65
1,46

0.20

(== = o]
P . e

N OO
=RV V. I -1

5187

11.94
%.90

.82
7.86

4.3
.33

6,00
7,04
.94
2,33

5157

0.41

0,34
0.46

§.00
0.66
.23
0.24

5158

5158
0,13

0.1
0.52
0.26
3.2

5159

5189

0.48
.60

Lol e
. .

wn g
<+ ra

1.39
143
0.88
1.30
0.64
0.74

10.00
.34
1.43
.42

51510

4.37
4,66
6.41
3.10

"
»da

.35
.46
I3

—— g =

11,21
1,46

51810
.41

1,15
0,38
0.98
0.66

0,64
0.79
0.62
0.63

9.90
4,73
115
0,41



Agrendlx 6 N Concentration (mg/1) Shallew Wells
TE 2

NO3-¥ Concentration {ag/l)

DATE 5251 5252 5283 5254 5255 5256 §287 5258 8289 82510

DEC22 173 0.87 252

JAN21 10.48 8,74 14.27

JAN3L 10.34 3.90 9.90 6.99
FEB1 9.76 1.2t %.17 9.76 6,41 7.86 9.90 10,77 9.03
FEB2 14.85 14,85 12,38 13.40 1L20 1252 13,98 9.9
FEBIA 13.40

FEB1B 11,36

FEB23 .12 .44

MAR? 9.76

HARS 4.95 10,05

HARS 12,23 9,90 3.82

MARLO 6.41 3.79  1L79 9.03 4,80

MARLY 8.74 5,39 13.40 6.39 3.97

HARL2 12,23 11,94 6,33 8.13

NAR24 17.47 13.98 917 10.19 208 1136 1121 11,36 14,85
NAR2S 7.28  6.12 .32 1.94 137 L2 7.86 11,36
HAR26 8.88 2,91 3.79 4,66 3.82 4.37 670  3.79 6.70

N0, 0BS 6.00 3.00 12,00  9.00  §2,00 3.00 8.00 7.00 9.00 6,00
NEAN 10.33 1.2 9.14 10,00 8.36 7.43 7.39 9.36 9.72 9,80
NAX 17,47 14,85 14.85 1340 1340 12,08 11,36 12.52 1427 {4.65
MIN 6.41 8.88 2.9 379 173 0.87 4,37 5.33 3.79 6.70

NH4+N Concentration (eg/1)

DATE 5251 §282 5253 §254 8283 286 §287 5288 5259 52810

DEC22 0.17 0.12 0.09 0. 14 0.18 0.18
JAN2Y 0.06 0.08 f.14

JAN3! 0.08 .16 0.07 0.13
FEB! 0.1t 0.07 0.12 0.08 0.14 0.08 0.08 0.1 0,09
FEB2 0.13 0.07 0.10 0.08 0.07 0,07 0.19 0.11
FEB16 0.13

FEBiB 0.26

FEB23 0.09 0.27

HART 0.42

NARE 0.50 0.21

HARS 0.20 0.17 0.12

NAR1O 0.17 0.27 0.18 0.19 0.11

MARL1 0.18 0.18  0.20 0,20 0.33

MAR{2 ¢.21 0.1  0.19 0.15 0.31

NAR24 0.13 0.12 0.22 0.15 0.14 0.16 0,29

NAR23 0.26 0.18 0,32 0.13 0,31 0.18 0.4 ‘
NAR26 0,20 0.06 0.11 0.06 0.12 0.29 0.13  0.18 .14

NO. 0BS 6.00 3.00 12,00 3.00 12,00 3.00 9.00 7.00 10,00 1.00
NEAN 0.13 0.16 0,20 0.13 0.16 0.12 0.14 0.15 0.23 0.14
NAX 0.2 0.2 0.5¢  0.20 0.32 0.15 0.31 .21 0,39 0.18
MIN 0.06 0.13 0.06 0.10 0.06 0,12 0,07 0.07 b1l 0.09
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APPENDIX H. Soil N content.

125



APPENDIX H: S0il NOp--N Content {pg/g:

Site ! Site 2
Depth (ca) 0-30 30-60  60-%0 0-3¢ 30-80  8n-90
Jan 09 Mean  20.7  28.4 NA 23 12.5 6.3
Mag. 42.2 5.8 NA 34,1 16.4 .5
Bin, 21,1 12.1 NA 18.1 6.9 6.0
¢/ {n 1.6 . NA 2.6 1.8 0.2
No. Ohs. 13 i1 NA 3 4 4
Jan 29 Mean 40.3  38.8 27.9 23.3 16.1 6.6
Max. 66.4 62.4 38.8 36,2 23.2 8.0
Nin. 23.2 4.1 11,2 13.0 6.0 0.0
/i 4,0 232 4.8 2.5 29 5.4
No, Obs. 12 12 8 8 7 3
Feb 10 Mean 65.9 27.9 27.2 29.2 20.4 NA
Max, 1146 38.3 43.1 9.2 26,2 NA
Nin,  20.2  15.! 18.1 18,1 il NA
t/in 7.9 1.4 2.1 2.0 1.5 NA
No. Dbs. 13 K; 11 3 9 NA
Mar 06 Mean NA  45.8 96.5 33.7 4.3
Max. NA 76,3 100.4 g4.4 3644 N
Min. NA 30.2 30.2 42,2 a0 2.2
[IEM N4 .7 8.3 4.6 2.2 {.4
No. Obs. N& {1 8 3 9 8
Mar 28 Mean  58.6  S4.d M.2 35.3 19.1 t1.8
Max, 117.6 166.8 57.2 1.3 g6.4 27,
Min, 33,2 1722 16,0 12,1 12.1 £.0
M 6.1 1.7 3.7 4.2 5.8 1.9
No, Obs. 13 13 12 3 9 3
Apr 26 Mean 32,2  18.3 16,2 33,0 5.2 444
Max, 63.3  359.0 M. 5.8 78,4 834
Min 15.1 9.0 3.0 27.1 4.0 .
vlis 3.2 2.1 2.2 2.8 5.3 4.8
No, Obs. 13 3 i1 3 3 N
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APPENDIX 8 Soil Natrate Content (wgrgi  SITE |

LOCATION  JAN9 JAN29  FEBI0  MARG MAR2B  APR2E

0-30 ca LI 306 80,32 27,14 .30 3318
2.10 28,65 103.45 45,24 45,13
3.0 8.685 66,35 .M #¥3 RY
410 318 .22 1146t 69.37  29.26
.10 %6.19 43,88 84,45 17.62 6334
Bl 2,22 5338 79.40 83.35 0.1
7.10 33,18 59.42  90.48 63.37 L.
3.10  37.10 57,30 0.
.10 26.65  28.65  78.42 KIS L Y T

10.10  28.85 27,719 20.21 .27 3619
.10 2Lt 30,18 99.42 .27 6.
12,10 20.16 37,10 59.42 19.21 15,08
13.10 28,05 3016 61.22

14.10 2011 30.16 61,22 42,22 4.13

30-60 & 1.20 55,80 46,75 31.06 76,30 4222 L1
2.2 370 27,14 4524 454 26,04
3.2 18,10 28,65 7.4 4614 20,22 0.2
.20 18,10 2413 2413 38,30 42,22 Lt

3,20 Jnds 7.4 e 166,78 15,09
8.2 .7 30.16 . 1718
7.20 62,43 38.20 §1.27 &2 i.16
8.20 14,18 45,4 .95
3.2 18.10 8.6 30.16 5328 (719 (Mg
10.20 12,06 37,70 24.13 4,22 25,03
1.2 35,80 4318 3t 32,27 1270 3.08
12,20 56.80 7.4 27.14 30.16 4272 12,06

3.2 13.10 .40 58 34,08
1420 18 317 23026 4.3 2 1.1

£-90 @ 1.30 3.8 25.18 0 100,42 e M.u8
2.30 1,16 M2 35,19 0.8 i 0a
3.30 020 2%.26 73,23 17,14
4.30 42,22 6.4
3.30 3197 30.16 4524 9.3 N
6.30 ~4.13 5.1
7.39 7842 4L LW
3.30 <4.13 ST L I VN
1.30 24,13
14.3 19,80  25.03 .22 118
11.3 .04 4218 a9 s
12.3 2.1 0.1 .16 2322 1L
13,30 .10 .19
14,30 38.91 id.ie 33019 5,98 3,18
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AFPENDIX H 51l Hatrate Content (wgiq)

0-30 o
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APPENDIX H: Soxl NHe*-N Content (pg/g)

Site 1
Depth (ca) 0-20 30-60 &0~ 0-30
Jan 09 Mean 9.4 4.5 NA 6.6
Nax. 11.7 9.2 NA 7.0
Nin. 6.3 2.5 NA 6.2
0/in 0.9 0.6 NA 0.1
No, Obs. 13 {1 NA 3
Jan 29 Mean 12.6 4.9 2.9 12.3
Max. 20.7 7.2 5.8 15,3
Nin. 8.3 3.5 1.6 9.2
t/in 0.9 0.3 0.5 0.7
No. Obs. 13 12 8 8
Fab {0 Mean 12,6 4.3 3.7 3.7
Nax. 25.3 6.9 5.7 4.9
Min, 9.2 2.3 2.6 2.1
t/Hw {1 0.4 0.3 0.3
Ne, Obs. 13 13 10 3
Mar 06 Mean N4 4.2 3.8 6.1
Max. NA 6.4 7.8 8.3
Nin. NA 2.7 1.4 4,9
t/4n NA 0.4 0.6 0.4
No. Obs. NA {1 3 3
Mar 23 Mean 6.3 4.6 3.8 7.2
Nax. 7.2 7.6 3.3 9.7
Nin. 4.8 2.3 2.0 6.2
/4w 0.2 0.4 0.4 0.2
¥o, Obs. 13 13 12 3
Apr 26 Mean 4.4 2.4 2.8 6.7
fHax. Ged 4.1 4,0 3.7
Min. 3.7 1.6 1.3 4.9
M Jol 0.2 0.2 1.5
No. Obs. 13 13 {1 3
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APPENDIX H Exchangeable Seil Aamoniue Content (ug/g)
LOCATION  JAN9

1-30 ca

30-60 ca

80-30 ca

110
2.1
3.10
4.10
5.10
6.10
1.10
a.10
3.10
10.10
{110
12.10
13.10
14.19

1.20
2.20
3.20
4.20
5.20
6,20
7.20
8.20
3.20
10.20
11,20
12,20
13.20
14,20

30
30
.20
30
30
.30
.30
.30
Wy
.30
.30
.30
.30
.40

-3 O L0 £ 0TI P e

U
-

I L3 Fo

7.14

10.50
7.08
6.48
8.26
7.42

10.86

10.58

11.38
.84

10.54

10.44

11.66

-
< O

€I W LA 4 L3 T
a & e e

a3 O3 ro < W

O O $- e D O O

JAN29

3.51
18.80
9.38
11.00
12,08
3.48
11.66

11.00
11.24
12,04

.74
13.38
20.72

7.2¢
4.42
3.86
4,48
4.10
5.2
3.9

4,30
4.98

.14

ce
o

B |

A1
.8
Al

ts ro Ln

-
..bU

-
Oy =~
Lasti

to rto

-
[=2]
ro

KIRN

vEBID

12,32
14,07
15.12
2.1
11.27

9.24
11.41

12.33
13.37
11.06
k.2
15.26

14.35

6.73
344
.70
1
4,66
5.8
4.4

.24

drew
-

X7
.36
34

n

r>ro
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APSENDIX H Exchangeable Soil Aamonium Contant (ma/q) SITE 2

LOCATION  JaN3 JAN2S  FEBIO  NaRS NARZE  APRI8

0-20 ca L1 6.20 1.5 4.42 5. 30 9.66 .86
2.10 6,32 11.42 210 8.47 7.28 84 10
3.10 704 14,42 3.50 8.79 7.28 4,90
4.10 13.26 02 4.94 6.24 3.9
5.10 1.00 .24 3.92 4,90 6.38 5.08
6.10 13.20 4.66 3.32 6.34 1.28
7.10 13.16 3.9 6.02 .44 6.16
8.10 10.30 4.90 5.54 7.74 g,
3.10 5.40 3.02 6. 31 7.08 £.72

30-60 @ 1,20 7.36 736 10.43 214 78 6.86
2.20 7.56 4,66  10.99 4,84 316 2.18
3.20 6.86 B.dd 7.84 3.08 4,36 a7
4.20 5.32 7.91 1.30 3.78 .64
5.20 3.57 6.79 7.31 4,92 3.30 1.69
6,20 .73 4.10 4.38 4,06
7.20 236 1400 4,52 4,00 3.50
8.20 7.36 3.99 3.30 5.9 5.
3.20 7.00 7.38 7.04 4,62 3.4

60-30 ca 1.3 .92 8.96 10 11,80 7,004
&d e 4 5.32 N 2,80 .82
3.3 378 232 3.7
3.30 3.82 4.80 302
5.30 4,20 A7 ol
6.2 Jods 3,50
7.30 ded 3.20 L7
8.30 Sedd 484 4,3 §.00
3,30 S S04 LN
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APPENDIX I Groundwater elevation and N content.
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SIiTE 1

DEPTH TO WATERTABLE (cm)

NO3N (mg/D) . NHAWN (mg/1)
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SITE 2

DEPTH TO WATERTABLE (cm)

. NO3N (mg/)
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