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Abstract

Vadose zone sampling equipment was installed and sampled at two locations on the City
of Deer Park land application site near Deer Park, Washington, Effluent from the
municipal wastewater treatment plant in Deer Park is applied on a 160-acre field to
irrigate alfalfa. The purpose of the study was to evaluate treatment in the unsaturated
zone and to compare three devices for sampling soil-pore water quality. Capillary wick,
suction, and barrel lysimeters were used to obtain water quality samples. Total nitrogen
(total N), total dissolved solids (TDS), specific conductance, chloride, sodium,
potassium, calcium, iron, magnesium, pH, and chemical oxygen demand (COD) samples
were collected at least five times during the period of May 6 to October 1, 1993.

Vadose zone monitoring showed that total N was partially treated in the top three to six
feet. The range of total N treatment was low (26-35%), despite a relatively low
application rate for total N of 100 Ib/acre/year. Low treatment was likely due to
frequent wet weather which caused irregular timing of effluent application over the
season.

Suction and wick Iysimeters provided more representative samples than the barrel
lysimeters. Concentrations from the wick lysimeters tended to be higher than those from
the suction lysimeters and, because the wicks sample continuously, are likely more
representative of water leaving the root zone. Barrel samplers did not provide
representative estimates of treatment at this site because of their shallow depth.

The mean total N concentration in the wick and suction lysimeters was 17 mg/L. The
mean TDS concentration was 362 mg/L.. The projected increases above background in
ground water concentrations of total N and TDS are 5-7 mg/L for total N and 110-170
mg/L for TDS. Increases in nitrate-+nitrite-N and TDS concentrations from the
facility's downgradient monitoring wells suggest that effluent loading is affecting ground
water quality.
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Summary

Effluent and Soil Pore-Water Quality

Effluent characteristics varied little during the study. The range of total N
concentrations was 20 to 24 mg/L; for TDS, 347 to 355 mg/L.

Soil pore-water concentrations varied considerably in the three types of samplers. The
range for total N in the lysimeters was 0.8 to 64 mg/L; for TDS, 144 to 618 mg/L. At
Field 4, where data were more consistently available, the mean total N concentrations
for the three samplers were: :

Wick Lysimeters: 17 mg/L
Suction Lysimeters: 8.6 mg/L
Barrel Lysimeters: 1.7 mg/L

Reasons for the differences between lysimeter types include:

¢  Sample integration. Wick and barrel lysimeters sampled continuously over time,
while suction lysimeters sampled over a limited time only.

®  Pore accessibility. Wick and barrel lysimeters obtain soil pore-water from larger
soil pores. Suction lysimeters can pull water from smaller soil pores.

®  Vegetative cover. Plant regrowth near the trenches overlying the wick lysimeters
was gradual over the summer. Reduced vegetation early in the summer probably
caused faster infiltration and less plant uptake than normal. Suction lysimeters
caused the least disturbance to vegetation.

e  Sampler depth. As expected, deeper wick and suction lysimeters (four to six
feet) had lower total N concentrations than shallower ones. Barrels two feet deep
are not representative of soil pore-water moving below the four-foot deep root
zone.

¢  Timing. Sémples collected too soon after effluent was applied may have
represented residual soil pore-water rather than recently applied effluent.

The mean total N concentration for the capillary wick (wick) and suction Iysmeters at
the two sites was 17 mg/L (8.D. =16, n=17).
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Treatment

Application rates for total N and TDS were moderate for alfalfa growth: 100
Ib/acre/year for total N, 1,700 Ib/acre/year for TDS. Likewise, the annual amount of
water applied, 22 inches, was moderate,

Mean total N treatment was 26 to 35% of that applied.

As expected, little change in TDS concentration occurred in the top six feet of the vadose
zone.

Due to wet weather early in the summer, effluent was applied heavily in late summer to
reduce storage. The higher than normal application rate late in the season probably led
to lower than normal annual total N treatment.

The facility exceeded effluent discharge limits in August at Field 6 and possibly at five
other fields not included in this study as well as one field in May and two fields in June.

Estimated Nitrate and TDS Impacts to Ground Water

The projected annual increase in ground water nitrate-N concentration compared. to
background is 5 to 7 mg/L; for TDS, 110 to 170 mg/L.

Ground water nitrate-N and TDS concentrations in facility monitoring wells indicate
increases downgradient of the land application site.

Sampler Comparison

Wick lysimeters provided the most representative water quality data for water percolating
below the root zone. Wick lysimeters provided continuous, integrated samples of both
saturated and unsaturated flow. Saturated flow, typically not well characterized by
suction lysimeters, often comprises the bulk of subsurface flow.

Suction lysimeters were the easiest and cheapest to install. They were also the most
reliable and caused the least disturbance to nearby vegetation. However, results from
suction lysimeters may underestimate loading to ground water, unless samples are
collected frequently following effluent application.

Wick lysimeters provided the greatest volume of sample. Suction samplers larger than
the one-liter samplers used in this study would provide more representative samples.
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Residual water in the wick itself could not be removed, thereby possibly biasing future
_samples. ’

Barrel samplers two feet deep were not effective m this setting, where the bottom of the
alfalfa root zone is about four feet. It would be difficult to install barrel lysimeters
deeper than two feet. :
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Recommendations

Vadose zone monitoring is useful at Deer Park, because it provides an early warning of
ground water contamination. The following should be included in a vadose zone
moniforing program. :

Recommendations for Deer Park Vadose Zone Monitoring

1.

The City of Deer Park should continue sampling wick and suction lysimeters for
total N (nitrate+nitrite-N plus total Kjeldahl N), TDS, sodium, magnesium,
calcium, and bicarbonate to evaluate trends over time. Spring sampling should
be added to assess effects of snowmelt on nitrate and TDS movement, The city
should measure application rates in the spray fields to validate the rates found in
this study.

Install tensiometers near soil pore-water samplers to monitor soil moisture
changes during and after application to evaluate flow of soil pore-water.
Tensiometer results can also be used to calibrate effluent application and avoid
over-application.

Determine the appropriate sample timing after effluent application based on
tensiometer results above. Allow sufficient time for percolating water to reach
samplers three to six feet deep before sampling.

Manage vegetation near the soil pore-water samplers similar to the surrounding
field, i.e., harvesting.

Determine seasonal ground water flow direction more accurately using new

“monitoring wells. (This is now being done.)

Install new wells that meet the state's well construction standards (Chapter 173-
160 WAC and Chapter 18.104 RCW, 1994 revisions) in the following areas:

+ Effluent application areas
+ Close to the application area boundaries upgradient and downgradient.

Wells in the application area can be used to verify whether all the effluent leaving
the root zone reaches the water table and increases nitrate-N and TDS
concentrations as projected.
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General Recommendations

Vadose zone monitoring should be included in certain land application permits, Vadose
zone monitoring can help evaluate land application practices at individual sites and allow
prompt adjustments to improve treatment and protect ground water. The following items
are recommended for vadose zone monitoring at land application sites.

1.

Future permits for facilities that apply municipal wastewater to land should
require that total nitrogen (including total Kjeldahl nitrogen) be added to the list
of parameters sampled in the effluent and monitoring wells.

Pre-clean wicks for wick lysimeters (Knutson ef al., 1993)

If deionized water is used to prime the wick samplers, discard the first sample to
avoid dilution.

If preferential flow along the sides of the suction samplers is a concern, install
them horizontally into a trench sidewall.

Although rinsing the sample collection assembly (fubing and side-arm flask)
several times with deionized water between samplers did not lead to significant
cross contamination, future sampling should include dedicated sample tubing.

Recommendations for follow-up work to be done by Ecology's Environmental
Investigations and Laboratory Services (EILS) Program are:

1.

Use 1993 nitrogen loadings estimated in this study (amount of water and nitrogen
passing through the root zone) to simulate ground water impacts over time using
a solute transport or contaminant transport model. :

Conduct a study to estimate nitrogen effects on ground water at an alfalfa field
where no nitrogen is applied, so that factors other than nutrient addition can be

" evaluated.

Compare wick and suction lysimeters at other sites. Larger suction lysimeters
sampled frequently following effiuent application may provide more
representative information than obtained from suction lysimeters in this study.
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Introduction

Treated effluent is applied to cropland in many rural locations in eastern Washington to
treat and dispose of effluent and at the same time provide needed water and nutrients for
plants. The degree of treatment in the vadose zone (the subsurface layer above the water
table) is important, because dissolved substances that pass below the root zone will likely
reach the underlying ground water.

Washington State ground water standards (Chapter 173-200 WAC) and Ecology's
implementation guidance establish limits for changes to ground water quality due to
permitted discharges such as land application. One method to provide an early warning
of potential impacts on ground water is to monitor soil pore-water in the vadose zone.

- The Water Quality Program’s Eastern Regional Office staff requested that the EILS
Program conduct a vadose zone study of the Deer Park land application facility to
provide information on effluent treatment as well as to test and compare different vadose
zone water quality sampling devices.

The study objectives were to:

1. characterize the quality of soil pore-water beneath land application fields before
mixing with ground water;

2. estimate the degree of effiuent treatment in the vadose zone, especially for
nitrogen and TDS;

3. estimate the rate of soil pore-water movement;

4. compare three lysimeter designs: capillary wick, suction, and barrel lysimeters;
and ‘

5. evaluvate the effectiveness of vadose zone monitoring.

Page 1



Site Description

The Deer Park land application site shown in Figure 1 is located at the City of Deer Park
Airport about 15 miles north of Spokane, Wastewater is treated in an aerated lagoon and
two large storage lagoons 1.5 miles west of the airport. Effluent is then piped
underground to a solid-set irrigation system as shown in Figure 2.

The spray field consists of 160 acres cultivated in alfalfa (Figure 3). The acreage is
divided into 9 fields of about 17 acres each. Effluent is applied to one field per day,
creating a 9-day cycle between waterings. However, this schedule is subject to change
according to cultivation needs. The largest interruptions occur when precipitation
interferes with cutting and baling. Repeated precipitation early in the summer of 1993
prevented normal effluent application, resulting in very frequent applications later in the
summer to dispose of accumulated effiuent.

“The State Waste Discharge Permit, No. ST 8016, allows effluent to be applied from
April through September. The total of precipitation and applied effluent cannot exceed
8.2 inches/month or 608,000 gallons/day.

We chose two sites for study, one in Field 4 and the other in Field 6 (Figure 3). These
ficlds were selected based on the health of the alfalfa crop and accessibility.

Soils

Steve Campbell of the U.S. Department of Agriculture Natural Resources Conservation
Service in Spokane, Washington characterized the top 72 inches of soil at the two study
sites. The results of his analysis are shown in Appendix A. He found coarse sand of the
Marble series at both sites. Although typically very permeable, Campbell found that
soils at these sites had greater moisture-holding capacity than typical due to thin layers of
loamier soil. He estimated the saturated rate of vertical water movement at 6 to 20
inches/hour.

Soil samples, collected before land application began in May 1993, indicated that little
nitrogen was stored in the soil over the winter. Nitrate-N was highest in the top four
inches (20-42 ug/g). Below that, however, little nitrate-N was present. Ammonia-N
concentrations were low throughout the profile. Other soil characteristics reported in
Appendix A include pH, soil moisture retention, percent carbon, percent organic matter,
and cation exchange capacity.
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Hydrogeology

The hydrogeology of the site is complex. Recent drilling to install new monitoring wells
has led to a reevaluation of the ground water flow system (Henry, 1994). The eastern
one-third of the site apparently overlies a bedrock ridge running north-south. Perched
layers of water caused by clay lenses are found in the sand and gravels overlying the
basalt ridge, but not in quantities that can be monitored. The top of the basalt layer
slopes to the west.

Abutting each side of the ridge is a sand and gravel channel up to 200 feet deep
interspersed with clay layers. The western two-thirds of the site overlies the "west
channel." Discontinuous clay layers and large horizontal variability over short distances
make interpretation of ground water movement difficult. Recent water level
measurements suggest that the flow direction is south to southeasterly (Henry, 1995)

This study was conducted before the recent well drilling and reinterpretation by Henry
(1994). The monitoring wells referred to in this study were abandoned in November
1994, Well logs and water table elevations for 1993 are shown in Appendix B.

Similar to recent findings, information from subsequently abandoned wells M-2, M-5,
M-9 and M-10 shown in Figure 1 indicated that ground water flows to the south and
west based on water level elevations. Water levels fluctuated up to 2.5 feet in 1993,
with the highest measurements observed in the spring and the lowest in the fall (City of
Deer Park, 1993).

Climate

The Deer Park plateau has mild, dry summers and cold, wet winters. The annual
rainfall in Spokane is less than 20 inches (Adolfson ez al., 1992), slightly lower than at
Deer Park. About three-fourths of the precipitation falls during the fail and winter, one-
half as snow. The growing season is usually from mid-April to mid-October. In 1993,
however, there was still snow on the ground in early April. The average summer
temperature in Spokane is 66° F (19° C).
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Methods

Art Larson and Bernard Strong of EILS and I installed samplers at various distances
from sprinkler heads near the corner of Field 4 and the middle of Field 6 as shown in
Figures 4 and 5. The sampler locations within each field were intended to represent the
range of application intensities in each field.

Lysimeter Installations
We installed three types of lysimeters (devices to sample soil pore-water) at each site:
1. Capillary wick lysimeters, six at each site (Figure 6),

2. Barrels lysimeters, five at each site (two 16-inch and three 8-inch diameter)
(Figure 7), and

3. Suction lysimeters, seven at Field 4 and five at Field 6 (Fighre 8).

All of the barrel and wick lysimeters and two suction lysimeters were installed May 3-5,
1993. The other ten suction lysimeters were installed on July 21, 1993. Installation
procedures are described in Appendix C.

Sampling and Analysis Procedures

We collected the first lysimeter samples two to three days after installation and one to
two days after effluent was applied on Fields 4 and 6. Thereafter we sampled monthly
from June through October following effluent applications. Table 1 shows the schedule
for sampling.
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Table 1. Purging and sampling schedule.

|I Dates Sampling Purging
“ 5/6/93 X
u 6/3/93 | X
6/11/93 X
“ 7/21/93 ' X (plus 3 samples)
“ 7/23-24/93 X
8/5-6/93 . X
“ 9/15/93 X (plus 7 samples)
" 10/1/93 ' X

Two to sixteen days prior to a sampling event, we purged all the samplers to remove
accumulated water. In July and September, we also analyzed the purge water in a few of
the samplers as shown in Table 1. After purging, effluent was applied to the two sites.
August was an exception; samplers were not purged, because they had been sampled less
than two weeks previously. In September and October, effluent was not applied at Field
6. Methods for collecting soil pore-water and effluent are described in Appendix D.

The following parameters were analyzed in soil pore-water and effluent samples:

Total N (Sum of nitrate-+nitrite-N and total Kjeldahl N)
Ammonia-N

TDS (Total Dissolved Solids)

pH

COD (Chemical Oxygen Demand)
Chloride

Specific conductance

Sulfate

Dissolved and total iron

Dissolved and total calcium
Dissolved and total magnesium
Dissolved and total sodium
Dissolved and total potassium
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The analytical methods used are listed in Appendix Table D.2. In some cases, due to
limited sample volume, not all parameters could be tested.

We also tried to sample three of the nearby monitoring wells: M-5 and M-10 on June
10, and M-9 on July 22, 1993. However, all three wells were dry.

Data Analysis

The methods used to calculate effluent application rate, treatment, and projected changes
in ground water nitrate and TDS concentrations are summarized below. Further details
of each method are discussed in Appendix E.

Application rate is the volume of effluent applied per acre times the concentration for
each application event (or the concentration on the closest date sampled) divided by the
hours applied.

Treatment refers to the mass of either total N or TDS taken up before reaching the

" bottom of the root zone divided by the mass applied. I estimated treatment for total N
and TDS by comparing the total annual mass of constituent moving below the root zone
(based on lysimeter concentrations and the volume of leaching water) to the mass
applied. To calculate the volume of water leached per acre for each application event, I
used a water balance method that takes into account consumptive use by the crop. I
multiplied the volume of water moving below the root zone for each application event by
the mean total N or TDS concentration for the wicks and suction lysimeters to estimate
the mass leached.

I projected changes in ground water nitrate and TDS concentrations by assuming that the
annual input of water, nitrate, and TDS moving below the root zone completely mixes
with the top ten feet of the underlying aquifer, as suggested by Darr (1994). I assumed
that nitrate and TDS leached at the same rate over the entire 160 acres as at the study
sites, because effluent is applied at about the same rate on the whole field, and soil
properties are similar throughout the site. I also assumed that the porosity of the aquifer
is 0.25-0.30 based on the soil characteristics shown in Appendix A.

Quality Assurance

Data quality was good based on laboratory and field checks. Duplicate samples were
collected on each sampling date from one lysimeter that contained sufficient volume for
two sets of samples. Not all analyses could be duplicated on each date due to limited
sample volume. ‘
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The average relative percent difference (RPD) in duplicate total N estimates shown in
Appendix F was 25% which meets the data quality objectives for this project. Most of
that difference was due to variability in the TKN analysis at low concentrations. We
obtained one elevated nitrate-+nitrite-N rinsate blank of 3.3 mg/L on August 6, 1993.
All other nitrate+nitrite-N rinsate blanks were 0.5 mg/L or below the detection limit of
0.01 mg/L. ‘

The RPD for TDS was low (0-1.3%), which indicates good laboratory precision.
However, slight field contamination occurred based on the first two TDS rinsate blanks
collected on May 5 and June 11, 1993, (83 and 32 mg/L respectively). On June 11,
1993, specific conductance and COD rinsate blanks were likewise elevated compared to
other dates (37 umhos/cm and 28 mg/L respectively). Higher than expected
concentrations on these dates may be due to inadequate cleaning of sample tubing
between samplers.

The range of RPD for chloride and sulfate was 0.2-5.7%; for dissolved calcium,
magnesium, sodium, and potassium on July 24, 1993, 15-18%.

Further details of quality assurance procedures and results are described in Appendix F.
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Results and Discussion

Results of the soil pore-water quality analyses are discussed below. Each of the
following topics to be discussed corresponds to a project objective:

Effluent and soil pore-water quality,
Treatment of total N and TDS,

Comparison of lysimeter types,

Projected changes in ground water quality, and
Effectiveness of vadose zone monitoring.

¢ ® o &0

Water Quality

Total N and TDS were the primary constituents of concern and are the focus of the
following discussion. Other parameters of interest that were analyzed include specific
conductance, pH, chloride, chemical oxygen demand (COD), dissolved and total iron,
potassium, sulfate, sodium, calcium, and magnesium. Results for all water quality
parameters are shown in Appendix G. The ranges of concentrations are shown in
Table 2.

Effluent

Concentrations of most effluent constituents varied little during the study
(Table 2). The range for total N was 20-24 mg/L. [Total N is defined as
the sum of total Kjeldahl N (organic N and ammonia-N) and
nitrate+nitrite-N.] Ammonia-N composed 68-88% of the effluent total
N, except in October when ammonia-N made up only 30%.
Nitrate+nitrite-N concentrations in the effluent were typically very low,
except in October when 43% of the total N was nitrate-+nitrite-N. TDS
was consistently in the range of 344-347 mg/L.

Results for other effluent constituents, such as pH, specific conductance,
chloride, sodium, calcium, magnesium, potassium, and sulfate shown'in
Appendix G varied little throughout the study.

Soil Pore-Water
General

Soil pore-water quality varied more than effluent quality (Table 2).
Upper ranges were 3-100 times higher than the lower ranges. For
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Table 2. Ranges in effluent and soil pore-water concentrations in mg/L for major

constituents. _
Parameter Effluent Soil Pore-Water
Ammonia-N 5.8-21.2 0.01-0.80
Nitrate+nitrite-N 0.02-8.5 0.05-63
Total Kjeldaht N 11-24 0.7-2.8
Total N | 20~24 0.8-64
TPbS 344-347 144-618
Specific conductance 628-657 200-910
pH 7.4-8.0 6.7-1.7
Chioride 42-49 1.8-175
CcOoD 38-120 10-200
Dissolved Sodium 53-55 26.9-121
Dissolved Calcium 38-40 7.3-53
Dissolved Magnesium 7.2-8.2 3.5-23
Dissolved Potassium 10.7-10.9 2.4-17.3
Dissolved Sulfur 18-22 5.9-53
Dissolved Iron 0.02-0.23 0.005-0.11
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instance, the range for chloride was 1.8 to 175 mg/L, or one-fourth to four times
the effluent mean.

Total N

The range of total N concentration was 0.9 to 64 mg/L. On the average,

" 75% of soil pore-water total N was composed of nitrate+nitrite-N in the
lysimeters. A large portion of the remaining 25%, mainly ammonia-N
and organic N, is probably converted to nitrate-N in the soil which then
becomes soluble and mobile (Stevens, 1994).

Total N concentrations typically were highest in the wick lysimeters,

second highest in the suction lysimeters, and lowest in the barrel

lysimeters. At Field 4, the mean concentration in the wick lysimeters,

17 mg/L, was significantly higher than that from the suction samplers, 8.6 mg/L,
or the barrel lysimeters, 1.7 mg/L, at the 95% significance level (Table 3).

Figure 9 shows the dates when the wick lysimeter total N concentrations
exceeded those in the suction lysimeters. The barrel lysimeter total N
concentrations were always lowest.

Table 3. Mean total N estimates based on resuits of three lysimeter types at Field 4.

Lysimeter ‘Mean* Standard No. of sampling Range “
u Deviation dates

Wick 169 | 8.4 4 1.5-64 “
Suction 8.6 4.5 4 | 1.4-21.5 “

“ Basrel 1.7 0.5 3 0.9-6.1 J

* See Table 4 for mean values on each date. Data from May 5-6, 1993, are not included due to dilution of the
wick concentrations immediately after installation.

Although fewer data were available for comparison at Field 6 than at
Field 4 (Table 4), the highest total N concentrations, 64 and 44 mg/L,
were found in the wick lysimeters.

Magid and Christensen (1993) also found significant différences between
results from wick and suction lysimeters, including nitrate-N.
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Table 4. Means of total N and TDS concentrations it wick, suction, and barrel Iysimeters.
Total N values include estimated TKN’s, i.e., mean TKN value for that sampler type in that field.

Total N Wick Lysimeters Suction Lysimeters Barrel Lysimeters
Mean S.D. n St Error* Mean S.b.n St Error Mean S.D. n StError
05/06/93 - 85 93 2 0.77 43 1.5 4 0.17
07/22/93 151 29 2 .14 . 7.9 7.3 2 0.65 1.7 0.1 4 0.03
08/05/93 289 149 35 0.23 6.2 3.0 6 0.20 22 105 0.20
09/15/93 14.5 10.1 3 0.40 i5.1 — 1 - - -
10/01/93 9.0 6.6 2 0.52 51 65 3 0.74 13 02 4 0.08
TDS Wick Lysimeters Suction Lysimeters Barrel Lysimeters
Mean S8.D. n St Error* Mean 8.D.n St Error Mean S.D. n St Error
05/06/93 - 263 i 289 106 4 0.18
07/24/93 . 335 145 2 0.31 229 1 244 39 3 0.09
08/05/93 431 187 4 - 0.22 294 1 273 51 5 0.08
09/15/93 267 1 - - - == -
10/01/93 292 | 401 117 2 0.21 417 85 3 0.12
Total N Wick Lysimeters Suction Lysimeters Barrel Lysimeters
Mean 8.D. n St Error® Mean S.D.n St Error Mean S.D. n St Error
05/06/93 - ‘ o 1.9 — 1
06/11/93 $8 60 3 0.39 - - — ==
07/23/93 640 — 1 - —_— e 1.5 0.1 4 0.03
08/06/93 443 - 1 - 10,7 5.1 3 0.28 1.6 0.1 4 0.03
09/15/93 94 7.1 3 0.44 179 — 1 - -
10/01/93 6.4 5.0 3 0.45 94 74 5 0.35 .6 — 1
TDS Wick Lysimeters Suction Lysimeters Barrel Lysimeters
Mean S.D. n St Error*® Mean §.D.n St Error Mean S.D. n St Error
05/06/93 — - —-
06/11/93 305 42 3 0.08 - —
08/06/93 614 — 1 . 411 76 2 0.13 200 84 4 0.14
09/15/93 391 — 1 — 495 -— - e 274 67 2 0.17
10/01/93 358 49 2 0.10 342 40 4 0.06 -

* St Error = Standard error = (Siandard deviation/square root of n)/mean
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The mean total N concentration for the wick and suction lysimeters, 17 mg/L, is
considerably higher than those reported in EPA (1981) for soil pore-water and
ground water beneath land application sites. Results for the barrel lysimeters are
not included in the Deer Park study mean because of their shallow depth. The
range in nitrate-N values in the EPA (1981) guide was 3.9-10.7 mg/L based on
data from four land application sites. However, some of the data represent a
mixture of samples from both ground water and soil pore-water.

DS

The range of TDS values in the lysimeters was 144 to 618 mg/L.. About

one-quarter of the TDS values were calculated as:

IDS (mg/L) = Specific Conductance x 0.68
1991)

(Metcalf and Eddy,

The mean concentration for the three lysimeter types was 344 mg/L.. The
mean for each type of sampler is shown in Table 5. There was no
significant difference between the means for the different types of
sampler Likewise, as shown in Figure 10, on specific dates no difference

in TDS was observed.

Table 5. Mean TDS estimates based on the results of three lysimeter types at Field 4.

Lysimeter Mean* Standard No. of sampling Range
Deviation dates

Wick 331 72 4 292-431

Suction 308 87 3 229-401

Barrel 311 93 3 244-417

* See Table 4 for mean values on each date. Data from May 5-6, 1993 are not included due to dilution of the
wick concentrations by deionized water immediately after installation,
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Factors Affecting Lysimeter Results

Many factors contributed to the variability of the soil pore water quality
results, including:

® Sample integration and timing,
® Pore accessibility,

® Vegetative cover, and

® Sampling depth.

These items are discussed below.
Sample Integration and Timing

The three lysimeters collected samples over different time intervals. The
wick and barrel lysimeters collect water continuously if available, while
the suction lysimeter requires a vacuum, When the one-liter volume
typical of the suction lysimeters is filled, the suction lysimeter stops
sampling. The wick lysimeters in this study had nine times the capacity of
the suction lysimeter. Therefore, the parcel of water that the suction
lysimeter collects usually represents a shorter time frame than either the
wick or barrel lysimeters.

Purge samples collected from wick and barrel lysimeters on July 22 and
September 15, 1993, represented soil pore-water moving into the sampler
over a period of five to six weeks. Suction lysimeter samples, on the
other hand, probably represented soil pore-water moving during the first
few days after the vacuum was set.

A different problem arose when the lysimeters were sampled too soon
after effluent application, i.e., one to three days after effluent was
applied. In several such cases the wick samplers were empty, while the
vacuum lysimeters contained samples. The sample from the vacuum
lysimeter may not have represented the recently applied effluent, because
the suction can pull slow-moving residual water in small pores left from
previous applications,

Pore Acéessibility
Because all three lysimeter types function differently, they receive water

from differently sized soil pores (Magid and Christensen, 1993; Barbee
and Brown, 1986; Haines et al., 1982). Barrels depend on gravity alone
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to capture water under saturated conditions. Suction lysimeters, on the
other hand, can pull water out of smaller pores under unsaturated
conditions. The wick lysimeters theoretically capture and integrate both
rapid, saturated flow and slower, unsaturated flow (Knutson and Selker,
1994; Boll er al., 1991; Holder er al., 1991; Barbee and Brown, 1986,
Haines et al., 1982). ‘

Vegetative Cover

~ Vegetation in the study areas differed somewhat from that of the
surrounding fields. Flagging around the perimeter of the study areas was
used to protect the lysimeters from farm equipment. However, this also
prevented vegetation near the lysimeters from being harvested with the
surrounding field.

Soil overlying the trenches for the wick lysimeters was seeded with alfalfa
following construction. Bare patches early in the summer probably caused
faster than normal infiltration and less uptake of nitrogen by plants. In
addition, more weeds and grass grew near the trenches than in the
surrounding alfalfa fields.

The barrel lysimeters seemed to contain more grass and weeds with little
alfalfa. The area near the suction lysimeters contained the largest fraction
of alfalfa. Suction lysimeters also caused the least disturbance to
vegetation.

Sampling Depth

The lowest total N concentrations were found in the two-foot deep barrel
lysimeters. The impermeable bottom cap trapped water inside the barrel,
possibly allowing more plant uptake than occurred near the uncontained

-wick and suction lysimeters. Although less likely, denitrification may
also have occurred in the barrels if locally anoxic conditions existed after
ammonia-N was converted to nitrate-N.

As expected, the shallower wick and suction lysimeters produced the
highest total N concentrations as shown in Figures 11 and 12. Likewise,
the highest total N value at Field 6 was from a three-foot deep wick
lysimeter on July 23, 1993. On a few occasions, however, deeper
samples had higher total N concentrations than those from shallower
depths.
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Treatment

Treatment, in this discussion, refers to the difference between the mass of total N or
TDS applied in the effluent and that reaching the lower part of the root zone. The
estimates for application rate are explained below followed by the treatment estimates,

The mechanisms for treatment were not addressed in this study but include some or all of
the following: plant uptake, volatilization, denitrification, and adsorption. See Appendix
E for the method used fo estimate treatment.

Application Rates

Effluent application rates observed in the field were double, on the
average, those recorded in the facility's Discharge Monitoring Reports
(DMR's) (Appendix Table D.1). The average application rate for the two
sites based on data from the precipitation collectors was 21.7 inches for
1993 (Appendix H), while the facility's estimate is about 11 inches
(Appendix I). The facility's application rate is based on the estimated
discharge rate from the sprinkler nozzles, 0,09 inch/hour/nozzle,
multiplied by the number of nozzles and the amount of time that effluent
is applied. ‘

Application' rates for total N and TDS are the product of the effluent
concentration and the volume of water applied during each application
event.

Total N

The application rate for total N was about 100 Ib/acre/year as shown in Table 6.
This is only about 25 to 30% of the nitrogen application rate typically used to
stimulate alfalfa growth (Stevens, 1994). Because much of the effluent was
applied late in the growing season at higher than normal rates (12 inches in
August at Field 6, and 12 inches in August-September at Field 4), the capacity of
the soil and plants to hold and take up nitrogen was exceeded. This apparently
resulted in significant nitrogen leaching below the root zone.

DS

The application rate for TDS was 1,600 to 1,800 Ib/acre/year as shown in
Table 7. This is probably in the normal range for irrigated agriculture, because
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Table 6. Application rates for total N in 1993. See Table H.1 for details of caleulations.

Field 4 Field 6
Date Applied N Load Date Applied N Load
(In) (Ib/acre) (In) (Ib/acre)
05/04/93 2.5 13.6 05/05/93 1.0 5.4
05/17/93 1.2 6.5 05/16/93 1.2 6.5
05/24/93 1.4 7.6 05/25/93 1.2 6.5
05/27/93 1.2 6.5 06/26/93 1.5 6.8
06/08/93 1.6 7.2 07/22/93 1.4 7.0
07/23/93 14 - 7.0 08/03/93 1.6 3.0
08/04/93 14 7.0 08/14/93 L5 7.5
08/15/93 2.4 11.9 08/16/93 3.2 15.9
08/16/93 2.4 11.9 08/20/93 2.8 13.9
09/07/93 2.0 10.0 08/23/93 1.6 8.0
09/14/93 2.1 9.5 08/29/93 1.5 1.5
09/17/93 1.6 7.2 10/08/93 0.7 3.2
10/06/93 0.7 3.2 10/25/93 1.4 6.3
- 10/20/93 0.8 3.6
' 113 Total 103 Total

Table 7. Application rates for TDS in 1993. See Table H.2 for details of calculations.

Field 6 Field 6
Date Applied TDS Load Date Applied TDS Load
(In) {Ib/acre) (In) (Ib/acre)
05/04/93 2.5 195 05/05/93 i 78
05/17/93 1.2 94 05/16/93 1.2 94
05/24/93 C 14 109 - 05/25/93 1.2 94
05/27/93 1.2 94 : 06/26/93 1.5 117
06/08/93 1.6 125 07/22/93 1.4 109
07/23/93 1.4 109 08/03/93 1.6 125
08/04/93 1.4 109 08/14/93 1.5 117
08/15/93 2.4 187 08/16/93 3.2 250
08/16/93 2.4 187 08/20/93 2.8 218
09/07/93 2.0 156 08/23/93 1.6 125
09/14/93 2.1 164 08/29/93 1.5 117
09/17/93 1.6 125 10/08/93 0.7 55
10/06/93 0.7 55 10/25/93 1.4 109
10/20/93 0.8 62
1,771 Total 1,607 Total
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both the TDS concentration in the effluent, 344-357 mg/L, and the voiume of
water apphed were moderate,

Permit Limits

Assuming that the volume of effluent applied in 1993 was twice the facility's
estimates, the maximum allowable monthly application rate, 8.2 inches, was
exceeded in August at Field 6 by about four inches. Application rates also may
have exceeded the permit limit at five of the other fields not included in this study
in August, one field in May, and two fields in June (Appendix I).

Total N Treatment

Total N treatment was 23% at Field 6 and 46% at Field 4. The mean
treatment was 35% (Appendix Table J.1). This represents an annual
“loading to ground water of 61-77 lb/acre. These results are based on the
mean total N concentration for each date in the wick and suction
lysimeters. Data from the barrel samplers were not used, because I did
not consider them representative of the pore-water leaving the root zone.

Change in TDS

The range for TDS change was -14 to 18%, with a mean of 2% as shown
in Appendix J. This represents an annual loading to ground water of
1,500-1,800 lb/acre. The lower end of the ranges represents Field 4, the
higher end Field 6.

Like total N treatment, estimates of TDS changes are based on the mean
concentration in the wick and suction lysimeters.

The mean estimate for the change in TDS, 2%, is reasonable, because the
components of TDS neither react with the soil, nor are they significantly
taken up by plants. However, the negative value at Field 6, -14%, may
indicate an increase in the TDS concentration as the water percolates
through the soil. See Sodium Adsorption Ratio p. 32 for further
explanation.
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Estimated Impacts to Ground Water
Total N and TDS

Total N and TDS that reached the three- to six-foot deep samplers are assumed to
eventually move downward to the water table about 50 feet below, because alfalfa
roots extend to about four feet (Campbell, 1994). Both nitrate-N and TDS are
very mobile. The effects of loading to the ground water are assessed in this
section by estimating the change in concentrations in the top 10 feet of the aquifer
below the spray field.

The estimates of ground water concentrations are based on several assumptions.
All water percolating below four feet and the dissolved constituents are assumed
to mix with the top ten feet of the aquifer. I also assume that water moves from
four-foot depth to the water table within a few weeks and that ground water
movement is slow enough that most ground water below the 160-acre site
received all of the nitrate and TDS that percolated below four feet during 1993,
This method does not take into account the transient nature of unsaturated flow
and the uncertainty in the rate of unsaturated water movement. See Appendix E
for more details.

I assume that any organic N is converted to nitrate-N before reaching the water
table. I also extrapolated the amount of water, nitrogen, and TDS percolating
below four feet from Fields 4 and 6 (from Treatment-Total N Section above) to
the entire 160 acres.

The estimated increase in nitrate-N above background was 5 to 7 mg/L; for TDS
110 to 170 mg/L (Appendix K). The estimated nitrate-N increase is 8 to 12 times
the mean background concentration of 0.7 mg/L for 1992-93, as shown in

Table 8. The estimated change in TDS is 1 to 1.5 times the background
concentration of 115 mg/L (Table 8).

Quarterly compliance data from downgradient monitoring wells concur with these
estimates. Concentrations of nitrate-N and TDS in downgradient monitoring
wells are greater than concentrations in upgradient wells (Table 8; City of Deer
Park, 1992 and 1993). During 1992-93, the mean downgradient nitrate-N
concentration, 7.6 mg/L, is about eleven times higher than the upgradient mean
of 0.7 mg/L. The mean downgradient TDS concentration is nearly double the
upgradient TDS concentration of 211 mg/L.
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Table 8. Nitrate + nitrite-N and estimated TDS values from monitoring wells M-5 (upgradient) and M-9
(downgradient) from City of Deer Park Discharge Monitoring Reports. TDS values are estimated
as (specific conductance x 0.68).

Nitrate+
Monitoring Date Nitrite-N Conductivity TDS
Well . {mg/L)  (umbos/cm) (mg/L)
M3 1/14/92 0.7 176 120
2/11/92 0.7 172 117
3/2/92 0.7 ' 165 112
4/4/92 0.9 180 122
5/13/92 0.6 200 136
6/92 0.5
11/19/92 08 175 119
4/12/93 0.5 180 122
6/28/93 0.4 175 119
9/28/93 0.5 141 96
11/18/93 0.8 130 88

M¢ 1/14/92 8 240 163
2/11/92 8.1 240 163
312192 8 320 218
4/4/92 8.3 320 218
5/13/92° 6.4 360 245
6/92 4.4
11/19/92 10 400 272
4/12/93 6.8 360 245
6/28/93 51 315 214
9/28/93 9 305 207
11/18/93 9.2 - 250 YL
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Although the monitoring wells were not constructed to current standards,
consistently elevated nitrate-N and TDS concentrations in downgradient wells

suggest that ground water has been affected by land application.

Sodium Adsorption Ratio |

The mean sodium adsorption ratio (SAR) for effluent and soil pore-water
samples, 2, is in the range that Metcalf and Eddy (1991) classify as requiring

slight to moderate restrictions (Table 9)

- High SAR values can indicate high sodium input that can cause decreased soil
permeability, especially in the top few inches of soil. However, Campbell
(1994), who characterized the soils, did not believe that sodium posed a
significant problem at the site due to the coarse, sandy nature of the soils.

Lysimeter Comparison

Wick, suction, and barrel lysimeters have various advantages and disadvantages. The
samplers are compared below on the basis of reliability, representativeness, ease of

installation, sample volume, variation between replicates, costs, and time to construct.
The results are summarized in Table 10.

Table 10. Comparison of wick, suction, and barrel lysimeters at the Deer Park site.

Reliability

Good Very good Very good
Representativeness Good Good Poor
Ease of installation Difficult Easy Difficult
Variation between replicates | Good Good Very good
Volume Good Limited Good
| Costs and time High Low High
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Table 9. Sodium adsorption ratio (SAR) calculations. Concentrations are in mg/L.

Total  Dissolved Specific
Total Dissolved Mag~ Mag~  Total Dissclved Conductanc Use
Site  Date Calcium Calcium nesium  nestum  Sodivm Sodivm SAR* (umbos/cm) Restriction®*

W4-A  07/22/93 12.9 5.2 121 7.2 638 S-M
Wid-D  08/05/93 - 234 6.53 112 53 686 S-M
Wa-F  07/22/93 7.28 2.72 58.3 4.7 328 S§-M
8/05/93 8.08 3.06 65.6 5.0 369 S-M
10/01/93 9.24 3.46 67.2 4.8 418 S-M

51 05/06/93 254 4.87 35.5 1.7 381 S-M
07/24/93 15.1 3.18 42 2.6 322 8-M

B4-82 07/24/93 11.9 5.00 - 42,1 2.6 206 S-M
B4-L1 05/06/93  16.9 6.64 ‘ 37.2 1.9 295 S-M
07/22/93 23.5 8.39 384 1.7 410 S-M
07/24/93 20.6 7.32 42.8 2.1 332 S-M

Dup  07/24/93 16.8 6.32 367 1.9 332 S-M
10/01/93 25.7 9.32 457 2.0 501 S-M

B4-1.2 11.2 4.5 30.1 1.9 221 S-M
Wwo6-C  08/06/93 527 22.7 97.5 2.8 365  S-M
W6-D  05/06/93  36.6 -6.47 50.5 2.0 353 S-M
06/11/93  6.59 2.35 64.1 54 346 S-M

W6-E 06/11/93  11.5 5.42 78.6 4.8 476 5-M
Wwe6-F 06/11/93  12.9 4.53 78.2 4.8 446 S-M
S4 10/01/93 15.4 4.93 65.7 3.7 497  S8-M
- 86 16/01/93 10.8 2.87 68.9 4.8 457  S-M
Bo6-81 07/23/93 21.9 8.9 269 1.2 340 S-M
Bo6-L2 07/22/93 29.9 11.0 584 23 533 S-M
Effluent 05/05/93  37.2 6.57 51.1 2.0 657 S-M
1 06/11/93  38.3 6.73 49.3 1.9 628 S-M
10/01/93 39.8 8.24 53.2 2.0 628 S-M

Effiuent 07/23/93 . 38.1 7.19 554 2.2 631 S-M

2

* SAR = Na/(Ca + Mg/ﬁ. Concentrations are in meq/L.
** §—M: Slight to moderate. See Metcalf & Eddy, 1991.
N: None

SV: Severe
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Reliability

All three samplers were reliable in collecting samples when sufficient time was
allowed for water to reach the samplers. All 24 suction and wick lysimeters
produced samples on at least one occasion. It is important to allow sufficient time
after purging for wick lysimeters to collect water before sampling. Nine out of
ten barrel lysimeters also produced samples.

Representativeness

We experienced the fewest problems obtaining representative samples with the
suction lysimeters. The suction lysimeters caused the least disturbance to
surrounding vegetation and could easily be placed at the depths of interest (three
to six feet). The disadvantage of the suction lysimeter is that it collects discrete
samples and, unless sampled at frequent intervals, can miss large pulses of water.
These infrequent, large pulses may comprise much of the flow leaving the root
zone. Suction lysimeters can also misrepresent the concentration of substances
leaving the root zone by drawing out slow-moving water in small pores that may

- not be leaving the root zone (see Pore Accessibility under Water Quality Results
above).

Wick lysimeters provide a more continuous sample than the suction samplers.
For constituents that are fairly conservative, such as total N and TDS, infrequent
sampling can still provide an accurate estimate of the quality of the water leaving
the root zone. More frequent sampling is needed for non-conservative substances
(Magid and Christensen, 1993; Boll, et. al, 1992; Barbee and Brown, 1986).

Trenches needed to install the wick lysimeters are a drawback initially, because
they disturb surrounding vegetation. Distilled water added to the wick during
installation to "prime" the sampler also dilutes the initial sample concentrations.
Likewise, after samples are collected, the hanging wick can hold residual water
that eventually empties into the collection vessel affecting future sample
concentrations. Residual water does not pose a problem if the resuits are used to
estimate a mean over time, i.€., 4 season or a year. In this case the wick

. lysimeters can effectively serve as continuous samplers.

Samples from the barrels were probably least representative of soil pore-water
" moving below the root zone due to their depth two feet above the root depth for
alfalfa.
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Easé of Installation

Suction lysimeters were the easiest of the three types to install. Only the suction

samplers did not require a back-hoe for installation. We hand-augured each hole

for the suction lysimeters within a few minutes.

Wick lysimeters were difficult to install in the sandy, loose soils due to caving,
The 2-gallon collection vessel undermined the overlying soil which we tried not
to disturb. Soil caving, combined with the lack of soil structure, made it

impossible to install the wicks as prescribed: with a smooth, flat, undisturbed soil

ceiling and the plate tightly pressed against it. Selker (1994) is developing an
easier, above-ground installation method.

Barrels were also difficult to install in the coarse, loose sand. When the back-hoe

extracted the barrel, instead of pulling out an intact soil plug, often at least part
of the contents of the barrel slid out. We replaced the loose soil in the barrels
manually. ‘

Variation Between Replicates

Results from the barrel lysimeters were less variable than those from the wick or
suction lysimeters. TDS variability was less than that for total N in all samplers
{Table 11).

Table 11. Coefficient of variation estimates for total N and TDS for each lysimeter.

Lysimeter Type Total N TDS

Wick 14-52 - 22-31

Suction 19-77 6-21

Barrel _ 3-20 - 8-18 o I[

“The mean coefficient of variation for total N in the wick and suction lysimeter
samples, which are most representative of water passing through the root zone,
- was 43% (n=14); that for TDS 15% (n=28).

Page 35



Volume of Sa‘mple

The wick and barrel lysimeters contained the greatest volume of sample, nine to
ten liters (Table 12). The suction lysimeters had the smallest capacity, one liter.
The smaller capacity limited the number of sample analyses possible.

Table 12, Volume capacity for the three lysimeters.

Lysimeter Type Volume (L)
Suction 1 —-—I
Wick S

” Barrel (16-inch diameter) 10

" Barrel (8-inch diameter) 2.5

Costs and Time

The range in costs for constructing individual samplers shown in Table 13 was
$55 to $200. Installation costs for the wick and barrel lysimeters was
significantly higher than for the suction lysimeters, because a back-hoe was
required.

Shoring for the five- to six-foot deep trenches also added to the cost of the wick
lysimeters and to the time needed for construction.

In addition to being the least expensive option, suction lysimeters were also the
fastest to install at the Deer Park site. However, at sites with significant gravel
content, suction lysimeters could be difficult to install. Likewise, if suction
lysimeters were installed horizontally or at an angle to minimize flow along the
sidewalls, a trench would also be needed. Costs would then be similar to those
for the wick lysimeters.
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Table 13. Cost estimates for building and installing the wick, barrel, and suction iymmeters .

Preinstallation Backhoe Time to Consiruct

Lysimeter Cost Cost and Install (hr)
Suction $55-70 $0 1.5-2.5
Barrel
l6-inch $200 $55/hr 7-12
8-inch $75 . $55/hr 5-10
Wick $60-80 $55/hr 7:12

(Shoring) $200

Effectiveness of Vadose Zone Monitoring

Vadose zone monitoring is effective at the Deer Park site. Samples obtained from wick
and suction lysimeters show that nitrogen treatment is not complete, indicating a
potential for ground water contamination. The rapid response of soil pore-water can be
used to evaluate modifications to effluent application scheduling.

Characteristics of the Deer Park site that make vadose zone monitoring useful are:
® The depth to ground water is about 50 feet,

® The soil is suitable for installing and operating vadose zone monitoring
devices,

e The geology is ‘sufﬁciently complex that installing an adequate number
of monitoring wells to detect contamination due to the facility may be
infeasible. :
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Appendix A. Soils characterization.

United States goil Rock Pointe Tower II, Suite 451
Department of Conservation W. 316 Boone Avenhue
Agriculture Service Spokane, WA 95%201-2349

(509) 353-2364

Date: December 1, 1993

Subject: Soils Data for Deer Park Airport Wastewater
Land Application Study

To: Barbara Carey
Washington State Department of Ecology
Mail Stop 7710
7171 Cleanwater Lane, Bldg. 8
Olympia, WA 98504-7710

Dear Barbara:

I‘ve finished putting together the soils information for the Deer
Park Wastewater Study I received the soil moisture data from the
University of Idaho in October. Enclosed are soil profile
descriptions, soil partlcle size analyses, and tables of chemical
and soil moisture information taken from the University of Idaho
data.

One 1nterest1ng aspect of the soil moisture retention data is that
these sandy soils hold more water than would normally be expected
for soils with these textures. I suspect the reason for this is
the presence of the loamy lamellae (thin layers) that occur in the
soils at both sample sites. These thin layers probably also slow
the rate at which water moves through the soil from what would be
expected in coarse sand soils. oOur estimate of the saturated
hydraulic conductivity of these soils, from the attached Soil
Interpretation Record for the Marble Series, ranges from 6 to 20
inches per hour.

The nitrate data shows that the highest concentrations by far were
in the surface layers and dropped off rapidly in the deeper
horizons. Of course the samples were collected in May, and nitrate
levels could change as wastewater is applied throughout the growing
season.

We are available to provide assistance on irrigation water
management for this site. We could assist in developing an
irrigation schedule that would base application rates on
consumptive use of the crop, available water capacity of the soils,
and climatic data. Deep leaching of irrigation water could be.
minimized by using proper application rates.

Please feel free to call me. We’d like to help in any way we can.
Steve Campbegl
Area Soil Scientist

cec: Jim Carley, SCS State Soil Scientist
Jud Melton, SCS Dlstrict Conservationist -



DEPARTMENT OF ECOLOGY - DEER PARK AIRPORT
WASTEWATER LAND APPLICATION STUDY

SYITE NO. 1 -~ LATERAL AREA 4

USDA - Soil Conservation Service
Pedon Narrative Description
Nov 29, 1993

Soil Series: Marble :

Soil Survey # S93-WA-063-001

Survey Area ID: 063

Description Type: description for research study

Pedon Type: Within range of series

Correlated Name: Marble

Location: Spokane County, Washington; 2500 feet north, 1500 feet west
‘ of the SE corner of section 31, T. 29 N., R. 43 E. W.M.

Latitude: 47 degrees, 57 min., 55 sec. N

Longitude: 117 degrees, 25 min., 37 sec. W

Classification: mixed, mesic Alfic Xeropsamment

Physiography: - Glacial Outwash Plain '

Slope Characteristics: 2.5% plane horizontal, plane vertical

Elevation: 2180 ft MSL- < '

Mean Annual Precipitation: 22 in.; xeric moisture regime

MLRA: 44

Hydraulic Conductivity: high

Air Temperature: Mean Annual - 45 degrees F

Soil Temperature: Mean Annual - 47 degrees F

Drainage Class: excessively drained

Land Use: alfalfa hayland '

Particle Size Control Section: 10 to 40 in.

Described By: Steven B. Campbell

Date: 05/3/83

Ap~--0 to 4 inches; brown to dark brown (10YR 4/3) coarse sand; pale
brown (10YR 6/3) dry; weak fine granular structure; soft, very
friable, non sticky, non plastic; many very fine and fine roots,
common medium roots; neutral (pH 6.4); clear smooth boundary.

Cl--4 to 22 inches; brown (l0YR 5/3) coarse sand; very pale brown
(10YR 7/3) dry; single grain; loose, non sticky, non plastic; common
very fine and fine roots and few medium roots; mildly alkaline (pH
7.3); gradual smooth boundary.

C2-~-22 to 36 inches; brown (10YR 5/3) coarse sand; very pale brown
(10YR 7/3) dry; single grain; loose, non sticky, non plastic; few very
fine and fine roots; loamy lamellae 1/4 to 1/2 inch thick about 8 to
12 inches apart; moderately alkaline (pH 7.7); gradual smooth
boundary. , ' '

C3--36 to 52 inches; brown (10YR 5/3) coarse sand; very pale brown
(L0YR 7/3) dry; massive; soft, very friable, non sticky, non plastic;
few very fine and fine roots; loamy lamellae 1/4 to 1/2 inch thick
about 8 to 12 inches apart; neutral (pH 6.4); clear smooth boundary.

C4--52 to 72 inches; brown (10YR 5/3) coarse sand; very pale brown
(10YR 7/3) dry; massive; loose, non sticky, few very fine and fine
roots non plastic; neutral (pH 6.9).



DEPARTMENT OF ECOLOGY = DEER PARK AIRPORT
WASTEWATER LAND APPLICATION STUDY

SITE NO. 2 - LATERAL AREA 6

USDA - Soil chservation'Service
Pedon Narrative Description
Nov 29, 1993

Soil Series: Marble

Soil Survey # S93-WA-063-002

Survey Area ID: 063 ‘ :

Description Type: description for research study

Pedon Type: Within range of series

Correlated Name: Marble

Location: Spokane County, Washington; 2450 feet south, 2200 feet east
' of the NW corner of section 31, T. 29 N., R. 43 E. W.M. ‘

Latitude: 47 degrees, 58 min., 05 sec. N

Longitude: 117 degrees, 26 min., 02 sec. W

Classification: mixed, mesic Alfic Xeropsamment

Physiography: Glacial Outwash Plain

Slope Characteristics: 1% plane horizontal, plane vertical

Elevation: 2190 ft MSL

Mean Ahnual Precipitation: 22 in.; xeric moisture regime

MLRA: 44 :

Hydraulic Conductivity: high

Air Temperature: Mean Annual -~ 45 degrees F

Soil Temperature: Mean Annual - 47 degrees F

Drainage Class: excessively drained

Land Use: alfalfa hayland

Particle Size Control Section: 10 to 40 in.

Described By: Steven B. Campbell

Date: 05/4/93

Ap--0 to 4 inches; brown to dark brown (10YR 4/3) coarse sand; pale
brown (10YR 6/3) dry; weak fine granular structure; soft, very
friable, non sticky, non plastic; many very fine and fine roots,
common medium roots; neutral (pH 6.7); clear smooth boundary.

Ci--4 to 29 inches; brown (10YR 4/4) coarse sand; light brown
(10YR 6/4) dry; single grain; loose, non sticky, non plastic; common
very fine and fine roots and few medium roots; loamy lamellae 1/4 to
1/2 inch thick about 12 to 18 inches apart; moderately alkaline (pH
7.9); gradual smooth boundary. .

C2--29 to 56 inches; brown (10YR 5/3) coarse sand; very pale brown
(10YR 7/3) dry; single grain; loose, non sticky, non plastic; few very
fine roots; moderately alkaline (pH 7.9); gradual smooth boundary.

C3--56 to 72 inches; brown (10YR 5/3) sand; very pale brown
(10YR 7/3) dry; massive; soft, very friable, non sticky, non plastic;
no roots observed; loamy lamellae 1/4 to 1/2 inch thick about 12 to 18
inches apart; mildly alkaline (pH 6.4).



0 z'0 - —— — L L ZL-96 €0 y-2
G°0 £°0 — ——— -— 6°L 9G-62 o £-2
S0 6°0 60°0 G0°0 T°¥ 6°L 62-V% 10 Z-2
1T 9°61 05°0 62°0 A . L9 v-0 dy -2 2z
$0 Tt —— e - 6°9 ZL-26 v G-1
S0 L2 s o~ —— 9 26-9¢ £0 p-1
p°0 8°0 —— - —— Lt 9¢-22¢ o £-1
S0 9°1 S1*0 60°0 Ty £ L zZ-Y 10 z-1
€T L°1Y 121 TL°0 5°G v-9 b0 dv -1 1
{b/bn) (6/6n) (%) (%) (B3/Touo) Hd {-NI) NOZI¥OH *ON *ON
N-YHN N~-£ON JALIVH  NOGYYD ALIOVANYD HLJIA ATINVS LIS
DINVOHO DINVOHO IONVHOXT .
NOTIIVD

£661T ‘2 ISNOnv
AGQNIS NOILYOI1ddY AN¥T M¥vd ¥d3Id 40 ALID

OHVQI 40 ALISHIAINN -~ VIVQ A¥OLVIOEVWT TIOS



FAITAYIS NOIIWANASNOD TI0S ‘TIIBAWYD JAHLS X8 GRLOATIOO SHTIJHYS A400 WOHA ST VIYa ALISNAQ MIN®

8Y1 TYOILATIYNY OHWAI 40 ALISHAAIND FHI WOHd SI VYIVQ NOIINILIY FdNLSIOW

INIOd ONIITIM ININYWYEd 3FHI 38 OI QIUIQISNOD SI ¥v¥e ST LY NOIINZLIY HUNLSIOW TI0S
ALIOVAYD QTHI4 Hd 01l dIWAAISHNOD SI ¥vda 1°0 I¥ NOILNALIY FUALSIOW ‘1105

-00T

———

on s - -

{AIISNEQ Wind ISION) {FUNISIOW ¥VYE ST - HHNISIOW ¥VE T1°0) = ALIDVAVDO HALVM FTEVIIVAVY

vE'S 69°1
99°v et
SE't 4: R4
¥5°0 ¥s°0
86°9 LA ¢
LS 6172
¥s°¢e L8t
89°1 - Z0°Y
99°0 99°0

SNOZTHOH WEHIO WOWd ¥IV] ONIIWIOdVHIXd
A9 QFIYWILSHE NOIINALIY FUNISIOW '1I0S ~

110 55°1
S0°0 0s°t
1170 0s°1
£T°0 sv°1

9070 S5°1
v1°0 SS°T
£1°0 SS° Y
92070 0s'1
91°0 sv 1

«0Z°¢ x00°S *»00°6
1L°1 vL g ve' v
#08°C »00°S 0007
85°¢ oL*v eg 11
»00°C «00°¢ »00°9
8y ¢ 608 €e° 11T
0¥ «00°S *00°11
13 A ZE™S 1¢'9
0E°E 979 19° 41

- T —— —— " - 2 S50 4 " " T A S A T S e #i i S LS, D LS. A M A T P T T T S W O S Gt S P WO A Dt o g

SFHONI  NOZINOH °*NI/°NI (00/5}

TEAIINIOWND /NI

ALISNEC

»x XLIOVAYD YIIUM TTGVTIVAUYS» ATnd

LSIOH

Hvg St yvd 0°% dvd 170
{1HOIAM A9 INADYAJ)
»»NOILNALIY FHNLSIOW TIOS»»

£661 ‘1 HHEWIDAQ

95 - 62
6 - ¢
b -~ 0
zZL - 25
Zs ~ 9¢
9€ ~ 2T
zz - ¢
v -0
{-NI)
HL4dIa

XGNLS NOILVYOIT4dY ANV'T HIAIYMILSYM LHOGHIY Mu¥d d33Ad
A907003 30 INIWIYVAIA "HOd WIYQ NOIINILIY FUNLISIOW TIOS

€2
rae]
10
dy

¥o
£
o
1§
dy

NOZTYHOH

*ON
ATdHUS

e e



SOILANALYSISFOR:  STEVE CAMPBELL
USDA SCS
ROCK POINT TOWER H SUITE 451
W. 316 BOONE AVE.
SPOKANE, WA 89201 -2349

FROM: U of | ANALYTICAL LABORATORY
HOLM CENTER
UNIVERSITY OF {DAHO
MOSCOW 1D 83843

Date Received:JUNE 4, 1993 Fee: $347.00 BILL File:SJN9312
Date Repornt Sent OCTOBER 5, 1993

Ana!ysuoé%w g _/é;g_— Date: S~ —~97

Group Leader: k L 34; ,4__.,(4»5"»-» Date: leo-5-(3

WBOM - SO MOISTURE RETENSION
SAMPLE LAB # pH CEC 0C. OM. ND3-N NH4-N. - 01 - 1.0 15
1D SIN93-12 cmoi(+)/Kg— % %  uglg ug/g BAR BAR BAR

-1 1524 64 55 071 124 417 13 1461 662 330
1-2 1528 7.3 4.1 009 015 16 05 62t 532 243
-3 1526 . 77 ——=  mm= e 08 04 @ == - -
1-4 1527 64 = @ m=e e 27 05 1133 509 248
1 -5 1528 69 —=-= @ ——=- ——= 1.1 04 @ mee o —
2-1 1529 67 42 0.29 050 196 1.1 1183 470 258
2-2 1530 79 449 005 009 09 05 e e S
2-3 1531 79 ——m e e 03 0.5 494 274 17
2--4 1532 17 w——— e e — 0.2 04 @ e e —
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Appendix B. Well construction information for monitoring wells, M-2, M-5, and
and water level elevations for M—5 and M-9.
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. Appendix B. (Continued)
Table 1. Water table elevations for monitoring wells M~5 and M-9 in 1993..

Well Depth to Water (ff)

3/26 6/15 9727 11/18
M-5 2157.6 2158.8 2156.8 2156.3
M-9 21113 21113 2110.5 2110.8
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Appendix C. Lysimeter Construction and Installation

Activities conducted to build and prepare equipment are described below followed by the
procedures used for installation. The location of samplers are shown in Figures 4 and 5.
Pre-installation

We constructed most of the wick and barrel lysimeter parts before installing the samplers. Pre-
installation activities are described below.

Capillary wick lysimeters

Each capillary wick lysimeter consisted of a bundle of three, 1/2-inch diameter woven
fiberglass wicks (Pepperell Braiding Co., E. Pepperell, MA) glued to a 10-inch square
plexiglass plate (Figure 6). The wicks hung down through a hole in the center of the
plexiglass plate into a five-gallon HDPE rectangular carboy roughly 20 inches below. We
used PVC connectors and non-metallic flexible conduit to enclose the hanging wicks
between the plate and the carboy lid (about 21 inches). The wicks hung 2-3 inches below
the top of the carboy preventing them from conducting water upward after the sample had
been collected.

Before assembling the wick samplers, all plexiglass platés and pieces of flex conduit pipe
were cleaned with Alconox© and tap water followed by an acid wash with 10% sulfuric
acid. The final four rinses were with deionized water.

" After threading the wick through the flexible conduit, a piece of wick about five inches
long extended out of the hole in the middle of the plate. I unbraided the wick and spread
- the strands flat on the plate using surgical gloves. I then wove additional short pieces of
fiberglass into the flattened pieces to form a spider-web configuration. This helped
maximize the space on the plate covered by the wick.

1 then glued the outer ends of the "spider-web" to the plate using Sikaflex adhesive. I cut
off any strands hanging over the edge of the plate to prevent water from flowing off the
plate.

Two 1/4-inch diameter holes were drilled in the upper part of the carboy: one for
connecting the 1/4-inch diameter polypropylene sample tubing from the bottom of the
carboy to the sampling station at the surface, and the other for a vent to the surface to
prevent a vacuum when sampling. The sample tube was installed in two pieces and
connected in the field using a compression fitting: one piece from the carboy hole to the
bottom of the carboy and the other from the carboy hole to the sampling station at the
surface. Another 1-1/2-inch hole was drilled in the screw-on cap for the carboy to fit the
wick and flexible conduit.



The carboys were cleaned using the same procedure used for the plexiglass plates and
flexible conduit described above. The three holes in each carboy and cap were covered
with aluminum foil after cleaning to prevent contamination. The wick assembly was also
covered in heavy-duty plastic bags fastened with rubber bands.

Barrel lysimeters

Each of the ten barrels (five at each site) consisted of a 24-inch length of steel well casing
(Figure 7). Three of the barrels at each site were 8-inch diameter, and two were 16-inch.
The bottom edge of the casing was bevelled for inserting into the ground. APVC cap
covered the bottom to capture percolating soil pore-water.

Polypropylene sample tubing, enclosed in flexible conduit and PVC pipe, led from the hole
in the cap to the ground surface. An 8-inch long PVC pipe and threaded cap was installed
to protect the sample tubing. Tubing was also connected to an air vent drilled into the
lower end of the barrel to prevent a vacuum when samples were extracted.

The PVC cap and attached tubing were cleaned with Alconox© and tap water, rinsed with
tap water, acid washed with 10% sulfuric acid, and rinsed four times with deionized water.
The cleaned cap assemblies were sealed in heavy-duty plastic bags until instalied.

Suction lysimeters |

We used twelve, two-inch diameter PVC suction lysimeters with ceramic cups at the
bottom and rubber stoppers at the surface (Figure 8). The lysimeters and stoppers were
cleaned in Alconox© and tap water followed by four distilled water rinses. The ceramic
cups were then soaked in distilled water for 3-5 days to remove any remaining mobile
contaminants.

Two, 1/4-inch polypropylene tubes were installed in each suction lysimeter. The sample
tubing extended to the bottom of the cup. The shorter tube extended a few inches below
the rubber stopper and was used for setting the vacuum and applying pressure to discharge
the sample.

Installation
We installed the wick and barrel lysimeters May 3-5, 1993. We also installed two of the twelve

suction lysimeters at Field 4 at that time. We installed the remaining ten suction lysimeters on
July 23, 1993. Installation procedures for each lysimeter type are described below.

Wick lysimeters

We installed 12 capillary wick lysimeters, 6 at each site. At each site, two six- to seven-
foot deep trenches were excavated and shored to prevent caving, while we installed three



samplers in each trench. We installed two of the wick lysimeters four feet below the
surface in each trench and one lysimeter at three feet.

To install each wick lysimeter we planned to carve a slot about 20 inches into the sidewall
of the trench to fit the wick/plate portion of the lysimeter and an indentation below that
for the sheath and carboy portion. Following the suggestion of Thomas (1993), we tried
to make the top of the cave above the "spider-web" wick area as flat and smooth as
possible to allow water movement from the soil to the wick. We used a simulated
assembly without a wick for sizing the hole. We used mason's trowels and screwdrivers to
dig the slots. However, because the sandy soil had so little structure, caving was a major
problem.

We had the most success when we first carved the outline of the cave, fit the assembly into
the sidewall as well as possible and carefully laid soil from the caving sidewall on top of
the wick/plate area. To prime the system, we also moistened the wick with about 0.5-1.0
L of deionized water before placing the assembly in the trench. We then carefully
backfilled around the assembly, taking care to label and protect the sample tubing.

Sample tubing from all three samplers in each trench were joined at one exit. A four-inch
PVC pipe and cap protected the sample tubes at the surface. We took care to protect
tubing and samplers when the backhoe filled the trench. To prevent contamination of the
sample tubing, we covered the ends with a short piece of gum rubber tubing folded on top
of itself and fastened with a rubber band. '

Barrel lysimeters

We installed ten barrel lysimeters, five at each site (Figure 8). Barrel samplers were filled
with soil by slowly pushing the barrel, bevelled bottom edge first, into the ground with the
bottom of the backhoe bucket. The barrels easily penetrated the coarse sand. The
backhoe then extracted the barrel containing an intact soil monolith using a chain hooked
to two steel tabs on the top end of the barrel. In many cases, soil fell out of the barrel
when it was pulled out. We then shovelled the soil back into the barrel.

To complete the installation, we laid the barrel upside down on the ground and replaced
the bottom six inches of soil with pea gravel sandwiched between two layers of filter fabric
to prevent soil from moving into the pea gravel. We then epoxied the cap onto the bottom
of the barrel with pre-attached sample tubing and housing.

The backhoe enlarged the original hole and placed the barrel with the soil monolith back
into the ground. The barrels were then leveled on 2x4-inch cedar boards, and backfilled
so that the top of the barrel sampler was about one to two inches above the ground
surface. :

We covered the sample and vent tubing for each barrel in four-inch diameter PVC pipe
and cap that was about 8-10 inches above the ground. We covered the end of the sample



tubing with a short piece of gum rubber tubing folded on top of itself and fastened with a

rubber band to prevent contamination.

Suction lysimeters

We used a four-inch diameter hand auger to dig holes for the two-inch diameter suction

lysimeters. Sampler depths are shown below.

“ Depth of samw_pier (feet) No. of samplers in Field 4 No. of samplers in Field 6

B S PR
4. 3 3 “
6 2 0 |

After digging the hole, we mixed a slurry of silica flour and deionized water. We poured a
small amount of slurry into the hole and then placed the sampler in the hole. We then
poured the remaining slurry around the sides of the sampler to cover the ceramic cup.

Finally we backfilled with soil from the hole.



Appendix D. Sampling and Analysis Procedures

The following procedures were used to estimate effluent application rate and to sample the
lysimeters and effluent.

Application Rate Estimate

On three dates we placed three to six coffee cans in each field at varying distances from the
sprinkler heads to serve as precipitation gages before effluent was applied. After effluent had
been applied, we measured the depth of water in each can with a measuring tape to the nearest 0.1
inch. On the average, water depths in the cans were twice those estimated by the City of Deer
Park (mean=2.1, §.D.=0.3, n=4)(Table D.1).

Sampling

Wick Lysimeters

To collect samples from the wick lysimeters, we attached a vacuum/pressure hand pump
to the side-arm of a 1,000-ml polypropylene filtering flask. The 1/4-inch diameter exit
tubing from the wick lysimeter was inserted into a rubber stopper in the top of the filtering
flask. We operated the hand pump periodically to set and maintain a vacuum, causing the
sample to flow into the flask.

Barrel Lysimeters

We used the same procedure to sample the barrel lysimeters as for the wick lysimeters
. described above.

Suction Lysimeters

A few days before effluent was to be applied, we set the suction lysimeters using a
vacuum/pressure hand pump. We attached neoprene tubing on the end of the shorter tube
to the vacuum pump and set the tension at 60 centibars. Before removing the vacuum, we
tightened the screw fitting on the neoprene tube to hold the vacuum. The other tube
exiting the sampler (sample discharge tube) was stoppered while we set the tension.

To sample after effluent had been applied, we first released the tension by unscrewing the
fitting on the shorter tube. We then connected the discharge tube to a clean 1,000 ml
filtering flask via a rubber stopper. After attaching the short tube to the pressure part of
the pump we pushed the accumulated water out of the sampler and into the flask via the
tube extending to the bottom of the ceramic cup.



mesly €71
0’1
981
69°0 $'1 €6/€0/L wesiy 81
0T
wesiy O°1 81
60 9.0 91 £6/¥¢/L
80
6°0 uesiy 11
o1 6’1
0’1 _ 1881
750 Al £6/5/S 80 0T £6/11/9
(Lep/seyouy) (Aep/seyouy) age(] (Aep/soyouy) (Aep/seyou]) aed
ojeuilse b.mmu VOIS B(IS-UD - )LUMED hqu Sjeni]s? mﬂmiﬁc
o PIetd ¥ PP

*yred 108(] Jo K11 pUR SIOIH3[[O0 SJIS—HO USoMIq SSIRTINSS 918l uonjeorpdde yo wosuedwo) “1°(] SIqEL



Effluent

On May 5, June 11, and October 1, we collected samples from the pump house located
several miles above the sprayfield. On July 22 and 23, we collected samples directly from
sprinkler heads at Field 6 using a S-gallon bucket rinsed with distilied water and effluent.

The analytical methods used and detection limits are listed in Table D2.
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Appendix E. Data Ahalysis

Application Rates

Application rate refers to the amount of a substance (total N or TDS) applied through irrigation
to an area over a period of time (e.g., Ib/acre/year). Details of the process are shown below.

Application Rate (Ib/acre/day) = (Volume Applied/Acre x

Effluent Concentration x Conversion Factor)/Time Applied
where .
Volume Applied (L) = Rate effluent applied (cm/hr) x Hours applied x Area
(cm?)/(1,000 cm*/L)
Concentration Applied (mg/L) = Effluent concentration (mg/L)

Time Applied (days) = Number of days or fraction of days water applied per
irrigation episode

Conversion Factor = 2.2 x 10° Ib/mg

The total annual application rates for 1993 are the sums of the amounts applied for all individual
applications. Application rates are estimated for Fields 4 and 6.
Treatment

The method for estimating treatment for total N and TDS is based on the following two
equations:

(0 Maés applied - Mass leached = Mass treated
(2) % Treatment = Mass treated/Mass applied x 100

The mass applied is the total annual application rate described above (Ib/acre/year). The mass
leached is the sum of the estimated amounts leached following each application event.

The steps in calculating the mass Jeached for each application event are shown below:

1. Estimate consumptive use (CU) for the field on each day that effluent was applied as
follows:

Estimate consumptive use (CU) for alfalfa by multiplying the pan evaporation
value for Spokane on the day effluent was applied (Western Climate Center, 1994)



by the average pan factor for alfalfa in Spokane, 0.76 (SCS, 1990) to obtain a
consumptive use estimate, i.e.,

CU = Evap (Inches) x 0.76
2. Subtract the CU from the inches applied to calculate the inches leached.
3. Calculate the leachate concentration as the mean concentration of the wick and
suction samplers for the date closest to the application date. (The mean of the
wick samplers and the mean of the suction samplers at the site are used to

calculate the mean for the date.)

4. Multiply the volume of leachate per acre by the concentration in the leachate to
obtain the mass of substance leached.

The steps to estimate the percent treatment after the amounts leached for each event are estimated
are:

1. Take the sum of the masses leached for each application date in 1993 to yield
the total leached for the year.

2. Subtract the total annual mass of substance leached from the mass applied to
obtain the mass treated.

3. Divide the mass treated by the mass applied to obtain the percent treatment.

Projected Changes in Ground Water Nitrate-N and TDS Concentrations

I estimated the increase in ground water concentrations of nitrate and TDS due to 1993 land
application by assuming that the total leachate for the year mixes with the top 10 feet of the
aquifer. '

The estimated increase in nitrate-N and TDS is based on the following equation:

GW Increase (mg/L) = Mass leached (mg)/(Volume of water in the top 10 feet of
aquifer + Volume leached)(L)

where
Mass leached = Total mass leached below 160 acres from Treatment above (Site 4:
4.4 x 10° mg; Site 6: 5.7 x 10° mg)

Volume of water in aquifer = Void space in top 10 feet of the aquifer using
porosities of 0.25 and 0.30 = 400 or 480 acre-ft respectively



Volume leached = Site 4: 276 acre-feet
Site 6: 250 acre-feet

(1 acre-foot x 1.23 x 10° = L/acre-foot)

Sodium Adsorption Ratio (SAR)

The sodium adsorption ratio was calculated as:

SAR = Na/{(Ca + Mg)/2

where concentrations are in meg/L.



Appendix F, Quality Assurance

Quality Assurance Procedures

Standard laboratory quality assurance procedures were followed for all samples, including
calibration standards, spikes, and laboratory duplicates. In addition, blind duplicate samples were
collected on July 22 and 24, August 5 and 6, and October 1, 1993.

Rinsate blanks were also collected during each sampling event except July 22-23 and September
15, 1993, These samples consisted of laboratory deionized water pumped through the same
collection system used for the lysimeters after the tubing and flask had been thoroughly rinsed
with deionized water. In this way it was possible to assess the effectiveness of rinsing the
sampling apparatus several times with deionized water between samplers.

Quality Assurance Results

All data were usable, although most total Kjeldahl-N (TKN) values for October 21, 1992, are
qualified. All samples on that date with reported values less than five times the blank value (0.23
mg/L) are qualified with a "B" in Appendix G.

- Relative Percent Difference

Relative percent difference values (RPD) were calculated for duplicate samples collected
using the following formula:

[(C,-C,)/(mean of C, and C,)] x 100

where C,= Concentration of one sample
C,= Concentration of other sample

Relative percent difference was used to measure the effects of combined field and
- laboratory errors on data precision. Results are shown in Table F.1.

Nitrogen (Ammonia, Nitrate + Nitrite, and TKN)

The difference between total N values in duplicate samples was moderate. The RPD
range was 5-55% (Table F.1). The TKN component accounted for almost all of the
variability in the total N values. Nitrate + nitrite RPD's were only 1-15%, while TKN
values were 5-57%. The lowest RPD for TKN and total N was found in the effluent
sample which also had about 20 times higher concentration than the lysimeter samples.
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Ammonia RPD values, although higher than those for either nitrate-+nitrite or TKN in the
lysimeters, had little effect on the total N RPD. This is because ammonia made up only
small portion of the total N in the lysimeters. :

Total Dissolved Solids (TDS)

Variation between TDS replicates was very low, 0-1.3% relative percent difference
(Table F.1).

Rinsate Blanks

Results for rinsate blanks are shown in Table F.2. Sample values less than five times the
- blank value on that date are qualified with a "B" in Appendix G. Many of the lysimeter

TKN values are just below the blank-qualified level. Because that limit is very

conservative, the blank values close to the blank-qualified level are used in data analyses.
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Appendix H. Application rate calculations for total N and TDS.

Table H.1. Effluent application rates for each day when effluent was applied in 1993.

Concentration of

Date Applied Cm applied Vol Applied/ Total N N Load N Load N Load

{(In) Acre(L/acre)} Applied (mg/l)* (mg/acre) (g/acre) (Ib/acre)
05/04/93 2.5 6.4 2.57TE+05 24  6.17E+06 6.17E+03 13.6
05/17/93 1.2 3.0 1.23E+05 24 2.96E+06 2.96E+03 6.5
05/24/93 1.4 3.6 1.44E+05 24 3.45E+06 3.45E+03 7.6
05/27/93 1.2 3.0 1.23E+05 24 2.96E+06 2.96E+03 6.5
06/08/93 1.6 4.1 1.64E+05 20  3.29E+06 3.29E+03 7.2
07/23/93 1.4 3.6 1.44E+05 22 3.17E+06 3.17E+03 7.0
08/04/93 1.4 3.6 1.44E+05 22 3.178406 3.17TE+03 7.0
08/15/93 2.4 6.1 2.47E+05 22 5.43E+06 5.43E+03 11.9
08/16/93 2.4 6.1 2.47E+05 22 5.43E+06 5.43E+03 11,9
09/07/93 2.0 5.1 2.06E+05 22 4.52E+06 4.52E+03 10.0
09/14/93 2.1 5.3 2.16E+05 20 4.32E+06 4.32E+03 9.5
09/17/93 1.6 4.1 1.64E+05 20 3.20E+06 3.29E+03 7.2
10/06/93 0.7 i.8 7.20E+04 20 1.44E+06 1.44E+03 3.2
10/20/93 0.8 2.0 8.225+04 20 1.64E+06 1.64E+03 3.6
Total 113

‘Concentration of

Date Applied Cm applied Vol Applied/ Total N N Load NLoad N Load

(In) " Acre(L/acre) Applied (mg/l)* (mg/acre) (glacre) (ib/acre)
05/05/93 1 2.5 1.03E+05 24  2.47E+06 2.47E+03 5.4
05/16/93 1.2 3.0 1.23E+05 24 2.96E+06 2.96E+03 6.5
05/25/93 1.2 3.0 1.23E+05 24  2.96E+06 2.965+03 6.5
06/26/93 1.5 3.8 1.54E+05 20 3.08E+06 3.08E+03 6.8
07/22/93 1.4 3.6 1.44E+05 22  3.17E+06 3.17E+03 7.0
08/03/93 1.6 4.1 1.64E+05 22  3.62E+06 3.62E+03 8.0
08/14/93 1.5 3.8 1.54E+05 22 3.39E+06 3.39E+03 7.5
08/16/93 3.2 8.1 3.29E+05 22 7.24E+06 7.24E+03 15.9
08/20/93 2.8 7.1 2.88E+05 22 6.33E+06 6.33E+03 13.9
08/23/93 1.6 4.1 1.64E+03 22 3.62B+06 3.62E+03 8.0
08/29/93 1.5 3.8 1.54E+05 22 3.39E+06 3.39E+03 7.5
10/08/93 0.7 1.8 7.20E-+04 20 1.44E+06 1.44E+03 3.2
10/25/93 1.4 3.6 1.44B+05 20 2.88E+06 2.88E+03 6.3
Total 102

* Total N concentration in the effluent sample collected on that date or the closest date if no effluent sample
were collected on that date.



Table H.2. TDS applied during 1993 for each application date.

Applied Cm Vol Applied/ TDS Concentration TDS Load TDS Load TDS Load
Date (In) Applied Acre(L/acre) Applied (mg/L)* {mg/acre) (g/acre) (lb/acre)

05/04/93 2.5 6.4 2.57E+05 345 8.87E+07 8.87E+04 195
05/17/93 1.2 3.0 1.23E+05 345 4.26E+07 4.26E+04 04
05/24/93 i4 3.6 1.44E+05 345  4.96E+07 4.96E+04 109
05/27/93 1.2 3.0 1.23E+05 345  4.26E+07 4.26E+04 94
06/08/93 i.6 4.1 1.64E+05 345 5.67H+07 5.67E+04 125
07/23/93 i.4 3.6 1.44E+05 , 345 4.96E+07 4.96E+04 | 109
08/04/93 1.4 3.6 1.44E+05 345 4.96E+07 4.96E+04 109
08/15/93 2.4 6.1 2.47E+05 345 8.51E+07 B.51E+04 187
08/16/93 2.4 6.1 2.47E+05 345 8.51E+07 8.51E+04 187
09/07/93 2.0 5.1 2.06E+05 . 345 7.09E+07 7.09E+04 156
09/14/93 2.1 53 2.16E+05 345 7.45E+07 7.45E+04 164
09/17/93 1.6 4.1 1.64E+05 345 5.67E+07 5.67TE+04 125
10/06/93 0.7 L.8 7.20E+04 345 2.48E+07 2.48E+04 35
10/20/93 0.8 2.0 8.22E+04 345 2.84E+07 2.84E+04 62
Total 1,771

Applied Cm Vol Applied/ TDS Concentration TDS Load TDS Load TDS Load
Date {In) Applied Acre(l./acre) Applied (mg/1.)* (mg/acre) (glacre) (Ib/acre)

05/05/93 1 2.5 1.03E+05 345 3.55B+07 3.55E+04 78
05/16/93 1.2 3.0 1.23E+05 345 4.26E+07 4.26E+04 94
05/25/93 1.2 3.0 1.23E+05 345 4.26E+07 4.26E+04 94
06/26/93 1.5 3.8 1.54E+05 345 5.32E+07 5.32E+(04 117
07/22/93 1.4 3.6 1.44E+05 345 4.96E+07 4.96E+04 109
08/03/93 1.6 4.1 1.64E+05 345 5.67E+07 5.67E+04 125
08/14/93 L5 3.8 1.54E+05 ‘ 345 5.32E+07 5.32E+04 117
08/16/93 3.2 8.1 3.29E+05 345 1.13E+08 1.13E+05 250
08/20/93 2.8 7.1 2.88E+05 345 9.93E+07 9.93E+04 218
08/23/93 1.6 4.1 1.64E+05 345 5.67E+07 5.67E+04 125
08/29/93 1.5 3.8 1.54E+05 345 5.32E+07 5.32E+04 117
10/08/93 0.7 i.8 7.20E+04 345 2.48E+07 2.48E+04 55
10/25/93 1.4 3.6 1.44E+05 345 4.96E+07 4.96E+04 109
Total 1,607

* TDS concentration in the effluent sample collected on that date or the closest date if no effluent samples
were collected on that date.
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Appendix I. 1993 Discharge Monitoring Reports for the City of Deer Park sprayfield.
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Appendix J. Total N and TDS percent treatment.

Table J.1. Annual percent treatment estimates for total N.

Total N Applied Total N Leached Total N Treated
Field (lb/acre/yr)* (Ib/acre/yr)*+ (Ib/acre/yr)* -~ % Treatement™*

&) @ 3 @
4 113 61 52 46
6 103 77 24 23

¥ See Appendix I for details.
** Sec Table K.3 for details.
* @@

A @=(3)1(1) % 100

. Table J.2. Annual percent treatment estimates for TDS,

TDS Applied  TDS Leached TDS Treated
Field (Ib/acre/yr)* (Ib/acrelyr)*#* {Ib/acrelyry* % Treatement™*

%) @ 3) )
4 1,770 1,460 310 18
6 1,600 1,823 ~223 ~14

* See Appendix I for details. .
** See Table 1.4 for details.
~ B=-E)

A {@y=(3)/(1) % 100



Table J.3. Estimates of total N mass moving below the root zone for each application' date at
Fields 4 and 6.

Amount ET for Consumptive Leached Leached Leached Leachate N load N load
Date Apphied day of Use (Imy*  (Im)** (cm)  (L/acre) Total N (g/acre) (Ib/acre)
(In) application (In) sk (mg/Ly* ~* ana
€9) . 0] G &) &) (6) ) ® ®
05/04/93 2.5 0.10 0.08 2.4 6.2 2.5BE+05 9.5 2E+03 5.2
05/17/93 1.2 0,32 0.24 1.0 2.4  9.8E+04 9.5 9E+02 2.1
05/24/93 1.4 0.41 0.31 1.1 2.8  1.1E+05 9.5 1E+03 2.3
05/27/93 1.2 0.15 011 11 2.8 1.1B+0S 9.5 IE+03 2.3
06/08/93 1.6 0.30 0.23 1.4 3.5 1.4E+05 9.5 1E+03 2.9
07/23/93 1.4 0.17 0.13 1.3 3.2 1.3E+05 11.6 2E+03 3.3
08/04/93 1.4 0.35 0.27 1.1 2.9  1.2B+03 17.7 2E+(3 4.5
08/15/93 2.4 0.17 - 0.13 2.3 5.8 23E+05 17.7 4E+03 9.1
08/16/93 2.4 0.10 0.08 23 5.9 2.4E+05 17.7 4E+(03 9.3
09/07/93 2.0 0.28 0.21 1.8 4.5 1.8E+05 14.8 3E+(03 6.0
09/14/93 2.1 0.08 0.06 2.0 5.2 2.1B+05 14.8 3E+03 6.8
09/17/93 1.6 0.17 0.13 1.5 3.7 L5E+05 14.8 2E+03 4.9
10/06/93 0.7 . 0 0 0.7 1.8 7.2E+04 “7.1 SE+02 1.1
10/20/93 0.8 0 0 0.8 2.0 8.28+04 7.1 6E+02 1.3
Total 20.7 61.3
Amount ET for Consumptive Leached Leached Leached Leachate N load N load
Date Applied day of Use (In)*  (Im)** (cm)  (L/acre) Total N (g/acre) (lb/acre)
(In) application (In) ok (mg/L)y~ ~* el
€3] () 3 @ &) (6) ) (8) ®
05/05/93 1 0.15 0.11 0.9 2.3 9.1E+04 3.9 4E+02 0.8
05/16/93 1.2 0.38 0.29 0.9 2.3 9.4E+04 3.9 4E+02 0.8
05/25/93 1.2 0.33 0.25 0.9 2.4 9.8E+04 3.9 4E+02 0.8
06/26/93 1.5 0.48 0.36 1.1 2.9 1.2E+05 8.8 1E+03 2.3
07/22/93 1.4 0.02 0.02 1.4 3.5 1.4E+05 27.6 4E+03 8.6
08/03/93 1.6 0.43 0.33 1.3 3.2 L3E+05 27.6 4E+03 7.9
08/14/93 1.5 0.22 0.17 1.3 3.4 1.4E+05 27.6 4E+03 8.3
08/16/93 3.2 0.10 0.08 3.1 7.9 3.2E+05 27.6 9E+03 19.5
08/20/93 2.8 0.28 0.21 2.6 6.6 2. 7E+05 20 SE+03 11.7
08/23/93 1.6 0.51 0.39 1.2 3.1 1.2E+05 20 2E+03 55
- 08/29/93 1.5 0.15 0.11 1.4 3.5 1.4B+05 20 3E+03 6.3
10/08/93 0.7 0 0 0.7 1.8 7.2E+04 8.3 6E+02 1.3
10/25/93 1.4 0 0 1.4 3.6 1.4E+05 8.3 1E+03 2.6
Total 18.3 76.5

* ClJw= {Pan Evap on the day of application) x 0.76 for alfaifa.

*% Leached = (In applied) - (In CU)

% Liacte= (cm leached) x (4.047x107 em2/acre)/ (1,000 cm3/L)

~ Mean eoncentration of suction and wick Iysimeters on the nearest sampling date
“* N load (gfacre} = (&) x {7y mel1,000 g/my

**~ N load (fb/acre) = (8) g x 0.0022 Ib/g



Table J.4. Estithates of the TDS mass moving below the root zone for each application date at

Fields 4-and 6.
Amount ET for Consumptive Leached Leached Leached Leachate TDS load TDS load
Date Applied day of - Use (In)*  (Imy**  (cm)  (L/acre) TDS (g/acre) (Ib/acre)
(In) application (In) il (mg/Ly* ** .
M @ 3) @ &) O] ) &) ®
05/04/93 2.5 0.10 0.076 2.4 6.2 2.5E+05 286  TE+04 157
05/17/93 1.2 0.32 0.24 1.0 2.4 9.8E+04 286  3E+04 62
05/24/93 1.4 0.41 0.31 1.1 2.8 1.1E+05 286  3E+04 70
05/27193 1.2 0.15 © 011 1.1 2.8 1.1E+05 286  3E+04 70
06/08/93 1.6 0.30 0.23 1.4 3.5 1.4E+05 286  4E+04 89
07/23/93 1.4 0.17 0.13 1.3 3.2 1.3E+05 282 4E+04 81
08/04/93 1.4 0.35 0.27 1.1 2.9 L2E+05 386 4E+04 99 -
08/15/93 2.4 0.17 0.13 2.3 5.8 2.3E+05 386 @ 9E+04 198
08/16/93 2.4 0.10 0.08 2.3 5.9 2.4E+05 © 386 OE+04 203
09/07/93 2.0 0.28 0.21 1.8 4.5 1.8E+05 267 5E+04 108
09/14/93 2.1 0.08 0.06 2.0 5.2 2.1E+05 267  6E+04 123
09/17/93 1.6 0.17 0.13 1.5 3.7 L5E+05 267  4E+04 89
10/06/93 0.7 0 0 0.7 1.8 7.2B+04 315  2E+04 50
10/20/93 0.8 0 0 0.8 2.0 B8.2E+04 - 315 3E+04 57
Total : 20.7 1,456
Amount ET for Consumptive Leached Leached Leached Leachate TDS load TDS load
Date Apphied day of Use (In)*  (Iny** {(cm)  (L/acre) TDS (g/acre) {Ib/acre)
{In) application (In) Ak (mg/Ly~ ** e
1) @ €)] “@ ) O] (N (8 @
05/05/93 1.0 0.15 0.11 0.9 2.3 9.1E+04 492  4E+04 99
05/16/93 1.2 0.38 0.29 0.9 2.3 9.4E+04 492 5E+04 101
05/25/93 1.2 0.33 0.25 0.9 2.4 9.88+04 305 3E+04 65
06/26/93 1.5 - 0,48 0.36 1.1 2.9 1.28+05 305 4E+04 78
07/22/93 1.4 - 0.02 0.02 i.4 3.5 1.4E+05 305 4E+04 96
08/03/93 1.6 . 0.43 0.33 1.3 3.2 1.3E+05 512 TE+04 147
08/14/93 1.5 0.22 0.17 1.3 3.4 1.48+05 512 TE+04 154
08/16/93 3.2 0.10 0.08 3.1 7.9 3.2E+05 512 2E+05 362
08/20/93 2.8 0.28 0.21 2.6 6.6 2. 7E+05 476  1E+05 279
08/23/93 1.6 0.51 0.39 1.2 3.1 1.2E+05 476  6E+04 131
08/29/93 1.5 0.15 0.11 1.4 3.5 1.4E+05 476  TE+04 149
10/08/93 0.7 0 0 0.7 1.8 7.2E+04 342 2E+04 54
10/25/93 1.4 0 0 1.4 3.6 1.4E+05 342 5E+04 108
Total 18.3 1,823

* CU= (Pan Evap on the day of application} x 0.76 for alfalfa

** Leached = (In applied) - (In CU)

*ik T facres (cm leached) x (4.047x107 cm2/acre)/(1,600 em3/L)
* Mean concentration of suctions and wicks on nearest date
**TDS load (gfacre) = (6) x (7} mg/1,000 g/mg

AAATDS load (Ib/acre) = (8) g x 0.0022 b/g
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