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Executive Summary

The Edwards Aquifer is the primary source of drinking water for the City of San Antonio,
the second most populated city in Texas. Because of the high quality of the aquifer water, it
requires no pretreatment before distribution to the community. However, current pumping
demands from the aquifer have reached the maximum sustainable rate, and future
development of the city of San Antonio and the surrounding areas will depend on
developing alternate water sources combined with wise and conservative use of the
available aquifer water. One alternative water source suitable for irrigation and many
industrial activities is recycled water; recycled water is municipal wastewater that has been
treated to meet specific health and environmental standards. Therefore, the San Antonio
Water System (SAWS) has invested in the design and construction of two main distribution
systems from their wastewater treatment facilities, which produce Type 1 recycled water.
Type 1 recycled water represents the highest level of tertiary treatment and is intended to
allow the safe utilization of recycled water for conservation of surface and ground water, to
ensure the protection of public health, to protect ground and surface waters, and to
supplement potable water resources with an adequate supply of an alternate water source
for present and future needs. Type I water quality requirements were also established for
safe incidental human contact. SAWS has built more than 74 miles of pipeline capable of
delivering up to 35,000 acre feet of Type 1 recycled water annually to customers throughout
the city and nearby areas. Primary purchasers of recycled water have been golf courses,
military bases, parks, cooling tower operations, sod farms and other facilities managing
large acreage of irrigated turf.

During the initial investigation of the recycled water pipeline construction route, SAWS
received requests to provide recycled water for the irrigation of facilities located over the
Edwards Aquifer Recharge Zone (EARZ). Great concern was raised that use of recycled
water over the EARZ would result in contamination of the aquifer, including contamination
due to plant nutrients, other inorganic or organic chemicals that may be present in recycled
water, or disease causing biological organisms such as fecal coliforms. To aid in SAWS’
decision making process regarding whether or not to provide recycled water service to
facilities located over the EARZ, the Edwards Aquifer Recharge Zone Irrigation Pilot Study
(EARZIPS) was conducted. One of the major goals during the design and development of
the EARZIPS study conditions was to mimic the soil conditions and irrigation practices used
at golf courses currently located on the EARZ. The EARZIPS’ primary objective was to
provide scientific information to SAWS concerning the fate of nutrients and other
constituents of Type I recycled water when used for irrigation of turf areas on the recharge
zone and the potential for contamination of the underlying aquifer. A second major
objective was to compare the amounts of nutrients and other constituents in runoff and
leachate from turf-covered areas irrigated with Type 1 recycled water versus Edwards
Aquifer water. The third objective was to conduct two literature reviews to summarize the
current state of knowledge concerning 1) the fate of plant nutrients, and 2) the fate of
biological organisms and biologically active compounds in irrigated soils. The literature
reviews were intended to help put the current study into perspective with the larger body of
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knowledge and possibly aid in the extrapolation of the present field data to other locations
and soil conditions.

Therefore, the results of the current study would include:

* Recommendations on proper use of recycled water and fertilizers on turf over the
Edwards Aquifer Recharge Zone based on the data collected in this study and the results
of the analyses performed.

* Assessment of potential negative environmental impacts associated with the use of
recycled water over the recharge zone.

* Comparison of leachate and runoff water quality of recycled and Edwards irrigation
plots.

Table ES.1 presents the key issues of the project in a table format.

The pilot study was a collaborative effort between CH2M HILL, Texas A&M University,
and SAWS. The study was designed to last two years beginning in March of 2002 and
ending in March of 2004. The study site is located on a 5-acre tract of land within the
Bladerunner Turf Farms, Inc. (BTF), immediately adjacent to SAWS’ Leon Creek Water
Recycling Center.

Typically, the Edwards Recharge Zone has a shallow soil profile with a thickness ranging
from 0 to 18 inches. Many of these surface soils are characterized as belonging to the Tarrant
Series. The Tarrant Series is described as a thin layer of stony soils consisting of clay and
silty clay (loam) with large limestone fragments. The limestone fragments range from one-
quarter of an inch to in excess of 24 inches in diameter, and comprise approximately 20
percent of the soil layer by volume. These soils occur on the limestone prairies, typically
found overlying the Edwards Limestone formation.

Beneath the surface soils lies the Edwards Limestone Group (undivided). This group is
divided into two formations, the upper Person Formation, and the lower Kainer formation.
The Person Formation is made up of limestone and dolomite with common chert nodules,
and ranges from 200 to 260 feet in thickness. Typically brownish gray, near the surface the
Person weathers to yellowish orange.

According to the Bexar County Soil Survey, the Bladerunner Turf Farm is located on a
deposit of Lewisville silty clay soil series. Soil analyses were performed at the site, and the
resulting data illustrated a similarity to fairway soils at a large golf complex. This complex is
located on the EARZ and has expressed interest in recycled water service from SAWS.

The Lewisville series is part of the Lewisville-Houston Black, terrace association, which
covers approximately 12 percent (roughly 95,846 acres) of the county. The Lewisville soil
series is a fertile and productive soil that is desirable for use in urban areas that may be
deficient in topsoil. It would not be unusual to see this type of soil mined and sold for use as
supplemental topsoil for home lawns, highway medians, parks, golf courses, or other
landscaped areas. This is a common practice in areas such as the EARZ where native topsoil
is thin or, in some cases, insufficient. Selection of this soil for use in the Turf Study is
acceptable because it served as a “typical” soil that exhibits both runoff and macropore flow.
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TABLE ES.1
Key Project Issues
Edwards Aquifer Recharge Zone Irrigation Pilot Study
Primary Objective The EARZIPS’ primary objective was to provide scientific information to SAWS concerning the fate of nutrients and other constituents of Type |

recycled water when used for irrigation of turf areas on the recharge zone and the potential for contamination of the underlying aquifer.

The results of this study will include recommendations on the use of recycled water and fertilizers on turf over the Edwards Aquifer Recharge Zone
based on the data collected in this study and the results of the analyses performed.

Study Site A five-acre tract of land at the Bladerunner Turf Farms, Inc., adjacent to the San Antonio Water System’s Leon Creek Water Recycling Center.
Experimental A total of eighteen study plots were arranged in a random manner. Each plot was 20 feet by 20 feet, with an additional 5 feet of non-irrigated buffer
Design area around the perimeter of each plot. Leachate samples were collected from the center 10 feet by 10 feet inner area to avoid potential edge effects.

Plots included three replications each of three irrigation treatments (Edwards Aquifer water applied at the potential evapotranspiration rate, SAWS’
recycled water applied at the potential evapotranspiration rate, and SAWS’ recycled water applied at the rate of potential evapotranspiration plus a
leaching fraction) and two turfgrass species (bermudagrass and zoysiagrass).

Waters Used for Recycled water was obtained from the San Antonio Water System’s Leon Creek Water Recycling Center. Edwards Aquifer water was obtained from
Irrigation the SAWS municipal potable water system. Water supplies to the site were constructed to deliver approximately equal water pressure to help ensure
equal water application rates.

Irrigation All irrigation occurred between 8:00 p.m. and 10:00 a.m. The following three irrigation treatments were employed:
Treatments 1. Replacement of the potential evapotranspiration (PET) rate using recycled water (1XRW treatment).
2. Replacement of the potential evapotranspiration rate plus a 10% leaching fraction using recycled water (LFRW treatment).

3. Replacement of potential evapotranspiration rate using Edwards aquifer water (EA treatment).

Turf Grasses Jamur zoysiagrass and Tifway 419 hybrid bermudagrass were the turf grasses employed. These grasses were selected as being representative of turf
Tested grass species commonly used on golf course fairways in the San Antonio area.

Duration of Study The study began in March of 2002 and ended in February of 2004.

Fertilizer Because the soils already had adequate Phosphorus, Potassium, Magnesium and Iron, the fertilization program centered on applying the required

Applications amount of N for good turf growth and quality. During the first year, 2 and 3 pounds nitrogen per 1,000 square feet were applied as ammonium sulfate
to the zoysiagrass and bermudagrass plots, respectively (not including nitrogen applied through irrigation water). During the second year, fertilizer
applications were made in smaller but more frequent amounts, applying a total of 4 and 6 pounds nitrogen (including nitrogen applied through irrigation
water) per 1,000 square feet to the zoysiagrass and bermudagrass plots, respectively. During the second year, granular fertilizer applications were
adjusted to account for the N content of the recycled water. This practice is typical good management for users of recycled water.

Soil Textures Soil textures identified at Bladerunner Turf Farms, Inc. were very similar to those on the fairways of a large golf complex. This complex is located on
the Edwards Aquifer Recharge Zone and has expressed interest in recycled water service. Therefore, the San Antonio Water System conducted the
study without any modification of the soil types and profiles at the experimental site. The golf course complex had Clay and Clay Loam soils, while the
study site had Clay, Clay Loam, and some Silty Clay and Silty Clay Loam soils.

Irrigation System Each test plot was equipped with four pop up irrigation heads (1.0 gpm Rain Bird T-Bird). Heads were located at each corner of the plots and provided
head-to-head coverage for optimum coverage and uniformity. The system was designed to provide complete separation and independent operation of
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TABLE ES.1
Key Project Issues
Edwards Aquifer Recharge Zone Irrigation Pilot Study

the two water sources: Edwards and recycled water. Three programmable valves and totaling water meters provided control and monitoring of the
amount of irrigation provided to each plot.

Sampling Lysimeters: Water samples were collected monthly from glass block lysimeters buried at three depths. Additional samples were collected immediately
following storm events that produced over 1.5 inches of precipitation in a 24 hour period at the field site.

Soils: Soil samples were collected quarterly from all plots.

Runoff: Runoff water samples were collected from the six plots equipped with runoff collection systems any time there was sufficient volume in the
collection bottles.

Tissues: Plant tissue samples were collected monthly from each plot during the growing season.
Rainwater: Several rainwater samples were collected during 2003.

Endpoints Constituents of concern that were quantified in the turfgrass tissue, soil, rainfall runoff, and leachate volumes are as follows:

Evaluated Lysimeter water samples: total Salts, calcium, copper, iron, magnesium, manganese, nitrogen (ammonium, nitrate, nitrite, and total Kjeldahl nitrogen),

phosphorus, potassium, sodium, zinc and fecal coliform.

Soil samples: total salts, calcium, copper, iron, magnesium, manganese, nitrogen (ammonium, nitrate, nitrite, and total Kjeldahl nitrogen), phosphorus,
potassium, sodium, and zinc.

Runoff water samples: total salts, calcium, copper, iron, magnesium, manganese, nitrogen (ammonium, nitrate, nitrite, and total Kjeldahl nitrogen),
phosphorus, potassium, sodium, zinc and fecal coliform.

Tissue samples total salts, calcium, copper, iron, magnesium, manganese, total Kjeldahl nitrogen, phosphorus, potassium, sodium, and zinc.

Rainwater samples: total salts, calcium, copper, iron, magnesium, manganese, nitrogen (ammonium, nitrate, nitrite, and total Kjeldahl nitrogen),
phosphorus, potassium, sodium, zinc and fecal coliform.

Aesthetics: Each plot was photographed and evaluated for turf quality on a monthly basis. Turf quality was visually rated on a scale of 1 to 9 with 9
equating to the best quality.

Literature Reviews The following two literature reviews were conducted to act as supporting documentation for the present study:
1. Potential Groundwater Contamination from Irrigation of Turf with Recycled Water
2. Risk Evaluation of Microbiological and Toxicological Components of the San Antonio Water System’s Recycled Water: A Literature Review

Conclusions Aesthetics: Turf quality was very low at the start of the study due to poor maintenance and winter dormancy. By mid-summer of the first year, the
quality had increased to a high rating of 8 or above. Turf quality showed a seasonal trend of increased quality in the summer months and decreased
quality during the winter. Irrigation treatments had no significant effect on turf quality, indicating that the SAWS Type 1 recycled water may be used to
irrigate turf with no adverse effect on turf quality.

Runoff water samples: The depth of runoff from the six plots that were outfitted with collection devices was highly variable and ranged from 9.4 to
31.5 inches of water. However, 5 of the 6 plots that were monitored for runoff had amounts in the range of 9.4 to 17.9 inches, which is a more typical
range.

The electrical conductivity of the runoff water was in the range of 0.167 to 0.193 dS/m, or 107 to 124 mg/L TDS, which is well within the safe range and
should not have any adverse environmental impacts. Although in the safe range, plots receiving the recycled water generally had higher EC values in
the runoff water.
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TABLE ES.1
Key Project Issues
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Sodium concentrations in the runoff water remained less than 40 mg/L and should not have any adverse environmental impacts.

Manganese concentrations in the runoff water remained less than 0.40 mg/L and should not have any adverse environmental impacts.
Magnesium concentrations in the runoff water remained less than 14 mg/L and should not have any adverse environmental impacts.

Iron concentrations in the runoff water remained less than 18 mg/L and should not have any adverse environmental impacts.

Copper and zinc concentrations in the runoff water remained less than 0.2 mg/L and should not have any adverse environmental impacts.
Calcium concentrations in the runoff water remained less than 125 mg/L and should not have any adverse environmental impacts.

Potassium concentrations in the runoff water remained less than 16 mg/L and should not have any adverse environmental impacts.

Total Kjeldahl Nitrogen concentrations in the runoff water remained less than 8 mg/L and should not have any adverse environmental impacts.

Nitrite concentrations in the runoff water remained less than 2 mg/L, with the majority of samples less than 0.5 mg/L, and should not have any adverse
environmental impacts.

Ammonia concentrations in the runoff water remained less than 2.25 mg/L. These concentrations were similar to the EA treatment samples and should
not have any adverse environmental impacts.

The fecal coliform concentrations were also similar to those of the EA treatment, although the measured values were quite variable.

The data indicate that nitrate concentrations in runoff may reach as high as 45 mg/L; however, nitrate concentrations from treatments receiving SAWS
recycled water had nitrate concentrations similar to those from the EA treatments. While nitrate concentrations above 10 mg/L are of some
environmental concern, these levels were not reached on a consistent basis. Therefore, nitrates in runoff from irrigated turf areas may have an
occasional small adverse environmental impact.

Leachate samples:

Leachate from the lysimeters at the 6-inch depth had a small but significantly greater pH compared to that from the 18 and 30-inch depths. Therefore,
the use of recycled water on soils that are at least 18-inches deep should have no effect on the pH of water leaching past the root zone of turf areas.

The mean electrical conductivity of the runoff water ranged from 0.499 to 0.653 dS/m, or 319 to 418 mg/L TDS, which is well within the safe range and
should not have any adverse environmental impacts. Although in the safe range, plots receiving the recycled water had significantly higher EC values
in the leachate water passing the 30-inch depth and will contribute small amounts of salts to the groundwater.

In 14 out of 15 sampling dates, there were no significant differences between the iron concentrations from the different irrigation water treatments. On
the one date when significant differences were present, the EA treatment had the highest iron concentration. Thus, the use of recycled water for
irrigation of turf will not significantly affect the iron concentration in the leachate moving below the root zone. Consequently, the use of recycled water
for irrigation of turf areas should not impact the iron content of underlying aquifers any more than if Edwards Aquifer water were used for irrigation.

Approximately half of the measured mean iron concentrations in leachate were above the EPA MCL of 0.3 mg/L for drinking water. Thus, leachate
from turf areas irrigated with either Edwards Aquifer water or SAWS Recycled water will pose a significant possibility of iron contamination of
groundwater reserves.

The leachate from the upper 6-inch samplers had the highest magnesium concentration, followed by that of the 18-inch and 30-inch samplers. There
also was a significantly higher magnesium concentration in the leachate from the LFRW plots as compared to that from the EA treatment plots.
Leachate from the 1XRW plots contained an intermediate magnesium concentration and did not differ from either of the other treatments. Therefore,
water leaching past the 30-inch depth will carry higher amounts of magnesium with it and will contribute small amounts of magnesium to the
groundwater.
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TABLE ES.1
Key Project Issues
Edwards Aquifer Recharge Zone Irrigation Pilot Study

In the majority of cases, the use of recycled water for irrigation of turf will not significantly affect the ammonia nitrogen concentration in the leachate
moving below the root zone and, therefore, should not impact the ammonia nitrogen content of underlying aquifers any more than if Edwards Aquifer
water were used for irrigation.

Through the majority of the study (September 2002 through October 2003), the mean nitrate values all remained below 10.0 mg/L, which is the primary
EPA Standard for nitrate concentrations in drinking water. There did appear to be a general trend of greater nitrate concentrations in the leachate from
the 1XRW and LFRW plots; however, differences were not always statistically significant.

Mean nitrite values were all at or below 0.71 mg/L, which is low and of little environmental concern. When the data were analyzed by irrigation water
treatment, no significant differences between irrigation water treatments were found for any of the dates. Thus, the use of recycled water for irrigation
of turf will not significantly affect the nitrite concentration in the leachate moving below the root zone. Consequently, the use of recycled water for
irrigation of turf areas should not impact the nitrite content of underlying aquifers any more than if Edwards Aquifer water were used for irrigation.

The leachate from the upper 6-inch samplers had the highest potassium concentration, followed by that of the 18-inch and 30-inch samplers. There
also was a significantly higher potassium concentration in the leachate from the 1XRW plots as compared to that from the EA and LFRW treatment
plots. Therefore, water leaching past the 30-inch depth will carry similar amounts of potassium with it as if the same area were irrigated with Edwards
Aquifer water. Based on this information, turf areas irrigated with SAWS Recycled water will not pose a significant danger of potassium contamination
of groundwater reserves.

The data from this study show that, in the majority of cases, the use of recycled water for irrigation of turf will not significantly affect the zinc
concentration in the leachate moving below the root zone. Consequently, the use of recycled water for irrigation of turf areas should not impact the zinc
content of underlying aquifers any more than if Edwards Aquifer water were used for irrigation.

Based on the results of this study, irrigation of turf areas with SAWS recycled water should not significantly change the manganese concentration of
water leaching past the root zone. The data also indicate that manganese concentrations in the leaching water should be independent of soil depth
and turfgrass species.

Based on the data from this study, the use of recycled water for irrigation of turf will not significantly affect the copper concentration in the leachate
moving below the root zone. Consequently, the use of recycled water for irrigation of turf areas should not impact the copper content of underlying
aquifers any more than if Edwards Aquifer water were used for irrigation.

Except for the October 21, 2003, the mean Zn values all ranged at or below 0.2 mg/L, which is well within the EPA Secondary Standard of 5.0 mg/L for
Drinking Water. Based on these results, leachate from turf areas irrigated with either Edwards Aquifer water or SAWS Recycled water will not pose a
significant danger of zinc contamination of groundwater

In the majority of cases, the use of recycled water for irrigation of turf will not significantly affect the number of Fecal Coliform in the leachate moving
below the root zone. Consequently, the use of recycled water for irrigation of turf areas should not impact the Fecal Coliform levels of underlying
aquifers any more than if Edwards Aquifer water were used for irrigation.

There also was a significantly higher sodium concentration in the leachate from the LFRW and 1XRW plots as compared to that from the EA treatment
plots. Therefore, water leaching past the 30-inch depth will carry significantly greater amounts of sodium with it than if the same area were irrigated
with Edwards Aquifer water. Based on this information, turf areas irrigated with SAWS Recycled water will pose a small but significant possibility of
sodium contamination of groundwater reserves.

In the majority of cases, the use of recycled water for irrigation of turf will not significantly affect the concentration of phosphorus in the leachate moving
below the root zone. Consequently, the use of recycled water for irrigation of turf areas should not impact the phosphorus levels of underlying aquifers
any more than if Edwards Aquifer water were used for irrigation.Soil samples:

Irrigation with SAWS Type 1 recycled water had little to no effect on soil concentrations of calcium, copper, iron, magnesium, manganese, phosphorus,
potassium, total Kjeldahl Nitrogen and zinc. A slight increase in electrical conductivity was observed and a significant increase in sodium was
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Edwards Aquifer Recharge Zone Irrigation Pilot Study

measured in soils which received recycled water.
Tissue samples:

Irrigation with SAWS Type 1 recycled water had little to no effect on concentrations of calcium, copper, iron, manganese and phosphorus in turf tissue.
Irrigation with SAWS Type 1 recycled water did, however, show occasional increases in the levels of magnesium, zinc and total Kjeldahl nitrogen in turf
tissue samples. Definite increases were observed for potassium and sodium concentrations in turf tissue samples.

Mass balance:

To determine the amount of each constituent that migrates to the groundwater, the actual leachate volumes were multiplied by the constituent
concentration found in the leachate. Analysis of the results showed that the use of SAWS Type 1 recycled water will result in significantly greater
amounts of ammonia, manganese, phosphorus, potassium and total Kjeldahl Nitrogen migrating below the 30-inch depth and possibly to the
groundwater. Note, though, that all constituents that were identified as being statistically significant when compared to the Edwards Aquifer water are
not listed as a primary drinking water standard. When one takes into consideration the ever-recharging aquifer system and the dilution factor, it is
questionable if any overall adverse impact to the system would occur if recycled water was employed over the EARZ.

Quality Control
Measures

Control plots irrigated with Edwards Aquifer water were tested concurrently with plots irrigated with recycled water to determine if any study conditions
other than irrigation water type influenced the study. Constituent levels were also used for comparison purposes.
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As such, it was a good test case to determine potential pollutant migration via runoff and
leaching. This aids in making the results from this study more widely applicable to other
soils and locations in and near Bexar County.

A total of 18 test plots, each 20 feet by 20 feet, were established on the study site. Plots were
randomly assigned to three irrigation treatments, two grasses, and three replications.
Irrigation treatments included replacement of potential evapotranspiration (PET) using
Edwards Aquifer water (EA), replacement of PET using SAWS recycled water (1XRW), and
replacement of PET plus 10 percent for a leaching fraction using SAWS recycled water
(LFRW). Turf grasses used were ‘Tifway 419" hybrid bermudagrass and ‘Jamur’ zoysiagrass.
The study site was equipped with a weather station to measure environmental conditions
and to calculate PET. Each plot was equipped with three underground glass block
lysimeters that allowed collection of leachate water at 6, 18, and 30 inches below the soil
surface. One plot of each irrigation treatment and grass combination was equipped with a
runoff collection device.

Leachate samples were collected from all lysimeters monthly or more frequently in the
event of large rainfall amounts. Soil samples were collected from the upper 6 inches of each
plot quarterly. Tissue samples were collected from all plots on a monthly basis during the
growing season (April to October). Runoff samples were collected whenever present. A
summary of the sample collection and frequency schedule is presented in Table ES.2. All
samples were sent to the SAWS Dos Rios Laboratory for analysis of approximately 20
chemical constituents and associated soil and water properties. When sufficient sample
volumes were available, duplicate samples were sent to the Cooperative Extension Soil,
Water and Forage Testing Laboratory at Texas A&M University for duplicate analysis.

TABLE ES.2
Sample Collection and Frequency
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Type of Sample Frequency of Collection
Tissue Monthly1
Lysimeter Monthly?
Runoff When runoff occurred
Soil Quarterly
Rainwater Five samples taken in 2003 during rain events

1. Tissue samples were only collected between April and October when the grass was actively growing.

2. Lysimeter samples were also collected if a rain event delivered 1.5 inches or more within a 48 hour period to
the turf site.

Cumulative runoff depths measured for the study period ranged from 9.4 to 31.5 inches.
However, 5 of the 6 plots that were monitored for runoff had amounts in the range of 9.4 to
17.9 inches, which is a more typical range. The electrical conductivity of the runoff water
was in the range of 0.167 to 0.193 dS/m, or 107 to 124 mg/L TDS, which is well within the
safe range and should not have any adverse environmental impacts. Although in the safe
range, plots receiving the recycled water generally had higher EC values in the runoff water.
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Cumulative leachate volumes ranged from 22.1 to 38.9 liters. Statistical evaluation of the
leachate volumes showed no differences due to irrigation treatment for the 6 and 18 inch
deep lysimeters. However, the 30 inch deep lysimeters in the EA treatment produced
significantly less leachate than did lysimeters in the 1IXRW and LFRW treatments. The
average electrical conductivity of the leachate samples over the entire study period ranged
from 0.499 to 0.653 dS/m, or 319 to 418 mg/L TDS, which is well within the safe range.
Irrigation treatment did result in significant differences in the EC of the leachate water.
Leachates from the 1XRW and LFRW plots had significantly greater EC values than that
from plots irrigated with EA water.

Due to the higher amount of total salts in the recycled water, the plots receiving recycled
water had significantly higher EC readings as compared to the soil from the plots irrigated
with EA water. However, the EC values from all plots were within the range considered to
be safe for turf growth. Therefore, no irrigation leaching requirement was necessary during
this two year study to flush out accumulated salts from the soil. Significant rainfall events
were instrumental in maintaining an acceptable salt level in the soil.

Visual ratings of turf quality including turf density, color and uniformity were low in the
spring and late fall but were high throughout the majority of the growing season. There
were no statistically significant differences in aesthetic ratings due to irrigation treatments.

For most sampling dates, the sodium and potassium contents of the tissue samples from the
EA plots were lower than that of plots irrigated with recycled water. In addition, occasional
increases in the levels of magnesium, zinc and total Kjeldahl nitrogen were measured in turf
tissue samples from treatments irrigated with recycled water

Based on the data from this study and provided that turf areas are irrigated responsibly
using PET or a fraction thereof to guide the irrigation rate, and a responsible nutrient
management program is employed, Type I recycled water may be used for irrigation with a
minimal impact on groundwater quality. In other words, if large scale turf irrigators located
on the EARZ use SAWS recycled water, the data from this study indicate that it will result in
no statistically significant impact to the Edwards Aquifer water quality as compared to
irrigation with potable Edwards Aquifer water. Also, there is minimal impact to receiving
waters when using recycled water over the recharge zone.
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SECTION 1.0

Project Definition

Several million people who live and work in south-central Texas share the Edwards Aquifer
and its associated recharge zone — Edwards Aquifer Recharge Zone, or EARZ. The Edwards
Aquifer is a limestone aquifer that displays a “karst” topography on its recharge zone,
meaning that caves, sinkholes, and other surface features are present that allow water to
enter and recharge the aquifer. Groundwater within the Edwards moves through the system
rapidly, relative to other aquifers. The need to protect surface and groundwater quality is a
serious environmental issue. Because of the pristine quality of this very important resource,
water from the Edwards Aquifer is not treated prior to distribution for potable use.
Therefore, activities on the Edwards Aquifer Recharge Zone that adversely affect the water
quality of the recharge water and, eventually, the aquifer cannot be allowed.

In addition to this, the Edwards Aquifer is the primary source of drinking water for the City
of San Antonio, the second most populated city in Texas. Presently, the Edwards aquifer has
reached a point where demands for pumping and springflows cannot be met from historical
recharge. As a result, using existing water resources wisely, enhancing the Edwards
Aquifer, and developing new water resources are critical to the continued progress and
prosperity of San Antonio and the Edwards region.

The EARZ and the contributing region above the Edwards Aquifer have aesthetically
appealing landscapes that draw people to the area to live, work, and play. The landscape
also contributes considerably to the economic viability of the San Antonio community. In
fact, statewide, the economic impact of landscape installation and maintenance is estimated
at more than $10 billion (Lard and Hall, 1996). But these activities increase the potential for
contaminants to enter the aquifer. Irrigation of urban landscapes, including home lawns,
parks, sports fields, and golf courses, not only depletes this precious resource from within
the aquifer, but may introduce pesticides, herbicides, fertilizer, and other potentially
harmful chemicals. This potential for contamination is exacerbated by the poor soil
conditions above the EARZ. Typically, the Edwards Recharge Zone has a soil profile with a
thickness ranging from 0 to 18 inches. Many of these surface soils are characterized as
belonging to the Tarrant Series. The Tarrant Series is described as a thin layer of stony soils
consisting of clay and silty clay (loam) with large limestone fragments. The limestone
fragments range from one-quarter of an inch to in excess of 24 inches in diameter, and
comprise approximately 20 percent of the soil layer by volume. Shallow, stony soils of this
type provide numerous flow paths for water and pollutant movement below the root zone.

Although, maintaining golf course turf at acceptable levels in the San Antonio area requires
inputs of plant nutrients and water, trained and environmentally sensitive golf course
superintendents manage most golf courses. However, despite using best management
practices (BMPs), golf courses often border lakes, ponds, and streams, so the potential for
nutrient contamination of surface water and, eventually, aquifer water is a subject of
environmental concern. In contrast, many home and business owners have little to no
environmental knowledge, yet they maintain lawns and landscaped areas often resulting in

FINAL REPORT - EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY 1-1



EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

greater potential environmental contamination than that from larger landscaped areas
managed by trained professionals.

The San Antonio Water System (SAWS) Water Recycling Program completed construction
of more than 74 miles of concrete steel cylinder pipeline to provide 35,000 acre feet annually
of tertiary-treated Type I recycled water to commercial and industrial businesses in San
Antonio, Texas. The use of recycled water replaces approximately 20 percent of SAWS’
water demand on the Edwards Aquifer. Therefore, aquifer water can be preserved for
drinking water, thus allowing San Antonio a continued quality of life. Advantages of using
SAWS' recycled water include: 1) an unrestricted water source that can be used in times of
drought or curtailment of Edwards Aquifer potable water, 2) a reduced purchase price in
comparison to SAWS’ potable water, and 3) an irrigation water supply that contains
nutrients essential for plant growth. Recycled water will help to preserve the economic
vitality of the region by providing businesses with a firm supply of water for commercial,
industrial and manufacturing purposes. Additionally, reuse of treated municipal
wastewater for irrigation is an essential element of the SAWS Conservation and Reuse Plan,
which was designed to reduce the use of potable groundwater for non-potable applications.
One major goal of this Plan is to virtually eliminate the use of groundwater for irrigation
and stream augmentation and to preserve the integrity of the Edwards Aquifer.

The Texas Commission on Environmental Quality (TCEQ) is the governing State agency
that regulates the quality criteria, design, and operational requirements of recycled water
programs. As defined and specified in the Use of Reclaimed Water, Texas Administrative
Code (TAC), Chapter 210, the requirements must be met by producers, providers, and/or
users of recycled water. The criteria outlined in Chapter 210 are intended to allow safe
utilization of recycled water for conservation of surface and groundwater; to ensure the
protection of public health; to protect ground and surface waters; and to help ensure an
adequate supply of water resources for present and future needs. As stated in Chapter 30
TAC € 210.33(1), the minimum recycled water quality for Type I recycled water is:

BODs or CBODs 5mg/L!
Turbidity 3NTU1

Fecal Coliform 20 CFU/100 ml2
Fecal Coliform 75 CFU/100 ml3

1 Thirty day average (not to exceed)
2 Geometric mean (the nth root, usually the positive nth root, of a product of n factors)
3Single grab sample (not to exceed)

For comparison, the following is the typical quality of SAWS’ Recycled Water:

BOD:s <2.0 mg/L1
Turbidity 1NTU
Fecal Coliform <10 CFU/100 ml

1 Thirty day average

Seventy-eight potential recycled water customers initially requested from SAWS
approximately 47,000 acre feet of recycled water. Presently, TCEQ’s Chapter 210 allows for
the use of only Type I recycled water on the EARZ. Currently, Type I recycled water is the
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only level of treated recycled water that is designated as safe for incidental human contact.
However, this allowance is tempered by special requirements, including initial holding
pond permeability criteria. Despite this allowance, the SAWS Board of Trustees opted not to
deliver recycled water due to a lack of review of technical issues and a concern about
political issues if such a policy were implemented. As such, EARZ developments that are
considering the use of recycled water require the development of a standardized policy for
the treatment and use of recycled water on the EARZ.

Most of the requests for recycled water on the EARZ were for golf course operations.
Because of the concerns for protecting the environment associated with irrigation using
recycled water, listed earlier, proper management practices for golf course operators located
over the EARZ must be developed and followed to protect this environment. Golf course
operators should consider BMPs to maximize resources while minimizing the risk to the
environment. In order to evaluate the possibility of servicing any customers located over the
EARZ, there is a need for long-term, detailed studies designed to assist SAWS personnel in
recommending whether recycled water service should be provided and if any further water
treatment requirements should be implemented prior to use of the recycled water.
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SECTION 2.0

Project Goals and Objectives

Having defined the need for studies relating to the use of recycled water over the EARZ,
SAWS initiated a study to examine the fate of various biological and chemical constituents
that are introduced into the soil-plant-water continuum as part of a responsible turf
management program. The fate of the recycled water constituents would be estimated
through a mass balance and statistical analysis, presenting data necessary to evaluate the
environmental suitability of using recycled water to irrigate golf courses and other large turf
areas within the EARZ. Secondary benefits of the study included evaluation of the irrigation
demand of two common grasses used on area golf courses, evaluation of runoff water
quality, and evaluation of potential salinity problems associated with the use of recycled
water.

The EARZIPS’ primary objective was to provide scientific information to SAWS concerning
the fate of nutrients and other constituents of Type I recycled water when used for irrigation
of turf areas on the recharge zone and the potential for contamination of the underlying
aquifer. In this evaluation, results of the study would include the following;:

* Recommendations on proper use of recycled water and fertilizers on turf over the
Edwards Aquifer Recharge Zone based on the data collected in this study and the results
of the analyses performed.

* Assessment of potential negative environmental effects associated with the use of
recycled water over the recharge zone.

* Comparison of leachate and runoff water quality of recycled and Edwards irrigation
plots.

To perform the pilot study, SAWS hired CH2M HILL as well as representatives from the
Texas A&M University, Soil and Crop Sciences Department and the Texas Cooperative
Extension to support their effort. The Texas A&M representatives were instrumental in the
design and operation of the study, while CH2M HILL performed the routine system
calibration and sampling efforts. The study was designed to last two years, beginning in
March 2002 and ending in March 2004. One of the major objectives during the design and
development of the study conditions was to mimic the general conditions or anticipated
conditions under which large scale irrigators located on the EARZ are currently working.

The study site is located on a 5-acre tract of land (Figure 2.1) within the Bladerunner Turf
Farms, Inc. (BTF), immediately adjacent to Leon Creek Water Recycling Center. Soil
analyses were performed at the site, and the resulting data illustrated a similarity to fairway
soils imported to golf courses located on the EARZ and surrounding areas. This is discussed
in more detail in Section 3.3.
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SECTION 3.0

Project Site

3.1 Site Background

The EARZIPS was performed at Bladerunner Turf Farms, Inc. (BTF) property located on
Mauermann Road, Bexar County, south of San Antonio, Texas. Bladerunner is presently
leasing property from SAWS, and this property is adjacent to SAWS’ Leon Creek Water
Recycling Center. David Doguet, owner of BTF, agreed to allow five acres of his leased
property to be devoted to turf demonstrations, informational fairs, and turf research
projects.

The following is a brief chronology of the activities that led to the development and
implementation of the EARZIPS.

A deadline of June 30, 1997 was given to the identified potential recycled water
customer base to submit to SAWS a signed request for service document. This non-
binding document confirmed the intention by customers to purchase recycled water
from the SAWS System when such water becomes available. One of the major identified
uses of SAWS’ recycled water is irrigation of golf courses and athletic playing fields.
Approximately 9% (3,000 acre-feet per year) of recycled water was requested for
irrigation use by customers located on the Edwards Aquifer Recharge Zone (EARZ).

Summer, 1998 - Collection of fairway soil samples from a large golf complex located on
the EARZ, one of the irrigators who had submitted a request for service, as well as from
the proposed study site at Bladerunner Turf Farms, Inc. Based on the test data, a
determination was made by personnel of Texas A&M Soil and Science Department that
the soil characteristics at Bladerunner Turf Farms, Inc. site are similar to the fairways of
a the large golf complex sampled. Since the soil textures identified at the Bladerunner
Turf Farms, Inc. were similar to those of golf course fairways located on the Edwards
Aquifer Recharge Zone, the study was conducted using the existing soil at the
Bladerunner Turf Farms, Inc.

Fall, 1998 - SAWS provided authorization to initiate the EARZIPS.

Fall, 1998 - Early Summer of 1999 - Site preparation and installation of lysimeters,
irrigation system, fence, gates, walkways and turf.

Early 1999 - Re-evaluation of the reliability of both potable and recycled water supplies
and the need for more reliable water sources.

Spring, 2000 - Water sampling event to obtain background water quality analysis.
Irrigation of recycled and Edwards aquifer water was initiated.

June, 2000 - Irrigation of the site was discontinued due to irrigation system damage
resulting from an operational mishap on the main SAWS’ Recycled Water System.
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* September, 2000 - Set up irrigation of entire site with recycled water for one month due
to extreme heat.

* Spring, 2001 - Installation of dedicated recycled water and potable water lines to the
study site.

*  Winter, 2001 - SAWS issues a Request for Proposal for the EARZIPS.

* Spring, 2002 - EARZIPS initiated.

Due to the factors listed above, the EARZIPS was not irrigated or maintained regularly for
an approximate time period of 16 months immediately prior to the start of this study in
February of 2002.

3.2 Study Design

Proper site information and characteristics were considered when designing a study that
would meet the objectives listed. The site characteristics and study design were evaluated to
ensure that data could be effectively collected from the project site and that these data were
reproducible and accurate, as well as applicable to other sites in Bexar County.

Prior to the Study becoming operational, the site had to be prepared. Site preparation was
initiated by clearing and removing the indigenous vegetation. Next, the soil was leveled at
the existing grade to prepare it for sodding. Once this was completed, the plot borders were
marked to guide the installation of the lysimeters and the irrigation system. Following
installation of all lysimeters, irrigation equipment, weather station and vacuum lines the
plots were sodded, plastic borders were installed around all plots, and the walkways were
covered with composted wood chips.

3.3 Data Collection Apparatus

Once site preparation was completed, installation of the project components became
necessary. Lysimeters were installed before the irrigation system so that the heavy digging
equipment used for lysimeter installation would not damage the irrigation system. Figure 3-
1 illustrates the lysimeter installation; lysimeters were placed at three soil depths (6 inches,
18 inches, and 30 inches below the soil surface) per study plot, resulting in a total of 54
lysimeters. The purpose of the lysimeters is to collect water samples at different soil depths
within each test plot without changing the chemical characteristics of the sample.
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FIGURE 3-1
A Cross Section of the Below Ground Lysimeter Installation in Each Turf Study Plot
Edwards Aquifer Recharge Zone Irrigation Pilot Study

i 2
6" """'""': :.‘ 1
v ERY Ground Surface

Va Suction Tubes

/ Lysimeter

Representatives from the Texas A&M University System, Department of Soil and Crop
Sciences, were responsible for selecting the lysimeter and runoff collection devices to be
used in the study. The lysimeter type that was most applicable to this study is known as a
“glass block lysimeter” (Brown, 1986; Barbee and Brown, 1986). This device consists of a
rectangular glass block, approximately 12 inches x 12 inches x 3 inches in size, with nine
holes drilled into the glass top to allow percolated water to enter and accumulate in the
lysimeter.

30"

Lysimeter installation was accomplished by excavating a trench approximately 4 feet deep
and 8 feet long in the center of each plot. Hand-dug excavations slightly larger than the
glass blocks were made into one sidewall of each trench so that the top of the cavities were
18 and 30 inches below the soil surface. Care was taken to try to make the top of the cavities
flat and smooth to ensure good contact with the top of the sampling device. The top of each
lysimeter was covered with a porous geotextile to prevent soil from falling into the holes in
the top of the lysimeter. A 1/8-inch diameter nylon sampling tube was then inserted
through one of the holes into the glass blocks and brought to the soil surface, as shown in
Figure 3.2. These tubes were employed during vacuum system extraction, as described in
Section 4.3. The glass block with cover and sampling tube installed was slid into the cavity
and pressed up against the soil that formed the top of the cavity. Wooden wedges were
used to hold the block in position until soil could be backfilled and packed around and
beneath the glass block. Care was taken to pack the soil carefully and firmly to prevent
future settlement. Each cavity was completely backfilled until flush with the sidewall of the
trench. Each lysimeter was offset at least 2 feet in the horizontal direction from the closest
overlying lysimeter to prevent any interference in water movement from overlying
lysimeters.
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FIGURE 3.2
Sampling Tube Installation into the Glass Block Lysimeter
Edwards Aquifer Recharge Zone Irrigation Pilot Study

A third lysimeter was installed with the top of the lysimeter 6 inches below the soil surface.
Due to the shallow depth of this sampler, installation was accomplished by digging an
appropriately sized hole from the surface. The lysimeter was placed in the excavation and
the sampling tube was laid in a shallow trench that extended to the same location as the
sampling tubes associated with the deeper lysimeters. Some of the removed soil was used to
carefully backfill around and above the lysimeter up to the original soil surface. After all
three lysimeters and sampling tubes were in place, a sheet of clear 4 mil (0.004 inches)
polyethylene plastic was placed along the vertical wall containing the lysimeters. Because
water may preferentially enter the disturbed soil in the trench, the plastic served as a barrier
to prevent this water from immediately running into the lysimeters. The trench was then
backfilled with the removed soil.

A 6-inch diameter water meter box was installed near the center of each plot and used for
underground storage and easy retrieval of the sampling tubes. The block lysimeters and
sampling tubes allow one to convert the volume of water leached into each lysimeter to a
depth of water, aiding in the calculation of a water balance and a mass balance for
constituents of concern. For purposes of this study, we will assume that nutrients entering
the 30 inch lysimeters have passed the root zone and will likely be transported to the
aquifer.

The next step was to install separate irrigation piping systems for the delivery of recycled
water and Edwards Aquifer water to each plot. Caution was exercised during the
construction phase of the system so as to not compact or disrupt the soil profile on the
actual plot areas. Each study plot has four pop-up irrigation heads (1.0 gallon per minute, or
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gpm, Rainbird T-bird), one in each corner of the plot. Each of these heads had a concrete
donut installed to surround them for protection. These irrigation heads are similar to typical
fairway irrigation spray heads and provide similar patterns. The sprinkler heads provided
head-to-head coverage for better coverage and uniformity. Uniformity coefficients are
discussed in the Quality Control Section (Section 4.6).

An irrigation controller that commands the solenoid valves in each of the three treatments
and compensates for rainfall events was installed. The irrigation controller allows for
simplified programming of the irrigation system on a weekly basis, with inputs from
information downloaded from the on-site weather station. Irrigation of the turf plots was
scheduled after 8:00 p.m. and before 10:00 a.m. This schedule reduced the evaporation rate
of the water, minimized the influence of wind, and is similar to the schedule used by San
Antonio area golf courses. In addition, this schedule complies with SAWS' irrigation
requirements outlined in the Aquifer Management Plan.

The irrigation system was installed to guarantee the complete separation and operation of
the two types of water, recycled and Edwards, used for irrigation. The irrigation system was
designed and constructed to deliver approximately the same water pressure and rate of
application to each plot. Each of the three water irrigation regimes (described in Section 3.2)
were metered to verify the total amount of water applied to each plot. Additionally, a rain
sensor was installed at each controller to automatically turn off the sprinkler system after
the site received %2 inch or more of rain.

One requirement of the TCEQ Chapter 210, Use of Reclaimed Water, is to minimize runoff of
the recycled water. However, it is understood that runoff will occur due to natural events,
such as large rainstorms. Water quality protection of creeks and streams will diminish the
potential for contaminating the Edwards Aquifer as surface water runoff routes itself
throughout the recharge zone over sensitive recharge areas. Therefore, runoff collection
systems were installed on selected plots. Each runoff collection device consisted of a 24-inch
diameter, 6-inch tall steel ring, placed inside the test plot and driven 3 inches deep into the
soil. The steel ring has a 0.75-inch diameter outlet located at the downward slope of the plot
at ground level. The outlet was connected to a 5-gallon collection jar via a 0.5-inch diameter
PVC pipe. The top of the collection jar was below the elevation of the steel ring outlet so the
PVC pipe could be installed at a downward slope. Any runoff exceeding the capacity of the
collection jar overflowed and was not collected. Runoff collection devices were installed in
one plot of each irrigation treatment and turf grass combination, for a total of six collection
devices. The plots in which the devices were installed are: 2 (Edwards Aquifer irrigation on
zoysiagrass), 17 (Edwards Aquifer irrigation on bermudagrass), 9 (Recycled water irrigation
on zoysiagrass), 16 (Recycled water irrigation on bermudagrass), 11 (Recycled water +
leaching fraction irrigation on bermudagrass), and 13 (Recycled water + leaching fraction
irrigation on zoysiagrass). These treatments will be discussed in greater detail in the
following sections.

Additionally, as mentioned earlier, one of the key components of the Turf Study is the
calculation of a mass balance. This balance should include all biological and chemical
constituent inputs and outputs, including an estimation of the amount of constituents added
to the aquifer. The need for a complete mass balance, or the ability to estimate a balance, is
of value in scheduling irrigation treatments and in completing a nitrogen balance. The block
lysimeters aided in the water balance by collecting most of the water leaving the area above
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the lysimeters through percolation. The volume of water collected within each block
lysimeter was used to estimate the leaching portion of the water balance. To facilitate
estimating the remainder of the water balance, a complete weather station is located on-site.
The weather station has temperature, humidity, wind speed and direction, and solar
radiation sensors, as shown in Table 3.1. The weather station was manufactured by
Campbell Scientific and configured by Dynamax (Houston, Texas).

TABLE 3.1
Components of the DynaMet Weather Station
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Quantity Model Description
1 L12003S Pyranometer, measures solar radiation
1 TE525 Tipping bucket rain gauge
1 CS500 Air Temperature
1 107B Soil Temperature
1 CS500 Relative Humidity (Vaisala)
1 034A-L Wind Speed and Direction
1 MSX20 20W Solar Panel
1 CR10X DNX10 Datalogger

Finally, an equipment storage building was placed on the site to ensure the safekeeping of
all equipment necessary for day to day operation of the study.

A total of three irrigation treatments were used for the study. Two of the irrigation
treatments were established for the recycled water plots. The first treatment is based on
replacing the depth of water lost through daily potential evapotranspiration (PET); this is
labeled as the 1XRW treatment. PET is the potential amount of water transferred from the
earth to the atmosphere due to the combined effects of evaporation and transpiration. The
second irrigation treatment is based on the leaching fraction combined with the PET rate;
this is labeled as the LFRW treatment. This second treatment is designed to help control any
potential salt buildup in the soil caused by the elevated electrical conductivity (EC) levels of
the recycled water. This additional water, or leaching fraction (LF), was calculated to be 10
percent of the PET irrigation depth; further details regarding this calculation can be found in
Section 5.6, Salinity. The third irrigation treatment is equal to the water lost through daily
PET using Edwards Aquifer water; this is labeled as the EA treatment. Generally,
turfgrasses are not irrigated at full PET rate, but are irrigated at a level below that. The
actual evapotranspiration rate of warm season turf grasses is estimated to be 0.6 of the PET.
In addition, many irrigators choose to reduce the irrigation amount below the
evapotranspiration rate further for allowable stress. Therefore, it is not uncommon to
irrigate warm season turfgrasses at 50% of the PET value. This study was designed to
simulate the worse-case condition in which irrigators are applying the PET value in
irrigation water.

Each irrigation treatment was tested with two species of turf commonly used on golf
courses in the San Antonio area, Jamur zoysiagrass (Zoysia japonica Seud.) and Tifway 419
hybrid bermudagrass (C. dactylon (L.) Pers. X C. transvaalensis Burtt Davy). Each treatment
was replicated three times to get a sufficient amount of data for comparisons and statistical
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analysis. A total of eighteen study plots were arranged in a random manner. Each plot was
20 feet by 20 feet with an additional 5 feet of non-irrigated aisle area around the perimeter of
each plot. All aisles were covered with a 1 to 2 inch depth of coarse composted wood chips.
Figure 3.3 is a schematic of the irrigation piping system and study plot layout.

FIGURE 3.3
Plot and irrigation system layout for EARZIPS
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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3.4 Soil Characteristics

Much care went into the selection of the experimental site to ensure it was representative of
soils presently used on golf course fairways in the San Antonio area. Soil samples were
collected from three depths (six, eighteen, and thirty inches) on the fairways at a large golf
complex. This complex is located on the EARZ and expressed interest in SAWS’ recycled
water for irrigation during the initial request for service time period. The soil samples at
each depth were composited into four groups for a total of 12 samples, each of which was
tested for particle size distribution. The results are summarized in Table 3.2.

To make an objective comparison, ten locations were selected and sampled from the
proposed study site at the Bladerunner Turf Farm (Figure 3.4). Samples were collected at the
same depths of six, eighteen, and thirty inches. The results are presented in Table 3.3. The
data show that the six-inch samples have textures ranging from clay to clay loams, which
compares favorably to the clay textures measured on the six-inch samples from the large
golf complex fairways. The eighteen and thirty inch samples from the Bladerunner Turf
Farm had soil textures ranging from silty clay loam to clay. The golf course samples had
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textures of clay loam to clay. Overall, this is a very close agreement in soil texture between
the two sites, especially considering that much of the soil on the fairways had been
imported and, thus, was mixed during transport and placement.

TABLE 3.2
Textural Analysis of the Soil Samples from the Large Golf Complex Fairways
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Sample Location % Sand % Silt % Clay Texture

(Group-Depth) Fairway No.

A-6" 13 37 50 Clay
A-18" 1,2,3,17 31 33 36 Clay Loam
A-30" 30 30 40 Clay
B-6" 14 32 54 Clay
B-18" 4,15, 16, 18 34 30 36 Clay Loam
B - 30" 32 34 34 Clay Loam
C-6" 18 28 54 Clay
C-18 56,7.8,9 19 22 32 46 Clay
C-30 26 34 40 Clay
D-6" 23 24 48 Clay
D-18" 10, 11, 12, 13, 23 33 44 Clay
D-30" 14 33 24 38 Clay Loam
Range 13-34 24-37 34-54 Clay to Clay

The similarity in particle size analysis between the sites indicates that there should also be
similarity in terms of other physical properties. Based on particle size distribution, one may
make inferences as to the approximate bulk density, water retention and saturated
hydraulic conductivity of a soil in its native state (Rawls, 1983; Rawls and Brakensiek, 1983).
Thus, given the similarity in particle size distribution, the experimental site should have a
similar amount of water retention and a similar saturated hydraulic conductivity. Because
soils plated on golf course fairways are disturbed, they often have less structure; this results
in less macropore flow and a lower overall saturated hydraulic conductivity. Therefore,
conducting the study on undisturbed soils such as those at the Bladerunner Turf Farm will
provide conservative data in that the potential for movement of chemical constituents
through soils at an undisturbed site will be slightly greater than for a similar but disturbed
soil placed on a golf course fairway.

According to the Bexar County Soil Survey, the Bladerunner Turf Farm is located on a
deposit of Lewisville silty clay soil series. The Lewisville series is part of the Lewisville-
Houston Black, terrace association which covers approximately 12 percent (roughly 95,846
acres) of the county. The Lewisville series occurs as nearly level, broad terraces along rivers
and creeks. The topsoil, or A horizon, is typically about 24 inches deep, has a dark grayish
brown to brown color, and has a silty clay or clay texture. The AC horizon extends from 24
to 44 inches below the surface and is typically a brown to dark brown silty clay textured
soil. The subsoil, or C horizon, begins at 44 inches below the surface and is a reddish-yellow
silty clay textured soil that is highly calcareous and contains common medium and fine,
hard, calcium carbonate concretions.
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TABLE 3.3
Textural Analysis of the Soil Samples from the Bladerunner Turf Farm
Edwards Aquifer Recharge Zone Irrigation Pilot Study
Sample (Group-Depth) % Sand % Silt % Clay Texture
1-6" 20 40 40 Clay
1-18" 16 40 44 Silty Clay
1-30" 16 49 35 Silty Clay Loam
2-06" 20 38 42 Clay
2-18" 16 40 44 Silty Clay
2-30" 20 37 43 Clay
3-6" 22 38 40 Clay
3-18” 14 40 46 Silty Clay
3-30" 16 37 47 Clay
4-06" 22 40 38 Clay Loam
4-18" 18 39 43 Clay
4 - 30" 14 41 45 Silty Clay
5-6" 26 37 37 Clay Loam
5-18” 16 41 43 Clay
5-30" 16 49 35 Silty Clay Loam
6 —-6" 26 37 37 Clay Loam
6-18" 20 42 38 Clay Loam
6 —30” 20 39 41 Clay
7-6" 22 37 41 Clay
7-18 20 36 44 Clay
7-30" 20 39 41 Clay
8-6" 29 36 35 Clay Loam
8-18" 20 36 44 Clay
8 -30” 20 35 45 Clay
9-6" 25 36 39 Clay Loam
9-18" 20 36 44 Clay
9-30" 23 34 43 Clay
10 -6" 25 39 36 Clay Loam
10-18” 20 36 44 Clay
10 -30” 19 34 47 Clay
Range 14-29 34-49 35-47 Clay to Silty Clay Loam
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FIGURE 3.4.
Soil Sampling Locations at Bladerunner Turf Farm.
Edwards Aquifer Recharge Zone Irrigation Pilot Study

/S

The Lewisville soil series is a fertile and productive soil that is desirable for use in urban
areas that may be deficient in topsoil. It would not be unusual to see this type of soil mined
and sold for use as supplemental topsoil for home lawns, highway medians, parks, golf
courses, or other landscaped areas.

Selection of this soil for use in the Turf Study was deemed acceptable because it will serve as
a “typical” soil that will exhibit both runoff and macropore flow. As such, it will be a good
test case to determine potential pollutant migration via runoff and leaching. This will help
make the results from this study more widely applicable to other soils and locations in Bexar
County and neighboring areas.
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SECTION 4.0

Methodology

4.1 Environmental Conditions

As mentioned earlier, an on-site weather station was installed to acquire temperature,
humidity, wind speed and direction, and solar radiation data. The weather station data
were downloaded twice per month, and the downloaded data were analyzed and used to
calculate the potential evapotranspiration rate using the Campbell Scientific Split program
and potential evapotranspiration module. Based on this information, the irrigation rates
were calculated and the irrigation system was programmed twice per month. This was
performed to comply with SAWS recommendations that irrigation scheduling be based on
PET data as a means to conserve water.

The EARZIPS Project Team installed a fence around the study site to restrict livestock, wild
boars, and other large animals from defecating on and disrupting the site. However, small
mammalian, avian, amphibian, and reptilian fauna such as rabbits, squirrels, frogs, mice,
birds and snakes can crawl under or go through the holes in the fence and have occasionally
been observed on the study site. Rabbit and bird feces have been observed on the study
plots from time to time.

4.2 Fertilization and Irrigation

As previously stated, the possibility of nitrate contamination of the Edwards Aquifer from
application of recycled water over the EARZ is of primary concern. Pesticides and plant
nutrients, such as nitrogen and phosphorus, can be transported in water and sediments.
Fortunately, the grasses found in turf areas tend to aid in cleaning the environment by
absorbing gaseous pollutants and intercepting pesticides, fertilizers, dust, and soil.
Additionally, a healthy stand of turf can help to control erosion and reduce runoff. Table 4.1
is a comparison of nutrients of concern found in SAWS’ recycled water to those found in the
Edwards Aquifer water currently being used for irrigation on the EARZ.

Soil samples were collected from the upper four to six inches of soil every three months and
tested for major and micro nutrients. The analysis consistently showed a need for nitrogen
fertilization. All other plant nutrients were in the adequate to high range. Based on this
information, the Project Team decided to apply four pounds of nitrogen per 1,000 square
feet per year to the zoysiagrass plots and six pounds of nitrogen per 1,000 square feet per
year to the bermudagrass plots. These fertilization rates are typical of what would be
applied to a well-managed turf, such as a golf course fairway, and were determined to be
sufficient to maintain a dense turf cover and suitable aesthetic quality. To achieve these
levels of fertilization, the Project Team decided to apply 1/6t of the total amount to each
plot monthly from May through October. Due to several factors beyond our control, only
three applications were made during the first year and the total amount of supplemental
nitrogen added in 2002 was approximately half of the planned amounts. Thus, the N
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application rates used in 2002 are significantly less than what would typically be used for
these turf species if grown on a golf course fairway or recreational sports field setting. This
is more representative of a facility that operates using a very conservative nutrient
management plan.

TABLE 4.1
Comparison of SAWS Recycled Water and Edwards Aquifer Water Quality
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Parameter SAWS Recycled Water' Edwards Aquifer Water MCL?
Electrical Conductivity 1.1 dS/m 0.552 dS/m* N/A
(704 mg/L TDS)? (353 mg/L TDS)?
Nitrate-Nitrogen 12.61 mg/L 1.8 mg/L5 10 mg/L
Potassium 11.02 mg/L 0.2 mg/L5 N/A
Phosphorus (total) 2.81 mg/L 0.1 mg/L6 N/A
Ammonia Nitrogen 0.72 mg/L N/A N/A

1. SAWS recycled water constituent values were provided on a daily basis from SAWS, and these values were
averaged for the year 2002.

2. Maximum Concentration Limit (MCL) is the Maximum Concentration Limit for potable water.

3. To convert electrical conductivity levels in dS/m to equivalent TDS levels in mg/L, multiply the EC by 640 if
the EC value is less than 5. If the EC value is greater than 5, multiply by 800.

3. The value for Electrical Conductivity was taken from the Edwards Composite Analysis, provided by SAWS.

4. The values for potassium and nitrate-nitrogen in EA water were taken from SAWS Potable vs. Recycled
Water Comparison.

5. The value for phosphorus in EA water was taken from the high end of the typical range of values presented
in the Edwards Aquifer Authority (EAA) annual hydrogeologic report.

Plots that were irrigated with recycled water at either the IXRW rate or the LFRW rate also
received a significant amount of various nutrients from the water. Because the Edwards
Aquifer water had much lower nutrient concentrations, plots irrigated with potable water
received very few nutrients from the water. The total amount of nutrients added from each
treatment between June and December of 2002 is shown in Table 4.2. These values include
both the fertilizer applications and the nutrients applied via irrigation water.

The elevated amount of nitrogen in the recycled water resulted in almost doubling the N
application to the zoysiagrass plots receiving recycled water compared to the same grass
receiving Edwards Aquifer water. It also made a significant increase to the N application in
the bermudagrass plots that received recycled water.

Total additions of P and Fe were nearly negligible; however, between one and two pounds
of Mg and K were added per 1,000 square feet from the recycled water. Because the soils
already had adequate P, K, Mg and Fe, the fertilization program for these nutrients is
representative of what would be applied on a golf course or other managed turf site.
Basically, the only nutrient additions other than nitrogen would be that which is incidental
to the irrigation water that is applied.

FINAL REPORT - EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY 4-2



EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE 4.2

Total Nutrient Additions to the Test Plots in Pounds per 1,000 Square Feet for the Period June through December 2002,
Irrigation Water and Fertilizer Additions

Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turf, Treatment N P K Mg Fe
Zoysia, Edwards Aquifer 1.53" 0.01 0.02 1.45 0.0004
Zoysia, 1X Recycled Water 2.84 0.29 1.14 1.65 0.0047
Zoysia, LF Recycled Water 3.00 0.32 1.26 1.82 0.0051
Bermuda, Edwards Aquifer 2.23" 0.01 0.02 1.45 0.0004
Bermuda, 1X Recycled Water 3.54 0.29 1.14 1.65 0.0047
Bermuda, LF Recycled Water 3.70 0.32 1.26 1.82 0.0051

1. Note that ammonia nitrogen values were not available for the Edwards Aquifer, thus the N applied value given
for the Edwards Aquifer plots does not include ammonia nitrogen added through irrigation.

The fertilization program was reviewed at the end of the 2002 growing season and a
decision was made to improve the regularity of scheduled nitrogen applications during the
2003 growing season. It was also decided that the N application rates should be adjusted to
compensate for the N applied via irrigation water and, thus, make more uniform total N
applications across all irrigation treatments. Therefore, the scheduled six fertilizer
applications were made during the 2003 growing season using a fine prill form of
ammonium sulfate. Total amounts of N added as fertilizer as well as through irrigation
water are shown in Table 4.3. For the zoysiagrass plots, the total N applied ranged from
4.23 to 4.86 pounds N /1,000 square feet; for the bermudagrass plots, the total N applied
ranged from 6.23 to 6.85 pounds N /1,000 square feet. The N application rates used in 2003
are very comparable to what would typically be used for these turf species if grown on a
golf course fairway or recreational sports field setting.

The leaching fraction of recycled water required to maintain soil salinity levels was
calculated quarterly. The leaching fraction remained at 10% above the irrigation rates
applied to replace PET throughout the study; this is further discussed in Section 5.2.

4.3 Sample Collection

Within the two-year study period, numerous samples were taken at varying intervals.
Sampling dates were set at predetermined intervals at the onset of the project and were
followed to the best of the Project Team'’s ability. The following table, Table 4.4, provides
the list of samples collected and the frequency of collection.
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TABLE 4.3

Total Nutrient Additions to the Test Plots in Pounds per 1,000 Square Feet for the Period January 2003 through February
2004, Irrigation Water and Fertilizer Additions

Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turf, Treatment N P K Mg Fe
Zoysia, Edwards Aquifer 423" 0.02 0.04 2.56 0.0007
Zoysia, 1X Recycled Water 4.82 0.41 2.67 297 0.0055
Zoysia, LF Recycled Water 4.86 0.46 2.98 3.31 0.0062
Bermuda, Edwards Aquifer 6.23" 0.02 0.04 2.56 0.0007
Bermuda, 1X Recycled Water 6.82 0.41 2.67 297 0.0055
Bermuda, LF Recycled Water 6.85 0.46 2.98 3.31 0.0062

1. Note that ammonia nitrogen values were not available for the Edwards Aquifer, thus the N applied value given
for the Edwards Aquifer plots does not include ammonia nitrogen added through irrigation.

TABLE 4.4
Sample Collection and Frequency
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Type of Sample Frequency of Collection
Tissue Monthly1
Lysimeter Monthly2
Runoff When runoff occurs
Soil Quarterly
Rainwater Five samples taken in 2003 during rain events

1. Tissue samples were only collected between April and October when the grass was actively growing.
2. Lysimeter samples were also collected if a rain event delivered 1.5 inches or more within a 48 hour period to
the turf site.

Tissue samples, when scheduled, were obtained by using handheld trimmers as close to the
soil as possible and cutting approximately an 8 inch by 8 inch square of grass. This grass
was then enclosed in a plastic bag and portions were sent to the Dos Rios Laboratory and
the Texas Cooperative Extension Soil, Water and Forage Testing Laboratory. Three samples
were taken from each plot and composited prior to submission to the laboratories. The
following list provides the dates on which tissue samples were collected:

* May1,2002 ¢ November 5, 2002
* May 16, 2002 * April 22, 2003

* June 25, 2002 * May 20, 2003

e July 23,2003 e June 17, 2003

* August 22,2002 e July 22,2003

* September 24, 2002 * August 19,2003
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February 17, 2004

Lysimeter sampling was the most involved of the sample collection efforts. The water
samples were extracted from each lysimeter with the aid of a vacuum system that was
accessible throughout the site. At each plot, the sampling tube coming from each
underground lysimeter was attached to a 2-liter glass collection jar, which was connected to
the vacuum system. As a vacuum was drawn on the collection bottle, any collected liquid in
the lysimeter flowed into the collection bottle. Once the rate of water coming from the
lysimeters had diminished to near zero, the vacuum system was turned off, and the
volumes of each sample were recorded. Samples registering less than 50 milliliters were not
harvested for lab analysis. The samples greater than 50 milliliters were transferred to a
clean, polyethylene container, labeled, and stored in a cooler with ice until they could be
transported to the lab for analysis. The following list provides the dates on which lysimeter

samples were collected:

e April 9, 2002

* April 30, 2002

* May 16, 2002

*  June 25, 2002

e July 8§, 2002

e July 23,2002

* August 22,2002

* September 11, 2002
* September 24, 2002
e QOctober 11, 2002

e QOctober 30, 2002

e November 7, 2002
e  December 12, 2002
¢ December 19, 2002
* January 28, 2003

* February 27, 2003

March 25, 2003
April 22, 2003

May 20, 2003

June 9, 2003

June 17, 2003

July 9, 2003

July 22, 2003
August 19, 2003
September 16, 2003
September 23, 2003
October 21, 2003
November 18, 2003
December 22, 2003
January 20, 2004
February 17, 2004

Runoff water samples were collected from the runoff collection containers using the same
technique as previously described for lysimeter samples whenever runoff was present.
Occasionally, these containers were full to overflowing due to heavy rains in the area. The
following list provides the dates on which runoff samples were collected:

e July 8, 2002

e July 23,2002

* September 3, 2002
* September 11, 2002
* September 24, 2002
e QOctober 11, 2002

e Qctober 25, 2002

e November 5, 2002
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e July9, 2003 * September 23, 2003
e July 22,2003 ¢ November 18, 2003
* September 16, 2003 e January 20, 2004

Soil samples were taken quarterly from the upper four to six inches of soil for testing levels
of major and micro nutrients in the soil. Samples were collected with a 0.75-inch tube
sampler to achieve a total of 1,000 grams of consolidated soil samples. Holes in the plots
resulting from soil sampling were filled with native soil from adjacent areas outside the
plots. This was performed to reduce or eliminate establishing preferential flow pathways in
the soil profile in each test plot. The following list provides the dates on which soil samples
were collected:

e March 12, 2002 e  June 17,2003

e June 25, 2002 * September 23, 2003
* September 24, 2002 e  December 22, 2003
¢  December 18, 2002 * February 17, 2004

e  March 25, 2003

Finally, samples of rainwater were collected for analysis to determine its chemical
composition. Collection was achieved by collecting water from the rainfall gauge. When a
rainfall event occurred, the water would flow through the gauge and into a plastic holding
device. Rainwater was then collected from the bottom drain hole of the rainfall gauge. The
following list provides the dates on which rainwater samples were collected:

* February 27, 2003 *  June 17,2003
e March 4, 2003 e July?9, 2003
e March 25, 2003

4.4 Sample Analysis

Once the samples were collected, they were transported to the Dos Rios laboratory and, in
some cases, Texas A&M Water and Forage Testing Laboratory, for analysis. Methodologies
for sample analyses were recommended by Texas A&M agronomic specialists. Table 4.5
presents a listing of the constituents that were measured in each type of sample.

If enough sample volume was collected, all relevant parameters were analyzed for each
sample type. If this was not the case, however, certain parameters had higher priority than
others and these priorities differed between sample type. For instance, when the lysimeter
samples were relatively low on volume, the four constituents that took priority were
Ammonia Nitrogen, Coliform Bacteria, Nitrate, and Nitrite. However, Ammonia Nitrogen
had a much lower priority in the analyses of soil and was not measured in the tissue.

4.5 Sample Analyses Methods

Tables 4.6, 4.7, and 4.8 provide the methods used in the analysis of each parameter analyzed
for the water, soil, and tissue samples, respectively, as well as the reference for each method
used.
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TABLE 4.5
A Listing of Constituents Measured in Each Sample Type
Edwards Aquifer Recharge Zone Irrigation Pilot Study
Constituent Tissue Lysimeter Runoff Soil Rainwater

Ammonia Nitrogen (NH3-N) X X X
Calcium X X X X X
Coliform Bacteria, Fecal X X X
Copper X X X X X
Iron X X X X X
Kjeldahl Nitrogen, Total X X X X X
Magnesium X X X X X
Manganese X X X X X
Nitrate as Nitrogen X X X X
Nitrate Nitrite Combined X X X
Nitrite as Nitrogen X X X X
Phosphorus X X X X X
Potassium X X X X X
Sodium X X X X X
Soluble Salts (1:1 water extract) X
Water Electrical Conductivity (ECy) X X X
Zinc X X X X X
TABLE 4.6
Methodology Employed for Water Sample Analysis
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Parameter Reference Method Number Units Methodology
Sample Digestion EPA 200.7 Hot Plate/Block Digestion
Ammonia Nitrogen EPA 350.3 mg/L lon Selective Electrode
Calcium EPA 200.7 mg/L ICP'
Specific Conductance EPA 1201 umho/cm Conductivity Bridge
Copper EPA 200.7 mg/L ICP
Coliform Bacteria, Fecal STD MTD? 18 9222 D Col/100mL  Membrane Filtration
Iron EPA 200.7 mg/L ICP
Potassium EPA 200.7 mg/L ICP
Magnesium EPA 200.7 mg/L ICP
Manganese EPA 200.7 mg/L ICP
Sodium EPA 200.7 mg/L ICP
Nitrite EPA 300.1 mg/L lon Chromatography
Nitrate EPA 300.1 mg/L lon Chromatography
Phosphorus, Total EPA 365.2 mg/L Colorimetric, Single Reagent
Kjeldahl Nitrogen, Total EPA 351.3 mg/L Post Digestion Distillation
Zinc EPA 200.7 mg/L ICP

1. ICP is the abbreviation for Inductively Coupled Plasma Atomic Emission Spectrography.
2. STD MTD is the abbreviation for the Standard Methods for Examination of Water and Wastewater.
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TABLE 4.7
Methodology Employed for Soil Sample Analysis
Edwards Aquifer Recharge Zone Irrigation Pilot Study
Parameter Reference Method Units Methodology
Number
Ammonia Nitrogen (Extractable) EPA 350.2 Mod mg/kg Distillation Procedure
Calcium SW846 6010 mglkg  ICP’
Copper SW846 6010 mg/kg ICP
Iron SW846 6010 mg/kg ICP
Potassium SW846 6010 mg/kg ICP
Magnesium SW846 6010 mg/kg ICP
Manganese SW846 6010 mg/kg ICP
Sodium SW846 6010 mg/kg ICP
Nitrite as Nitrogen (extractable) EPA 300.1 mg/kg Post Extraction lon
Chromatography
Nitrate Nitrite Combined, as Nitrogen EPA 300.1 mg/kg Post Extraction lon
(calculation) Chromatography
Nitrate as Nitrogen (extractable) EPA 300.1 mg/kg Post Extraction lon
Chromatography
Total Phosphorus EPA 365.2 Mod mg/kg Colorimetric
Soluble Salts 1:1 Methods of Part 2, umho/cm  Conductivity Bridge
Soil Analysis ~ Chapter 10
Sample Digestion For Total Metals SW846 6010 mg/kg Digestion
(SW846 3050B)
Total Kjeldahl Nitrogen EPA 351.3 MOD mg/kg Digestion, Distillation, Titrimetric
Zinc SW846 6010 mg/kg ICP

1. ICP is the abbreviation for Inductively Coupled Plasma Atomic Emission Spectrography.

2. STD MTD is the abbreviation for the Standard Methods for Examination of Water and Wastewater.

3. SW846 is the abbreviation for the EPA publication entitied “Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods”
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TABLE 4.8
Methodology Employed for Tissue Sample Analysis
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Parameter Reference Method Units Methodology
Number
Hot Plate/Block Digestion, Biological SW846 6010 mg/kg Nitric Acid & Hydrogen
Tissues (Solids)(by EPA 200.3) Peroxide Digestion
Calcium SW846 6010 mg/kg ICP'
Copper SW846 6010 mg/kg ICP
Iron SW846 6010 mg/kg ICP
Potassium SW846 6010 mg/kg ICP
Magnesium SW846 6010 mg/kg ICP
Manganese SW846 6010 mg/kg ICP
Sodium SW846 6010 mg/kg ICP
Phosphorus, Total, Solid Matrix EPA 365.2 MOD mg/kg Colorimetric
Modification
Kjeldahl Nitrogen, Total, Solid Matrix EPA 351.3 MOD mg/kg Digestion, Distillation,
Modification Titrimetric
Total Solids, Post-Preparatory Drying STD MTD 18 2540 G % Gravimetric
Zinc SW846 6010 mg/kg ICP

1. ICP is the abbreviation for Inductively Coupled Plasma Atomic Emission Spectrography.

2. STD MTD is the abbreviation for the Standard Methods for Examination of Water and Wastewater.

3. SW846 is the abbreviation for the EPA publication entitled “Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods”

4.6 Aesthetics

Each month, assessments were made of the turf aesthetic quality, and digital photographs
were taken of each plot. All plots were visually rated for turf density, color and uniformity
by assigning a score of 1 to 3 for each of the three components. The scores for each
component were then summed to arrive at an overall score for each plot. A score of 3 was
the lowest possible and represented very poor conditions, while a score of 9 was the highest
possible quality and represented turf with a high plant density, good color and a very
uniform appearance. In general, quality ratings below 5 would not be acceptable for
established golf course fairways during the growing season.

Since rating aesthetic quality of turf is subjective and not everyone may rate a given turf
exactly the same, Figures 4.1, 4.2, and 4.3 provide photographs that provide the reader with
some side by side comparisons of turf that received low, medium and high quality ratings.
The turf in Figure 4.1 received a low rating of 3, as compared to a medium rating of 6 for the
turf in Figure 4.2 and a high rating of 9 in Figure 4.3. Appendix A provides additional
photographs; these are further discussed in Section 5.9.
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FIGURE 4.1
An Example of a Low Aesthetic Rating (3)
Edwards Aquifer Recharge Zone Irrigation Pilot Study

FIGURE 4.2
An Example of a Medium Aesthetic Rating (6)
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE 4.3
An Example of a High Aesthetic Rating (9)
Edwards Aquifer Recharge Zone Irrigation Pilot Study

4.7 Quality Control

To ensure the validity of the study, certain control treatments were taken into consideration
in the initial phases of the study design. Implementing "control turf plots" that are treated in
the exact manner as the test plots, but have a study condition modified, can be one method
of measuring the validity of the study. The one changed condition chosen for this study was
to irrigate one third of the plots with potable water. If the turf plots irrigated with potable
water performed poorly, one could make the assumption that negative factors other than
the water type used for irrigation are involved.

Another quality control measure employed included direct comparison of some of the
chemical analyses of the samples. The bulk of the analyses were performed by the SAWS
Dos Rios Laboratory. When sufficient sample volume was available, part of the sample was
evaluated by the Texas Cooperative Extension Soil, Water and Forage Testing Laboratory
located on the Texas A&M University campus. More specifically, if over 4,000 milliliters
were obtained in the lysimeter and runoff sample collections, samples were sent to Texas
A&M. Also, two samples of tissue were sent to Texas A&M monthly and four samples of
soil were sent to Texas A&M quarterly. This allowed for a direct comparison of the results
from each laboratory.

Additionally, calibration of the weather station was performed at installation and
semiannually thereafter to ensure the data generated were accurate. Calibration of the
irrigation system, which included calibration of the sprinkler heads and determination of
the discharge rate and uniformity of the spray pattern, was also performed at installation
and semiannually thereafter. The irrigation rates were recalculated and the system
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controller reprogrammed twice per month. The irrigation uniformity rates are provided in
the following section. Furthermore, the irrigation system was directed by rain sensors to
stop irrigation if the site had received more than %1 inch of rainfall. The switch was released,
and irrigation resumed, after the switch dried out. The switch would usually release within
a few days, depending on the amount of rain received and the environmental conditions
affecting evaporation of moisture from the switch. Finally, water meter readings were
recorded bimonthly to verify the irrigation application depth.

4.8 Irrigation System Uniformity

The uniformity of the irrigation spray patterns was determined using the collection cup
method. Nine cups were placed in each of the 20 foot by 20 foot study plots. During some of
the calibration events, cups were also placed outside the 20 foot by 20 foot plot to determine
the amount of irrigation that was being applied to the whole site. This was performed to
help in relating the irrigation depth applied to the site versus the meter readings. However,
these values will not be presented as part of this report. The calculated application rate for
each of the calibration events are listed below in Table 4.9. The sprinklers were operated for
12 minutes for each plot, which resulted in approximately 40 milliliters of irrigation water
collected in each cup.

TABLE 4.9
Calculated Application Rate in Inches Per Hour for Each Irrigation Calibration Event
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Plot March 2002 July 2002 March 2003 October 2003
1 0.68 0.8 0.81 0.91
2 0.61 0.76 0.89 0.96
3 0.56 0.67 0.78 0.83
4 0.59 0.73 0.86 1.02
5 0.84 0.69 0.89 0.94
6 0.93 0.77 0.89 0.91
7 0.64 0.86 0.92 1.02
8 0.82 0.86 0.86 0.93
9 0.78 0.72 0.81 0.87
10 0.83 0.75 0.8 0.85
11 0.77 0.87 0.85 0.78
12 0.62 0.82 0.88 0.96
13 0.93 0.66 0.64 0.82
14 0.95 0.64 0.76 0.86
15 0.77 0.72 0.79 0.82
16 0.93 0.8 0.81 0.98
17 0.69 0.93 0.97 1.03
18 0.94 0.78 0.8 0.89
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A few of the plots experienced significant changes in application rates between calibration
events. This can be explained based on the Standard Operating Procedures (SOP)
established for irrigation system calibration. The SOP called for all sprinkler heads to be set
the morning of or the day before calibration was to take place. Setting the heads includes
setting the spray arc and angle. At the beginning of the study, many of the sprinkler heads
had significant overspray onto the aisles between plots. At the time of each calibration, this
overspray was decreased until it was almost non-existent by the last calibration event. The
angle of spray was also reduced before some of the calibration events. A higher angle also
resulted in overspray on the aisles between the plots. However, as time progressed, the
angles were decreased so that the spray pattern did not exceed the plot boundary.

Decreasing the arc angle and angle of spray results in more water being applied to the plot
in the same period of time, or 12 minutes, as shown in Table 4.9. This increased application
rate translates into a shorter time required to apply a certain depth of water to each plot.
Following each calibration event, the application rate was adjusted in the calculations used
to set the time of application in each irrigation controller.
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SECTION 5.0

Results

The results for the entire study period will be presented and discussed in this Section.
Statistical evaluation of the entire data set indicated no justification for analyzing any certain
time period or events separately, except for phosphorus and zinc concentrations in runoff
and leachate samples. For these constituents, some outlier measurements were removed
prior to analysis. When reviewing and understanding the data, the following events and
conditions should be kept in mind:

1) During the first three months of the study, a programming error of the sprinkler system
resulted in excess water being applied to all plots.

2) The site had remained abandoned for an extended period of time prior to the study
initiation and required time to acclimatize to the new treatments.

3) Due to conditions beyond the Project Team’s control, only about half of the planned
amount of N could be applied to the plots during the first year.

5.1 Rainfall

The San Antonio area received several large rainfall events during the first year of the study.
Table 5.1 lists rainfall events exceeding 1 inch per 24 hours received at the study location.

TABLE 5.1
Major Rainfall Events Received at the Study Site
Edwards Aquifer Recharge Zone lIrrigation Pilot Study

Date Total Depth, inches Maximum Intensity, inches/hour
April 7-8, 2002 24
June 28 — July 6, 2002 8.2 0.9
July 14-15, 2002 1.8
August 29, 2002 1.4
September 7-9, 2002 7.5 1.1
October 8-9, 2002 5.1 1.9
October 22-24, 2002 5.6 1.4
December 4, 2002 1.6
February 19 - 21, 2003 2.0
June 4 - 6, 2003 2.31
June 13 - 15, 2003 2.0
July 15 - 17, 2003 2.94
September 11 - 12, 2003 1.8
September 20 - 22, 2003 1.58
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Figure 5.1 shows the rainfall intensity histogram of the September 7-9, 2002 storm. It is
important to note that this rain pattern is not atypical of storm events frequently received in
the San Antonio area. Storm events, such as those listed in Table 5.1 are the driving
mechanism behind water quality issues related to this Study, such as leaching and runoff
water quality. The substantial rain events are what cause deep percolation of water and
significant runoff volumes. It was a rare occurrence during the Study that irrigation alone
caused deep percolation (to the 30" depth) and for water to runoff from the site. The
substantial rains also prevented a significant build up of salts within the soil profile.
Therefore, rain patterns in the San Antonio area can be a mixed blessing. They can reduce
the overall irrigation requirement and prevent salt buildup, but they can also transport
contaminants from the site to receiving surface waters and into the Edwards Aquifer.

FIGURE 5.1.
Rainfall Intensity Histogram for September 7 - 9, 2002 Rainstorm.
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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5.2 Irrigation

As previously discussed, six of the recycled water plots and the six Edwards water plots
received irrigation based on the PET rate. The other six recycled water plots received
additional water to help control any potential salt buildup in the soil caused by the electrical
conductivity (EC) levels of the recycled water. This additional water, or leaching fraction
(LF), was established at 10 percent of the PET irrigation depth. Table 5.2 compares potential
evapotranspiration, rainfall, and the amount of water applied to the site on a monthly basis.
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TABLE 5.2
Monthly Potential Evapotranspiration, Rainfall, and Irrigation Amounts Applied to Turf Plots
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Month Potential Rainfall Irrigation to Irrigation to Irrigation to
Evapotranspiration (inches) EA Plots 1XRW Plots LFRW Plots
(inches) (inches) (inches) (inches)
June 2002" 3.98 2.06 2.36 2.36 2.60
July 2002 6.73 8.34 2.88 2.88 3.17
August 2002 6.98 1.80 6.34 6.34 6.97
September 2002 5.42 8.42 3.32 3.32 3.65
October 2002 3.51 10.95 3.78 3.78 4.16
November 2002 2.93 1.59 0.90 0.90 0.99
December 2002 2.23 3.16 0.33 0.33 0.36
January 2003 2.34 1.20 0.66 0.66 0.72
February 2003 1.96 2.74 1.65 1.65 1.83
March 2003 3.35 1.20 2.20 2.20 244
April 2003 4.26 0.17 3.70 3.59 3.94
May 2003 6.25 0.08 4.20 4.20 4.68
June 2003 5.81 5.26 3.15 3.15 3.51
July 2003 5.49 4.83 2.80 2.45 3.12
August 2003 4.42 1.70 4.80 4.80 5.40
September 2003 3.40 4.86 3.09 3.09 3.41
October 2003 3.36 1.43 2.70 2.70 2.92
November 2003 2.09 0.33 1.98 1.95 2.14
December 2003 2.13 0.12 2.05 2.00 2.22
January 2004 1.66 1.30 1.40 1.36 1.52
February 2004 2.25 1.31 0.70 0.68 0.76

1. Note the June value only accounts for those values from June 15 through June 30.

The Study design attempted to replace the water lost to potential evapotranspiration with
rain water and irrigation. Because the rain events and application depths were
unpredictable, it was not unusual for the total water application depth to the plots to exceed
the PET depth, as shown in Table 5.2. Turf managers experience wet months where most of
the water is supplied by nature in the form of rainfall, but can easily exceed what is required
by the turf, and they also experience drought periods, where most or all of the water
required by the turf is supplied through irrigation. Excess is what is either stored within the
soil profile, lost to deep percolation, or lost to runoff.
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5.3 Fertilization

Soil samples were collected at the beginning of the study and quarterly thereafter. All
analyses have shown the soil to be low in nitrogen and high in both phosphorus and
potassium. The soil samples have contained adequate to high levels of micronutrients, as
well. Based on these results, nitrogen was the only nutrient added to the plots during the
study period. Given the alkaline pH of the soil, ammonium sulfate was the carrier of choice.
Tables 5.3 through 5.5 show the dates and quantities of nitrogen added to the plots as
ammonium sulfate.

TABLE 5.3
Fertilization Additions Made to Plots Irrigated with Edwards Aquifer Water
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Application, Ib N/1000 ft*

Date Zoysia Bermuda
May 2002 0.65 1.0
August 2002 0.65 1.0
October 2002 0.65 1.0
March 2003 0.67 1.00
April 2003 0.65 0.98
May 2003 0.63 0.97
July 2003 0.60 0.95
August 2003 0.64 0.97
September 2003 0.64 0.96

TABLE 5.4
Fertilization Additions Made to Plots Irrigated with Recycled Water at the Potential Evapotranspiration Rate
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Application, Ib N/1000 ft*

Date Zoysia Bermuda
May 2002 0.65 1.0
August 2002 0.65 1.0
October 2002 0.65 1.0
March 2003 0.67 1.00
April 2003 0.41 0.74
May 2003 0.32 0.66
July 2003 0.12 0.44
August 2003 0.32 0.68
September 2003 0.27 0.59
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TABLE 5.5

Fertilization Additions Made to Plots Irrigated with Recycled Water at the Potential Evapotranspiration Rate Plus a Leaching
Fraction

Edwards Aquifer Recharge Zone Irrigation Pilot Study

Application, Ib N/1000 ft?

Date Zoysia Bermuda

May 2002 0.65 1.0
August 2002 0.65 1.0
October 2002 0.65 1.0
March 2003 0.67 1

April 2003 0.32 0.66
May 2003 0.28 0.61
July 2003 0.05 0.38
August 2003 0.28 0.64
September 2003 0.23 0.54

5.4 Potential Evapotranspiration

The weather station located at the Study Site became operational in May 2002 which
resulted in June 2002 being the first full month of PET data. The first four months of PET
were estimated using the weather station connected to the Texas Evapotranspiration
Network located at the Jones-Maltsberger Turfgrass Management Site in San Antonio. This
weather station is maintained by the Texas A&M University System and uses the Penman-
Monteith method to calculate PET.

The on-site weather station is programmed to use the Penman-van Bavel method to estimate
PET. Table 5.6 compares the PET values estimated by the Turf Study weather station to
those calculated by the TexasET Network weather station located in north San Antonio. The
PET values used for calculating irrigation rates came from the Texas PET weather station up
through June 2002 and the Texas PET weather station data was used to fill in any missing
data from the Turf Study weather station following that date. Approximately 10 days of PET
data was used from the TexasET weather station after May 2002.

The PET values for the Turf Study weather station generally ranged within +0.5 inch of
those calculated by the TexasET weather station. Differences in measurements are likely due
to the difference in locations of the two weather stations. The TexasET weather station is
located approximately 30 miles to the north of the Turf Study site and sits on the edge of the
Balcones Escarpment. It is not uncommon for areas separated by this amount of distance to
have some differences in climatological data. The average of the daily differences in PET
values was 0.11 inches, with a maximum difference of 2.83 inches in July 2002.
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SAN ANTONIO WATER SYSTEM

Potential Evapotranspiration Rates Measured at the Turf Study Site and Those Reported by the TexasET Program for the

Jones-Maltsberger Site in San Antonio

Edwards Aquifer Recharge Zone Irrigation Pilot Study

Date Depth (inches) - Turf Study Depth (inches) - ET Network
February 2002 NA 2.53
March 2002 NA 2.30
April 2002 NA 3.27
May 2002 NA 4.77
June 2002 7.53 5.23
July 2002 6.73 3.9
August 2002 6.98 5.03
September 2002 5.42 4.13
October 2002 3.51 2.44
November 2002 2.93 2.65
December 2002 2.23 1.80
January 2003 2.34 1.97
February 2003 1.96 1.56
March 2003 3.35 2.98
April 2003 4.26 3.91
May 2003 6.25 4.94
June 2003 5.81 5.30
July 2003 5.49 4.79
August 2003 442 5.74
September 2003 3.40 3.97
October 2003 3.36 3.27
November 2003 2.09 2.54
December 2003 213 2.43
January 2004 1.66 212
February 2004 2.25 2.43

9.5 Leaching Fraction

As previously discussed, the leaching fraction for the recycled water was set at 10 percent.

This value was derived from the following equation:

LF (%) = ECiw/ECaw x 100
where LF

ECiw
Ede

leaching fraction

electrical conductivity of irrigation water
electrical conductivity tolerance of grass
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The electrical conductivity of the irrigation water was given as 1.1 dS/m (decisiemens per
meter), according to tests conducted on SAWS recycled water. The salt tolerance of both
bermudagrass and zoysiagrass was estimated at 1.0 dS/m, although it could be as high as
1.1 dS/m, which would not require any leaching using SAWS recycled water.

The State of Texas also has a leaching fraction component associated with a water balance
that must be completed prior to irrigating with recycled water. Following the instructions
listed in the Use of Reclaimed Water, (TAC) Chapter 210, the leaching fraction is confirmed as
10% for 2002, as shown below:

LF (inches) = Ce/C1 x (E - Ri)

where LF = Leaching requirement, inches
Ce = Electrical Conductivity of irrigation water
C1 = Maximum Allowable Electrical Conductivity of soil
E = Evapotranspiration, inches
Ri = Infiltrated rainfall, inches
Assumptions:
Ce = 1.1 dS/m (see explanation above)
C1 = 7 dS/m (for Turf Grasses)
E = 50.17 inches (total for 2002)
Ri = 28 inches (total rainfall for 2002 was 42.4 inches, but to

obtain infiltrated rainfall, 4 inches each was subtracted
for the rainfall events in June/July and September, and
3.0 inches each for the two rainfall events in October.
These rainfall events all resulted in full runoff
collectors, which equates to 2.5 inches of runoff or

more.)
Solution:
LF=1.1/7x(50.17 - 28)
LF = 3.5 inches
Total irrigation = 38 inches
Therefore:
LF = 3.5"/38"x100% =9.2%,

which is close to the 10 percent calculated above.

5.6 Runoff
5.6.1 Runoff Volumes

As described earlier, the runoff water from each plot was collected and measured at each
sampling date and shortly after large rainfall events. The volumes collected were then
converted to depth of water and summed over the study period. Due to limitations of the
equipment size and other factors, the maximum depth of runoff that could be captured for
any one storm event was 2.54 inches. Runoff in excess of this amount overflowed the
collection container and was lost.
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Volumes collected from the runoff collection systems are presented in Table 5.7. Heavy
rainfall events just prior to the September 11, 2002, October 11, 2002, October 25, 2002,
February 27, 2003, and July 22, 2003 sampling events exceeded the capacity of the collection
system and an unknown amount of water overflowed the collection containers. Thus, the
actual runoff is slightly greater than that which was measured and reported herein. As
illustrated in Table 5.7, total runoff for the study period was between 9.40 and 31.52 inches
of water.

TABLE 5.7
Depth of Runoff Water (inches) Collected from the Experimental Plots
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Date Plot 2 Plot 9 Plot 11 Plot 13 Plot 16 Plot 17
(EA, (1XRW, (LFRW, (LFRW, (1XRW, (EA,
Zoysia) Zoysia) Bermuda) Zoysia) Bermuda) Bermuda)

July 8, 2002 1.35 0.00 2.54 2.54 0.40 2.54
July 23, 2002 0.00 0.00 0.00 0.00 0.04 2.48
September 3, 2002 0.03 0.00 0.66 0.07 1.15 2.54
September 11, 2002 2.54 2.54 2.54 2.54 0.00 2.54
September 24, 2002 0.00 0.00 0.05 0.02 0.00 0.06
October 11, 2002 2.54 2.54 0.00 2.54 0.00 2.54
October 25, 2002 2.54 2.54 2.54 2.54 2.54 2.54
November 5, 2002 0.00 0.30 0.00 0.00 0.00 0.13
December 12, 2002 0.00 0.30 0.00 2.54 0.00 2.54
January 15, 2003 0.00 0.00 0.00 0.00 0.00 0.13
February 18, 2003 0.00 0.00 0.04 0.00 0.00 0.12
February 27, 2003 2.54 1.05 2.54 2.54 2.54 2.54
March 4, 2003 0.00 0.55 0.15 0.05 0.12 2.54
March 25, 2003 0.00 0.00 0.00 0.00 0.00 0.04
June 9, 2003 2.54 0.00 0.00 0.00 0.00 2.54
June 17, 2003 0.01 0.05 0.00 0.20 0.05 0.54
July 9, 2003 0.00 0.00 0.15 0.00 0.03 0.03
July 22, 2003 2.54 2.54 2.54 2.54 2.54 2.54
September 16, 2003 0.00 0.00 0.13 0.00 0.00 2.54
September 23, 2003 1.27 0.00 0.00 0.00 0.00 0.00
November 18, 2003 0.00 0.00 0.00 0.00 0.00 0.03
January 20, 2004 0.00 0.00 0.00 0.00 0.00 0.03
Total 17.89 12.42 13.88 18.12 9.40 31.52

Note: The text in parentheses after each plot number is the (irrigation water type, turfgrass type).

5.6.2 Data Analyses

Due to the lack of replicated measurements, a valid statistical comparison of the data cannot
be made. Therefore, the concentration data were plotted and evaluated for the presence of
general trends and potential differences due to irrigation treatments.
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5.6.3 Electrical Conductivity

Electrical Conductivity values of the runoff water samples are shown in Table 5.8. There is a
slight increasing trend; however, the changes are fairly small and are not of any
environmental significance. The data are well within the range commonly observed for
runoff from agricultural land and indicate the runoff poses no significant impact to the
receiving waters.

TABLE 5.8
Mean EC (dS/m) of Runoff Water for the Entire Study Period
Edwards Aquifer Recharge Zone lIrrigation Pilot Study

Irrigation Treatment EC TDS
EA 0.167 107

1XRW 0.193 124

LFRW 0.183 117

The total salt content of the runoff water was estimated by measuring the electrical
conductivity of the water. The EC of the runoff water samples collected during the study
period are shown in Appendix B, Figures B.1 and B.2 for the zoysiagrass and bermudagrass
treatments, respectively. With the zoysiagrass, there was a clear pattern showing that the EC
in runoff from the EA treatment was consistently lowest. The EC from the 1XRW and LFRW
treatments were similar, but both remained above the EA at all times. With the
bermudagrass treatment, there was no clear trend due to irrigation treatment. All samples
from both grasses and all irrigation treatments had EC values well within the acceptable
range and should not have any adverse environmental impact.

5.6.4 Sodium

Sodium concentrations in the runoff water samples collected during the study period are
shown in Figures B.3 and B.4 for the zoysiagrass and bermudagrass treatments,
respectively. With the zoysiagrass, there was a clear pattern showing that the sodium in
runoff from the EA treatment was consistently lowest. The sodium content of the IXRW and
LFRW treatments were similar, but both remained above the EA at all times. With the
bermudagrass treatment, there was no clear trend due to irrigation treatment. All runoff
water samples from both grasses and all irrigation treatments had sodium values below 40
mg/L and should not cause any adverse environmental impact.

5.6.5 Manganese

Manganese concentrations in the runoff water samples collected during the study period are
shown in Figures B.5 and B.6 for the zoysiagrass and bermudagrass treatments,
respectively. In the zoysiagrass, the Mn concentrations for EA decreased to the detection
limit of 0.02 mg/L by September 8, 2002 and remained below detection for the remainder of
the study. The Mn content of the IXRW and LFRW treatments followed a similar trend, but
both remained slightly above the EA at most times. With the bermudagrass treatment, there
was no clear trend due to irrigation treatment. All runoff water samples from both grasses
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and all irrigation treatments had manganese values below 0.40 mg/L and should not cause
any adverse environmental impact.

5.6.6 Magnesium

Magnesium concentrations in the runoff water samples collected during the study period
are shown in Figures B.7 and B.8 for the zoysiagrass and bermudagrass treatments,
respectively. With the zoysiagrass, the Mg concentrations for all irrigation treatments
decreased to approximately 2 mg/L by September 8, 2002 and remained close to that level
for the remainder of the study, save for one spike by the 1IXRW treatment in early March of
2003. With the bermudagrass treatment, there was a similar trend with all irrigation
treatments containing approximately 2 mg/L, save for a spike by the LFRW treatment in
early March of 2003 and a spike by the EA treatment in mid-June of 2003. All runoff water
samples from both grasses and all irrigation treatments had magnesium values below 14
mg/L and should not cause any adverse environmental impact. Since the highest Mg
concentrations were measured in the EA treatment, it does not appear that the use of SAWS
Type I recycled water for irrigation will adversely affect the Mg content of runoff water
from turf areas.

5.6.7 Iron

Iron concentrations in the runoff water samples collected during the study period are shown
in Figures B.9 and B.10 for the zoysiagrass and bermudagrass treatments, respectively. With
the zoysiagrass, the Fe concentrations for all irrigation treatments decreased to
approximately 0 to 2 mg/L by September 8, 2002 and remained under 4.5 mg/L for the
remainder of the study. In the bermudagrass treatment, there was a similar trend with all
irrigation treatments containing less than 6 mg/L, save for a spike by the LFRW treatment
in early March of 2003. All runoff water samples from both grasses and all irrigation
treatments had Fe values below 18 mg/L and should not cause any adverse environmental
impact. Since the Fe concentrations were essentially equal between all the irrigation
treatments, it does not appear that the use of SAWS Type I recycled water for irrigation will
adversely affect the Fe content of runoff water from turf areas.

5.6.8 Copper

Copper concentrations in the runoff water samples collected during the study period are
shown in Figures B.11 and B.12 for the zoysiagrass and bermudagrass treatments,
respectively. With the zoysiagrass, the Cu concentrations for all irrigation treatments
decreased to approximately 0.01 to 0.02 mg/L by September 8, 2002 and remained under
0.02 mg/L for the remainder of the study. With the bermudagrass treatment, there was a
similar trend with all irrigation treatments containing less than 0.06 mg/L, save for a spike
by the IXRW treatment at the end of the study. All runoff water samples from both grasses
and all irrigation treatments had Cu values below 0.2 mg/L and should not cause any
adverse environmental impact. Since the Cu concentrations were essentially equal between
all the irrigation treatments, it does not appear that the use of SAWS Type I recycled water
for irrigation will adversely affect the Cu content of runoff water from turf areas.
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5.6.9 Zinc

Zinc concentrations in the runoff water samples collected during the study period are
shown in Figures B.13 and B.14 for the zoysiagrass and bermudagrass treatments,
respectively. With the zoysiagrass, the Zn concentrations for all irrigation treatments
decreased to approximately 0.01 to 0.03 mg/L by September 8, 2002 and remained under
0.03 mg/L for the remainder of the study, save for one spike by the IXRW treatment in early
March of 2003. With the bermudagrass treatment, there was a similar trend with all
irrigation treatments containing less than 0.10 mg/L, save for a spike by the EA treatment in
early October of 2002 and another spike by the LFRW treatment in March of 2003. All runoff
water samples from both grasses and all irrigation treatments had Zn values below 0.2
mg/L and should not cause any adverse environmental impact. Since the Zn concentrations
were essentially equal between all the irrigation treatments, it does not appear that the use
of SAWS Type I recycled water for irrigation will adversely affect the Zn content of runoff
water from turf areas .

5.6.10 Calcium

Calcium concentrations in the runoff water samples collected during the study period are
shown in Figures B.15 and B.16 for the zoysiagrass and bermudagrass treatments,
respectively. With the zoysiagrass, there was a clear pattern showing that the calcium in
runoff from the EA treatment was consistently lower than that from the LFRW treatment.
However, concentrations in the 1IXRW treatment varied widely and occasionally were below
that of the EA treatment and above that of the LFRW treatment. With the bermudagrass
treatment, there was no clear trend due to irrigation treatment. All runoff water samples
from both grasses and all irrigation treatments had calcium values below 125 mg/L and
should not cause any adverse environmental impact.

5.6.11 Potassium

Potassium concentrations in the runoff water samples collected during the study period are
shown in Figures B.17 and B.18 for the zoysiagrass and bermudagrass treatments,
respectively. With both the zoysiagrass and the bermudagrass treatments, there were no
clear trends due to irrigation treatment. All runoff water samples from both grasses and all
irrigation treatments had potassium values below 16 mg/L and should not cause any
adverse environmental impact.

5.6.12 Phosphorus

Phosphorus concentrations in the runoff water samples collected during the study period,
after removal of the outlier data from July of 2002, are shown in Figures B.19 and B.20 for
the zoysiagrass and bermudagrass treatments, respectively. With both the zoysiagrass and
the bermudagrass treatments, there were no clear trends due to irrigation treatment. For all
treatments, the initial samples had the highest P concentrations; however, by October of
2002, concentrations had dropped to background levels and remained close to that for the
remainder of the study period. All runoff water samples from both grasses and all irrigation
treatments had phosphorus values below 10 mg/L, and the majority were below 3 mg/L.
These P concentrations should not cause any adverse environmental impact.
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5.6.13 Nitrogen

Total Kjeldahl Nitrogen (TKN) concentrations in the runoff water samples collected during
the study period are shown in Figures B.21 and B.22 for the zoysiagrass and bermudagrass
treatments, respectively. With the zoysiagrass, there was no clear pattern and the TKN
concentrations in runoff from all treatments were essentially equal. A spike in TKN for the
LFRW was measured on the sample collected in early March of 2003. With the
bermudagrass treatment, there was also no clear trend due to irrigation treatment. Except
for the March of 2003 samples, all runoff water samples from all irrigation treatments had
TKN values below 8 mg/L and should not cause any adverse environmental impact.

Nitrite concentrations in the runoff water samples collected during the study period are
shown in Figures B.23 and B.24 for the zoysiagrass and bermudagrass treatments,
respectively. With the zoysiagrass, there was no clear pattern and the nitrite concentrations
in runoff from all treatments were essentially equal. A small spike in nitrite for all irrigation
treatments was measured on the sample collected in early March of 2003 and then again at
the end of the study. With the bermudagrass treatment, there was also no clear trend due to
irrigation treatment. Overall, all runoff water samples from all irrigation treatments had
TKN values below 2 mg/L, and most were below 0.5 mg/L. These nitrite concentrations
should not cause any adverse environmental impact.

Nitrate concentrations in the runoff water samples collected during the study period are
shown in Figures B.25 and B.26 for the zoysiagrass and bermudagrass treatments,
respectively. With the zoysiagrass, there was no clear pattern and the nitrate concentrations
in runoff from all treatments were essentially equal. A fairly large spike in nitrate for the
1XRW irrigation treatment was measured on the sample collected in late June of 2003, but
values then returned to less than 2 mg/L at the end of the study. With the bermudagrass
treatment, there was a trend for the nitrate in the runoff from the 1IXRW and LFRW
treatments to be higher than that from the EA treatment. It is also notable that very high
nitrate concentrations were measured in the runoff water samples from the EA treatment on
the last two sampling dates. The data indicate that nitrate concentrations in runoff may
reach as high as 45 mg/L; however, nitrate concentrations from treatments receiving SAWS
recycled water had nitrate concentrations similar to those from the EA treatments. While
nitrate concentrations above 10 mg/L are of some environmental concern, these levels were
not reached on a consistent basis. Therefore, nitrates in runoff from irrigated turf areas may
have an occasional adverse environmental impact.

Ammonia concentrations in the runoff water samples collected during the study period are
shown in Figures B.27 and B.28 for the zoysiagrass and bermudagrass treatments,
respectively. With the zoysiagrass, there was no clear pattern and the ammonia
concentrations in runoff from all treatments were essentially equal. A small spike in
ammonia up to 1.2 mg/L for the IXRW irrigation treatment was measured on the sample
collected in early September of 2002, following which there was a gradual decline and
values returned to less than 0.5 mg/L. With the bermudagrass treatment, there was a
similar trend, with a peak in ammonia concentrations in the runoff from the EA and 1IXRW
treatments early in the study followed by a gradual decline to under 1 mg/L. It is also
notable that a high ammonia concentration was measured in the runoff water samples from
the EA treatment on the first three sampling dates. The data indicate that ammonia
concentrations in runoff may reach as high as 2.25 mg/L; however, ammonia
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concentrations from treatments receiving SAWS recycled water were similar to those from
the EA treatments. Since the ammonia concentrations in the runoff water stayed below 2.25
mg/L, the runoff will have very little detrimental environmental impact.

5.6.14 Fecal Coliform

The number of colonies formed per 100 mL sample of runoff water in the runoff water
samples collected over the study period are shown in B.29 and B.30 for the zoysiagrass and
bermudagrass treatments, respectively. The colony counts were fairly uniform and no one
treatment consistently had higher or lower numbers of fecal coliforms in the runoff water.
However, there were higher counts in the runoff samples from the September 3, 2002
sampling. The fact that the concentrations in the EA treatment are equal to that in
treatments receiving recycled water indicate that the coliform counts may be related to
biological activity on the site between runoff-generating events. The majority of fecal
coliform counts fell in the range of 1.0 to 2,000 col/100 ml. Peak concentrations ranged up to
10,000 col/100 ml. Overall, the fecal coliform content of the runoff water was low and
should not pose any significant adverse environmental effects.

5.7 Rainwater

Results of the chemical analysis of the rainwater samples are provided in Table 5.9. When
possible, all constituents were measured; however, due to limited sample volume, many
constituents could only be measured in the February 27, 2003 sample. To get a better
understanding of the data, the average chemical concentrations from the Turf Study
samples were compared to that reported by Sharpley et al., 1985 for the cities of Riesel, TX
and Bushland, TX (Table 5.10). When available, preference was given to Riesel data as this
city is located closer to San Antonio and has similar climatic conditions.

The rainfall samples collected at the Turf Study site had nitrate concentrations ranging from
0.02 mg/L to 0.87 mg/L, with an average concentration of 0.28 mg/L. This average value is
very close to the average of 0.33 mg/L reported by Sharpley et al., 1985 for 236
measurements at Riesel, TX. The rainfall samples collected at the Turf Study site had NH4
concentrations ranging from 0.10 mg/L to 1.01 mg/L, with an average concentration of 0.52
mg/ L. This average value compares favorably with the average of 0.28 mg/L reported by
Sharpley et al., 1985 for 229 measurements at Riesel, TX.

Average measured values of phosphorus, potassium and calcium for the Turf Study
location were also similar to averages reported by Sharpley. Measured concentrations of
nitrite, magnesium, sodium, copper, iron, manganese, and zinc were all below 0.25 mg/L
and indicate that the rainfall at the study site is relatively clean with little contamination
from urban or other sources of pollution.
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TABLE 5.9
Chemical Composition of Five Rainwater Samples Collected at the Turf Study Site
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Parameter (Units) Feb 27, 2003  Mar 4, 2003  Mar 25, 2003 Jun 17,2003  Jul 9, 2003 Avg.
NOs (mg/L) 0.39 0.87 0.05 0.05 0.02 0.28
NH, (mg/L) 0.85 1.01 N/A 0.10 0.10 0.52
NOz (mg/L) 0.10 0.03 0.04 0.01 0.01 0.04
TKN (mg/L) N/A N/A N/A 0.95 6.58 3.77
P (mg/L) 0.05 N/A N/A N/A N/A 0.05
K (mg/L) 0.10 N/A N/A N/A N/A 0.10
Ca (mg/L) 2.29 N/A N/A N/A N/A 2.29
Mg (mg/L) 0.10 N/A N/A N/A N/A 0.10
Na (mg/L) 0.14 N/A N/A N/A N/A 0.14
Cu (mg/L) 0.01 N/A N/A N/A N/A 0.01
Fe (mg/L) 0.03 N/A N/A N/A N/A 0.03
Mn (mg/L) 0.02 N/A N/A N/A N/A 0.02
Zn (mg/L) 0.02 N/A N/A N/A N/A 0.02
pH (std. Units) 6.47 N/A N/A N/A N/A 6.47
EC (umhos/cm) 28.10 N/A N/A N/A N/A 28.10
Fecal Col.(cfu) 20 180 2500 20 20 548
Fecal Strep. (cfu) 10 10 10 220 100 70.0

TABLE 5.10

Average Chemical Concentrations Measured in Rainfall Samples from the Turf Study Location Compared To Average

Values Reported by Sharpley et al., 1985 for the Cities Of Riesel And Bushland, Texas
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turf Study Sharpley et al., 1985
Parameter (units) Average (N) Average (N) City
NOs (mg/L) 0..28 (5) 0.33 (236) Riesel, TX
NH4 (ma/L) 0.52 (4) 0.28 (229) Riesel. TX
NO» (mal/L) 0.04 (5) N/A
TKN (mal/L) 6.58 (2) N/A
P (ma/L) 0.05 (1) 0.007 (232) Riesel, TX
K (ma/L) 0.10 (1) 0.28 (42) Bushland
Ca (mallL) 2.29 (1) 3.65 (42) Bushland
Ma (mal/L) 0.10 (1) N/A
Na (ma/L) 0.14 (1) N/A
Cu (ma/l) 0.01 (1) N/A
Fe (ma/L) 0.03 (1) N/A
Mn (ma/L) 0.02 (1) N/A
Zn (ma/l) 0.02 (1) N/A
pH (std. Units) 6.47 (1) 6.5 (31) Riesel, TX
EC (umhos/cm) 28.10 (1) 41.0 (29) Bushland, TX
Fecal Col.(cfu) 548 (5) N/A
Fecal Strep. (cfu) 70 (5) N/A

Values in parenthesis are the number of samples represented by the average.
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5.8 Leachate

5.8.1 Leachate Volumes

As described earlier, the amount of leachate water from each lysimeter was measured at
each sampling date and shortly after large rainfall events. The volumes collected were then
summed over the entire study period and a statistical comparison was performed on the
total for the study period. Due to limitations on the lysimeter volume and other factors, the
maximum volume of leachate that could be captured for any one sampling event was 4.9
liters. Leachate in excess of this amount likely flowed around the lysimeter and was lost.

Volumes collected from the individual lysimeters are presented in Appendix C, Tables C.1
through C.3. Volumes were highly variable and ranged from zero during dry periods to 6.2
liters shortly after heavy rainfall events. Occasionally, collected volumes exceeded the
storage capacity of the lysimeters due to ponded water in the soil entering the lysimeter
during the time of the collection event.

The collected leachate volumes for the period June 15, 2002 to February 17, 2004 were
totaled for each lysimeter. The totals were then statistically analyzed using ANOVA,
followed by Tukey’s procedure for mean separation to establish if there was any significant
difference in the volume of leachate due to irrigation treatment. The results of this
evaluation are shown in Table 5.11.

The analysis showed no difference in total leachate volume due to either grass or irrigation
treatment. There was a difference in leachate volume with depth. The samplers at the 6-inch
depth collected less water than those at the 30-inch depth. The samplers at the 18-inch depth
collected an intermediate amount of leachate and were not separable from the volumes
above and below.

One possible explanation for the greater volume in the 30-inch deep lysimeters compared to
the 6-inch lysimeters can be related to the storm events and the percolation rate of the soils.
There were several substantial rain events in 2002 and leachate samples were collected after
each of these events. A pattern arose that highlighted the difference between sample
volumes after significant rain events and sample volumes resulting from normal irrigation.
Many times the 30 inch-deep lysimeters would have a greater volume of leachate in them
compared to the 6 and 18 inch-deep lysimeters after a substantial rain event. However, this
trend would be reversed with samples resulting from leachate of irrigation water. Therefore,
it is theorized that during substantial rain events, the percolation rate in the soil exceeded
the intake rate of the shallow lysimeters. However, by the time the leachate reached the 30
inch-deep lysimeters, the percolation rate had decelerated to a point that it did not exceed
the intake rate of the deeper lysimeters.

5.8.2 Data Analyses for Leachate Samples

A preliminary examination of the leachate data suggested the possibility of some outlier
data, particularly phosphorus data. To confirm the presence or absence of any outlier data,
the entire data set was subjected to a Cluster Analysis. Plots were made of cluster means as
a function of date. Outlier data showed up as major deviations from nearly flat lines. An
example graph for data with possible outlier data is shown in Figure 5.2. Potential outliers
were found for nitrate, phosphorus and zinc concentrations in leachate samples.
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TABLE 5.11
Mean Total Volume of Leachate Collected from Lysimeters at Three Depths Under Three Irrigation Treatments from June 15, 2002 through February 17, 2004
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Irrigation Treatment 6” Depth Lysimeters 18” Depth Lysimeters 30” Depth Lysimeters
EA 221a 28.1a 221b
1XRW 256 a 36.9a 375a
LFRW 26.5a 282a 389a

Values in a given column followed by the same letter do not differ at p=0.05.

FIGURE 5.2

Cluster Analysis for Zinc Concentrations in Leachate Samples. Outlier is the High Value of Cluster 9 (Value of 2.85), which Is Almost 6 Times Greater Than That Of The Other
Mean Values

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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The outlier is the high value of cluster 9 (shown in red), which is almost 6 times greater than that of the other mean values.
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For all samples without any outliers, an analysis of variance was conducted using the entire
data set of measurements made on the leachate samples. Because there were some missing
values, the general linear model (GLM) of the Statistical Analysis System (SAS) version 8
software was used (SAS Institute Inc., Cary, NC, USA). The GLM has the capability to
estimate values for missing data points and then analyze the completed data set. The
analysis model looked for main effects of grass, irrigation treatment, sample depth, and
sampling date as well as all possible 2-way, 3-way and 4-way interactions. For those
samples with no 3-way or 4-way interaction, no further analysis was needed. For those
samples that had significant 3-way or 4-way interactions, the data set was sorted by
sampling date and the analysis was repeated for each individual sampling date.

For all samples that had questionable outlier data, the analysis described above was run
with and without the outlier data included.

5.8.3 Zinc

Zinc concentrations in the leachate water exhibited some significant 3-way interactions with
date. Therefore, the data were sorted by date and an analysis was run on each individual
sampling date. The results of these analyses are shown in Tables C.4, C.5, and C.6 of
Appendix C. There were a total of 30 sampling events; however, not all lysimeters yielded
samples on all dates. Thus, there may be no values shown for certain treatments and dates.
When the number of data values were too low to be able to perform a valid statistical
evaluation, the means are presented without any indication of statistical difference.

Of the 30 sampling dates, there was only one date on which there was a significant
difference in zinc concentration with depth of sampling compared to 14 dates in which there
were no differences due to sampling depth. On October 11, 2002, the sample from the 30-
inch depth had the highest zinc concentration. It should be noted, however, that even this
high concentration of 0.02 ppm was quite low and is of no environmental concern.

On two of the dates, the leachate from plots planted with bermudagrass had greater
concentrations of Zn; however, on a third date, the concentration in the zoysiagrass plots
was greater. The remaining 9 dates showed no significant difference between grasses. Thus,
there is no clear trend and it does not appear that grass type will have a major impact on Zn
leaching.

When the data were analyzed by irrigation water treatment, four dates showed a significant
difference compared to 11 dates that showed no significant differences between irrigation
water treatments. When significant differences were present, the EA treatment always had
the lowest Zn concentration while the highest Zn concentration was either in the 1XRW or
LFRW treatments. Thus, in the majority of cases, the use of recycled water for irrigation of
turf will not significantly affect the Zn concentration in the leachate moving below the root
zone. Consequently, the use of recycled water for irrigation of turf areas should not impact
the Zn content of underlying aquifers any more than if Edwards Aquifer water were used
for irrigation.

Except for the October 21, 2003, the mean Zn values all ranged at or below 0.2 mg/L, which
is well within the EPA Secondary Standard of 5.0 mg/L for Drinking Water. Based on these
results, leachate from turf areas irrigated with either Edwards Aquifer water or SAWS
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Recycled water will not pose a significant danger of zinc contamination of groundwater
reserves.

5.8.4 Nitrate

Nitrate is a negatively charged ion (anion) that is not readily adsorbed by soil particles but is
taken up in large quantity by plant roots. Therefore, free nitrate, which is not absorbed by
the plants, moves through soil very rapidly as a component of the water phase.

Nitrate nitrogen concentrations in the leachate water exhibited some significant 3-way
interactions with date. Therefore, the data were sorted by date and an analysis was run on
each individual sampling date. The results of these analyses are shown in Tables C.7, C.8,
and C.9 of Appendix C. There were a total of 24 sampling events; however, not all
lysimeters yielded samples on all dates. Thus, there may be no values shown for certain
treatments and dates. When the number of data values were too low to be able to perform a
statistical evaluation, the means are presented without any indication of statistical
difference.

Of the 24 sampling dates, there were only three dates on which there was a significant
difference in NO3 concentration with depth of sampling compared to 13 dates in which
there were no differences due to sampling depth. On March 25, 2003 and January 20, 2004,
the sample from the 6-inch depth had the highest NOs concentration, while on September
23, 2003, this depth had the lowest NOs concentration.

On 5 of the dates, the leachate from plots planted with bermudagrass had greater
concentrations of NOs. The remaining 13 dates showed no significant difference between
grasses. While not statistically significant on all dates, there does appear to be a general
trend of greater NOs concentrations in the leachate from the bermudagrass plots. Some of
this increase may be due to the greater nitrogen fertilization requirement of this grass.

When the data were analyzed by irrigation water treatment, six dates showed a significant
difference, compared to 13 dates that showed no significant differences between irrigation
water treatments. While not statistically significant on all dates, there does appear to be a
general trend of greater NO; concentrations in the leachate from the 1IXRW and LFRW plots.
This increase is likely due to the higher concentration of NOs in the irrigation water being
applied to these plots.

Through the majority of the study (September 2002 through October 2003), the mean NO3
values all remained below 10.0 mg/L, which is the primary EPA Standard for nitrate
concentrations in drinking water. Data for the first sampling date, August 22, 2002,
exceeded the drinking water standard and is likely due to a combination of the greater
amounts of irrigation applied during the initial startup months, oxidation of other N forms
to nitrate, and macropore flow through cracks and fissures in the soil. Nitrate concentrations
from November 18, 2003 to the end of the study were also elevated above the drinking
water standard.

5.8.5 Fecal Coliform

Fecal coliform counts in the leachate water exhibited some significant 3-way interactions
with date. Therefore, the data were sorted by date and an analysis was run on each
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individual sampling date. The results of these analyses are shown in Tables C.10, C.11, and
C.12 of Appendix C. There were a total of 31 sampling events; however, not all lysimeters
yielded samples on all dates. Thus, there may be no values shown for certain treatments and
dates. When the number of data values were too low to be able to perform a valid statistical
evaluation, the means are presented without any indication of statistical difference.

Of the 31 sampling dates, there were only three dates on which there were significant
differences in fecal coliform counts with depth of sampling compared to 25 dates in which
there were no differences due to sampling depth. On December 19, 2002 and August 19,
2003, the samples from the 6-inch depth had the highest fecal coliform count, while on April
22,2003, the 30-inch sample had the highest Fecal coliform count.

On 5 of the dates, the leachate from plots planted with bermudagrass had greater Fecal
Coliform counts. In contrast, on two dates the count from the zoysiagrass plots was greater.
The remaining 20 dates showed no significant difference between grasses. Thus, there is no
clear trend and it does not appear that grass type will have a major impact on fecal coliform
leaching.

When the data were analyzed by irrigation water treatment, three dates showed a
significant difference, compared to 26 dates that showed no significant differences between
irrigation water treatments. When significant differences were present, the EA treatment
had the lowest Fecal Coliform count on two dates, compared to one date when it had the
highest count. Thus, in the majority of cases, the use of recycled water for irrigation of turf
will not significantly affect the number of Fecal Coliform in the leachate moving below the
root zone. Consequently, the use of recycled water for irrigation of turf areas should not
impact the Fecal Coliform population of underlying aquifers any more than if Edwards
Aquifer water were used for irrigation.

5.8.6 Total Salts

Total Salts in the leachate water samples were estimated by measuring the electrical
conductivity (EC) of a subsample of the collected water.

The average electrical conductivity of the leachate samples over the entire study period
ranged from 0.499 to 0.653 mg/L and had no 3- or 4-way interactions. The analysis showed
that there were significant effects due to turfgrass, sampling depth, and irrigation
treatments (Tables 5.12, C.13 through C.15). The data show a small but significantly greater
EC of leachate from plots planted with bermudagrass (Figure 5.3). If the bermudagrass
consumes more water than the zoysia, it could result in a concentrating effect on the salts,
causing an increase in EC of the leachate water. The leachate from the upper 6-inch samplers
had the highest EC, followed by that of the 30-inch samplers and, finally, that from the 18-
inch samplers (Figure 5.4). Given the higher EC of the recycled water that was surface
irrigated, it is reasonable to expect that soil moisture in the upper 6 inches of soil would be
elevated. There was a significantly higher EC in the leachate from the IXRW and LFRW
plots as compared to those irrigated with EA water (Figure 5.5). Therefore, water leaching
past the root zone of turf areas will carry with it about 1.5 times the amount of salts if the
same area were irrigated with Edwards Aquifer water.
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TABLE 5.12
Mean EC of Leachate Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 238 0589 al
Zoysiagrass 203 0.552 b
Depth
6 inches 113 0.654 a
18 inches 161 0.500 ¢
30 inches 167 0.586 b
Irrigation Treatment
EA 109 0.425b
RW 166 0.626 a
LF 166 0.614 a

1. Mean values within a given turfgrass, depth, or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

Based on this information, turf areas irrigated with SAWS Recycled water will pose a small
but significant danger of salt contamination of groundwater reserves.

FIGURE 5.3
Mean Electrical Conductivity Measured in Leachate Samples, by Turfgrass
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE 5.4
Mean Electrical Conductivity Measured in Leachate Samples, by Lysimeter Depth
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE 5.5
Mean Electrical Conductivity Measured in Leachate Samples, by Irrigation Treatment
Edwards Aquifer Recharge Zone lIrrigation Pilot Study
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5.8.7 pH

The average pH of the leachate samples over the entire study period ranged from 7.07 to
7.34 units and had no 3- or 4-way interactions. The analysis showed that there was a
significant effect due to sampling depth, but not turfgrass or irrigation treatments (Tables
5.13, C.16 through C.18). The data show a small but significantly greater pH of leachate from
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the upper 6-inch samplers. This is likely due to the large buffering capacity of soils. As the
water passes through soil, the pH of the water reaches an equilibrium with that of the soil.
Based on these results, the use of recycled water on soils that are at least 18-inches deep
should have no effect on the pH of water leaching past the root zone of turf areas.

TABLE 5.13
Mean pH of Leachate Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 238 7.16 al
Zoysiagrass 203 7.18 a
Depth
6 inches 113 7.34 a
18 inches 161 7.07b
30 inches 167 7.15b
Irrigation Treatment
EA 109 7.20 a
RwW 166 7.21a
LE 166 711a

1. Mean values within a given turfgrass, depth, or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.8.8 Potassium

The average potassium concentrations measured in the leachate samples over the entire
study period ranged from 7.65 to 9.83 mg/L and had no 3- or 4-way interactions. The
analysis showed that there were significant effects due to turfgrass, sampling depth, and
irrigation treatments (Tables 5.14, C.19 through C.21). The data show a small but
significantly greater potassium concentration in leachate from plots planted with
zoysiagrass. The leachate from the upper 6-inch samplers had the highest potassium
concentration, followed by that of the 18-inch and 30-inch samplers. Given the higher
potassium content of the recycled water that was surface irrigated, it is reasonable to expect
that the potassium concentration in the soil moisture within the upper 6 inches would be
elevated. There also was a significantly higher potassium concentration in the leachate from
the IXRW plots, as compared to that from the EA and LFRW treatment plots. Therefore,
water leaching past the 30-inch depth will carry similar amounts of potassium with it as if
the same area were irrigated with Edwards Aquifer water. Based on this information, turf
areas irrigated with SAWS Recycled water will not pose a significant danger of potassium
contamination of groundwater reserves.
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TABLE 5.14
Mean Potassium Concentrations (mg/L) in Leachate Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 273 8.28 p1
Zoysiagrass 236 9.38 a
Depth
6 inches 142 9.95a
18 inches 174 8.51b
30 inches 193 8.18 b
Irrigation Treatment
EA 141 7.65b
RW 184 9.83 a
LF 184 8.62b

1. Mean values within a given turfgrass, depth, or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.8.9 Ammonia Nitrogen

Ammonia nitrogen concentrations in the leachate water exhibited some significant 3-way
interactions with date. Therefore, the data were sorted by date and an analysis was run on
each individual sampling date. The results of these analyses are shown in Tables C.22
through C.24 of Appendix C. There were a total of 30 sampling events; however, not all
lysimeters yielded samples on all dates. Thus, there may be no values shown for certain
treatments and dates. When the number of data values were too low to be able to perform a
valid statistical evaluation, the means are presented without any indication of statistical
difference.

Of the 30 sampling dates, there were only two dates on which there was a significant
difference in NHs concentration with depth of sampling compared to 19 dates in which
there were no differences due to sampling depth. On June 25, 2002, the sample from the 6-
inch depth had the highest NH; concentration, while on March 25, 2003, this depth had the
lowest NHj; concentration.

On 5 of the dates, the leachate from plots planted with bermudagrass had greater
concentrations of NHs; however, on a sixth date the concentration in the zoysiagrass plots
was greater. The remaining 14 dates showed no significant difference between grasses.
Thus, there is no clear trend and it does not appear that grass type will have a major impact
on NHj3 leaching.

When the data were analyzed by irrigation water treatment, only one date showed a
significant difference, compared to 22 dates that showed no significant differences between
irrigation water treatments. Thus, in the majority of cases, the use of recycled water for
irrigation of turf will not significantly affect the NH; concentration in the leachate moving
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below the root zone. Consequently, the use of recycled water for irrigation of turf areas
should not impact the NH; content of underlying aquifers any more than if Edwards
Aquifer water were used for irrigation.

Throughout the study, the mean NHj3 values all ranged at or below 0.26 mg/L, which is
very low and of little environmental concern. Although there are no primary or secondary
EPA Standards for ammonium-N concentrations in drinking water, concentrations less than
1 mg/L should not be a problem.

5.8.10 Nitrite

Nitrite nitrogen concentrations in the leachate water exhibited some significant 3-way
interactions with date. Therefore, the data were sorted by date and an analysis was run on
each individual sampling date. The results of these analyses are shown in Tables C.25
through C.27 of Appendix C. There were a total of 24 sampling events; however, not all
lysimeters yielded samples on all dates. Thus, there may be no values shown for certain
treatments and dates. When the number of data values were too low to be able to perform a
valid statistical evaluation, the means are presented without any indication of statistical
difference.

Of the 24 sampling dates, there were no significant differences in NO. concentration with
depth of sampling.

On one of the dates, the leachate from plots planted with zoysiagrass had a greater
concentration of NO». The remaining 17 dates showed no significant difference between
grasses. Thus, it does not appear that grass type will have a major impact on NO; leaching.

When the data were analyzed by irrigation water treatment, no significant differences
between irrigation water treatments were found for any of the dates. Thus, the use of
recycled water for irrigation of turf will not significantly affect the NO, concentration in the
leachate moving below the root zone. Consequently, the use of recycled water for irrigation
of turf areas should not impact the NO; content of underlying aquifers any more than if
Edwards Aquifer water were used for irrigation.

Throughout the study, the mean NO; values all ranged at or below 0.71 mg/L, which is low
and of little environmental concern. Although there are no primary or secondary EPA
Standards for nitrite concentrations in drinking water, concentrations less than 1 mg/L
should not be a problem.

5.8.11 Iron

Iron concentrations in the leachate water exhibited some significant 3-way interactions with
date. Therefore, the data were sorted by date and an analysis was run on each individual
sampling date. The results of these analyses are shown in Tables C.28 through C.30 of
Appendix C. There were a total of 30 sampling events; however, not all lysimeters yielded
samples on all dates. Thus, there may be no values shown for certain treatments and dates.
When the number of data values were too low to be able to perform a valid statistical
evaluation, the means are presented without any indication of statistical difference.

Of the 30 sampling dates, there were four dates on which there was a significant difference
in iron concentration with depth of sampling, compared to 11 dates in which there were no
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differences due to sampling depth. On June 25, 2002, the sample from the 30-inch depth had
the highest iron concentration, while on February 27, 2003, June 17, 2003 and September 16,
2003, the samples from the 18-inch depth had the highest iron concentrations. Therefore,
there is no consistent pattern of elevated iron concentrations in the leachate.

On one date, the leachate from plots planted with bermudagrass had greater concentrations
of iron; however, on a second date, the concentration in the zoysiagrass plots was greater.
The remaining 8 dates showed no significant difference between grasses. Thus, there is no
clear trend and it does not appear that grass type will have a major impact on iron leaching.

When the data were analyzed by irrigation water treatment, only one date showed a
significant difference, compared to 14 dates that showed no significant differences between
irrigation water treatments. On the one date when significant differences were present, the
EA treatment had the highest iron concentration. Thus, the use of recycled water for
irrigation of turf will not significantly affect the iron concentration in the leachate moving
below the root zone. Consequently, the use of recycled water for irrigation of turf areas
should not impact the iron content of underlying aquifers any more than if Edwards
Aquifer water were used for irrigation.

Approximately half of the measured mean Fe concentrations in leachate were above the
EPA MCL of 0.3 mg/L for drinking water. Thus, leachate from turf areas irrigated with
either Edwards Aquifer water or SAWS Recycled water will pose a significant possibility of
iron contamination of groundwater reserves.

5.8.12 Magnesium

The average magnesium concentrations measured in the leachate samples over the study
period ranged from 6.23 to 10.05 mg/L and had no 3- or 4-way interactions. The analysis
showed that there were significant effects due to sampling depth and irrigation treatments
(Tables 5.15, C.31 through C.33). The data show no difference in magnesium concentration
in leachate from plots planted with either zoysiagrass or bermudagrass. The leachate from
the upper 6-inch samplers had the highest magnesium concentration, followed by that of the
18-inch and 30-inch samplers. Given the higher magnesium content of the recycled water
that was surface irrigated, it is reasonable to expect that the magnesium concentration in the
soil moisture within the upper 6 inches would be elevated. There also was a significantly
higher magnesium concentration in the leachate from the LFRW plots as compared to that
from the EA treatment plots. Leachate from the 1XRW plots contained an intermediate
magnesium concentration and did not differ from either of the other treatments. Therefore,
water leaching past the 30-inch depth will carry similar amounts of magnesium with it as if
the same area were irrigated with Edwards Aquifer water. Based on this information, turf
areas irrigated with SAWS Recycled water will not pose a significant possibility of
magnesium contamination of groundwater reserves.
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TABLE 5.15
Mean Magnesium Concentrations (mg/L) in Leachate Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 273 7.32 31
Zoysiagrass 236 7.32a
Depth
6 inches 142 10.05 a
18 inches 174 6.23 a
30 inches 193 6.30 a
Irrigation Treatment
EA 141 7.06 a
RW 184 6.89 a
LF 184 7.96 a

1. Mean values within a given turfgrass, depth, or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.8.13 Manganese

The average manganese concentrations measured in the leachate samples over the study
period ranged from 0.022 to 0.025 mg/L and showed no significant effects due to turfgrass,
sampling depth, or irrigation treatment (Tables 5.16, C.34 through C.36). Thus, irrigation of
turf areas with SAWS recycled water should not significantly change the Mn concentration
of water leaching past the root zone. The data also indicate that Mn concentrations in the
leaching water should be independent of soil depth and turfgrass species.

TABLE 5.16
Mean Manganese Concentrations (mg/L) in Leachate Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 273 0.024 a'
Zoysiagrass 236 0.023 a
Depth
6 inches 142 0.022 a
18 inches 174 0.023 a
30 inches 193 0.025 a
Irrigation Treatment
EA 141 0.024 a
RW 184 0.023 a
LF 184 0.024 a

1. Mean values within a given turfgrass, depth, or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.
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5.8.14 Copper

Copper concentrations in the leachate water exhibited some significant 3-way interactions
with date. Therefore, the data were sorted by date and an analysis was run on each
individual sampling date. The results of these analyses are shown in Tables C.37 through
C.39 of Appendix C. There were a total of 30 sampling events; however, not all lysimeters
yielded samples on all dates. Thus, there may be no values shown for certain treatments and
dates. When the number of data values were too low to be able to perform a valid statistical
evaluation, the means are presented without any indication of statistical difference.

Of the 30 sampling dates, there were only four dates on which there was a significant
difference in copper concentration with depth of sampling, compared to 11 dates in which
there were no differences due to sampling depth. On May 16, 2002 and September 23, 2003,
the sample from the 30-inch depth had the highest copper concentration, while on April 30,
2002 and July 8, 2002, the 6-inch samples had the highest copper concentrations.

On one of the dates, the leachate from plots planted with bermudagrass had greater
concentrations of copper; however, on two other dates, the concentrations in the zoysiagrass
plots were greater. The remaining 8 dates showed no significant difference between grasses.
Thus, there is no clear trend and it does not appear that grass type will have a major impact
on copper leaching.

When the data were analyzed by irrigation water treatment, two dates showed a significant
difference compared to 13 dates that showed no significant differences between irrigation
water treatments. When significant differences were present, the EA treatment always had
the highest copper concentration. Thus, in the majority of cases, the use of recycled water for
irrigation of turf will not significantly affect the copper concentration in the leachate moving
below the root zone. Consequently, the use of recycled water for irrigation of turf areas
should not impact the copper content of underlying aquifers any more than if Edwards
Aquifer water were used for irrigation.

During the study period, the mean concentrations measured in leachate water from all
depths remained well below the EPA MCL of 1.0 mg/L for Drinking Water. Because the
vast majority of measured Cu concentrations in leachate during the study period were
below 0.10 mg/L, leachate from turf areas irrigated with either Edwards Aquifer water or
SAWS Recycled water will not pose a significant possibility of copper contamination of
groundwater reserves.

5.8.15 Sodium

The average sodium concentrations measured in the leachate samples over the entire study
period ranged from 18.33 to 52.91 mg/L and had no 3- or 4-way interactions. The analysis
showed that there were significant effects due to sampling depth and irrigation treatments
(Tables 5.17, C.40 through C.42). The data show no difference in sodium concentration in
leachate from plots planted with either zoysiagrass or bermudagrass (Figure 5.6). The
leachate from the upper 6-inch samplers had the highest sodium concentration, followed by
that of the 18-inch and 30-inch samplers (Figure 5.7). Given the higher sodium content of the
recycled water that was surface irrigated, it is reasonable to expect that the sodium
concentration in the soil moisture within the upper 6 inches would be elevated.

FINAL REPORT - EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY 5-27



EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE 5.17

Mean Sodium Concentrations (mg/L) in Leachate Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 273 42.78 a'
Zoysiagrass 236 41.00 a
Depth
6 inches 142 50.80 a
18 inches 174 36.64 b
30 inches 193 40.23 b
Irrigation Treatment
EA 141 18.33 b
RW 184 49.10 a
LF 184 52.91 a

1. Mean values within a given turfgrass, depth, or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

FIGURE 5.6
Mean Sodium Concentrations Measured in Leachate Samples, by Turfgrass
Edwards Aquifer Recharge Zone lIrrigation Pilot Study
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FIGURE 5.7
Mean Sodium Concentrations Measured in Leachate Samples, by Lysimeter Depth
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE 5.8
Mean Sodium Concentrations Measured in Leachate Samples, by Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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There also was a significantly higher sodium concentration in the leachate from the LFRW
and 1XRW plots as compared to that from the EA treatment plots (Figure 5.8). Therefore,
water leaching past the 30-inch depth will carry significantly greater amounts of sodium
with it than if the same area were irrigated with Edwards Aquifer water. Based on this
information, turf areas irrigated with SAWS Recycled water will pose a small but significant
possibility of sodium contamination of groundwater reserves.

5.8.16 Calcium

The average calcium concentrations measured in the leachate samples over the entire study
period ranged from 60.7 to 76.9 mg/L and showed no significant effects due to irrigation
treatment (Tables 5.18, C.43 through C.45). Thus, irrigation of turf areas with SAWS
recycled water should not significantly change the Ca concentration of water leaching past
the root zone. The data also indicate that Ca concentrations in the leaching water may vary
according to soil depth and turfgrass species. The leachate samples from the 18-inch depth
had significantly higher Ca concentrations than samples from either the 6-inch or 30-inch
depths. This is likely due to spatial variability and the occurrence of macropores in the soil
overlying the lysimeters.

TABLE 5.18
Mean Calcium Concentrations (mg/L) in Leachate Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 273 73.2 al
Zoysiagrass 236 66.4 b
Depth
6 inches 142 76.9a
18 inches 174 60.7 a
30 inches 193 73.5a
Irrigation Treatment
EA 141 71.1a
RW 184 713 a
LF 184 68.0 a

1. Mean values within a given turfgrass, depth, or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.8.17 Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen concentrations in the leachate water exhibited some significant 3-
way interactions with date. Therefore, the data were sorted by date and an analysis was run
on each individual sampling date. The results of these analyses are shown in Tables C.46
through C.48 of Appendix C. There were a total of 30 sampling events; however, not all
lysimeters yielded samples on all dates. Thus, there may be no values shown for certain
treatments and dates. When the number of data values were too low to be able to perform a
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valid statistical evaluation, the means are presented without any indication of statistical
difference.

Of the 30 sampling dates, there were seven dates on which there were significant differences
in TKN concentration with depth of sampling, compared to 9 dates in which there were no
differences due to sampling depth. On all seven dates, the samples from the 6-inch depth
had the highest TKN concentration. Because nitrogen was applied to the soil surface and is
highly soluble, higher concentrations in the leachate samples from the shallow depths is
expected.

On one of the dates, the leachate from plots planted with bermudagrass had a greater
concentration of TKN. The remaining 14 dates showed no significant difference between
grasses. Thus, it does not appear that grass type will have a major impact on TKN leaching.

When the data were analyzed by irrigation water treatment, six dates showed a significant
difference, compared to 10 dates that showed no significant differences between irrigation
water treatments. When significant differences were present, the EA treatment always had
the lowest TKN concentration. Thus, the data indicate that the use of recycled water for
irrigation of turf will increase the TKN concentration in the leachate moving below the root
zone. Consequently, the use of recycled water for irrigation of turf areas may result in a
small increase in the TKN content of underlying groundwater compared to using Edwards
Aquifer water for irrigation.

During the study period, the maximum concentration measured in leachate water from all
depths was 2.6 mg/L. There are no primary or secondary EPA Standards for Total Kjeldahl
Nitrogen concentrations in drinking water. Based on this information, turf areas irrigated
with SAWS Recycled water will contribute a small but increased amount of Total Kjeldahl
Nitrogen contamination of groundwater reserves as compared to that which would occur
from the use of EA water for irrigation.

5.8.19 Phosphorus

Phosphorus concentrations in the leachate water exhibited some significant 3-way
interactions with date. Therefore, the data were sorted by date and an analysis was run on
each individual sampling date, except for the July 8, 2002 and July 23, 2002 data, which were
shown to be outliers. The results of these analyses are shown in Tables C.49 through C.51 of
Appendix C. There were a total of 27 sampling events; however, not all lysimeters yielded
samples on all dates. Thus, there may be no values shown for certain treatments and dates.
When the number of data values were too low to be able to perform a valid statistical
evaluation, the means are presented without any indication of statistical difference.

Of the 27 sampling dates, there were only two dates on which there was a significant
difference in phosphorus concentrations with depth of sampling, compared to 12 dates in
which there were no differences due to sampling depth. On June 17, 2003 and July 22, 2003,
the samples from the 30-inch depth had the highest phosphorus concentrations.

On one of the dates, the leachate from plots planted with bermudagrass had a greater
concentration of phosphorus. The remaining 8 dates showed no significant difference
between grasses. Thus, there is no clear trend and it does not appear that grass type will
have a major impact on phosphorus leaching.
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When the data were analyzed by irrigation water treatment, three dates showed a
significant difference, compared to seven dates that showed no significant differences
between irrigation water treatments. When significant differences were present, the EA
treatment always had the lowest phosphorus concentration. Thus, in the majority of cases,
the use of recycled water for irrigation of turf will not significantly affect the phosphorus
concentration in the leachate moving below the root zone. Consequently, the use of recycled
water for irrigation of turf areas should not impact the phosphorus content of underlying
aquifers any more than if Edwards Aquifer water were used for irrigation.

The mean phosphorus values all ranged below 5 mg/L. Based on these results, leachate
from turf areas irrigated with SAWS Recycled water will not pose a significant possibility of
phosphorus contamination of groundwater reserves.

5.9 Tissue

5.9.1 Turf Aesthetic Quality

Photographs of plot 9, taken over the course of the study period, are presented in Appendix
A. Visually, the aesthetic rating was very low at the beginning of the study. At the start of
this project, the turf plots had been poorly maintained for several years and the turf suffered
from low nitrogen fertility, inadequate moisture, and heavy weed infestation. In addition,
the plots had not been mowed frequently nor to the proper height for several years and the
grass was just beginning to break winter dormancy. These poor conditions are reflected in
the low overall turf quality ratings in April and May of 2002 for both the bermudagrass
(Figure 5.9) and zoysiagrass plots (Figure 5.10).

FIGURE 5.9
Bermudagrass Aesthetic Quality Ratings for the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE 5.10
Zoysiagrass Aesthetic Quality Ratings for the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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Turf conditions steadily improved throughout the 2002 growing season and, by June of
2002, all plots had risen to an acceptable turf quality of 7 or above. Initially, the plots
receiving the leaching fraction recycled water treatment were the slowest to improve in
quality; however, by July 2002, all plots were at an acceptable quality of 8. The turf quality
remained at 8 or above through August and increased to nearly 9 in September. Following
September, turf quality declined as turf growth slowed and color waned. By January 2003,
the turf had gone into winter dormancy. Although the color was very poor, the density and
uniformity remained high. As green-up was reached in March 2003, the cycle of turf quality
repeated itself.

The data show the irrigation treatments had no significant effect on turf quality (Table 5.19).
Furthermore, the fertility applications in 2002, although less than planned, were sufficient to
provide adequate nutrition for a quality turf surface.

5.9.3 Sodium

Sodium concentrations in the plant tissue samples exhibited some significant 3-way
interactions with date. Therefore, the data were sorted by date and grass; following that, a
separate analysis was run on each of the 15 individual sampling dates.

On 11 of the 15 sampling dates, there were significant differences in sodium concentrations
in bermudagrass tissue due to irrigation treatment. In all 11 dates, the tissue from the plots
treated with EA water had significantly lower sodium concentrations. On three of the
remaining four dates, the trend was the same even though the differences were not
sufficient to be statistically significant at p=0.05. In all dates, there were no differences
between the IXRW and LFRW treatments.
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TABLE 5.19
Mean Aesthetic Ratings for Plots During the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Date EA Treatment 1XRW Treatment LFRW Treatment
April 2002 5.0a 4.7 a 52a
May 2002 53a 4.7 a 58a
June 2002 7.5a 8.2a 8.3a
July 2002 8.0a 8.0a 8.0a
August 2002 8.2a 8.0a 8.3a
September 2002 8.7 a 8.8a 8.8a
October 2002 8.2a 7.2a 78a
November 2002 6.7 a 58a 6.2 a
December 2002 7.8a 73a 7.5a
January 2003 6.2a 52a 53a
February 2003 6.7 a 6.7 a 6.7 a
March 2003 7.8 a 6.3b 75a
April 2003 78a 7.2a 8.0a
May 2003 8.3a 8.0a 8.0a
June 2003 9.0a 8.8 a 9.0a
July 2003 9.0a 9.0a 9.0a
August 2003 78a 70a 72a
September 2003 85a 85a 8.2a
October 2003 8.3a 7.5a 7.7a
November 2003 8.0a 7.7a 8.0a
December 2003 6.5a 6.5a 6.3 a
January 2004 6.5a 6.5a 6.3 a
February 2004 6.2a 6.2 a 6.8 a

Note: Mean values within a given date followed by the same letter do not differ significantly at p=0.05.

On 13 of the 15 sampling dates, there were significant differences in sodium concentrations
in zoysiagrass tissue due to irrigation treatment. In all 13 dates, the tissue from the plots
treated with EA water had significantly lower sodium concentrations. On both of the
remaining two dates, the trend was the same even though the differences were not sufficient
to be statistically significant at p=0.05. In all dates, there were no differences between the
1XRW and LFRW treatments.

Sodium concentrations in the bermudagrass turf tissue for samples collected between May
1, 2002 and February 17, 2004 are shown in Figure 5.11. Except for the August 22, 2003
sample, all samples from the EA treatment contained lower concentrations of sodium in the
tissue. Tissues from the IXRW and LFRW treatments contained similar but elevated levels
of sodium. All tissue levels were within the range considered to be safe for turf grass
growth.

Sodium concentrations in the zoysiagrass turf tissue for samples collected between May 1,
2002 and February 17, 2004 are shown in Figure 5.12. All samples from the EA treatment
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contained lower concentrations of sodium in the tissue. Tissues from the IXRW and LFRW
treatments contained similar but elevated levels of sodium. However, all tissue levels were
within the range considered to be safe for turf grass growth.

FIGURE 5.11
Concentrations of Sodium Measured in Bermudagrass Tissue
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE 5.12
Concentrations of Sodium Measured in Zoysiagrass Tissue
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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5.9.4 Manganese

Manganese concentrations in the plant tissue samples exhibited some significant 3-way
interactions with date. Therefore, the data were sorted by date and grass; following that, a
separate analysis was run on each of the 15 individual sampling dates.

On 3 of the 15 sampling dates, there were significant differences in manganese
concentrations in bermudagrass tissue due to irrigation treatment. In all 3 dates, the tissue
from the plots treated with EA water had significantly lower manganese concentrations. On
the remaining 12 dates, there was no consistent trend. In all dates, there were no differences
between the IXRW and LFRW treatments.

On 2 of the 15 sampling dates, there were significant differences in manganese
concentrations in zoysiagrass tissue due to irrigation treatment. On June 25, 2002, the tissue
from the plots treated with EA water had manganese concentrations similar to both the
1XRW and LFRW treatments. On June 17, 2003, however, the tissue from the plots treated
with EA water had higher manganese contents than did tissue from the LFRW treatment. In
all other dates, there were no significant differences between the irrigation treatments.

Manganese concentrations in the bermudagrass turf tissue for samples collected between
May 1, 2002 and February 17, 2004 are shown in Figure 5.13. Except for the May 24, 2002
sample, the samples from all the irrigation treatments were very similar and showed no
clear trend. All tissue levels were within the range considered to be safe for turf grass
growth.

Manganese concentrations in the zoysiagrass turf tissue for samples collected between May
1, 2002 and February 17, 2004 are shown in Figure 5.14. Except for the May 24, 2002 sample,
the samples from all the irrigation treatments were very similar and showed no clear trend.
All tissue levels were within the range considered to be safe for turf grass growth.

FIGURE 5.13
Concentrations of Manganese Measured in Bermudagrass Tissue
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE 5.14
Concentrations of Manganese Measured in Zoysiagrass Tissue
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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5.9.5 Magnesium

Magnesium concentrations in the plant tissue samples did not exhibit any significant 3-way
interactions. Therefore, the data were pooled and sorted by date; following that, a separate
analysis was run on each of the 15 individual sampling dates to determine if there were any
major effects of irrigation treatment or grass species.

On 3 of the 15 sampling dates, there were significant differences in magnesium
concentrations in turf tissue due to irrigation treatment. On all three of the dates where
differences did occur, the tissue from the plots treated with EA water had significantly
lower magnesium concentrations. On the 12 remaining dates, there were no differences in
magnesium concentrations between the EA, IXRW and LFRW treatments; however, the
trend of lower magnesium concentrations in the EA treatment continued through most of
these samples.

On 6 of the 15 sampling dates, there were significant differences in magnesium
concentrations in the turf tissue due to grass species. In all 6 dates, the tissue from the
bermudagrass plots had significantly lower magnesium concentrations. For the 6 of the 9
remaining dates, there was evidence of higher magnesium concentrations in the
bermudagrass plots.

5.9.6 Iron

Iron concentrations in the plant tissue samples did not exhibit any significant 3-way
interactions. Therefore, the data were pooled and sorted by date; following that, a separate
analysis was run on each of the 15 individual sampling dates to determine if there were any
major effects of irrigation treatment or grass species.

On all 15 sampling dates there were no significant differences in iron concentrations in turf
tissue due to irrigation treatment.
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On 3 of the 15 sampling dates, there were significant differences in iron concentrations in
the turf tissue due to grass species. In 2 dates, August 22, 2002 and June 17, 2003, the tissue
from the bermudagrass plots had significantly greater iron concentrations. For the samples
collected on May 22, 2002, there was evidence of lower iron concentrations in the
bermudagrass plots. For the remaining 12 sampling dates, there were no differences in iron
concentration due to irrigation treatment.

The majority of iron concentrations fell above the range of 50-300 mg/kg, which is ideal.
Overall, turf tissue concentrations of Fe were more than adequate to maintain good quality
turf under moderate to high traffic conditions with no supplemental applications.

5.9.7 Copper

Copper concentrations in the plant tissue samples did not exhibit any significant 3-way
interactions. Therefore, the data were pooled and sorted by date; following that, a separate
analysis was run on each of the 15 individual sampling dates to determine if there were any
major effects of irrigation treatment or grass species.

On only one of the 15 sampling dates were there significant differences in copper
concentrations in turf tissue due to irrigation treatment. This difference occurred on August
22,2002, at which time the tissue from the EA treatment had a significantly higher amount
of copper. On the 14 remaining dates, there were no differences in copper concentrations
between the EA, 1IXRW and LFRW treatments.

On 9 of the 15 sampling dates, there were significant differences in copper concentrations in
the turf tissue due to grass species. In all 9 dates, the tissue from the bermudagrass plots had
significantly greater copper concentrations. For the 4 of the 6 remaining dates, there was
evidence of higher copper concentrations in the bermudagrass tissue, although it did not
meet the 95% criteria.

All mean copper concentrations fell in the range of 5-30 mg/kg, which is ideal. Overall, turf
tissue concentrations of copper were adequate to maintain good quality turf under
moderate to high traffic conditions with no supplemental applications.

5.9.8 Zinc

Zinc concentrations in the plant tissue samples did not exhibit any significant 3-way
interactions. Therefore, the data were pooled and sorted by date; following that, a separate
analysis was run on each of the 15 individual sampling dates to determine if there were any
major effects of irrigation treatment or grass species.

On 6 of the 15 sampling dates, there were significant differences in zinc concentrations in
turf tissue due to irrigation treatment. On five of the six dates where differences did occur,
the tissue from the plots treated with EA water had significantly lower zinc concentrations.
On the 9 remaining dates, there were no differences in zinc concentrations between the EA,
IXRW and LFRW treatments.

On 11 of the 15 sampling dates, there were significant differences in zinc concentrations in
the turf tissue due to grass species. In all 11 dates, the tissue from the bermudagrass plots

had significantly greater zinc concentrations. For the 3 of the 4 remaining dates, there was
evidence of higher zinc concentrations in the bermudagrass plots.
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Overall, turf tissue concentrations of Zn were adequate to maintain good quality turf under
moderate to high traffic conditions with no supplemental applications.

5.9.9 Calcium

Calcium concentrations in the plant tissue samples did not exhibit any significant 3-way
interactions. Therefore, the data were pooled and sorted by date; following that, a separate
analysis was run on each of the 15 individual sampling dates to determine if there were any
major effects of irrigation treatment or grass species.

On one of the 15 sampling dates, there were significant differences in calcium
concentrations in bermudagrass tissue due to irrigation treatment. On this date, June 17,
2003, the tissue from the plots treated with EA water had significantly lower calcium
concentrations. On the 14 remaining dates, there were no differences in calcium
concentrations between the EA, IXRW and LFRW treatments.

On 5 of the 15 sampling dates, there were significant differences in calcium concentrations
in the turf tissue due to grass species. In 4 of the 5 dates, the tissue from the bermudagrass
plots had significantly greater calcium concentrations. For the 10 remaining dates, there
were no differences in calcium concentrations between the turf species.

Calcium concentrations in the turf tissue for samples collected between May 1, 2002 and
February 17, 2004 are shown in Figure 5.15. There is no clear trend of either grass having
consistently higher or lower calcium concentrations in the tissue. Calcium concentrations in
tissues from the EA, IXRW and LFRW treatments were similar (Figure 5.16) and showed no
consistent trend. All tissue levels were within the range considered to be safe for turf grass
growth.

5.9.10 Potassium

Potassium concentrations in the plant tissue samples did not exhibit any significant 3-way
interactions. Therefore, the data were pooled and sorted by date; following that, a separate
analysis was run on each of the 15 individual sampling dates to determine if there were any
major effects of irrigation treatment or grass species.

On 2 of the 15 sampling dates, there were significant differences in potassium
concentrations in turf tissue due to irrigation treatment; however, there were no trends as to
which treatment had the greatest concentration. On the 9 remaining dates, there were no
differences in potassium concentrations between the EA, 1IXRW and LFRW treatments.

On 10 of the 15 sampling dates, there were significant differences in potassium
concentrations in the turf tissue due to grass species. In all 10 dates, the tissue from the
zoysiagrass plots had significantly greater potassium concentrations. For all but one of the
remaining dates, there was evidence of higher potassium concentrations in the zoysiagrass
plots as well.

The majority of potassium concentrations fell in the range of 7,000-12,000 mg/kg, which is
less than ideal. Overall, turf tissue concentrations of potassium were adequate to maintain
good quality turf under low to moderate traffic conditions. The low concentrations indicate
the plants may benefit from additional potassium applications.
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FIGURE 5.15
Concentrations of Calcium Measured in Tissue, by Turfgrass
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE 5.16
Concentrations of Calcium Measured in Tissue, By Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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5.9.11 Phosphorus

Phosphorus concentrations in the plant tissue samples did not exhibit any significant 3-way
interactions. Therefore, the data were pooled and sorted by date; following that, a separate
analysis was run on each of the 15 individual sampling dates to determine if there were any
major effects of irrigation treatment or grass species.

No significant differences in phosphorus concentrations in turf tissue due to irrigation
treatment were found at any of the 15 sampling dates.

On 14 of the 15 sampling dates, there were no significant differences in phosphorus
concentrations in the turf tissue due to grass species. Only on October 21, 2003 did the tissue
from the bermudagrass plots have a significantly greater phosphorus concentration than
that of the zoysiagrass.

The average tissue concentrations ranged from 769 to 3,765 mg/kg, which is below the ideal
range of 3,000-6,000 mg/kg for well fertilized turf. Overall, turf tissue concentrations of P
were adequate to maintain good quality turf under low to moderate traffic conditions. The
low concentrations indicate the plants may benefit from additional phosphorus
applications.

5.9.12 Nitrogen

Total Kjeldahl Nitrogen concentrations in the plant tissue samples did not exhibit any
significant 3-way interactions. Therefore, the data were pooled and sorted by date;
following that, a separate analysis was run on each of the 15 individual sampling dates to
determine if there were any major effects of irrigation treatment or grass species.

On 2 of the 15 sampling dates, there were significant differences in Total Kjeldahl Nitrogen
concentrations in turf tissue due to irrigation treatment. On both of the dates where
differences did occur, the tissue from the plots treated with EA water had significantly
lower Total Kjeldahl Nitrogen concentrations.

On 4 of the 15 sampling dates, there were significant differences in Total Kjeldahl Nitrogen
concentrations in the turf tissue due to grass species. In all 4 dates, the tissue from the
bermudagrass plots had significantly greater Total Kjeldahl Nitrogen concentrations. For all
but 2 of the remaining dates where the differences were not statistically significant, there
was a trend of higher Total Kjeldahl Nitrogen concentrations in the bermudagrass plots.

The majority of Total Kjeldahl Nitrogen concentrations fell in the range of 10,000-16,000
mg/kg, which is less than ideal. Overall, turf tissue concentrations of TKN were adequate to
maintain good quality turf under low to moderate traffic conditions. The low concentrations
indicate the plants may benefit from additional nitrogen applications, especially if rapid
growth for injury recovery is needed.

5.10 Soil
5.10.1 Soil Salinity

The average electrical conductivity of the soil samples over the entire study period ranged
from 0.2518 to 0.3377 dS/m and had no 3-way interactions. The analysis showed that there
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were significant effects due to sampling date and irrigation treatment (Table 5.20). There
were also 2-way interactions between irrigation treatment and sampling date, and irrigation
and grass type.

The data show no difference between the EC of soil in plots planted with bermudagrass
versus zoysia (Table 5.20). There was a significantly higher EC in the soil from the IXRW
and LFRW plots as compared to those irrigated with EA water (Table 5.20); this is likely due
to the higher EC of the recycled water. Therefore, water leaching past the root zone of turf
areas will carry with it about 1.5 times the amount of salts if the same area were irrigated
with Edwards Aquifer water.

Based on this information, turf areas irrigated with SAWS Recycled water will pose a small
but significant potential for salt accumulation in the soil.

TABLE 5.20
Mean Electrical Conductivity (dS/m) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 81 0.2955 a'
Zoysiagrass 81 0.2925 a
Irrigation Treatment
EA 54 0.2518 a
RW 54 0.3132 a
LF 54 0.3171a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.10.2 Iron

The average iron concentration in the soil samples over the entire study period ranged from
14,972 to 18,111 mg/kg and had no 3-way interactions. The analysis showed that there were
significant effects due to sampling date and grass type (Table 5.21). There also was a 2-way
interaction between sampling date and grass type.

The data show a higher iron concentration of soil in plots planted with zoysiagrass versus
soils planted with bermudagrass (Table 5.21). There were no significant differences in iron
concentrations of soil from the EA, 1IXRW or LFRW (Table 5.21) water. This indicates that
irrigation treatments did not result in excessive iron accumulation in the soil.

Based on this information, turf areas irrigated with SAWS Recycled water will not result in
excessive iron accumulation in the soil.

5.10.3 Calcium

The average calcium concentrations of the soil samples over the entire study period ranged
from 127,139 to 146,111 mg/kg and had no 3-way interactions. The analysis showed that
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there were significant effects due to sampling date and irrigation treatment (Table 5.22).
There were no 2-way or 3-way interactions.

TABLE 5.21
Mean Iron Concentrations (mg/kg) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 81 15,741 b
Zoysiagrass 81 16,286 a
Irrigation Treatment
EA 54 15,908 a
RW 54 15,972 a
LF 54 16,161 a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

The data show no difference between the calcium concentration of soil in plots planted with
bermudagrass versus zoysia (Table 5.22). There was a significantly higher average calcium
concentration in the soil from the LFRW treatment plots as compared to those from the EA
or IXRW plots (Table 5.22).

TABLE 5.22
Mean Calcium Concentrations (mg/kg) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 81 137,573 a'
Zoysiagrass 81 137,366 a
Irrigation Treatment
EA 54 134,108 b
RW 54 135,467 b
LF 54 142,835 a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

Based on this information, turf areas irrigated with SAWS Recycled water at a rate designed
to replace the water used by evapotranspiration will exhibit a significant amount of Ca
accumulation in the soil. Overall, soil concentrations of total Ca were adequate to maintain
good quality turf.

5.10.4 Total Kjeldahl Nitrogen

The average total Kjeldahl nitrogen concentrations of the soil samples over the entire study
period ranged from 1306 to 1989 mg/kg and had no 3-way interactions. The analysis
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showed that there were significant effects due only to the sampling date (Table 5.23). There
were no 2-way or 3-way interactions.

The data show no difference between the TKN concentration of soil in plots planted with
bermudagrass versus zoysia (Table 5.23). The average calcium concentration in soil did not
differ between irrigation treatments (Table 5.23).

TABLE 5.23
Mean Total Kjeldahl Nitrogen Concentrations (mg/kg) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 81 1,515.8 a'
Zoysiagrass 81 1,580.8 a
Irrigation Treatment
EA 54 1,554 a
RwW 54 1,550 a
LF 54 1,541a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.10.5 Manganese

The average manganese concentrations of the soil samples over the entire study period
ranged from 253.7 to 303.6 mg/kg and had no 3-way interactions. The analysis showed that
there were significant effects due to sampling date and grass type (Table 5.24). There were
no 2-way or 3-way interactions.

The data show that there is a statistically significant difference between the manganese
concentration of soil in plots planted with bermudagrass versus zoysia (Table 5.24). At the
present time, there is no clear answer for why this phenomena occurred. There were no
significant differences in manganese concentration in the soil from the LFRW treatment
plots as compared to those from the EA or 1IXRW plots (Table 5.24).

TABLE 5.24
Mean Manganese Concentrations (mg/kg) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone lIrrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 81 279.2 b’
Zoysiagrass 81 294 4a
Irrigation Treatment
EA 54 2889 a
RW 54 281.1a
LF 54 2904 a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.
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5.10.6 Magnesium

The average magnesium concentrations of the soil samples over the entire study period
ranged from 3,596 to 4,505 mg/kg and had no 3-way interactions. The analysis showed that
there were significant effects due to sampling date and grass type (Table 5.25) but not
irrigation treatment. There also was a single 2-way interaction between irrigation treatment
and grass type.

The data show that there is a significantly higher magnesium concentration of soil in plots
planted with zoysiagrass (Table 5.25). At the present time, there is no clear answer for why
this phenomena occurred. There were no significant differences in magnesium
concentration in the soil from the LFRW treatment plots as compared to those from the EA
or IXRW plots (Table 5.25). Thus, the differences may simply be due to spatial variability
of soils. Overall, soil concentrations of total Mg were adequate to maintain good quality
turf. There was no indication that irrigation with Type 1 SAWS recycled water would result
in excessive accumulation of magnesium in the soil.

TABLE 5.25
Mean Magnesium Concentrations (mg/kg) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 81 3,826 b
Zoysiagrass 81 3,967 a
Irrigation Treatment
EA 54 3,881 a
RW 54 3,894 a
LF 54 3,914 a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.10.7 Potassium

The average potassium concentrations of the soil samples over the entire study period
ranged from 3,847 to 4,626 mg/kg and had no 3-way interactions. The analysis showed that
there were significant effects due to sampling date and grass type (Table 5.26) but not
irrigation treatment. There were also two 2-way interactions; one between irrigation
treatment and grass type and the second between sampling date and grass type.

The data show that there is a significantly higher potassium concentration in the soil from
plots planted with zoysiagrass (Table 5.26). At the present time, there is no clear answer for
why this phenomena occurred. There were no significant differences in potassium
concentration in the soil from the LFRW treatment plots as compared to those from the EA
or IXRW plots (Table 5.26). Thus, the differences may simply be due to spatial variability of
soils. Overall, soil concentrations of total K were adequate to maintain good quality turf.
There was no indication that irrigation with Type 1 SAWS recycled water would result in
excessive accumulation of potassium in the soil.
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TABLE 5.26
Mean Potassium Concentrations (mg/kg) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 81 4,127 b’
Zoysiagrass 81 4,370 a
Irrigation Treatment
EA 54 4,217 a
RW 54 4,256 a
LF 54 4,273 a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.10.8 Copper

The average copper concentrations of the soil samples over the entire study period ranged
from 11.6 to 33.5 mg/kg and had no 2-way or 3-way interactions. The analysis showed that
there were significant effects due only to the sampling date (Table 5.27).

The data show no difference between the copper concentration of soil in plots planted with
bermudagrass versus zoysia (Table 5.27). The average copper concentration in soil did not
differ between irrigation treatments (Table 5.27).

TABLE 5.27
Mean Copper Concentrations (mg/kg) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass

Bermudagrass 81 26.4 a'
Zoysiagrass 81 259a

Irrigation Treatment
EA 54 272 a
RW 54 26.0a
LF 54 252 a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.10.9 Sodium

The average sodium concentrations of the soil samples over the entire study period ranged
from 406.8 to 1,831.0 mg/kg and had no 2-way or 3-way interactions. The analysis showed
that there were no significant effects due only to the sampling date, irrigation treatment, or
grass (Table 5.28).
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The data show no difference between the sodium concentration of soil in plots planted with
bermudagrass versus zoysia (Table 5.28). In addition, the average sodium concentration in
soil did not differ between irrigation treatments (Table 5.28).

TABLE 5.28
Mean Sodium Concentrations (mg/kg) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 81 792.0 a'
Zoysiagrass 81 641.1a
Irrigation Treatment
EA 54 723.7a
RW 54 7119 a
LF 54 714.0 a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.10.10 Zinc

The average zinc concentrations of the soil samples over the entire study period ranged
from 45.4 to 128.2 mg/kg and had no 2-way or 3-way interactions. The analysis showed
that there was a significant effect due to sampling date (Table 5.29) but not irrigation
treatment or grass type.

The data show that there are similar zinc concentrations in soil from plots planted with
either zoysiagrass or Bermuda grass (Table 5.29). There were no significant differences in
zinc concentration in the soil from the LFRW treatment plots as compared to those from the
EA or 1XRW plots (Table 5.29). Overall, soil concentrations of total Zn were adequate to
maintain good quality turf. There was no indication that irrigation with Type 1 SAWS
recycled water would result in excessive accumulation of zinc in the soil.

TABLE 5.29
Mean Zinc Concentrations (mg/kg) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass

Bermudagrass 81 82.5a'
Zoysiagrass 81 76.0a

Irrigation Treatment
EA 54 80.6 a
RwW 54 83.1a
LF 54 74.0 a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.
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5.10.11 Ammonium Nitrogen

The average ammonium concentrations of the soil samples over the entire study period
ranged from 30.2 to 266.5 mg/kg and had no 2-way or 3-way interactions. The analysis
showed that there were significant effects due to sampling date (Table 5.30) but not
irrigation treatment or grass type.

The data show that there is a similar ammonia concentration in soil from plots planted with
zoysiagrass and bermudagrass (Table 5.30). There were no significant differences in
ammonium concentration in the soil from the LFRW treatment plots as compared to those
from the EA or 1XRW plots (Table 5.30). Overall, soil concentrations of ammonium were
adequate to maintain good quality turf. There was no indication that irrigation with Type 1
SAWS recycled water would result in excessive accumulation of ammonium in the soil.

TABLE 5.30
Mean Ammonium Concentrations (mg/kg) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass
Bermudagrass 81 78.3a’
Zoysiagrass 81 117.8 a
Irrigation Treatment
EA 54 88.4 a
RW 54 819a
LF 54 123.7 a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.10.12 Nitrate Nitrogen

The average nitrate concentrations of the soil samples over the entire study period ranged
from 24.7 to 57.8 mg/kg and had no 2-way or 3-way interactions. The analysis showed that
there were significant effects due to sampling date and grass type (Table 5.31) but not
irrigation treatment.

The data show that there is a significantly higher nitrate concentration of soil in plots
planted with bermudagrass (Table 5.31). This is likely due to the higher fertilization rate
required to sustain a dense bermudagrass turf. There were no significant differences in
nitrate concentration in the soil from the LFRW treatment plots as compared to those from
the EA or 1XRW plots (Table 5.31). Overall, soil concentrations of nitrate were adequate to
maintain good quality turf. There was no indication that under proper management,
irrigation with Type 1 SAWS recycled water would result in excessive accumulation of
nitrate in the soil.
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TABLE 5.31
Mean Nitrate Concentrations (mg/kg) of Soil Samples Collected Over the Study Period
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Differentiator Number of Samples Mean
Turfgrass

Bermudagrass 81 443 a’

Zoysiagrass 81 36.2b

Irrigation Treatment

EA 54 373 a
RW 54 43.7a
LF 54 39.7 a

1. Mean values within a given turfgrass or irrigation treatment followed by the same letter do not differ
significantly at p=0.05.

5.10.13 Phosphorus

The average phosphorus concentrations of the soil samples over the entire study period
ranged from 299.7 to 1,052 mg/kg. There was a significant 3-way interaction between
sampling date, irrigation treatment and grass type. Therefore, the data were separated by
date and re-tested for each individual date. This individual analysis by date showed that
there were no significant differences in phosphorus concentrations in soils at any date due
to either grass type or irrigation treatment (Tables 5.32 and 5.33). Thus, irrigation of turf
with SAWS Class 1 recycled water will not result in excessive phosphorus accumulation in
soils.

TABLE 5.32

Mean Concentrations of Phosphorus (mg/kg) Measured in Soil Samples Collected Over the Entire Study Period, By
Irrigation Treatment

Edwards Aquifer Recharge Zone lIrrigation Pilot Study

Irrigation Treatment

Date EA RW LF
March 12, 2002 497.0 a 4428 a 468.3 a
June 25, 2002 299.7 a 347.8 a 365.2 a
September 24, 2002 505.0 a 693.8 a 405.8 a
December 18, 2002 910.2 a 989.5 a 998.7 a
March 25, 2003 861.8 a 1029.2 a 9128 a
June 17, 2003 879.5a 894.3 a 838.8 a
September 23, 2003 977.0 a 997.7 a 1052.2 a
December 22, 2003 996.8 a 1046.3 a 1021.8 a
February 17, 2004 856.8 a 924.8 a 861.3a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05.
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TABLE 5.33
Mean Concentration of Phosphorus (mg/kg) Measured in Soil Samples Collected Over the Entire Study Period, By Grass
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turfgrass
Date Bermudagrass Zoysiagrass
March 12, 2002 4333 a 505.4 a
June 25, 2002 3639a 311.3a
September 24, 2002 535.0 a 534.7 a
December 18, 2002 969.1 a 963.1 a
March 25, 2003 939.8 a 9294 a
June 17, 2003 845.0 a 896.8 a
September 23, 2003 1020.1 a 997.8 a
December 22, 2003 1013.0 a 1030.3 a
February 17, 2004 876.1 a 885.9 a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05.

5.11 Mass Balance

To better determine the fate of the measured constituents from the Study Site, a mass
balance was calculated for each constituent. Amounts present in the soil at the beginning of
the study were added to amounts added via irrigation water, rainfall and fertilizer
additions. From this, the Project Team subtracted the amounts lost in surface runoff,
leachate past the 30-inch depth and the amount present in the soil at the end of the study
period.

5.11.1 Runoff Losses
Table 5.34 presents the total volume of collected runoff for the Study Site area.

TABLE 5.34
Runoff Collected
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Plot Turf Water Total Runoff Depth (inches)
17 Bermuda Edwards 31.49
16 Bermuda 1XRW 9.39
11 Bermuda LFRW 13.87
2 Zoysia Edwards 17.87
9 Zoysia 1XRW 12.10
13 Zoysia LFRW 18.09

During large rainfall events when the rainfall rates exceed the infiltration capacity of the
soil, water and associated nutrients run off the site via surface flow. These nutrients

FINAL REPORT - EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY 5-50



EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

contribute to non-point source pollution of surface water bodies and may eventually find
their way to the groundwater via karst features in the aquifer recharge zone.

In the present study, runoff water collection devices were installed in one replication of each
irrigation treatment and grass combination. The water collected in the runoff sampling
containers was considered to be representative of the water quality that was leaving the area
by surface runoff and may eventually migrate to the groundwater table.

The total amount of each of 14 chemical constituents lost in the surface runoff water was
calculated. Using the volume of water collected from each runoff sampler and the surface
area of the collection device, the volume of water that left the site via surface runoff for the
entire 400 ft2 plot was estimated for each sampling date. This was then multiplied by the
concentration of each constituent measured in the collected water sample at that date to give
an estimated mass of each constituent. These mass values were then summed over all
sampling events for the period June 15, 2002 to February 17, 2004 to give an estimate of the
total amount of each constituent that was lost via surface water runoff and that might
potentially migrate to the groundwater table.

The total kilograms of each of the 14 chemical constituents in the surface runoff water are
shown in Tables 5.35 and 5.36. A statistical analysis of the data could not be performed due
to a lack of replications. Of all the measured constituents, the greatest amount was
phosphorus, which ranged from 0.022 to 2.3635 kg. However, some of the higher values that
contributed to the high averages for the EA and LFRW treatments are suspect, and are
potentially due to laboratory error involving an unstable calibration. There were no obvious
differences due to irrigation treatments for the amounts of calcium, copper, iron,
magnesium, manganese, potassium, nitrite, TKN, ammonia, total N, or zinc that were lost in
surface runoff. In the case of sodium and nitrate, the plots irrigated with Edwards Aquifer
water consistently had the lowest amount of these nutrients in the runoff water followed by
the IXRW and LFRW treatments.

TABLE 5.35

Calculated Mass (kg) of 14 Chemical Constituents Lost In Runoff Water From Plots With 3 Separate Irrigation Water
Treatments Between June 2002 and February 2004

Edwards aquifer Recharge Zone Irrigation Pilot Study

Treatment' Ca Cu Fe Mg Mn P K

EA 0.6065 0.0004 0.0387 0.0621 0.0008 2.3564 0.1401
1XRW 0.2493 0.0004 0.0205 0.0233 0.0004 0.2276 0.0654
LFRW 0.4276 0.0002 0.0398 0.0326 0.0006 1.6130 0.0861

1. EA = Edwards Aquifer water irrigated to replace PET.
1XRW = SAWS Recycled Water irrigated to replace PET.
LFRW = SAWS Recycled water irrigated to replace PET plus 10% for leaching.
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TABLE 5.36

Calculated Mass (kg) of 14 Chemical Constituents Lost In Runoff Water From Plots With 3 Separate Irrigation Water
Treatments Between June 2002 and February 2004

Edwards aquifer Recharge Zone Irrigation Pilot Study

Treatment' Sodium Zinc Nitrate Nitrite Ammonia TKN Total N
EA 0.0699 0.0009 0.0148 0.0014 0.0094 0.0393 0.0634
1XRW 0.0832 0.0003 0.0134 0.0010 0.0054 0.0172 0.0357
LFRW 0.1217 0.0003 0.0169 0.0014 0.0051 0.0239 0.0460

1. EA = Edwards Aquifer water irrigated to replace PET.
RW = SAWS Recycled Water irrigated to replace PET.
LFRW = SAWS Recycled water irrigated to replace PET plus 10% for leaching.

5.11.2 Leachate
2002 Leachate

Nutrients added to the test plots plus those native to the soil are distributed between those
dissolved in the soil solution, those adsorbed to the cation exchange sites on the soil
particles, and those in mineral form. Because of this equilibrium, there is always a fraction
of nutrients in the soil water, and these nutrients move with the water. When rainfall or
irrigation events of sufficient magnitude occur, a portion of the water and associated
nutrients move below the root zone. Once past the root zone, there is little opportunity for
adsorption or removal of nutrients from the water and the majority of nutrients will
eventually migrate to the groundwater table. In the present study, the water collected in the
30-inch deep lysimeters was considered to be representative of the water quality that was
passing the root zone and might eventually migrate to the groundwater table.

The total amount of each of 14 chemical constituents that moved below the 30-inch depth
was calculated. Using the volume of water collected from each lysimeter and the surface
area of the lysimeter, the volume of water moving past this depth for the entire 400 square-
feet plot was estimated for each sampling date. This was then multiplied by the
concentration of each constituent measured in the collected water sample at that date to give
an estimated mass of each constituent. These mass values were then summed over all
sampling events for the period June 15, 2002 to February 17, 2004 to give an estimate of the
total amount of each constituent that passed the 30-inch depth and might potentially
migrate to the groundwater table.

The data were subjected to an analysis of variance test to determine if there were significant
differences between the amounts lost in each of the three irrigation treatments. For
treatments that exhibited significant differences, the means were separated using Tukey’s
procedure for mean separation. The results showed no significant differences in the amount
of constituents passing 30-inches due to grass type (zoysiagrass versus bermudagrass), but
there were significant differences due to irrigation treatments. In addition, there was no
significant interaction between irrigation treatment and grass type. Therefore, the remainder
of this discussion will focus on the effects of irrigation treatment on the amount of
constituents passing the 30-inch depth.
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The total kilograms of each of the 14 chemical constituents in soil water passing the 30-inch
depth is given in Tables 5.37 and 5.38. Of all the measured constituents, the greatest amount
was calcium, which ranged from 0.7373 to 1.2134 kg. There were no significant differences
due to irrigation treatments for the amounts of calcium, copper, iron, magnesium, sodium,
nitrate, nitrite, total N, or zinc that moved past the 30-inch depth. Except for nitrite and
nitrate, these are positively charged cations and typically have low mobility in soils. In the
case of manganese, phosphorus, potassium, ammonium and total Kjeldahl nitrogen, the
plots irrigated with Edwards Aquifer water consistently had the lowest amount of these
nutrients passing the 30-inch depth. For phosphorus, potassium, ammonium and total
Kjeldahl nitrogen, the amounts of each constituent in plots irrigated with recycled water and
recycled water plus a leaching fraction were significantly greater than that from plots
irrigated with Edwards Aquifer water. For manganese, the plots irrigated with recycled
water plus a leaching fraction had significantly greater amounts of nutrients than that from
plots irrigated with Edwards Aquifer water. However, the plots irrigated with recycled
water at the PET rate lost intermediate amounts of nutrients and did not differ significantly
from either the EA treatment or the LFRW treatment.

TABLE 5.37

Calculated Mass (kg) of 14 Chemical Constituents Passing The 30” Depth From Plots With 3 Separate Irrigation Water
Treatments.

Edwards aquifer Recharge Zone Irrigation Pilot Study

Treatment' Ca Cu Fe Mg Mn P K

EA 0.7373 a 0.0002 a 0.0060 a 0.0396 a 0.0002 b 0.1762 b 0.0606 b
RW 1.2134 a 0.0003 a 0.0067 a 0.0891 a 0.0004 ab 0.5834 a 0.1383 a
LFRW 1.0008 a 0.0003 a 0.0092 a 0.0881 a 0.0004 a 0.6424 a 0.1209 a

1. EA = Edwards Aquifer water irrigated to replace PET.
RW = SAWS Recycled Water irrigated to replace PET.
LFRW = SAWS Recycled water irrigated to replace PET plus 10% for leaching.

2. Values in a given column for a given constituent followed by the same letter do not differ significantly at
p=0.05.

TABLE 5.38

Calculated Mass (kg) of 14 Chemical Constituents Passing The 30” Depth From Plots With 3 Separate Irrigation Water
Treatments.

Edwards aquifer Recharge Zone Irrigation Pilot Study

Treatment' Sodium Zinc Nitrate Nitrite Ammonia TKN Total N
EA 0.1669 a 0.0008 a 0.0099 a 0.0004 a 0.0012b 0.0053 b 0.0167 a
RwW 0.6769 a 0.0003 a 0.0827 a 0.0004 a 0.0023 a 0.0147 a 0.1000 a
LFRW 0.5947 a 0.0003 a 0.0474 a 0.0004 a 0.0022 a 0.0155 a 0.0655 a

1. EA = Edwards Aquifer water irrigated to replace PET.
RW = SAWS Recycled Water irrigated to replace PET.
LFRW = SAWS Recycled water irrigated to replace PET plus 10% for leaching.

2. Values in a given column for a given constituent followed by the same letter do not differ significantly at
p=0.05.
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5.12 Literature Reviews Performed

The current research study, the EARZIPS, was conducted on one soil type, using two water
sources and two turfgrasses. It is anticipated that the results of this study will form the basis
for decisions to be made concerning the suitability of recycled water for irrigation of turf
throughout much of the central Texas area. Combining the data from the present study with
that which is already published in the scientific literature is one way to broaden the
usefulness of the study results to other areas where some of the site specific factors may be
slightly different.

Since the major thrust of the present study was to document the movement and fate of
nutrients applied via recycled water, a literature study entitled “Potential Groundwater
Contamination from Irrigation of Turf with Recycled Water” was prepared and is presented
in Appendix E. A comparison of the findings of other researchers, as documented in this
review, serves as a validation of the data and conclusions that stem from the present study.
Additionally, the principles of nutrient movement in soils can then be used to predict what
is likely to happen at other locations where there are differences in soils, water quality and
the hydrologic cycle.

Due to limitations in funding for the EARZIPS, it was not possible to evaluate all samples
for a wide array of microbiological and toxicological constituents. However, their potential
presence in recycled water and the potential to contaminate surface water or groundwater
reserves is of great concern. Again, a review of the pertinent scientific literature can
elucidate basic principles of how and where these materials move when placed in the
environment. Therefore, a literature study entitled “Risk Evaluation of Microbiological and
Toxicological Components of the San Antonio Water System’s Recycled Water: A Literature
Review” was undertaken and is presented in Appendix F.

While neither the EARZIPS nor the literature reviews can guarantee a “zero risk” of adverse
environmental impact from irrigation of turf with Type I Saws Recycled water, they do
indicate that the risk is low.
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SECTION 6.0

Conclusions

6.1 Aesthetics

* The quality of the two turfgrasses studied was unaffected by the use of Type I SAWS
recycled water at the irrigation rates and management level employed in this study.

6.2 Soil

* Soil concentrations of ammonium, calcium, copper, iron, nitrate, sodium and zinc
remained nearly constant and showed no major effects from irrigation with SAWS
Recycled Water.

* Soil concentrations of magnesium, phosphorus, and total Kjeldahl nitrogen steadily
increased throughout the study period indicating that these elements are accumulating
in the soil profile.

* Soil concentrations of manganese and potassium showed slightly decreasing
concentrations over time which is indicative of plant uptake and/or leaching.

* Soil in plots receiving recycled water had significantly higher EC readings as compared
to the soil from the plots irrigated with EA water.

6.3 Leachate

* Leachate from turf areas irrigated with SAWS Type 1 Recycled water had similar
concentrations of ammonium, calcium, copper, iron, magnesium, manganese, and nitrite
compared to that from plots irrigated with EA water. All concentrations were low and
should not have any adverse environmental effects.

* Leachate from turf areas irrigated with SAWS Recycled water had higher nitrate
concentrations; however, they remained well below the drinking water standard of 10
ppm. Nitrate concentrations were higher in the 6-inch lysimeter samples compared to
the 18 and 30-inch samples, indicating that the soil has some filtering ability.

* There were no significant differences in leachate volumes due to irrigation treatment for
the 6 and 18 inch lysimeters.

* Lysimeters at the 30-inch depth in the EA treatment produced significantly less leachate
than did comparable lysimeters in 1IXRW and LFRW treatments.

* Fecal coliform concentrations in leachate samples from the 1IXRW and LFRW treatments
were similar to those from the EA treatment in 25 of 31 sampling dates. In two of the 31
sampling dates, the fecal coliform counts were significantly higher in the Edwards
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Aquifer treatment, and in only one case was the fecal coliform count greater in the
IXRW and LFRW treatments. This indicates that irrigation with SAWS Type I recycled
water will have a very low probability of adversely affecting groundwater quality.

6.4 Runoff

* Irrigation treatment made no significant difference in the EC of the leachate water.
* EC values of the runoff water samples pose no significant hazard to receiving waters.

* Fecal coliform concentrations in runoff samples from the 1XRW and LFRW treatments
were similar to those from the EA treatment, indicating a very low probability of
adversely affecting groundwater quality.

* Runoff water samples from the test plots contained concentrations of total salts (EC),
manganese, magnesium, copper, zingc, calcium, potassium, phosphorus, nitrite nitrogen,
and nitrate nitrogen which should not endanger receiving surface or ground water
bodies.

* Runoff water samples from the test plots contained elevated concentrations of sodium,
iron, and total Kjeldahl nitrogen which may have adverse environmental effects.

* Fecal coliform concentrations in runoff samples from the 1XRW and LFRW treatments
were similar to those from the EA treatment, indicating a very low probability of
adversely affecting groundwater quality.

6.5 Tissue

* For most sampling dates, the sodium and zinc content of the tissue samples from the EA
plots were lower than that of plots irrigated with recycled water.

* Irrigation treatments made little to no difference in the calcium, copper, magnesium,
manganese, nitrogen, phosphorus, potassium, and total Kjeldahl nitrogen concentrations
of turf tissue.

» Tissue concentrations of nitrogen, phosphorus and potassium were below the ideal
ranges for well fertilized turf grass and indicate the need for increased fertilization in the
future.

6.6 Overall Summary

Provided that turf areas are irrigated responsibly using PET or a fraction thereof, nutrient
applications are made in moderation, and a responsible nutrient management program is
employed, Type I recycled water may be used for irrigation with minimal environmental
impact on groundwater quality according to the results of this study.

Based on the data from this study and provided that turf areas are irrigated responsibly
using PET or a fraction thereof to guide the irrigation rate, and a responsible nutrient
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management program is employed, Type I recycled water may be used for irrigation with
minimal prospect of groundwater contamination. In other words, if large scale turf
irrigators located on the EARZ use SAWS recycled water, the data from this study indicate
that it will result in no statistically significant impact to the Edwards Aquifer water quality
as compared to the use of potable Edwards Aquifer water. Therefore, there should be
minimal impact to the Edwards Aquifer water quality when using recycled water over the
recharge zone.
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SECTION 7.0

Turf Management Guidelines

As previously mentioned, one of the study's operational parameters was to manage the turf
as a typical golf course fairway. While no golf course supervisors were interviewed for
input as part of the study, guidelines were followed in the management of the turf based on
experience of the team and professional recommendations.

7.1 Irrigation

Both turf types used in this study have been established in the southern U.S. for a
substantial period of time such that guidelines related to irrigation of bermuda and zoysia
grasses are generally consistent. Bermudagrass has been established in the U.S. since the
early 1800s and zoysiagrass has been established in the U.S. since the early 1900s. Water
requirements vary based on location and environmental conditions. Additionally, the more
maintenance required by the turf equates to a greater water requirement. Therefore, golf
courses and sport fields require a greater input of water than does a lawn.

Frequency of irrigation depends on soil characteristics, seasonal water use, and root depths.
Generally, a deeper root is more drought tolerant than a shallow rooted plant. However,
turfs that require greater maintenance and locations with shallow soils may not have the
opportunity to develop a deep root system and, therefore, would require a higher irrigation
frequency. In these situations, water may need to be applied every two to three days to
maintain an unstressed turf. Recent innovations in irrigation technology now allow the use
of strategically placed soil moisture sensors to control the amount and frequency of
irrigation.

Water use for bermudagrass on an annual basis is estimated to be approximately 40 inches
per year, while zoysiagrass uses approximately 45 inches of water (Duble, 1996). Depending
on location, much of this requirement can be met through rainfall. However, because of
rainfall patterns and intensities, a significant portion of this rainfall may not be available to
the plant. Some of the rainfall can be lost due to runoff or deep percolation. Duble (1996)
estimates that for a typical golf course in Texas, runoff can range from 15% to 25% of the
annual rainfall. Turf does not require 100% of PET replacement to remain viable. Duble
(1996) reports that golf course turfs can remain in good condition with 67% replacement of
PET, and 50% replacement of PET will allow the turf to survive.

The deficit between the amount of water that is required by the turf and that supplied by
rainfall can be applied through irrigation. Typical irrigation systems are established to have
head to head coverage and are divided into zones based on topography, turf types, and soil
characteristics. Without rain, bermudagrass and zoysiagrass generally require between 1
and 1.5 inches of irrigation per week to maintain growth during peak water use. An
application rate of 0.25 inches per application is suggested by Duble (1996) to minimize
runoff and to maintain a healthy root and soil system for high maintenance turfs. This
application rate may require the turf to be irrigated daily during drought conditions.
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The irrigation system for the turf study was set up to provide head to head coverage, as
described above. The bermuda and zoysia grasses were irrigated with the same depth
during each application. The plots were irrigated at 100% PET replacement (plus an
additional 10% in the leaching fraction plots) to simulate the greatest amount of water that
would typically be applied to a high maintenance turf.

Typical application rates in the summer were 0.35 inches per application, applied three
times per week for the 100% PET replacement plots. The maximum water depth applied per
week was 1.6 inches, but, as mentioned above, typical application depths were around 1
inch per week during the peak growing season. Approximately 0.3 inches per week was
applied to the 100% PET plots during the dormant period to prevent desiccation and loss of
stand.

7.2 Fertilization

As with water management, the more maintenance a turf requires results in a greater
fertilization requirement. Because the soil analyses demonstrated that the soils had adequate
phosphorus, potassium, and micronutrients for a healthy turf, this section will concentrate
on nitrogen requirements of zoysia and bermuda grasses. As a general rule, fertilization
should be based on the results of regularly scheduled soil test results. At a minimum, soil
samples should be taken annually, tested for fertility, and the results used as the basis for
designing the fertility plan for the coming year.

Inadequate nitrogen can produce a turf that is easily damaged by use, slow to recover, and
will have leaves that are a lighter shade of green, all resulting in a turf that is not
aesthetically acceptable. Excess nitrogen can produce turf that is more susceptible to
diseases, in addition to an increase in mowing and irrigation requirements. Excess nitrogen
can also cause nitrate contamination of leachate and runoff waters. To avoid these
consequences of inadequate and excessive nitrogen fertilization, turf supervisors are
constantly required to monitor the turf quality and levels of nitrogen in the soil and turf,
and to follow best management practices.

Hybrid bermuda requires 5 to 6 1bs of nitrogen per 1,000 sq. ft/year for high maintenance
turf surfaces. Zoysia requires 3 to 4 Ibs of nitrogen per 1,000 sq. ft/ year under the same
conditions (Duble 1996). Both turfs can be maintained with applied nitrogen rates at 50% of
the upper ranges.

Nitrogen may be applied two times per year, once in the spring and again in the fall, to
maintain growth, but a high maintenance turf requires a monthly nitrogen application. Golf
courses typically apply 1 to 1.5 pounds of nitrogen per 1,000 sq. ft per month on
bermudagrass and 0.5 to 1.0 pounds of nitrogen per 1,000 sq. ft per month for zoysiagrass.

As discussed in Section 4, the fertilization goal in this study was to apply the maximum
nitrogen that typically will be applied on a golf course, or 6 1bs per 1,000 sq. ft/year for
bermudagrass and 4 Ibs per 1,000 sq. ft/year for zoysiagrass. During the first year of the
study, only 50% of that amount was applied, which is the level of fertilization required to
maintain the turf. The second year of the study, the 6 1bs and 4 Ibs per 1,000 sq. ft/year for
bermudagrass and zoysiagrass, respectively, was applied to each plot, taking into
consideration the nitrogen concentration in the Edwards Aquifer and Recycled water
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sources. The first year, three monthly applications were made, while in the second year, the
recommended 6 monthly applications were made.

7.3 Pesticides

Most golf courses now use integrated pest management programs (IPM) to guide their use
of pesticides, including herbicides, insecticides and fungicides. While IPM plans vary
slightly between facilities, they are based on the principle that a turf manager and their staff
routinely inspect their facility for signs of disease, insect damage, or weed invasion. Once a
problem is documented, the appropriate pesticide may be applied to the affected area at the
lowest effective rate to address the problem. IPM has proven to be very beneficial in that it
reduces the total amount of pesticides applied, reduces costs to the operator, and is
environmentally protective.

In the present study, weeds were controlled by cultural practices and intense insect attacks
requiring chemical treatment were not experienced. However, in early spring of 2003,
numerous plots were attacked by a fungus, resulting in a disease called Take All Patch. Turf
tissue samples were collected and submitted to the Texas Plant Diagnostic Laboratory for
diagnosis. After confirmation of the disease, a single application of the fungicide Heritage
was made, following which the turf recovered rapidly.

Use of this type of IPM program in which pesticide applications are made in a very
conservative and environmentally responsible manner is recommended for all users of
SAWS recycled water, and especially those located on the recharge zone where there is an
increased potential for aquifer contamination.

7.4 Mowing

The recommendations for golf course mowing management is almost identical for
bermudagrass and zoysiagrass turfs. In general, during the growing season, the grass
should be mowed often and low to maintain a wear-tolerant turf. Both turfs should be
mowed to a height of 0.5 to 1.0 inches. Heights greater than 1.0 inches generate a turf that is
less wear tolerant.

Frequency of mowing should be determined by the growth rate of the grass. Growth rate is
a function of fertilizer and water applications; therefore, all three need to be managed
concurrently. Returning clippings to the turf is also recommended. Lawns where clippings
are removed may have an increase in fertilizer requirements as high as 30% over those
requirements discussed previously (Duble 1996). Generally, mowing should not remove
more than 30% of the grass height. This may require mowing every 3 to 5 days in the
summer. During tournaments, it is not uncommon for golf courses to mow everyday to
maintain the ultimate turf quality (Beard, 1982).

Mowing the turf plots at the study was maintained by Bladerunner Grass Farms. Mowing
frequency was typically once per week. Clippings were returned to the plots. Mow height
was set at 1.0 inch.
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7.5 Recycled Water Irrigation Startup

As previously discussed in the Results Section, the leachate quality had a greater
concentration of nitrates at the beginning of the study. It is assumed that this was the result
of two events that should be avoided when preparing a site to receive recycled water for the
first time. The first event was the over application of recycled water and Edwards Aquifer
water to the plots. This situation caused water to quickly leach through the soil and runoff
from the site, transporting nutrients with the water. The second event that occurred was
exacerbated by the first event. The second event was the condition of the plots at the
initiation of irrigation with Edwards Aquifer and recycled water. The plots had not been
irrigated for over a year and the winter/spring had been dry leading up to the initiation of
the study. This drying of the soil caused the soil to be cracked and exposed macropores in
the soil, through which water and nutrients could leach quickly through the soil.

In addition to these two events, because the site had remained fallow for an extended period
of time, some of the nitrogen in the soil was likely tied up in the soil in different forms.
When water was applied to the site, and in great quantities, the nitrogen in the soil could
have gone through mineralization. Combined with the nitrate existing within the dry soil
profile, this could explain some of the higher nitrate concentrations. This helps to explain
why the Edwards Aquifer plots exhibited elevated nitrate concentrations in the leachate,
and, in some cases, higher nitrate levels compared to the recycled water plots.

It is recommended that turf areas be prepared to receive the nutrients in the recycled water
and use them before recycled water is applied to soils. This may require that the turf be
actively growing and the soil be in a moist state prior to the application of recycled water.

7.6 Summary

There are few differences between the management of turf irrigated with recycled water and
turf irrigated with potable water. Typically, turf irrigated with recycled water can benefit
from the additional nutrients, but may suffer from elevated salt build-up in the soils. A high
quality and wear-tolerant turf can be maintained through proper management of the turf.
This management also decreases the possibility or intensity of receiving water
contamination from nutrients when using either recycled water or potable water for
irrigation.
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SECTION 8.0
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FIGURE A1
Aesthetic Rating for Plot 9, April 2002, Score of 3
Edwards Aquifer Recharge Zone Irrigation Pilot Study

FIGURE A.2
Aesthetic Rating for Plot 9, May 2002, Score of 3
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE A.3
Aesthetic Rating for Plot 9, June 2002, Score of 7
Edwards Aquifer Recharge Zone Irrigation Pilot Study

FIGURE A4
Aesthetic Rating for Plot 9, August 2002, Score of 8
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE A.5
Aesthetic Rating for Plot 9, September 2002, Score of 9
Edwards Aquifer Recharge Zone Irrigation Pilot Study

FIGURE A.6
Aesthetic Rating for Plot 9, November 2002, Score of 6
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE A.7
Aesthetic Rating for Plot 9, December 2002, Score of 8
Edwards Aquifer Recharge Zone Irrigation Pilot Study

FIGURE A.8
Aesthetic Rating for Plot 9, January 2003, Score of 7
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE A.9
Aesthetic Rating for Plot 9, February 2003, Score of 7
Edwards Aquifer Recharge Zone Irrigation Pilot Study

FIGURE A.10
Aesthetic Rating for Plot 9, March 2003, Score of 6
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE A.11
Aesthetic Rating for Plot 9, May 2003, Score of 8
Edwards Aquifer Recharge Zone Irrigation Pilot Study

FIGURE A.12
Aesthetic Rating for Plot 9, June 2003, Score of 8
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE A.13
Aesthetic Rating for Plot 9, July 2003, Score of 9
Edwards Aquifer Recharge Zone Irrigation Pilot Study

FIGURE A.14
Aesthetic Rating for Plot 9, August 2003, Score of 7
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE A.15
Aesthetic Rating for Plot 9, September 2003, Score of 8
Edwards Aquifer Recharge Zone Irrigation Pilot Study

FIGURE A.16
Aesthetic Rating for Plot 9, October 2003, Score of 7
Edwards Aquifer Recharge Zone Irrigation Pilot Study

P:\SAWS\171136\WP\FINAL REPORT\APPENDIX_A.DOC

FINAL
05/04

SAN ANTONIO WATER SYSTEM



EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY

FIGURE A.17
Aesthetic Rating for Plot 9, November 2003, Score of 7
Edwards Aquifer Recharge Zone Irrigation Pilot Study

FIGURE A.18
Aesthetic Rating for Plot 9, December 2003, Score of 7
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE A.19
Aesthetic Rating for Plot 9, January 2004, Score of 7
Edwards Aquifer Recharge Zone Irrigation Pilot Study

FIGURE A.20
Aesthetic Rating for Plot 9, February 2004, Score of 7
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.1

Mean Electrical Conductivity (umho/cm or dS/mX103) of Runoff Water Samples from Zoysiagrass Plots Subjected to
Three Irrigation Treatments

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.2

Mean Electrical Conductivity (umho/cm or dS/mX103) of Runoff Water Samples from Bermudagrass Plots Subjected to
Three Irrigation Treatments

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.3

Mean Concentrations of Sodium (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.4

Mean Concentrations of Sodium (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study

|——EA —=—1XRW — LFRW |

40

35

0 T T T T T T T T T T T T T T
N N N N N N ™ ™ [s0) [s2] ™ [s2) [s2) [a2) [a2)
QR Q 2 2 @ 2 Q < Q@ Q@ 9 Q@ <9 <
=5 ()] Q. s > (o] c Q0 = = > c =5 ()] Q
3 35 o § & 9o G o & 2 & 5 3 3 0o

< o0 Z o - w = = < O

P:\SAWS\171136\WP\FINAL REPORT\APPENDIX B.DOC B-2



EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL

SAN ANTONIO WATER SYSTEM
05/04

FIGURE B.5

Mean Concentrations of Manganese (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.6

Mean Concentrations of Manganese (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.7

Mean Concentrations of Magnesium (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study

|——EA —=—1XRW —+ LFRW

9.00
8.00 -
7.00
6.00 -
5.00 -
4.00 9
3.00 -
2.00 - ¥
1.00 -
0.00

A N I R
N \?gq %ef? F & g ¥ Qe? R

FIGURE B.8

Mean Concentrations of Magnesium (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.9

Mean Concentrations of Iron (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.10

Mean Concentrations of Iron (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL

SAN ANTONIO WATER SYSTEM
05/04

FIGURE B.11

Mean Concentrations of Copper (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study

| ——EA —=— 1XRW —+ LFRW

0.035

0.030 -

0.025

0.020 "

0.015 -

0.010 + A - ¥ Al
0.005 A

0.000 —_—

§ 8 88 39 333 88 3 3

FIGURE B.12

Mean Concentrations of Copper (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL
05/04

SAN ANTONIO WATER SYSTEM
FIGURE B.13

Mean Concentrations of Zinc (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study

|——EA —=—1XRW —+ LFRW

0.10
0.09 -
0.08 -
0.07 -
0.06 1
0.05 -
0.04 -
0.03 -
0.02
0.01
0.00

b =

L 4

Jul-02
Aug-02 -
Sep-02 -
Oct-02 -
Nov-02 -
Dec-02 -
Jan-03 -
Feb-03
Mar-03 -
Apr-03 -

May-03 -
Jun-03
Jul-03

FIGURE B.14

Mean Concentrations of Zinc (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL
05/04

FIGURE B.15

SAN ANTONIO WATER SYSTEM

Mean Concentrations of Calcium (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation

Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.16

Mean Concentrations of Calcium (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by Irrigation

Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL

SAN ANTONIO WATER SYSTEM
05/04

FIGURE B.17

Mean Concentrations of (mg/L) Potassium Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.18

Mean Concentrations of (mg/L) Potassium Measured in Bermudagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study

|——EA —=—1XRW —+ LFRW

16

14
12

10 A

6‘/\,\\/‘\‘/
4

N /
S P DD DD DD

R T S S HE PSP
&S F S FF R RN qu R

P:\SAWS\171136\WP\FINAL REPORT\APPENDIX B.DOC B-9



EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL

SAN ANTONIO WATER SYSTEM
05/04

FIGURE B.19

Mean Concentrations of Phosphorus (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.20

Mean Concentrations of Phosphorus (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY

FIGURE B.21

FINAL
05/04

SAN ANTONIO WATER SYSTEM

Mean Concentrations of Total Kjeldahl Nitrogen (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by

Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.22

Mean Concentrations of Total Kjeldahl Nitrogen (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by

Irrigation Treatment
Edwards Aquifer Recharge Zone lIrrigation Pilot Study
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY

FIGURE B.23

FINAL
05/04

SAN ANTONIO WATER SYSTEM

Mean Concentrations of Nitrite (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation

Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.24

Mean Concentrations of Nitrite (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by Irrigation

Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL

SAN ANTONIO WATER SYSTEM
05/04

FIGURE B.25

Mean Concentrations of Nitrate (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.26

Mean Concentrations of Nitrate (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone lIrrigation Pilot Study
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY

FIGURE B.27

FINAL
05/04

SAN ANTONIO WATER SYSTEM

Mean Concentrations of Ammonia Nitrogen (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by

Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.28

Mean Concentrations of Ammonia Nitrogen (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by

Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

FIGURE B.29

Mean Concentrations of Fecal Coliform (mg/L) Measured in Zoysiagrass Plots in Runoff Samples Collected by Irrigation
Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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FIGURE B.30

Mean Concentrations of Fecal Coliform (mg/L) Measured in Bermudagrass Plots in Runoff Samples Collected by
Irrigation Treatment

Edwards Aquifer Recharge Zone Irrigation Pilot Study
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Appendix C




EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY

TABLE C.1

FINAL
05/04

Leachate Volumes (Liters) Collected from Lysimeters Located at Three Depths in Experimental Plots - June 15, 2002 to December 31, 2002.
Edwards Aquifer Recharge Zone Irrigation Pilot Study

SAN ANTONIO WATER SYSTEM

Plot Depth  Jun 25 Jul 8 Jul23 Aug22 Sep11 Sep24 Oct11 Oct 30 Nov 7 Nov26 Dec12 Dec19 Total
Number Volume
1 6 inch 0.16 0.96 0.15 0 1.95 0.06 0.45 0.15 0.15 0 1.8 0 5.83
18 inch 2.85 2.961 0.5 0 4.8 tr 4.9 35 0.13 0 0.8 0 20.441
30 inch 0.54 4.27 1.33 0 49 tr 5.11 4.6 0.05 0 1.6 0 224
2 6 inch 0.5 2.575 1.15 0 26 0.05 24 24 0.65 0 2.6 0 14.925
18 inch 2.8 0.74 0.35 tr 2.95 0.9 3.7 35 0.8 0 1.6 0 17.34
30 inch 0.12 1.5 0.15 0 1.5 0.12 1.45 1.15 0.8 0 1.9 0 8.69
3 6 inch 0.51 2 0.95 0.3 3.2 0.35 0.85 0.65 0.7 0 1.6 0 11.11
18 inch 0.25 1.9 0.3 0.14 4.2 0.1 4.1 4.5 0.4 0 0.9 0 16.79
30 inch 0.15 1.25 1.075 0.1 1.25 0.1 1.3 1.3 0.45 0 0.8 0 7.775
4 6 inch 0.15 1.5 0.15 0.1 25 0.175 1 0.5 0.4 0 1.2 0 7.675
18 inch trace 1.5 0 0 4.65 0.1 4 2.3 0.425 0 0.05 0 13.025
30 inch trace 1.15 0 0 4.1 0.075 3.2 3.1 0 0 0.05 0 11.675
5 6 inch 3.22 4.4 1.95 1.95 4.15 0.7 4.25 4.05 2.8 0 4.5 0.05 32.02
18 inch 2.25 0.24 0 0 3.05 0.15 1.6 24 0.5 0 2.9 0.1 13.19
30 inch 3.8 3.35 0 0 4.1 0.12 0.75 3.7 0.6 0 4.2 0.1 20.72
6 6 inch 34 2.32 0.04 tr 3.9 0.18 1.55 3.8 0.8 0 1.6 <50 17.59
18 inch 4.1 4.885 0.025 0 4.8 0.075 44 4.05 0.25 0 4.6 <50 27.185
30 inch 2.6 2.37 0.039 0 3.1 0.18 2.65 2.55 0.2 0 2.4 <50 16.089
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY

TABLE C.1 CONTINUED

FINAL
05/04

Leachate Volumes (Liters) Collected from Lysimeters Located at Three Depths in Experimental Plots - June 15, 2002 to December 31, 2002.
Edwards Aquifer Recharge Zone Irrigation Pilot Study

SAN ANTONIO WATER SYSTEM

Plot Depth  Jun 25 Jul 8 Jul23 Aug22 Sep11 Sep24 Oct11 Oct 30 Nov 7 Nov26 Dec12 Dec19 Total
Number Volume
7 6 inch trace 1.8 0.27 0.89 24 0.18 0.8 0.9 1.4 0 24 0.15 11.19
18 inch 2.3 3.19 0.85 0.1 2.85 0.1 3.1 25 0.25 0 24 0 17.64
30 inch 1.1 4.725 0.75 0 5.1 0 5 4 0.6 0 5 0 26.275
8 6 inch 2.15 4.05 0.91 0.05 3.7 0.15 1.75 0.9 0.35 0 0.4 0.5 14.91
18 inch 0.23 1.7 0.55 0 2.8 0.1 1.6 25 0.6 0 0.8 0.5 11.38
30 inch 0.36 245 0.2 0 4 0.15 4 3.9 0.4 0 0.9 0 16.36
9 6 inch 0.27 0.54 0.05 0 2.2 0.05 3.2 0.5 0.23 0 1.2 0 8.24
18 inch 1.86 0.24 0.038 0 4 0.12 438 4.1 0.2 0 0.9 0 16.258
30 inch 4.67 1.94 0.075 0 4.7 0.05 4.23 4.75 0.13 0 0.4 0.2 21.145
10 6 inch 0.74 1.75 0.629 1 42 0.25 2.41 3.9 0.8 0 0 0 15.679
18 inch 0.06 3.26 0.635 0.8 2.6 0 4.3 4.6 0.4 0 0 0 16.655
30 inch 0.09 1.83 0.132 tr 3.8 0.05 3.8 3.2 0.6 0 0 0 13.502
11 6 inch trace 1.418 0.185 tr 22 0 3.45 3 0.15 0 1 0 11.403
18 inch trace 0.395 0.02 0 5.4 0.4 4.98 4 0.31 0 - 0 15.505
30 inch 0.19 4.18 1.1 tr 2 2.85 4.42 4 1.05 0 24 0 22.19
12 6 inch trace 0.705 0.235 0 1.85 0.05 1.15 4 0.58 0 1.5 0.05 10.12
18 inch 0.13 0.825 0.038 0 4.6 0.05 4.795 4 0.23 0 4 0.2 18.868
30 inch trace 1.63 0.11 0 5 0.13 4.68 4 0.8 0 0.8 0 17.15
13 6 inch 0.13 1 0.3 0 1.5 0 0.85 1.6 0.6 0 0.7 0.15 6.83
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY ZISI\;(/J\J&- SAN ANTONIO WATER SYSTEM
TABLE C.1 CONTINUED
Leachate Volumes (Liters) Collected from Lysimeters Located at Three Depths in Experimental Plots - June 15, 2002 to December 31, 2002.
Edwards Aquifer Recharge Zone Irrigation Pilot Study
Plot Depth  Jun 25 Jul 8 Jul23 Aug22 Sep11 Sep24 Oct11 Oct 30 Nov 7 Nov26 Dec12 Dec19 Total
Number Volume
18 inch 0.4 1.41 0.035 0 1.4 0.1 1.22 1.3 0.25 0 1.2 0.2 7.515
30 inch trace 3.73 0.2 0 3.8 0.2 3.6 3.3 0.3 0 3 0.2 18.33
14 6 inch trace 0.095 0.38 0.75 3.3 0.2 3.4 0.6 04 0 0.6 0 9.725
18 inch 3.75 3.9 0.2 0 4 0.05 4.2 3 0.5 0 3.8 0.1 23.5
30 inch 3.85 4.1 1.94 0.1 4.6 0.08 2 3 1.2 0 3.7 0.15 24.73
15 6 inch 0.32 0.4 0.11 0 1.2 0 0.11 4 0.21 0 1.3 0 7.65
18 inch trace 0.58 0 0 3.1 0.05 3.2 3 0.1 0 3.3 0.15 13.48
30 inch 0.82 3.5 0.152 0 5.8 0.1 4.6 4 0.72 0 4.2 0 23.892
16 6 inch trace 1.05 0.312 tr 3.6 0 4.11 0.3 0.15 0 1 0 10.522
18 inch 1.75 0.73 0 tr 4.2 0 4.09 3.5 0.2 0 1.2 0 15.67
30 inch 3.37 2.53 0.85 0.25 4 0 3.58 3 2 0 2.3 0.1 21.98
17 6 inch 0.36 0.725 0.198 tr 21 0 0.115 0 0.025 0 0.5 0.1 4123
18 inch 0.15 0.53 0.06 0 4.2 0.15 4.29 0.6 0.025 0 3.6 0.1 13.705
30 inch 0.72 0 0 0 3.8 0.14 3.4 3 0.12 0 3.4 0 14.58
18 6 inch 1.02 1.87 0.718 0.4 2.6 0.19 2.6 2.25 1 0 2.6 0.1 15.348
18 inch 1.24 0.92 0.05 tr 3.1 0.1 3.48 4 01 0 0 0.15 13.14
30 inch 7.41 3.22 0.15 0 3.8 0.28 3.73 4 0.1 0 1.5 0.05 24.24
Notes:
tr = trace amount. 0.05 was the value used when this was the volume listed.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL
05/04

SAN ANTONIO WATER SYSTEM

TABLE C.2
Leachate Volumes (Liters) Collected from Lysimeters Located at Three Depths in Experimental Plots - January 2003 through October 2003
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Plot Depth Jan28 Feb27 Mar25 Apr22 May 20 Jun 9 Jun 17 Jul 9 Jul22 Aug18 Sep16 Sep23 Oct 21
Number
1 6 inch 0.45 0.45 0.4 0.25 0 0.8 0.25 0 0.6 0 0.4 0.4 0
18 inch 0 4.6 0 0 0 4.1 3.05 0.5 4.1 0.05 0.15 tr 0
30 inch 0 4.5 0.3 0 0 3 2.85 0 3.4 0 0.4 tr 0
2 6 inch 0.6 24 2.8 0.6 0 0 1 0.1 0.8 0.2 2.9 2 1.5
18 inch 0 3.3 2.8 0.4 0.1 3.9 26 0.075 0.4 0.15 0.4 1 1.2
30 inch 0 1.6 1.45 0.175 0 1.6 1.7 0.05 1.5 0 1.8 2.3 1.3
3 6 inch 1.1 2 0.8 0.05 0 2 0.175 0.25 0.3 0.2 0.4 0.3 0.6
18 inch 0.1 1.2 1.6 0.05 0 3.6 1.45 0 47 0 1.3 1.3 0
30 inch 0 1.2 1.2 0.05 0 1.3 1.35 0.9 1.2 0.45 1.4 1.2 0
4 6 inch 0 0.6 0.25 0.05 0 4.1 0.8 0.15 0.4 0 0.4 0.6 0.4
18 inch 0 0.2 0 0 0 1.1 0.2 0 0.6 0 0.4 0 0
30 inch 0 0 0 0 0 1.3 0.1 0 0.6 0 0.55 0.2 0
5 6 inch 0.6 3.2 24 0.6 47 34 1.9 1.4 3 0.2 35 2.6 0.9
18 inch 0 2.8 1.8 0.4 4 0 0 0 2.8 0.1 0.45 0.3 0
30 inch 0 1.2 0 0 4.1 0.6 0 0 0.8 0 3.5 0.5 0
6 6 inch 0.9 1.5 1.6 0.2 6.2 1.3 0.6 0 3 0 1.3 1 0.1
18 inch 0 1.5 3.6 0 1.2 4.8 1.9 0 25 0 1.8 0 0
30 inch 0 1.4 2.1 0.05 25 0.4 1.2 1.5 3 0 0.4 0.15 0
7 6 inch 0.5 1.3 0 0.43 0 0.5 0.5 0 0.8 0.75 2.6 0.35 0.7
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY

TABLE C.2 CONTINUED

FINAL
05/04

Leachate Volumes (Liters) Collected from Lysimeters Located at Three Depths in Experimental Plots - January 2003 through October 2003
Edwards Aquifer Recharge Zone Irrigation Pilot Study

SAN ANTONIO WATER SYSTEM

Plot Depth Jan28 Feb27 Mar25 Apr22 May 20 Jun 9 Jun 17 Jul9 Jul22 Aug18 Sep16 Sep23 Oct 21
Number
18 inch 0 3 0 0.2 0 22 0.6 0 3.8 0.06 0.05 0 0
30 inch 0 5.2 0.6 0.77 0 1.4 4 0 42 0.3 45 0.6 0
8 6 inch 0.3 1.8 0.5 0.39 0 4.2 1.5 0.1 1.8 0.25 24 2.6 0.45
18 inch 0 0.45 1 0 3.9 0.8 0 2 0 1.8 0.5 0
30 inch 0 0.4 0 0 4 0.4 0 0.6 0 1.8 0 0
9 6 inch 0.5 0.25 0.375 0 0 0 0.2 0.1 0.8 0 0.2 0.3 0
18 inch 0 0.2 2 0 0 0.2 1 0 1.2 0 0.4 0.8 0
30 inch 0 21 1.3 0 0 0.4 0.4 0 1.7 0 0.7 0.7 0
10 6 inch 0.4 3.1 3.8 0.4 0 1.9 3.2 0.9 1.2 2 3.2 23 0.3
18 inch 0 0.9 0.55 0 0 0.4 1.1 0.15 0.2 0 24 0 0
30 inch 0 4.1 0.75 0 0 0.5 1.65 0 1.2 2 1.2 0 0
11 6 inch 0.1 0.6 0.9 0 0 0.35 0.4 2 0.75 0.25 25 0.4 0
18 inch 0 1.65 2 0 0 0 2 3.6 4.9 0.5 4 0.8 0
30 inch 0 0.825 3.1 0 0 0 1.05 3.1 4.95 0.25 2.7 25 0.8
12 6 inch 0.4 0.9 0.4 0 0 35 0.35 0 0.6 0.1 0.6 1.2 0
18 inch 0 4 0.375 0 0 34 0.4 0 0.4 0 1.1 0.2 0
30 inch 0 0.7 0.1 0 0 4.1 0.85 0 0.7 0.1 0.2 0.2 0
13 6 inch 0.2 1.3 0.5 0.4 0 0.5 0.55 0 0.8 0 0.3 0.7 0.2
18 inch 0 1.5 0.5 0.2 0 0.4 1 0 1.2 0 0.2 1 0.2
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY ZISI\;(/J\J&- SAN ANTONIO WATER SYSTEM
TABLE C.2 CONTINUED
Leachate Volumes (Liters) Collected from Lysimeters Located at Three Depths in Experimental Plots - January 2003 through October 2003
Edwards Aquifer Recharge Zone Irrigation Pilot Study
Plot Depth Jan28 Feb27 Mar25 Apr22 May 20 Jun 9 Jun 17 Jul 9 Jul22 Aug18 Sep16 Sep23 Oct 21
Number
30 inch 0 3.8 0.2 0 0 0 0.1 0 3.75 0 0.2 0 0
14 6 inch 0.4 0.15 0.2 0.25 0 1.3 0.15 0 0 0 0 0 0.3
18 inch 0.1 4.6 4 0.4 0 1.2 4 0 4 0.15 0 1.8 0
30 inch 0 4 4 0 0 2 4 0 1 2.2 0 2 0
15 6 inch 0 0.65 0.2 0 0 0.3 3 0.3 1.6 0 2.9 0.7 0
18 inch 0 3.2 0 0.6 0 3.1 3.2 0.05 3.4 0 3.2 3.8 0
30 inch 0 2.2 0 0.9 0 3.6 4.4 0 2 1.6 2.2 4.2 0
16 6 inch 0.1 0.2 0.15 0.2 0.3 1.6 1.8 1 0.45 0 1.3 0.9 0
18 inch 0.2 3.55 1 0 0 3.7 3.8 0.1 41 0.4 2 3.4 0
30 inch 0.1 3.4 1.9 0.25 0.1 3.5 3.9 0.5 2.2 0 1.8 2 0
17 6 inch 0.25 0.35 0 0 0 2 0.2 0 0.1 0 0.1 0.1 0
18 inch 0 4.45 2 0 0 4.3 0.75 0 4.3 0 1.2 2 0.8
30 inch 0 14 1 0 0 1.95 0.05 0 3.4 0 0.5 0 0.8
18 6 inch 0.15 3.1 1.8 0 0.1 0.6 1.95 41 21 0.9 3.7 3.2 0.5
18 inch 0 0.95 0.3 0.4 0 0.35 0.1 3.7 0.3 0.1 25 0.5 0
30 inch 0 24 1.1 0 0 0.4 1.8 3.9 3.8 0.4 4 0.4 0
Notes:
tr = trace amount. 0.05 was the value used when this was the volume listed.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY

TABLE C.3

Leachate Volumes (Liters) Collected from Lysimeters Located at 3Depths in Experimental Plots: Nov. 2003 - Feb. 2004

Edwards Aquifer Recharge Zone Irrigation Pilot Study

FINAL
05/04

SAN ANTONIO WATER SYSTEM

Plot Depth Nov 18 Dec 22 Jan 20 Feb 17 Total for Study

Number Period
1 6 inch Tr 0 0.3 TR 10.13
18 inch 0 0 0 TR 36.99

30 inch 0 0 0 TR 36.85

2 6 inch 25 2 245 0 36.78
18 inch 0.2 2 0.4 0 36.27

30 inch 2.1 1.7 1.2 0 2717

3 6 inch 0.5 0.1 0.55 0 20.44
18 inch 0 0 0.15 TR 32.24

30 inch 1 0.2 0.38 0 19.61

4 6 inch Tr 0.2 0.15 0 15.78
18 inch 0 0 0 TR 15.53

30 inch Tr 0 0 TR 14.43

5 6 inch 0.8 0.6 0.8 0 62.62
18 inch 0 0 0 TR 25.84

30 inch 0.1 0 0 TR 31.52

6 6 inch tr 0.07 0.4 0 35.76
18 inch 0 0 0 TR 44.49

30 inch tr 0 0.05 0 28.84

7 6 inch 0.8 0.5 0.5 0.3 21.72
18 inch 0 0 0 0 27.55

30 inch 0.1 0 0 0 47.95

8 6 inch 0.8 0.2 0.38 0.1 32.68
18 inch 0 0 0.35 tr 22.18

30 inch 0 0 0 tr 23.56

9 6 inch 0.1 0.1 04 0.4 11.97
18 inch 0 0 0 tr 22.06

30 inch 0 0 0 tr 28.45

10 6 inch 0.7 1.45 0.4 0.8 41.73
18 inch 0 0 0 0.1 22.46

30 inch 0 0.1 0 tr 25.00
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE C.3 CONTINUED
Leachate Volumes (Liters) Collected from Lysimeters Located at 3Depths in Experimental Plots: Nov. 2003 - Feb. 2004
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Plot Depth Nov 18 Dec 22 Jan 20 Feb 17 Total for Study

Number Period
11 6 inch 0 0 0.2 tr 19.85
18 inch 0 1.2 0 tr 36.16

30 inch 1.2 0.6 0 0.2 43.47

12 6 inch 0.3 0.4 0.4 0.175 19.45
18 inch 0 0 0 tr 28.74

30 inch 0 0 0.05 tr 2415

13 6 inch 0.4 0 0.4 0.2 13.28
18 inch 0.6 0 0.2 0.2 14.72

30 inch 0 0 0 tr 26.38

14 6 inch 0 0.2 0.3 0.1 13.08
18 inch 0 0 0.8 25 47.05

30 inch 0 0 3 25 49.43

15 6 inch 0 35 1 0.15 21.95
18 inch 34 3.3 2.1 25 45.33

30 inch 3.2 0 1.5 25 52.19

16 6 inch 1 0 0.5 tr 20.02
18 inch 23 0.4 1.8 25 44.92

30 inch 24 1.1 2.2 25 49.83

17 6 inch 0 0 0.2 0.3 7.72
18 inch 0 0 0 tr 33.51

30 inch 0 0 0 tr 23.68

18 6 inch 0 1 14 0.55 40.50
18 inch 0.6 0 0 tr 22.94

30 inch 0 0.4 0.4 0.2 38.44

Notes:

tr = trace amount. 0.05 was the value used when this was the volume listed.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE C.4
Mean Concentration of Zinc (mg/L) Measured in Leachate Samples Collected by Irrigation Treatment
Edwards Aquifer Recharge Zone lIrrigation Pilot Study

Irrigation Treatment

Date EA RW LF
April 9, 2002 0.12a 0.02a 001 a
April 30, 2002 0.01c 0.03 a 0.02b
May 16, 2002 0.02b 0.04 a 0.03 ab
June 25, 2002 0.11 0.13 0.12
July 8, 2002 0.01a 0.01a 0.01a
July 23, 2002 - 0.13 0.17
August 22, 2002 - 0.01 -
September 11, 2002 0.03a 0.01a 0.02 a
September 24, 2002 - - 0.01
October 11, 2002 0.01 a 0.01 a 0.01 a
October 30, 2002 0.01a 0.01a 0.01a
November 7, 2002 - 0.02 -
December 12, 2002 0.01b 0.02a 0.01ab

January 28, 2003 - - -

February 27, 2003 0.02 a 0.01a 0.01a
March 25, 2003 0.010 b 0.010 b 0.013 a
April 22, 2003 - - -
May 20,2003 - 0.02 0.03
June 9, 2003 0.01 a 0.01 a 0.01 a
June 17, 2003 0.01a 0.01a 0.01a
July 9, 2003 - 0.01 0.02
July 22, 2003 0.01a 0.01a 0.01a
August 19, 2003 - 0.01 0.01
September 16, 2003 0.01a 0.01a 0.01a
September 23, 2003 0.01 a 0.01 a 0.01 a
October 21, 2003 3.13 - -
November 18, 2003 0.01 0.02 0.03
December 22, 2003 0.01 - 0.03
January 20, 2004 0.01 0.02 0.02
February 17, 2004 0.010 0.025 0.028

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE C.5
Mean Concentration of Zinc (mg/L) Measured in Leachate Samples Collected by Grass
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turfgrass
Date Bermudagrass Zoysiagrass

April 9, 2002 0.01 0.02
April 30, 2002 0.02a 0.02a
May 16, 2002 0.03 0.03
June 25, 2002 0.10a 0.15a
July 8, 2002 0.01a 0.01a
July 23, 2002 0.14 0.15
August 22, 2002 0.01 -
September 11, 2002 0.03 a 0.01b
September 24, 2002 0.01 -
October 11, 2002 0.01a 0.01a
October 30, 2002 0.01a 0.01 a
November 7, 2002 0.02 -
December 12, 2002 0.01 a 0.01 a
January 28, 2003 - -
February 27, 2003 0.011b 0.014 a
March 25, 2003 0.01 0.01
April 22, 2003 - -
May 20, 2003 0.02 0.02
June 9, 2003 0.013 a 0.010 b
June 17, 2003 0.01a 0.01a
July 9, 2003 0.13 0.02
July 22, 2003 0.01a 0.01a
August 19, 2003 0.01 0.01
September 16, 2003 0.01 a 0.01 a
September 23, 2003 0.01 0.01
October 21, 2003 2.53 3.54
November 18, 2003 0.02 0.02
December 22, 2003 0.02 0.02
January 20, 2004 0.02 0.02
February 17, 2004 0.03 0.02

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE C.6
Mean Concentration of Zinc (mg/L) Measured in Leachate Samples Collected by Depth
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Date 6” Depth 18” Depth 30” Depth

April 9, 2002 0.01 0.01 0.02
April 30, 2002 0.02a 0.02 a 0.02a
May 16, 2002 0.03 a 0.03a 0.03 a
June 25, 2002 0.11a 0.15a 0.10a
July 8, 2002 0.01a 0.01a 0.01a
July 23, 2002 0.15 - 0.14
August 22, 2002 0.01 - -
September 11, 2002 0.03 a 0.03a 0.02 a
September 24, 2002 - - 0.01
October 11, 2002 0.01b 0.01b 0.02a
October 30, 2002 0.01a 0.01a 0.01a
November 7, 2002 0.02 - 0.01
December 12, 2002 0.02 a 0.01a 0.01a

January 28, 2003 - - -

February 27, 2003 0.02 a 0.01a 0.01a
March 25, 2003 0.01 0.01 0.01
April 22, 2003 - - -
May 20, 2003 0.02 0.01 0.02
June 9, 2003 0.01a 0.01a 0.01a
June 17, 2003 0.01a 0.01a 0.01a
July 9, 2003 0.01 0.02 0.02
July 22, 2003 0.01a 0.01a 0.01a
August 19, 2003 0.01 - 0.01
September 16, 2003 0.013 a 0.010 a 0.010 a
September 23, 2003 0.01a 0.01a 0.01a
October 21, 2003 2.85 245 3.96
November 18, 2003 0.02 0.03 0.02
December 22, 2003 0.02 0.02 0.02
January 20, 2004 0.01 0.03 0.02
February 17, 2004 0.01a 0.02 a 0.02 a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE C.7
Mean Concentration of Nitrate (mg/L) Measured in Leachate Samples Collected by Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Irrigation Treatment

Date EA RW LF

April 9, 2002 - - -
April 30, 2002 - - -
May 16, 2002 - - -
June 25, 2002 - - -

July 8, 2002 - - -

July 23, 2002 - - -
August 22, 2002 7.0 32.7 20.0
September 11, 2002 0.22 2.21 1.06
September 24, 2002 0.87 4.27 1.64
October 11, 2002 0.31a 1.63a 0.98 a
November 7, 2002 1.58 a 3.88 a 2.47 a
December 12, 2002 0.56 b 1.58 a 1.82a
December 19, 2002 0.10 1.30 1.47
January 28, 2003 0.17 a 3.21a 2.16 a
February 27, 2003 0.35b 5.07 a 1.93b
March 25, 2003 0.68 a 3.22a 0.33a
April 22, 2003 0.63a 8.26 a 6.12a
May 20, 2003 - 8.03 4.78
June 9, 2003 0.42 a 1.97 a 2.01a
June 17, 2003 0.20a 1.08 a 0.89a
July 9, 2003 0.60 a 1.03a 430 a
July 22, 2003 0.65a 129 a 1.15a
August 19, 2003 2.04 a 2.65a 2.23a
September 16, 2003 1.74 a 2.15a 242 a
September 23, 2003 1.29b 2.08 ab 2.55a
October 21, 2003 3.04 a 3.79 a 299 a
November 18, 2003 244 a 14.39 a 793 a
December 22, 2003 3.38¢c 24.80 a 15.07 b
January 20, 2004 6.94 b 19.28 a 9.74 ab
February 17, 2004 514 b 20.7 a 14.8 ab

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE C.8
Mean Concentration of Nitrate (mg/L) Measured in Leachate Samples Collected by Grass
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turfgrass
Date Bermudagrass Zoysiagrass

April 9, 2002 - -
April 30, 2002 - -
May 16, 2002 - -
June 25, 2002 - -
July 8, 2002 - -
July 23, 2002 - -
August 22, 2002 2513 6.23
September 11, 2002 132 a 0.53 a
September 24, 2002 2.28 1.13
October 11, 2002 1.58 a 0.50b
November 7, 2002 411 1.78
December 12, 2002 1.18a 1.52a
December 19, 2002 0.79 1.41
January 28, 2003 147 a 2.08 a
February 27, 2003 2.61a 240a
March 25, 2003 1.01a 1.73 a
April 22, 2003 3.16a 8.64 a
May 20, 2003 6.23 8.56
June 9, 2003 0.79 a 2.08 a
June 17, 2003 0.25a 1.16 a
July 9, 2003 1.94 a 3.69a
July 22, 2003 0.70 b 1.34 a
August 19, 2003 2.56 a 1.72 a
September 16, 2003 2.61a 1.56 b
September 23, 2003 2.62a 1.27b
October 21, 2003 520a 0.86 b
November 18, 2003 10.35a 5.85a
December 22, 2003 17.8 6.5
January 20, 2004 14.1a 96a
February 17, 2004 19.3 a 8.3b

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE C.9
Mean Concentration of Nitrate (mg/L) Measured in Leachate Samples Collected by Depth
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Date 6” Depth 18” Depth 30” Depth

April 9, 2002 - - -
April 30, 2002 - - -
May 16, 2002 - - -
June 25, 2002 - - -

July 8, 2002 - - -
July 23, 2002 - - -
August 22, 2002 10.51 26.28 36.76
September 11, 2002 0.76 a 1.19a 1.00 a
September 24, 2002 2.65 0.89 2.02
October 11, 2002 2.18 a 0.49 a 1.02 a
November 7, 2002 2.45 1.74 410
December 12, 2002 1.05a 1.03 a 1.99 a
December 19, 2002 0.28 1.34 1.44
January 28, 2003 1.58 2.98 -
February 27, 2003 2.82a 214 a 258 a
March 25, 2003 1.95a 1.17b 0.92b
April 22, 2003 7.61a 254 a 570a
May 20, 2003 9.57 4.99 7.13
June 9, 2003 1.66 a 117 a 147 a
June 17, 2003 0.75a 0.46 a 1.00 a
July 9, 2003 0.81a 3.99a 549 a
July 22, 2003 0.58 a 1.05a 141a
August 19, 2003 1.39a 2.70 a 2.93a
September 16, 2003 1.90 a 1.90 a 2.50a
September 23, 2003 145b 1.73 ab 2.78 a
October 21, 2003 3.45 2.10 3.09
November 18, 2003 6.29 a 14.54 a 8.86 a
December 22, 2003 7.81 15.91 15.31
January 20, 2004 16.17 a 486 b 8.44 ab
February 17, 2004 13.5a 13.6a 13.8 a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE C.10
Mean Number of Fecal Coliform (col/100 ml) Measured in Leachate Samples by Irrigation Treatment
Edwards Aquifer Recharge Zone lIrrigation Pilot Study

Irrigation Treatment

Date EA RW LF

April 9, 2002 713 a 2359.3 a 753 a
April 30, 2002 1413 a 2679 a 265.0 a
May 16, 2002 234.7 a 220.0 a 180.6 a
June 25, 2002 36.9a 1475 a 519 a
July 8, 2002 351.2a 152.8 a 246.1 a
July 23, 2002 35.7a 30.7a 38.8a
August 22, 2002 200.0 a 374.0 a 245.0 a
September 11, 2002 973 a 67.3a 56.5 a
September 24, 2002 725a 61.8 a 43.3a
October 11, 2002 93.3a 80.5a 1519 a
October 30, 2002 62.4 a 35.0a 41.2 a
November 7, 2002 371a 47.5a 90.6 a
December 12, 2002 112.5a 36.1a 30.0a
December 19, 2002 20.0b 53.3 a 225b
January 28, 2003 143 a 20.0a 12.0a
February 27, 2003 471 a 33.3a 35.6a
March 25, 2003 26.2a 286 a 775a
April 22, 2003 128.9 a 20.0b 22.2b
May 20, 2003 20.0 46.7 20.0
June 9, 2003 34.1a 60.0b 1138.3 a
June 17, 2003 56.9 a 64.6 a 48.6 a
July 9, 2003 52.0a 46.7 a 1255a
July 22, 2003 107.7 a 230.7 a 96.9 a
August 19, 2003 33.3a 20.0a 20.0a
September 16, 2003 741 a 166.7 a 533.3 a
September 23, 2003 65.3 a 56.7 a 76.9 a
October 21, 2003 50.0 a 733 a 60.0 a
November 18, 2003 260.0 a 2556.0 a 753.3 a
December 22, 2003 15.7 a 18.0 a 13.3a
January 20, 2004 27.3 a 14.3 a 22.5a
February 17, 2004 16.7 a 11.1a 80.0 a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM

05/04

TABLE C.11
Mean Number of Fecal Coliform (col/100 ml) Measured in Leachate Samples Collected by Grass
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turfgrass
Date Bermudagrass Zoysiagrass

April 9, 2002 943 a 1442.6 a
April 30, 2002 241.7 a 2052 a
May 16, 2002 325.7 a 100.5a
June 25, 2002 2950 a 135.8 b
July 8, 2002 376.5a 1244 a
July 23, 2002 46.2 a 252 a
August 22, 2002 3271 90.0
September 11, 2002 46.5a 98.3 a
September 24, 2002 61.3 a 63.3 a
October 11, 2002 102.2 a 87.1a
October 30, 2002 523 a 40.0a
November 7, 2002 87.4 a 33.8a
December 12, 2002 85.3a 296 a
December 19, 2002 36.7 22.2
January 28, 2003 20.0 a 10.0b
February 27, 2003 43.1a 34.1a
March 25, 2003 323a 59.1a
April 22, 2003 20.0b 103.3 a
May 20, 2003 73.3 20.0
June 9, 2003 578.2 a 1124 b
June 17, 2003 62.4 a 522 a
July 9, 2003 88.0a 86.7 a
July 22, 2003 194.0a 106.7 a
August 19, 2003 26.7 a 20.0b
September 16, 2003 397.7 a 125.8 a
September 23, 2003 57.7 a 47.7 a
October 21, 2003 73.3 a 40.0 a
November 18, 2003 1342.0 a 826.7 a
December 22, 2003 16.6 14.4
January 20, 2004 254 a 19.2b
February 17, 2004 15.71b 60.7 a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05
designations indicate insufficient data to be able to make a valid statistical comparison.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY SAN ANTONIO WATER SYSTEM
TABLE C.12
Mean Number of Fecal Coliform (col/100 ml) Measured in Leachate Samples Collected by Depth
Edwards Aquifer Recharge Zone lIrrigation Pilot Study

Date 6” Depth 18” Depth 30” Depth
April 9, 2002 92.9a 183.1a 2210.0 a
April 30, 2002 280.6 a 2421 a 148.7 a
May 16, 2002 3729 a 80.7a 180.0 a
June 25, 2002 175.8 a 420a 4521 a
July 8, 2002 178.9 a 458.3 a 98.8a
July 23, 2002 36.5a 36.7a 32.7a
August 22, 2002 258.0 a 250.0 a 300.0 a
September 11, 2002 66.4 a 101.8 a 48.1 a
September 24, 2002 771a 74.0 a 442 a
October 11, 2002 112.3 a 97.5a 68.0 a
October 30, 2002 52.5a 571a 30.0a
November 7, 2002 36.0a 75.6 a 66.9 a
December 12, 2002 61.1a 100.6 a 14.7 a
December 19, 2002 45.7 a 225b 23.3b
January 28, 2003 124 a 40.0 a 10.0 a
February 27, 2003 344 a 37.8a 435a
March 25, 2003 70.0 a 36.9a 27.1a
April 22, 2003 20.0b 20.0b 186.7 a
May 20, 2003 46.7 46.7 20.0
June 9, 2003 4643 a 126.3 a 504.6 a
June 17, 2003 50.8 a 46.7 a 69.3 a
July 9, 2003 96.4 a 1114 a 20.0a
July 22, 2003 86.7 a 97.3a 258.6 a
August 19, 2003 314a 20.0b 20.0b
September 16, 2003 2725a 144.7 a 384.7 a
September 23, 2003 54.6 a 36.2 a 60.6 a
October 21, 2003 56.4 73.3 46.7
November 18, 2003 738.0 a 3010.0 a 1065.7 a
December 22, 2003 15.5 16.0 15.0
January 20, 2004 146 a 25.0a 343 a
February 17, 2004 10.7 a 135.0a 20.0a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05
designations indicate insufficient data to be able to make a valid statistical comparison.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE C.13
Mean Electrical Conductivity of Leachate Samples (dS/m) Collected by Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Irrigation Treatment

Date EA RW LF
April 9, 2002 0.35 0.41 0.41
April 30, 2002 0.72a 1.02a 1.08 a
May 16, 2002 0.69 b 117 a 120 a
June 25, 2002 0.71 1.12 1.15
July 8, 2002 0.57 a 0.97 a 0.71a
July 23, 2002 - 0.45 -
August 22, 2002 - 1.33 -
September 11, 2002 0.36 b 0.46 ab 0.51a
September 24, 2002 - - 0.45
October 11, 2002 0.29 a 0.33a 0.29 a
October 30, 2002 0.34 a 0.42a 0.35a
November 7, 2002 - 0.59 -
December 12, 2002 0.16 a 0.32a 0.36 a

January 28, 2003 - - _

February 27, 2003 0.35b 0.63 a 0.47 ab
March 25, 2003 0.33 0.68 0.53
April 22, 2003 - - -
May 20, 2003 - 1.22 1.25
June 9, 2003 0.55 a 0.34 a 0.27 a
June 17, 2003 0.20 a 0.36 a 0.54 a
July 9, 2003 - - 1.06
July 22, 2003 0.25a 0.31a 0.28a
August 19, 2003 - 0.48 0.58
September 16, 2003 0.56 a 0.48 a 0.48 a
September 23, 2003 0.43 0.53 0.55

October 21, 2003 - - -

November 18, 2003 - 0.98 0.89
December 22, 2003 0.58 - 1.06
January 20, 2004 0.62 0.57 0.67
February 17, 2004 0.49 0.95 0.87

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE C.14
Mean Electrical Conductivity (dS/m) Measured in Leachate Samples Collected by Grass
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turfgrass
Date Bermudagrass Zoysiagrass

April 9, 2002 0.43 0.36
April 30, 2002 1.02 a 0.94 a
May 16, 2002 1.09 1.12
June 25, 2002 1.08 a 1.16 a
July 8, 2002 0.81a 0.72a
July 23, 2002 0.45 -
August 22, 2002 1.33 -
September 11, 2002 0.48 a 0.41 a
September 24, 2002 0.45 -
October 11, 2002 0.33a 0.27 a
October 30, 2002 0.40a 0.36 a
November 7, 2002 0.59 -
December 12, 2002 0.33 0.26
January 28, 2003 - -
February 27, 2003 0.52 a 0.45a
March 25, 2003 0.56 0.50
April 22, 2003 - -
May 20, 2003 1.23 1.22
June 9, 2003 0.44 a 0.45a
June 17, 2003 0.43 0.44
July 9, 2003 1.05 1.07
July 22, 2003 0.31 0.23
August 19, 2003 0.67 0.19
September 16, 2003 0.21 a 0.46 a
September 23, 2003 0.53 0.42
October 21, 2003 - -
November 18, 2003 0.89 0.98
December 22, 2003 1.03 0.78
January 20, 2004 0.57 0.656
February 17, 2004 0.95 0.64

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.15
Mean Electrical Conductivity (dS/m) Measured in Leachate Samples Collected by Depth
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Date 6” Depth 18” Depth 30” Depth

April 9, 2002 0.58 293.6 3924
April 30, 2002 0.99a 991.3 a 964.4 a
May 16, 2002 0.98 a 1093.3 a 11879 a
June 25, 2002 0.94b 1135.0 a 1180.3 a
July 8, 2002 0.85a 562.2 a 8415a
July 23, 2002 0.42 - 486.9
August 22, 2002 1.33 - -
September 11, 2002 049 a 4158 a 434 .4 a
September 24, 2002 - - 448.8
October 11, 2002 0.39a 2449 a 308.6 a
October 30, 2002 0.41a 336.3a 392.6 a
November 7, 2002 0.60 - 573.0
December 12, 2002 0.40 a 188.8 a 369.0 a

January 28, 2003 - - -

February 27, 2003 0.66 a 408.4 b 455.0 ab
March 25, 2003 0.61 427.3 645.8
April 22, 2003 - - -
May 20, 2003 1.26 1308.0 1143.5
June 9, 2003 0.58 a 400.8 a 4034 a
June 17, 2003 0.68 a 233.1b 4325 ab
July 9, 2003 1.08 1062.5 1052.5
July 22, 2003 0.45a 2143 a 342.0a
August 19, 2003 0.81 - 465.4
September 16, 2003 0.61a 347.7 a 4791 a
September 23, 2003 0.58 a 489.4 a 438.0 a

October 21, 2003 - - -

November 18, 2003 1.067 0.99 0.68
December 22, 2003 0.79 0.92 0.82
January 20, 2004 0.62 0.55 0.66
February 17, 2004 0.48 a 0.82a 0.82a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.16
Mean pH of Leachate Samples Collected by Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Irrigation Treatment

Date EA RW LF
April 9, 2002 7.49 7.36 7.35
April 30, 2002 7.88 a 751b 7.73 ab
May 16, 2002 748 a 740a 7.50a
June 25, 2002 8.20 7.95 8.07
July 8, 2002 7.72a 7.29b 7.48 ab
July 23, 2002 - 7.61 -
August 22, 2002 - 7.74 -
September 11, 2002 7.43 a 7.46 a 7.44 a
September 24, 2002 - - 6.97
October 11, 2002 6.79 a 6.61a 6.79 a
October 30, 2002 6.82 a 6.95 a 6.74 a
November 7, 2002 - 7.16 -
December 12, 2002 6.53 a 6.98 a 7.05a

January 28, 2003 - - -

February 27, 2003 7.02b 7.25a 7.11 ab
March 25, 2003 6.67 7.07 7.11
April 22, 2003 - - -
May 20, 2003 - 7.54 7.30
June 9, 2003 7.43 a 6.89 a 6.60 a
June 17, 2003 6.80 a 6.90 a 6.95a
July 9, 2003 - - 7.38
July 22, 2003 6.65a 6.72a 6.46 a
August 19, 2003 - 7.19 7.15
September 16, 2003 6.93 a 6.75a 6.67 a
September 23, 2003 7.18 7.12 7.03

October 21, 2003 - - -

November 18, 2003 - 7.04 7.16
December 22, 2003 7.18 - 7.1
January 20, 2004 6.77 6.69 6.99
February 17, 2004 7.62 7.59 7.37

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.17
Mean pH Measured in Leachate Samples Collected by Grass
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turfgrass
Date Bermudagrass Zoysiagrass

April 9, 2002 7.37 7.43
April 30, 2002 7.60 a 7.77 a
May 16, 2002 7.46 7.44
June 25, 2002 793 a 8.04 a
July 8, 2002 747 a 748b
July 23, 2002 7.61 -
August 22, 2002 7.74 -
September 11, 2002 7.40 a 7.48 a
September 24, 2002 6.97 -
October 11, 2002 6.69 a 6.75a
October 30, 2002 6.79 a 6.89 a
November 7, 2002 7.16 -
December 12, 2002 6.98 6.82
January 28, 2003 - -
February 27, 2003 7.10a 7.16 a
March 25, 2003 7.02 6.86
April 22, 2003 - -
May 20, 2003 7.45 7.51
June 9, 2003 711 a 7.15a
June 17, 2003 6.95 6.88
July 9, 2003 7.49 7.31
July 22, 2003 6.62 6.52
August 19, 2003 7.33 6.65
September 16, 2003 6.83 a 6.50 a
September 23, 2003 7.27 6.78
October 21, 2003 - -
November 18, 2003 7.16 7.04
December 22, 2003 7.25 7.10
January 20, 2004 6.69 6.91
February 17, 2004 7.59 7.52

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.18
Mean pH Measured in Leachate Samples Collected by Depth
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Date 6” Depth 18” Depth 30” Depth

April 9, 2002 7.44 7.38 7.40
April 30, 2002 7.71a 7.71a 7.66 a
May 16, 2002 7.44b 7.37c 752 a
June 25, 2002 8.09a 8.14 a 7.72a
July 8, 2002 7.64 a 7.51ab 7.32b
July 23, 2002 7.53 - 7.69
August 22, 2002 7.74 - -
September 11, 2002 7.54 a 7.35a 743 a
September 24, 2002 - - 6.97
October 11, 2002 6.83 a 6.69 a 6.92 a
October 30, 2002 6.95a 6.76 a 6.86 a
November 7, 2002 7.46 - 6.86
December 12, 2002 723 a 6.66 a 7.05a

January 28, 2003 - - -

February 27, 2003 7.34a 7.03b 7.09 ab
March 25, 2003 6.98 6.84 7.12
April 22, 2003 - - -
May 20, 2003 7.75 7.16 7.40
June 9, 2003 7.33a 7.08 a 7.05a
June 17, 2003 7.22 a 6.70 a 6.88 a
July 9, 2003 7.27 7.46 7.36
July 22, 2003 7.20 a 6.42 a 6.67 a
August 19, 2003 7.33 - 7.10
September 16, 2003 6.93 a 6.42 a 6.73 a
September 23, 2003 7.25a 6.95 a 7.14 a

October 21, 2003 - - -

November 18, 2003 7.04 7.20 6.95
December 22, 2003 7.34 7.08 7.03
January 20, 2004 6.77 6.58 6.96
February 17, 2004 7.69 a 7.57 a 7.50 a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.19
Mean Concentration of Potassium (mg/L) Measured in Leachate Samples Collected by Grass
Edwards Aquifer Recharge Zone lIrrigation Pilot Study

Turfgrass

Date Bermudagrass Zoysiagrass
April 9, 2002 5.79 10.76
April 30, 2002 9.75a 9.73 a
May 16, 2002 12.94 14.85
June 25, 2002 139a 13.7 a
July 8, 2002 8.39a 10.22 a
July 23, 2002 8.91 12.50
August 22, 2002 21.8 -
September 11, 2002 7.82a 9.93a
September 24, 2002 8.86 -
October 11, 2002 7.29 a 8.16 a
October 30, 2002 7.35a 8.17 a
November 7, 2002 12.25 -
December 12, 2002 6.23 6.03
January 28, 2003 - -
February 27, 2003 7.50 a 7.53 a
March 25, 2003 7.30 8.27
April 22, 2003 - -
May 20, 2003 13.95 12.55
June 9, 2003 8.12a 6.83 a
June 17, 2003 5.63 5.85
July 9, 2003 10.91 12.80
July 22, 2003 524 a 493a
August 19, 2003 5.97 10.66
September 16, 2003 6.81 a 6.67 a
September 23, 2003 7.42 8.61
October 21, 2003 6.71 12.80
November 18, 2003 13.26 15.78
December 22, 2003 18.3 17.6
January 20, 2004 9.59 14.3
February 17, 2004 13.7 14.8

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.20
Mean Concentration of Potassium (mg/L) Measured in Leachate Samples Collected by Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Irrigation Treatment

Date EA RW LF
April 9, 2002 8.19a 9.16 a 7.15a
April 30, 2002 6.39b 14.31 a 8.90b
May 16, 2002 7.88b 17.73 a 13.62 ab
June 25, 2002 3.00 14.37 14.70
July 8, 2002 8.57 a 9.91a 8.98 a
July 23, 2002 - 10.6 7.6
August 22, 2002 - 21.80 -
September 11, 2002 7.22 a 10.29 a 9.00 a
September 24, 2002 - - 8.86
October 11, 2002 8.28 a 8.44 a 6.55a
October 30, 2002 6.72 a 9.11a 7.20 a
November 7, 2002 - 12.25 -
December 12, 2002 4.25a 6.68 a 7.08 a

January 28, 2003 - - -

February 27, 2003 557b 9.50 a 7.48 ab
March 25, 2003 533 a 10.13 a 6.05a
April 22, 2003 - - -
May 20, 2003 - 13.76 10.50
June 9, 2003 8.40 a 6.03 a 8.69 a
June 17, 2003 542 a 498 a 6.60 a
July 9, 2003 - 12.79 5.30
July 22, 2003 5.65a 5.00 a 4388a
August 19, 2003 - 3.91 8.83
September 16, 2003 8.70 a 6.09 a 6.38 a
September 23, 2003 8.09 a 744 a 8.13 a
October 21, 2003 10.4 - -
November 18, 2003 13.2 15.9 14.0
December 22, 2003 15.2 - 19.8
January 20, 2004 17.3 9.6 12.8
February 17, 2004 14.3 13.7 15.6

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.21
Mean Concentration of Potassium (mg/L) Measured in Leachate Samples Collected by Depth
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Date 6” Depth 18” Depth 30” Depth

April 9, 2002 5.6 8.1 9.6
April 30, 2002 10.2 a 89a 10.3 a
May 16, 2002 14.0a 15.2 a 12.8 a
June 25, 2002 115¢c 154 a 13.3b
July 8, 2002 9.24 a 10.0 a 8.67 a
July 23, 2002 8.99 - 10.1
August 22, 2002 21.8 - -
September 11, 2002 10.0 a 8.7a 79a
September 24, 2002 - - 8.86
October 11, 2002 7.89 a 7.77 a 7.54 a
October 30, 2002 7.84 a 7.80 a 7.76 a
November 7, 2002 1.4 - 13.1
December 12, 2002 7.57 a 5.71a 5.85a

January 28, 2003 - - -

February 27, 2003 8.92a 7.28 ab 6.59 b
March 25, 2003 8.93 7.28 7.53
April 22, 2003 - - -
May 20, 2003 17.40 11.00 9.88
June 9, 2003 10.81 a 7.02b 450c
June 17, 2003 8.81a 412b 4.84b
July 9, 2003 12.83 9.52 12.25
July 22, 2003 5.68 a 4.67 a 5.30a
August 19, 2003 13.95 - 3.78
September 16, 2003 8.68 a 5.66 a 6.09 a
September 23, 2003 10.3a 6.7 a 6.0 a
October 21, 2003 15.30 10.38 7.88
November 18, 2003 15.65 19.20 11.61
December 22, 2003 15.5 19.3 17.9
January 20, 2004 17.3 10.6 11.1
February 17, 2004 146 a 146 a 14.0a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.22
Mean Concentration of Ammonia Nitrogen (mg/L) Measured in Leachate Samples Collected by Irrigation Treatment
Edwards Aquifer Recharge Zone lIrrigation Pilot Study

Irrigation Treatment

Date EA RW LF
April 9, 2002 0.14a 0.24 a 0.20a
April 30, 2002 0.10 a 0.12a 0.12a
May 16, 2002 0.22a 0.13a 0.16 a
June 25, 2002 0.21a 0.19a 0.20a
July 8, 2002 0.12a 0.11a 0.13a
July 23, 2002 0.09b 0.15a 0.10b
August 22,2002 - 0.10 0.12
September 11, 2002 0.10 a 0.14 a 0.20 a
September 24, 2002 0.10 0.12 0.10
October 11, 2002 0.10 a 0.10 a 0.10 a
October 30, 2002 0.13a 0.10 a 0.10 a
November 7, 2002 0.10 a 0.18 a 0.12 a
December 12, 2002 0.10 a 0.13 a 0.10a
January 28, 2003 0.10 a 0.10 a 0.10 a
February 27, 2003 0.10a 0.10a 0.14 a
March 25, 2003 0.13a 0.10a 0.10a
April 22, 2003 0.10 0.10 0.10
May 20, 2003 - 0.15 0.10
June 9, 2003 0.10 a 0.17 a 0.17 a
June 17, 2003 0.11a 0.17 a 0.12a
July 9, 2003 0.10a 0.10a 0.11a
July 22, 2003 0.11a 0.10 a 0.10 a
August 19, 2003 0.10 0.11 0.10
September 16, 2003 0.10a 0.12a 0.15a
September 23, 2003 0.10 a 0.12 a 0.10 a
October 21, 2003 0.10 0.10 0.10
November 18, 2003 0.10 a 0.14 a 0.10 a
December 22, 2003 0.10 0.10 0.10
January 20, 2004 0.10 a 0.17 a 0.13a
February 17, 2004 0.1a 0.1a 0.1a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.

P:\SAWS\171136\WP\FINAL REPORT\APPENDIX C.DOC C-27



EDWARDS AQUIFER RECHARGE ZONE IRRIGATION PILOT STUDY FINAL SAN ANTONIO WATER SYSTEM
05/04

TABLE C.23
Mean Concentration of Ammonia Nitrogen (mg/L) Measured in Leachate Samples Collected by Grass
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turfgrass
Date Bermudagrass Zoysiagrass
April 9, 2002 0.22 a 0.16 a
April 30, 2002 0.11a 0.11a
May 16, 2002 0.20a 0.12a
June 25, 2002 0.18a 0.21a
July 8, 2002 0.13a 0.11a
July 23, 2002 0.10 0.15
August 22, 2002 0.12 0.10
September 11, 2002 0.16 a 0.13 a
September 24, 2002 0.1 0.10
October 11, 2002 0.10 a 0.10a
October 30, 2002 0.12a 0.10 a
November 7, 2002 0.15a 0.10b
December 12, 2002 0.10 a 0.12 a
January 28, 2003 0.10 0.10
February 27, 2003 0.13a 0.10 b
March 25, 2003 0.11a 0.10b
April 22, 2003 0.10 0.10
May 20, 2003 0.24 0.10
June 9, 2003 0.16 a 0.12b
June 17, 2003 0.15a 0.11b
July 9, 2003 0.11 0.10
July 22, 2003 0.10a 0.10a
August 19, 2003 0.10 0.10
September 16, 2003 0.14 a 0.10 a
September 23, 2003 0.10b 0.11a
October 21, 2003 0.10 0.10
November 18, 2003 0.12a 0.10a
December 22, 2003 0.10 0.10
January 20, 2004 0.14 a 0.12a
February 17, 2004 0.1a 0.1a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.24
Mean Concentration of Ammonia Nitrogen (mg/L) Measured in Leachate Samples Collected by Depth
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Date 6” Depth 18” Depth 30” Depth

April 9, 2002 0.21a 0.17 a 0.17 a
April 30, 2002 0.13a 0.10a 0.10a
May 16, 2002 0.14 a 0.19a 0.18 a
June 25, 2002 0.26 a 0.15b 0.18b
July 8, 2002 0.12a 0.13a 0.11a
July 23, 2002 0.10a 0.10a 0.14 a
August 22, 2002 0.12 0.10 -
September 11, 2002 0.14 a 0.13a 0.16 a
September 24, 2002 0.12 0.10 0.10
October 11, 2002 0.10 a 0.10 a 0.10 a
October 30, 2002 0.10 a 0.10 a 0.13a
November 7, 2002 0.10 a 0.19a 0.11a
December 12, 2002 0.12a 0.10 a 0.10 a
January 28, 2003 0.10 - -
February 27, 2003 0.10 a 0.14 a 0.10 a
March 25, 2003 0.10b 0.11a 0.11a
April 22, 2003 0.10 0.10 0.10
May 20, 2003 0.24 0.10 0.10
June 9, 2003 0.12a 0.16 a 0.13a
June 17, 2003 0.10 a 0.15a 0.14 a
July 9, 2003 0.12 0.10 0.10
July 22, 2003 0.10 a 0.11a 0.10 a
August 19, 2003 0.10 - 0.10
September 16, 2003 0.10 a 0.13a 0.15a
September 23, 2003 0.11a 0.10 a 0.11 a
October 21, 2003 0.10 0.10 0.10
November 18, 2003 0.11 a 0.13 a 0.10 a
December 22, 2003 0.10 0.10 0.10
January 20, 2004 0.13 a 0.17 a 0.13 a
February 17, 2004 01a 01a 0.1a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.25
Mean Concentration of Nitrite (mg/L) Measured in Leachate Samples Collected by Irrigation Treatment
Edwards Aquifer Recharge Zone lIrrigation Pilot Study

Irrigation Treatment

Date EA RW LF

April 9, 2002 - - -
April 30, 2002 - - -
May 16, 2002 - - -
June 25, 2002 - - -

July 8, 2002 - - -
July 23, 2002 - - -
August 22, 2002 0.01 0.01 0.01
September 11, 2002 0.01 0.02 0.02
September 24, 2002 0.01 0.01 0.03
October 11, 2002 0.01 a 0.01 a 0.01 a
November 7, 2002 0.01a 0.01a 0.01a
December 12, 2002 0.01a 0.01 a 0.02 a
December 19, 2002 0.01 0.02 0.01
January 28, 2003 0.33 a 0.71 a 0.56 a
February 27, 2003 0.10 a 0.10 a 0.10a
March 25, 2003 0.06 a 0.05a 0.04 a
April 22, 2003 0.01a 0.01a 0.01a
May 20, 2003 - 0.01 0.01
June 9, 2003 0.02 a 0.03 a 0.01a
June 17, 2003 0.01a 0.01a 0.02 a
July 9, 2003 0.03 0.02 0.01
July 22, 2003 0.01a 0.01a 0.01a
August 19, 2003 0.01 a 0.01 a 0.01 a
September 16, 2003 0.02 a 0.01a 0.03a
September 23, 2003 0.01 a 0.01 a 0.01 a
October 21, 2003 0.01a 0.01a 0.01a
November 18, 2003 0.01 a 0.01 a 0.01 a
December 22, 2003 0.01a 0.01a 0.01a
January 20, 2004 0.01a 0.01a 0.01a
February 17, 2004 0.01 a 0.01 a 0.01 a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.26
Mean Concentration of Nitrite (mg/L) Measured in Leachate Samples Collected by Grass
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turfgrass
Date Bermudagrass Zoysiagrass

April 9, 2002 - -
April 30, 2002 - -
May 16, 2002 - -
June 25, 2002 - -
July 8, 2002 - -
July 23, 2002 - -
August 22, 2002 0.01 0.01
September 11, 2002 0.02 a 0.02 a
September 24, 2002 0.02 0.02
October 11, 2002 0.01a 0.01a
November 7, 2002 0.01 0.01
December 12, 2002 0.01a 0.01a
December 19, 2002 0.02 0.01
January 28, 2003 0.45a 0.62 a
February 27, 2003 0.10 a 0.10a
March 25, 2003 0.04 a 0.06 a
April 22, 2003 0.01a 0.01a
May 20, 2003 0.02 0.01
June 9, 2003 0.02 a 0.02 a
June 17, 2003 0.02 a 0.01a
July 9, 2003 0.013 b 0.016 a
July 22, 2003 0.01a 0.01a
August 19, 2003 0.01a 0.01a
September 16, 2003 0.02 a 0.02 a
September 23, 2003 0.01a 0.01a
October 21, 2003 0.01 a 0.01 a
November 18, 2003 0.01a 0.01a
December 22, 2003 0.01 0.01
January 20, 2004 0.01a 0.01a
February 17, 2004 0.01 a 0.01 a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.27
Mean Concentration of Nitrite (mg/L) Measured in Leachate Samples Collected by Depth
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Date 6” Depth 18” Depth 30” Depth

April 9, 2002 - - -
April 30, 2002 - - -
May 16, 2002 - - -
June 25, 2002 - - -
July 8, 2002 - - -
July 23, 2002 - - -
August 22, 2002 0.01 0.01 0.01
September 11, 2002 0.02 a 0.02 a 0.01a
September 24, 2002 0.03 0.01 0.02
October 11, 2002 0.01a 0.01a 0.01a
November 7, 2002 0.01 0.01 0.01
December 12, 2002 0.01 a 0.01 a 0.01 a
December 19, 2002 0.01 0.01 0.02
January 28, 2003 0.54 0.39 -
February 27, 2003 0.10a 0.10a 0.10a
March 25, 2003 0.07 a 0.04 a 0.03a
April 22, 2003 0.01a 0.01a 0.01a
May 20, 2003 0.02 0.01 0.01
June 9, 2003 0.02a 0.01a 0.02a
June 17, 2003 0.01a 0.02 a 0.01a
July 9, 2003 0.01 0.02 0.02
July 22, 2003 0.01a 0.01a 0.01a
August 19, 2003 0.01 a 0.01 a 0.01 a
September 16, 2003 0.01a 0.02 a 0.03 a
September 23, 2003 0.01 a 0.01a 0.01a
October 21, 2003 0.01 0.01 0.01
November 18, 2003 0.01 a 0.01 a 0.01 a
December 22, 2003 0.01 0.01 0.01
January 20, 2004 0.01 a 0.01a 0.01a
February 17, 2004 0.01 a 0.01a 0.01a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.28
Mean Concentration of Iron (mg/L) Measured in Leachate Samples Collected by Irrigation Treatment
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Irrigation Treatment

Date EA RW LF
April 9, 2002 2.03a 285a 1.09a
April 30, 2002 0.23 a 0.22 a 0.13 a
May 16, 2002 1.76 a 0.15b 0.11b
June 25, 2002 0.03 0.07 0.33
July 8, 2002 0.32a 045a 0.20a
July 23, 2002 - 0.09 0.10
August 22, 2002 - 0.17 -
September 11, 2002 0.46 a 0.44 a 0.45a
September 24, 2002 - - 0.08
October 11, 2002 1.21a 0.79 a 0.81a
October 30, 2002 0.48 a 0.74 a 0.65 a
November 7, 2002 - 0.95 -
December 12, 2002 0.48 a 0.97 a 0.56 a

January 28, 2003 - - -

February 27, 2003 0.55a 0.50 a 0.66 a
March 25, 2003 0.22 a 0.16 a 0.14 a
April 22, 2003 - - -
May 20, 2003 - 0.03 0.02
June 9, 2003 0.05a 0.30 a 0.36 a
June 17, 2003 0.27 a 0.99a 0.50 a
July 9, 2003 - 0.12 0.03
July 22, 2003 0.59 a 044 a 0.50 a
August 19, 2003 - 0.02 0.10
September 16, 2003 0.17 a 0.48 a 0.31a
September 23, 2003 0.22 a 0.56 a 0.62 a
October 21, 2003 0.18 - -
November 18, 2003 0.02 0.03 0.02
December 22, 2003 0.03 - 0.05
January 20, 2004 0.15 2.06 0.77
February 17, 2004 0.10 0.09 0.22

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.29
Mean Concentration of Iron (mg/L) Measured in Leachate Samples Collected by Grass
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turfgrass
Date Bermudagrass Zoysiagrass

April 9, 2002 0.97 3.03
April 30, 2002 0.16 a 0.21a
May 16, 2002 0.09 1.00
June 25, 2002 0.07 a 0.18 a
July 8, 2002 0.28 a 0.36 a
July 23, 2002 0.09 0.08
August 22, 2002 0.17 -
September 11, 2002 0.32b 0.58 a
September 24, 2002 0.08 -
October 11, 2002 0.82 a 1.01 a
October 30, 2002 0.59 a 0.68 a
November 7, 2002 0.95 -
December 12, 2002 0.74 0.62
January 28, 2003 - -
February 27, 2003 0.63 a 0.53a
March 25, 2003 0.20 0.14
April 22, 2003 - -
May 20, 2003 0.04 0.02
June 9, 2003 0.21a 0.17b
June 17, 2003 0.47 0.91
July 9, 2003 0.05 0.04
July 22, 2003 043 a 0.60 a
August 19, 2003 0.02 0.18
September 16, 2003 0.30 a 0.40a
September 23, 2003 0.37 0.56
October 21, 2003 0.36 0.06
November 18, 2003 0.03 0.02
December 22, 2003 0.05 0.04
January 20, 2004 2.06 0.56
February 17, 2004 0.22 0.09

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.30
Mean Concentration of Iron (mg/L) Measured in Leachate Samples Collected by Depth
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Date 6” Depth 18” Depth 30” Depth

April 9, 2002 0.75 1.35 3.19
April 30, 2002 0.14 a 0.11a 0.28 a
May 16, 2002 0.08 a 0.16 a 0.96 a
June 25, 2002 0.14 ab 0.05b 0.22a
July 8, 2002 0.18 a 042a 0.36 a
July 23, 2002 0.14 - 0.07
August 22, 2002 0.17 - -
September 11, 2002 042 a 0.54 a 0.41a
September 24, 2002 - - 0.08
October 11, 2002 0.94 a 0.70 a 114 a
October 30, 2002 0.60 a 0.73 a 0.58 a
November 7, 2002 1.00 - 0.90
December 12, 2002 0.80 a 0.87 a 0.48 a

January 28, 2003 - - -

February 27, 2003 0.15b 0.83a 0.70 ab
March 25, 2003 0.12 0.27 0.09
April 22, 2003 - - -
May 20, 2003 0.04 0.02 0.03
June 9, 2003 0.18 a 0.22a 0.17 a
June 17, 2003 0.35c 0.96 a 0.67b
July 9, 2003 0.06 0.03 0.05
July 22, 2003 041a 0.51a 0.55a
August 19, 2003 0.02 - 0.13
September 16, 2003 0.14b 0.52 a 0.31 ab
September 23, 2003 0.40a 0.58 a 0.38a
October 21, 2003 0.07 0.07 0.36
November 18, 2003 0.02 0.03 0.02
December 22, 2003 0.04 0.05 0.03
January 20, 2004 0.15 1.86 1.33
February 17, 2004 0.10a 0.25a 0.06 a

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.31
Mean Concentration of Magnesium (mg/L) Measured in Leachate Samples Collected by Irrigation Treatment
Edwards Aquifer Recharge Zone lIrrigation Pilot Study

Irrigation Treatment

Date EA RW LF

April 9, 2002 41a 45a 58a
April 30, 2002 9.8a 129a 13.5a
May 16, 2002 125a 155a 16.1a
June 25, 2002 15.4 13.3 16.5
July 8, 2002 7.74 a 6.62 a 10.31a
July 23, 2002 - 4.0 10.7
August 22, 2002 - 20.20 -
September 11, 2002 4.81a 4.44 a 5.02a
September 24, 2002 - - 4.81
October 11, 2002 3.60a 3.59a 3.25a
October 30, 2002 3.19a 4.29 a 416 a
November 7, 2002 - 8.58 -
December 12, 2002 288a 3.69a 5.08 a

January 28, 2003 - - -

February 27, 2003 5.64 a 6.73 a 6.37 a
March 25, 2003 575a 841a 8.75a
April 22, 2003 - - -

May 20, 2003 - 13.28 10.80
June 9, 2003 8.91a 4.31a 7.05a
June 17, 2003 6.08 a 3.37 a 6.26 a
July 9, 2004 - 5.24 13.94
July 22, 2003 4.96 a 3.37a 411 a
August 19, 2003 - 3.41 8.95
September 16, 2003 9.21a 349b 521b
September 23, 2003 8.07 a 5.63 a 7.29 a
October 21, 2003 10.02 - -

November 18, 2003 13.5 134 13.0
December 22, 2003 15.8 - 18.8
January 20, 2004 16.3 7.0 10.2
February 17, 2004 14.5 12.9 15.0

Note: Means in a given row followed by the same letter do not differ significantly at p = 0.05. Rows without letter
designations indicate insufficient data to be able to make a valid statistical comparison.
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TABLE C.32
Mean Concentration of Magnesium (mg/L) Measured in Leachate Samples Collected by Grass
Edwards Aquifer Recharge Zone Irrigation Pilot Study

Turfgrass
Date Bermudagrass Zoysiagrass

April 9, 2002 5.34 4.33
April 30, 2002 125a 12.1a
May 16, 2002 14.5 15.8
June 25, 2002 142 a 14.0a
July 8, 2002 8.83a 7.58 a
July 23, 2002 6.99 1.81
August 22, 2002 20.2 -
September 11, 2002 510 a 4.39a
September 24, 2002 4.81 -
October 11, 2002 4.39 a 250b
October 30, 2002 415a 3.79 a
November 7, 2002 8.58 -
December 12, 2002 4.16 3.71
January 28, 2003 - -
February 27, 2003 6.44 a 6.09 a
March 25, 2003 6.91 8.60
April 22, 2003 - -
May 20, 2003 13.3 12,5
June 9, 2003 7.8a 5.7 a
June 17, 2003 5.17 4.80
July 9, 2003 11.88