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EXECUTIVE SUMMARY

Introduction

In cooperation with the Marina Coast Water District, MRWRPCA is planning an urban reuse
project that would include serving as many as five golf courses. Golf courses will be the largest
water users, and will likely have the most stringent water quality requirements of all the urban
users.

Some recycled water projects have encountered water quality problems with their golf course
customers, and have needed to make additional capital investments to improve their water
quality, or have found it necessary to make operational changes to address these problems.
Dealing with these problems has increased the cost of the recycled water beyond what the users
had been led to expect.

In order to determine how well recycled water will work on the golf courses within the proposed
urban reuse service area, athree-year demonstration project was performed. The project was
completed in the fall of 2005.

How the Demonstration Project was Performed

During the demonstration project, recycled water from MRWPCA'’ s water recycling plant, the
Salinas Valley Reclamation Plant (SVRP), was used to irrigate one green and its adjacent turf
area, and a nearby arealandscaped with shrubs and flowers, at the Bayonet and Blackhorse golf
course located on the Monterey Peninsula on the central coast of California. Therest of the golf
course was watered with well water, thereby allowing a direct side-by-side comparison to be
made of turf and soil responses to the two types of water. One of the well water irrigated greens
was used as the control green, against which to compare turf responses with the demonstration
green.

The required volumes of recycled water from the SVRP were delivered by atanker truck to a
temporary storage tank and booster pump located at the golf course.

In order to use recycled water for the demonstration project, it was necessary to obtain the
approval of several regulatory agencies. These agencies were the State Department of Health
Services, the Monterey County Health Department, and the State Regional Water Quality
Control Board.

Responsibilities for operations and mai ntenance activities during the demonstration project were
divided up between MRWPCA and the golf course staff. MRWPCA'’s principal roles were to
supply the recycled water to meet the golf course’' sirrigation demands and to perform all of the
sampling and testing for the project. The golf course’s principal roles were to perform irrigation
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and turf management at the demonstration sites and to provide information and records to
MRWPCA that were helpful in accomplishing the objectives of the project.

During the demonstration project the recycled water and the golf course’ s well water were tested
for avariety of parameters by MRWPCA'’s |aboratory. Soil samples were collected and
analyzed by a private soils laboratory. MRWPCA personnel used afield measuring device to
make multiple conductivity and soil moisture measurements on each green. Irrigation uniformity
testing, which is a measurement of how uniformly the sprinkler systems apply water to the
greens, was performed by a private irrigation consulting firm.

Discussion of Results

During each winter natural leaching from rainfall, along with the normal winter time reduction in
fertilizer application, dramatically reduced the soil salinity of both the demonstration green and
the control green. Soil salinity increased as each year’ s irrigation season progressed.

In Year 1, which had a summer with an above-average number of days of foggy, cool weather,
and therefore lower than normal irrigation demands, no significant turf management problems
devel oped.

In Y ear 2, which had a summer with an above-average number of sunny days, higher than
average temperatures, and higher than normal irrigation demands, turf distress devel oped toward
the end of the summer. A well water flushing period was conducted to remove the salt buildup
in the soil.

In Year 3, which had anormal summer in terms of sunny days, average temperatures, and
normal irrigation demands, flushing was conducted on aregular basis. However, in Year 3
flushing was performed using recycled water, not well water. The flushing program proved
successful, and turf quality and appearance remained satisfactory throughout the irrigation
season, using exclusively recycled water for both irrigation and flushing.

In the landscaped area no soil conductivity measurements were made, but the response of the
various types of plantings was observed. Many of the plants were quite healthy, while others
showed symptoms of distress. It was not possible to determine whether the signs of distress
were related to the recycled water.

Turf Management Considerations When Using Recycled Water

There are anumber of turf management issues which designers and operators of recycled water
irrigation projects serving golf courses, and golf course superintendents, will need to take into
account in order to be successful when using recycled water. These are: water quality, total
salinity, soil salinity, sodium permeability, chloride and sodium toxicity, and nutrients. These
multiple factors can all affect the successful use of recycled water for golf course irrigation, and
therefore increase the management complexity of using recycled water rather than potable or
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fresh water for irrigation.

Conclusions

Through proper management, both turfgrass and landscaping can generally be made to perform
well using recycled water for irrigation. For the demonstration golf course it was found that
flushing using recycled water, not potable water, was successful in preventing turf damage
caused by salinity buildup in the soil.

The design of an urban reuse project to serve golf courses should include adequate recycled
water hydraulic capacity to meet flushing requirements, in order for the project to be successful
and to avoid the additional cost of having to provide a potable water supply to serve as the source
of water for flushing.

Because of the additional complexities of turf management when irrigating with recycled water,
it would be desirable to have aturf agronomist participate as a member of the design team for the
recycled water project, and to be available to assist golf course superintendents when the project
starts up and for a period thereafter. Thiswill help ensure the success of the project, and the
acceptance by the golf course industry of using recycled water for irrigation.
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(With assistance from Tom Bevan, Golf Course Superintendent of the Bayonet-Black Horse Golf
Courses, and Mark M. Mahady & Associates, consultants to the turfgrass industry)

INTRODUCTION

The Monterey Regional Water Pollution Control Agency (MRWPCA) was formed in 1971 to
provide regiona wastewater collection, treatment, and disposal for 250,000 residents and
businesses in northern Monterey County, California.

MRWPCA operates and maintains a wastewater system comprised of pump stations, force-main
and gravity interceptors, a modern secondary level wastewater treatment plant, and awater
recycling plant. Recycled water is used for agricultural irrigation, and secondary effluent is
discharged through an ocean outfall. Current average flows are approximately 21 million gallons
per day (mgd).

Across the nation and around the world, recycled water projects are being developed to serve a
variety of urban uses. Many of these projects include golf courses, which are often the largest
water users, and which often have the most stringent water quality requirements of all the urban
users. In cooperation with the Marina Coast Water District, MRWPCA is planning an urban
reuse project that would include serving as many as five golf courses.

The green and tee areas of golf courses have turf that is highly stressed, because it is mowed very
short and experiences intense foot traffic. Consequently, golf courses often have the most
stringent water quality requirements of all the urban users. Some recycled water projects have
encountered water quality problems with their golf course customers, and have needed to make
additional capital investments to improve their water quality, or have found it necessary to make
operational changes to address these problems. A high level of total dissolved solids (TDS) in
the recycled water is the most common of these problems. Dealing with these problems has
increased the cost of the recycled water beyond what the users had been led to expect. Asthe
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golf course industry has become aware of these problems, operators of golf courses have become
more wary of accepting recycled water.

In order to determine how well recycled water will work on the golf courses within MRWPCA'’s
proposed urban reuse service area, athree-year demonstration project was performed. The
project was completed in the fall of 2005.

The goals of this demonstration project were to:
Determine the suitability of recycled water for irrigation of these courses
Identify any water quality problems or operational issues that will need to be addressed in the
design and operation of the full scale urban reuse project, and/or by the golf course
superintendents
Giveloca golf course operators the chance to see first-hand how recycled water performs on
one of thelr courses
Build acceptance of using recycled water for golf courseirrigation
Help facilitate implementation of the urban reuse project

This report includes an overview of turf management issues to be considered when using
recycled water on golf courses, and describes an approach that can be used to predict the need for
periodic flushing of golf course turf to reduce soil salinity. Identifying and addressing this
potential problem during the design of an urban reuse project will be critical to the success of the
project.

HOW THE DEMONSTRATION PROJECT WAS PERFORMED
Description of Facilities

During the demonstration project, recycled water from MRWPCA'’ s water recycling plant, the
Salinas Valley Reclamation Plant (SVRP), was used to irrigate one green and its adjacent turf
area, and a nearby area landscaped with shrubs and flowers, at a golf course on the Monterey
Peninsula, located on the central coast of California. These demonstration sites are shown in
Figures 1 through 4. The rest of the golf course was watered with well water, which was the
normal water supply. Thisallowed adirect side-by-side comparison to be made of turf and soil
responses to the two types of water. During Y ears 1 and 2 the demonstration areas were irrigated
at the same rates as the other areas of the golf course. During Y ear 3 theirrigation program for
the demonstration green was modified to assess the effectiveness of leaching.

The required volumes of recycled water from the SVRP were delivered by a 4,000 gallon tanker
truck to a 10,000 gallon temporary storage tank and booster pump located at the golf course. A
local construction contractor was hired to do the water hauling. These facilities are shown in
Figure 5. Programmable irrigation controllers, typical of those used on many golf courses,
controlled the irrigation cycles. Theindividua sprinkler heads each had their own valves, which
only opened when sufficient pressure existed in the water supply piping to meet the sprinkler’s
operational pressure range. This meant that the booster pump had to continuously maintain
adequate system pressure. A small hydropneumatic tank, visible at the right in Figure 5, was



Figure1l Demonstration Green

Figure2 Landscaped Area



Figure 3 Turf Area Adjacent to Demonstration Green

Figure 4 Close-up of Landscaped Area



Figure5 Storage Tank and Pumping Facilities

Well Water
Fill Pipe

<+————— Hydro-pneumatic
Tank

provided to avoid frequent pump cycling in order to maintain this pressure. The booster pump
was connected to the existing sets of sprinklers that watered the green, turf, and landscaped
areas, after those sprinklers had first been disconnected from the well water system.

The tanker truck was equipped with its own pump, and discharged its load of recycled water into
the storage tank through a quick-connect fitting on the fill pipe. To provide a back-up water
supply in the event the storage tank ran low, a separate fill pipe connected to the well water
system was provided. Thisisvisiblein Figure 5 as the white plastic pipe that can discharge
through an air-gap into the top of the storage tank. Thisair gap prevented any cross-connection
between the recycled water system and the well water system.

The costs to conduct the demonstration project are summarized in Table 1.
Per mitsand Approvalsto Conduct the Demonstration Proj ect

In order to be able to use recycled water on the golf course for the demonstration project, it was
necessary to consult with several regulatory agencies. A description of the proposed project was



Table 1 - Demonstration Project Costs

ONE-TIME SETUP COSTS

ITEM | APPROXIMATE COST
PURCHASE MATERIALS AND EQUIPMENT
10,000 gallon steel storage tank, including shipping and taxes $4,400
Piping, electrical, and booster pump materials and supplies $5,000
Fabricate recycled water signs (made by a sign shop) $300
TOTAL MATERIALS AND EQUIPMENT COSTS=$9,700
STAFF LABOR COSTS

Project design and coordination $3,000
Obtain permits and approvals $1,300
Train golf course personnel in use of recycled water $500
Labor to install storage tank, piping, booster pump, and $3,600
associated electrical work

TOTAL STAFF LABOR COST S=$8,400

TOTAL ONE-TIME SETUP COST S=$18,100

ANNUAL O&M COSTS

Fill storage tank (7 months at an average of 1.5 - 4,000 gallon | $5,900
loads per week @ $140/Ioad

Water & soil testing (combined in-house and outside lab tests) | $1,000

TOTAL ANNUAL O&M COST S=$6,900 (appr oximately $1,000/month)

provided to each of these agencies, and their approval to conduct the project was requested. The
issues of concern to each agency, and how their concerns were addressed, are described below.

California Sate Department of Health Services (DHS) — In Californiathisis the State agency
that develops and administers recycled water regulations, which are found in Title 22 of the
California Code of Regulations. DHS wanted assurances that the recycled water facilities would
be constructed and would be used in a manner consistent with Title 22 requirements, including in
particular that there would be physical separation between the recycled water piping system and
the golf course’swell water supply system, and that there would be signage informing persons at
the storage tank and at each of the reuse sites that recycled water was being used. Physical
separation of the systems was achieved by cutting and capping the well water supply linesto the
sprinklers at the demonstration irrigation sites, and then pressurizing the well water system to
confirm that no water was discharged from the sprinklers at either of these sites. DHS's other
issues of concern were addressed to their satisfaction as described below under Monterey County
Department of Health.

Monterey County Department of Health, Division of Environmental Health — In California each
County has its own Health Department which establishes and enforces County health




regulations, and in some instances also performs inspections for other agencies that have their
own health regulations. For this project the County Health requirements were:

Providing them with construction details including existing piping, proposed new piping, and
color and pipe specifications for the recycled water piping. Thiswas easily accomplished using
piping plans available from the golf course, sketches showing the intended layout of the new
piping, and catalog cut sheets from manufacturers of purple-colored PV C pipe intended for use
with recycled water distribution systems.

Providing them an operations plan which included limiting the times of irrigation to only
when the facility (the golf course) was closed to the public, and signage locations and verbiage.
For this project the operations plan was based on a set of requirements that had been applied by
the California Regional Water Quality Control Board (RWQCB) to several other nearby golf
courses that were using recycled water. Those requirements included restricting irrigation with
recycled water to times and manners that would prevent or minimize public contact, and to allow
irrigated areas maximum opportunity to dry before allowing public use. In addition drinking
fountains were protected from direct or windblown spray of recycled water. Latitude was
allowed for the verbiage on the informational signs, so long as the message that recycled water
was being used for irrigation was clearly conveyed. The precise language that was chosen for
the signs at the storage tank was “Recycled water is stored in thistank. It is not suitable for
potable water purposes. Do not use for drinking or washing.” For the informational signs at the
irrigation sites the language read “ To evaluate its use as a future water conservation measure,
recycled water is being used to irrigate this area.”

Coordinating with their staff for final piping trench inspections prior to backfill. In order to
minimize disruption to golfers, the golf course maintenance crews installed the recycled water
piping and made the modifications to the well water system in the early evening and in the very
early morning, when no players were on the course. County Health was given advance notice of
the dates and times the work was going to be performed, so they could be present to inspect the
work in progress.

California Regional Water Quality Control Board (RWQCB) — In Californiathe State's water
quality regulations are administered and enforced by nine RWQCB's, each covering a specific
geographic area. Consultation with the Central Coastal RWQCB, which had jurisdiction in the
project area, led to their approval to proceed with the project, as long as the concerns and
requirements raised by DHS and County Health were addressed.

In addition to satisfying these regulatory agency requirements, a Memorandum of Understanding
was executed between MRWPCA and the golf course Manager to formalize the terms and
conditions for the performance of the demonstration project. A copy of this Memorandum of
Understanding is contained in Appendix D.

Operational Responsibilities

Once the facilities to conduct the demonstration project were installed and the system was ready
to start up, a series of meetings with MRWPCA staff and the golf course staff was held. The
purpose of these meetings was to identify all operations and maintenance activities which could
be expected to occur during the demonstration project, and to assign responsibilities to the



appropriate parties. Asaresult of these meetings, the following lists of responsibilities were
devel oped.

MRWPCA Responsibilities:

1. Whenever the Golf Course called for awater delivery, immediately contact the water hauling
contractor to set up the delivery. When the delivery date and time were known, the Golf
Course was contacted to let them know when the water would be delivered.

2. For theinitia water deliveries, MRWPCA staff accompanied the tanker truck to the storage
tank site to supervise the filling of the tank. Once everything was going smoothly and no
problems were occurring during deliveries, accompanying the tanker truck was discontinued.

3. Recycled water samples from the storage tank were collected on aregular basis, and
analytical datafrom these samples was compiled in an Excel spreadsheet. The spreadsheet
was accessible to all MRWPCA staff working on the project viaMRWPCA'’s local area
network.

4. Each recycled water delivery was logged, noting the date, time, and volume of each delivery.
For each delivery the tanker truck was inspected prior to being filled at the SVRP to ensure
that it was completely empty of any prior water it had held. In some instances the tank truck
was rinsed with potable or recycled water before filling it, to remove any sediment or foreign
water.

5. Initialy it was planned to regularly read and log the water meter at the storage tank to track
the delivery of recycled water to the project. However, this was discontinued after a short
period when it was found that the logging of deliveries at the SVRP provided sufficient data
for this purpose.

6. Soil sampleswere analyzed, and in situ soil conductivity measurements were made, on both
the demonstration green (the 13" green) and on a nearby green (the 14™ green) that was
being irrigated with well water. The 14™ green served as the control green.

Golf Course Responsihilities:

1. Irrigation of the demonstration green and landscaped area was performed in accordance with
the following requirements:

Irrigation with recycled water was done at atime and in a manner to prevent or minimize
public contact with recycled water, and to allow irrigated areas maximum opportunity to
dry before use.

Drinking fountains were protected from direct or windblown spray of recycled water.
Recycled water was not used for irrigation during periods of rainfall.

2. MRWPCA was contacted whenever the storage tank level had dropped to 70% full, so
MRWPCA could schedule awater delivery.

3. If the Golf Course Superintendent determined that turf distress potentially related to the use
of recycled water was occurring, he could conduct a flushing cycle. If any well water was put
into the storage tank for aflush or any other reason, he immediately notified MRWPCA
when heinitiated the well water flush and a so the time the use of well water ended. This
provided information about flushing volumes and frequencies.



4. Fertilization of both of theirrigation sites was logged, including the date and time of
fertilization, what fertilizer was being used, and the application rate. [Note: Thisinformation
turned out not to be particularly important for the demonstration project.]

5. Other turf management work that was done at either irrigation site, such as top dressing,
aerification, application of any herbicides or fungicides, etc., was also logged. This
information was available if needed to help explain any anomaliesin the analytical results.

6. Soil sampleswere periodically taken from the demonstration green and the control green and
provided to MRWPCA to send to the soils lab for analysis.

Sampling and Analysis
During the demonstration project the following types of samples and analyses were performed:

Water — The recycled water was tested for a variety of parameters on aregular basis, normally
once per month during theirrigation periods. The golf course well water supply had been
sampled by the golf course superintendent on a sporadic basis prior to the demonstration project,
typically only once every few years, so little background datawas available. In Year 3 of the
demonstration project the well water was also sampled and tested on a monthly basis to provide
corresponding data for the recycled water tests. Thisdatais presented in Figures 6 through 12.

Soil — Soil samples were collected on the 13" and 14™ greens and analyzed by a soils laboratory.
The samples were taken using a small diameter soil coring tool, commonly used for this purpose
on many golf courses. Samples were taken at numerous locations on each green and then
composited before sending them to the laboratory. The results therefore represent average soil
conditions across each of the greens. Thisdatais presented in Figures 13 and 14.

In Year 3 an additional soil test was performed to characterize the soils of the 13" and 14™
greens. These test results are contained in Appendix C.

In Stu Conductivity and Moisture — A field measuring device was used to make multiple
conductivity and soil moisture measurements along two transects on each green. The transects
were perpendicular to each other, running along the two major axes of the greens as shown in
Figures 15 and 16. Measurements were taken at 5 foot intervals along these transects using a
Dynamax WET Sensor, pictured in Figure 17. The WET Sensor measures water content,
electrical conductivity, and temperature in the soil. The measurements are made by pushing the
Sensor probe approximately two inches into the soil. The Sensor reads out digitally
approximately two seconds after the probe is inserted into the soil, and the data is stored for later
downloading into a computer for analysis and plotting. The WET Sensor is easy to use, and the
manual that came with the unit provided all of the necessary instructions and other information.
A summary of the results of these in situ conductivity measurements is shown in Figure 18. The
detailed plots for each transect are contained in Appendix A. These include the soil moisture
measurements that were taken in conjunction with the conductivity measurements.

The WET Sensor used in the demonstration project was checked against two laboratory
conductivity meters, using two stock solutions with different known conductivities. Although
there was some variability in the measurements obtained with the WET Sensor, its readings were



Figure 6

Recycled Water Quality Data
Year 1 (2003)
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Figure 7

Recycled Water Quality Data
Year 2 (2004)
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Figure 8

Recycled Water Quality Data
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Figure 9

Recycled Water Conductivity and SAR Data
Year 1 (2003)
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Figure 10

Recycled Water Conductivity and SAR Data
Year 2 (2004)
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Figure 11
Recycled Water Conductivity and SAR Data
Year 3 (2005)
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Figure 12
Well Water Quality Data
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13th Green Soil Sampling Data
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Figure 14
14th Green Soil Sampling Data
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Figure 16 Control Green (14" Green) Transects

Figure 17 WET Sensor
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Figure 18

Average Values of Electrical Conductivity Along Each Transect
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consistently within 0.1 mS/cm of the laboratory meters. The WET Sensor was therefore
considered to be quite acceptable for purposes of making turf conductivity measurements. The
WET Sensor was purchased at a cost of approximately $1,600. Information about the WET
Sensor can be found on the Dynamax website at www.dynamax.com.

Irrigation Uniformity — Irrigation uniformity refers to how uniformly the sprinkler systems apply
water to the greens. Non-uniform irrigation can result in ponding, turf disease, and other adverse
impacts. Irrigation uniformity is determined by performing catch-can tests.

Calibrated containers, referred to as catch cans, are placed in agrid pattern over the green, and
then theirrigation system is run for about 15 minutes. The volume of water captured in each
container is measured, and a statistical analysis of the datais made to determine the distribution
uniformity. If necessary, modifications to the sprinkler system can be made to bring the
distribution uniformity into conformance with acceptable distribution uniformity ranges which
have been established by the golf course industry.

Irrigation uniformity testing for the demonstration project was performed August 10, 2005. The
The testing was performed by Andy Slack, President of Spotwater Management, Inc. Thisfirm
provides independent irrigation design and consulting services throughout the United States, and
is headquartered in San Jose, California. Mr. Slack iswell qualified and licensed to perform this
type of work, as noted in the descriptive information and irrigation uniformity testing results
contained in Appendix B. The distribution uniformity was found to be 64% on the 13" green
(the demonstration green) and 69 % on the 14™ green (the control green). Mr. Slack noted that
this range of distribution uniformity was*“...not too bad considering the age of the piping
system, and the inconsistent sprinkler spacing...” on these greens. He also noted that the
operating pressures were lower on the 13th green (~60 psi) than the 14th green (~80 psi), which
may explain the distribution uniformity results being alittle lower on the 13th green. The
pressure difference is due to the fact that a separate irrigation pumping and piping system was set
up at the 13" green for the demonstration project, in order to keep the recycled water piping
separate from the irrigation piping for the rest of the golf course.

Based on theirrigation uniformity testing, there does not appear to be a significant impact on the
other test results, or the findings and conclusions of the study, due to differencesin irrigation
uniformity between the demonstration green and the control green.

Recycled Water Deliveries

MRWPCA began providing recycled water to the golf course on March 31, 2003, which was the
start of Year 1 of the project. Regular recycled water deliveries were made throughout the 2003
irrigation season, with the last delivery in Y ear 1 being made on September 22, 2003. After that
point the golf course superintendent determined that there was insufficient irrigation demand to
continue delivering recycled water. After the storage tank was empty of recycled water, it was
flushed out with well water and left ready to resume use in the spring of 2004. From the end of
October 2003 until mid-April 2004, only minor infrequent irrigation of the greens was necessary,
as there was sufficient precipitation and cool/cloudy weather to satisfy the turf’ sirrigation
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requirements. 1n 2003 approximately 225,000 gallons (0.69 AF) of recycled water was delivered
to the demonstration project.

In Y ear 2 thefirst recycled water delivery was made on April 30, 2004. Regular recycled water
deliveries were made from that date until the end of July, 2004 at which time the superintendent
determined that the grass on the demonstration green (the 13" green) was in distress. He felt this
was probably caused by high salt levels, so he initiated awell water flushing cycle beginning on
July 31. Irrigation using well water ended on September 7, at which time irrigation using
recycled water was resumed. The last recycled water delivery in Year 2 was made on October
15, 2004. 1n 2004 approximately 224,000 gallons (0.69 AF) of recycled water was delivered to
the demonstration project.

In Year 3 thefirst recycled water delivery was made on April 29, 2005. Regular recycled water
deliveries were made throughout the 2005 irrigation season, with the last delivery in Year 3
being made on September 22, 2005. During Year 3 a concerted effort was made to closely
monitor soil salinity levels and to conduct flushing cycles, using recycled water, whenever
necessary. The objective of these flushing cycles was to prevent the occurrence of turf damage,
which was experienced during Y ear 2. The flushing procedures and their effectiveness are
described below. At the end of September the golf course superintendent determined that there
was insufficient irrigation demand to continue delivering recycled water.  1n 2005
approximately 224,000 gallons (0.69 AF) of recycled water was delivered to the demonstration
project.

The quantities of recycled water delivered to the golf coursefor Years 1, 2 and 3 of the
demonstration project are shown in Figures 19 through 21.

DISCUSSION OF RESULTS

Soil Salinity

For this demonstration project soil conductivity was used as an indicator of soil salinity. The
average soil conductivity values for al four of the transects are shown in bar chart format in
Figure 18, which provides a side-by-side comparison of each of the transect average values.
Figure 18 provides a useful indication of trends in salinity changes as the irrigation season
progressed. It also shows the difference in salinity changes between the demonstration green and
the control green. Figures 22 through 25 show the results of all of the soil conductivity
measurements made along each of the four transects. Figures 22 through 25 indicate the
variation in conductivity along the transects on each date that measurements were taken. The
difference between the low and high conductivity values ranged from about 0.3 mS/cm to well
over 1.2 mS/cm, over the range of measurements that were taken. Thisisimportant information
for the golf course superintendent to know, asit is an indication of possible non-uniform
irrigation, non-uniform fertilizer application, a non-uniform soil matrix, or some other turf
management issue that may need attention to provide a healthy putting surface.

AsFigure 18 indicates, during the winter of 2003-2004 which followed the Year 1 (2003)
irrigation season, natural leaching from rainfall, along with the normal winter time reduction in
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fertilizer application, dramatically reduced the soil salinity on both of the greens. The transects
show increasing conductivity as the 2004 irrigation season progressed. During 2004
conductivity levelsin the 14™ green were lower than those in the 13" green up until the July 22,
2004 measurements were made, at which time they had become nearly identical. A fresh water
flushing period was then conducted on the demonstration green, ending on September 2, 2004
when irrigation with recycled water was resumed. Figures 13 and 14 show that of the various
constituents sampled in the soil on each of the two greens in August 2004, when the well water
flushing period had only been going on for afew days, the constituent with the most significant
difference was sodium. In that sampling event the sodium content in the demonstration green
soil was approximately 2.7 times as high as it was in the control green soil. The significance of
thisis discussed below.

During the 2005 irrigation season, flushing was conducted on aregular basis. The first flushing
cycle was conducted from June 22-June 24, 2005. The second flushing cycle was conducted
from July 9-July 11, 2005. This second cycle was more intense, i.e. the duration of the heavy
irrigation period was increased from 30 minutes to 45 minutes, resulting in approximately 3/8
inch of water being applied each night for two consecutive nights, for an overall flushing
application of approximately ¥ainch for the two nights. Flushing on two consecutive nights for
45 minutes was performed every three weeks in August and September, up until the end of the
irrigation season on September 22, 2005. After that date only occasional hand watering of
greens was performed, but no sprinkler irrigation was needed.

As described more fully under the section titled “ Turf Management Considerations When Using
Recycled Water” later in this report, the Poa Annua grass on the greens of the demonstration golf
course is one of the most salt-sensitive types of turfgrass. It has a salinity tolerance level of
approximately EC = 1.5 mS/cm. Theinitial strategy developed for the flushing program wasto
regularly measure the soil EC, and when the EC reached 1.5 to perform flushing at a duration
and frequency that would keep the EC Below 1.5. However, it was found to be infeasible to
keep the EC that low, because the EC of the recycled water itself was sometimes above that
level. Therefore, theinitial strategy was revised to perform flushing when the EC reached 2.0 to
2.5 mS/cm. Theintent was to flush on two successive nights at 1 inch of applied water per night.
However, it was subsequently found that the irrigation application rate was lower than
anticipated, because of the lower water pressure in the recycled water piping system. The target
of 1 inch per night was not achieved, and only 3/8 inch per night was actually applied. In spite
of this, the flushing program proved successful, and turf quality and appearance remained
satisfactory throughout the irrigation season, using exclusively recycled water for both irrigation
and flushing.

The success of the flushing program is likely due in good part to the turf management measures
taken by the golf course superintendent. These included applying additional calcium (Kelly’'s
brand calcium, which is 10% calcium by weight) at arate of 7 pounds per 1,000 square feet to
replace the calcium that was leached by the flushing cycles. He also added a wetting agent
(“Dispatch” brand) to the irrigation water, and increased the gypsum application rate, which he
normally did anyway over the entire golf course to help balance the soil pH and to offset the
sodium and other salts that are contained in fertilizers.
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Figure 19
Quantities of Recycled Water Delivered to the Golf Course
in Year 1 (2003)
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Figure 20
Quantities of Recycled Water Delivered to the Golf Course
in Year 2 (2004)
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Volume Delivered, Gallons

Figure 21
Quantities of Recycled Water Delivered to the Golf Course
in Year 3 (2005)

14,000

12,000

10,000 -

8,000

6,000

4,000

2,000 -

1-Apr

1-May

1-Jun 1-Jul 1-Aug 1-Sep
Date

‘ B Quantities of Recycled Water Delivered to the Golf Course

1-Oct

1-Nov



_SZ -

Electrical Conductivity (mS/cm)

Figure 22

Values of Electrical Conductivity Along Transect A
Demonstration Green (13th Green)
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Figure 23

Values of Electrical Conductivity Along Transect B
Demonstration Green (13th Green)
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Figure 24

Values of Electrical Conductivity Along Transect C
Control Green (14th Green)
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Figure 25

Values of Electrical Conductivity Along Transect D
Control Green (14th Green)
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Based on the flushing experience of this one irrigation season, it may not be necessary to flush as
much as originally anticipated.

Observations

Year 1 (2003) had a summer with an above-average number of days of foggy, cool weather.
Conseguently, irrigation demands were lower than normal. During Y ear 1 the golf course
superintendent was pleased with the response of the turf to the recycled water. After the first few
weeks of irrigating the demonstration green with recycled water, he commented that the
demonstration green was growing faster, and was a deeper green in color, than the control green.
Toward the end of the 2003 irrigation season he observed some light yellowing patches on the
demonstration green, but not enough to cause him to discontinue use of the recycled water. He
also noted some yellowing patches on other greens on the course which were not being irrigated
with recycled water, and felt the yellow patches might be related to some form of mild turf
disease not necessarily related to the recycled water.

Y ear 2 (2004) had a summer with an above-average number of sunny days and higher than
average temperatures. Consequently, irrigation demands were higher than normal. AsFigure 18
indicates, in Y ear 2 the salinity levels on the 13" green rose rapidly, and within afew months
reached higher levels than were reached at the end of the Year 1 (2003) irrigation season. At the
end of July 2004 the golf course superintendent determined that the demonstration green wasin
distress, and heinitiated a well water flush to seeif that would improve the turf’s health and
appearance. After a severa-day flushing cycle, he resumed normal irrigation, but continued to
use well water. AsFigures 18, 22, and 23 indicate, flushing and the continued use of well water
did lower the salinity on the demonstration green to the point where the turf recovered, and the
golf course superintendent then resumed irrigation with recycled water. However, the salinity
levels again rose to nearly their end-of-July levels by mid-September. An early winter brought
rain in mid-October, and irrigation was discontinued at that time. The October 29, 2004
measurements showed significant reductions in soil salinity on both the demonstration and the
control greens as aresult of therainfall.

Y ear 3 (2005) was anormal year in terms of sunny days and average temperatures, and irrigation
demands were consequently normal. As described above, flushing with recycled water was
performed during Y ear 3, starting in June and increasing in frequency as the summer progressed,
up until the end of theirrigation season in late September. The flushing program proved
successful in preventing turf distress due to salt buildup in the root zone.

In the landscaped area no soil conductivity measurements were made, but the response of the
various types of plantings was observed. Many of the plants were quite healthy, while others
showed symptoms of distress. However, many of the plantings were annuals, which often have
blooming and die-back cycles, and it was not possible to determine whether the signs of distress
were related to the recycled water. Selection of plants known to have higher salt tolerance will
be a useful management tool for maintaining aesthetically pleasing landscaping around the golf
course. Information on thisis available in many gardening and landscaping books.
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A separate nearby recycled water golf courseirrigation project regularly performs potable

water flushes, due to problems they have had with salinity and itsimpact on their greens. That
project serves multiple golf courses, and has experimented with different flushing cycles. Its
recycled water is delivered to a storage reservoir which serves all of the courses. The reservoir
can aso be filled with potable water from the domestic water supply system. At normal summer
irrigation rates, when the recycled water plant is shut down it takes approximately one day for
the recycled water that is stored in the reservoir to be depleted. Once that occurs the reservoir is
filled with potable water. Each golf course then performs one nighttime flushing cycle. The
courses coordinate their flushing cycles so as not to cause an over-demand which would exhaust
the reservoir’s storage capacity. For 2006 the project plans to perform aflushing cycle once per
month starting in April and ending in November. The 2005-2006 rainfall period lasted later into
the spring than normal. Consequently, the flushing cyclesin 2006 will be started later thanin
years having amore normal rainfall pattern. Their planned 2006 flushing cycle will be as
follows:

Day 1 — Recycled water plant shuts down

Day 2 — Stored recycled water is depleted

Days 3 through 5 — Each course performs one potable water flush of its greens
Day 6 — Recycled water plant starts back up

In the winter when irrigation demands are lower, it takes an additional day to deplete the stored
recycled water. In October and November the recycled water plant is shut down for an
additional day, and the golf courses don’t start flushing until Day 4.

Each of the golf courses served by that project has only one irrigation-water distribution system.
Therefore, the golf course superintendents have to set up their irrigation schedules for their
greens and fairways, so that they are only irrigating their greens during the flushing cycle. Due
to the possibility that the potable water supplier may change (increase) its rate structure for golf
courses, the managers of this project are constantly evaluating their flushing proceduresin an
effort to minimize the amount of flushing water applied to the greens in order to reduce potable
water usage.

TURF MANAGEMENT CONSIDERATIONSWHEN USING RECYCLED WATER

It was reported that in 2000 approximately 13% of the golf courses nationwide were using
recycled water, with the percentage being 34% in the southwest (Huck et al., 2000). Asaresult
of this widespread experience, more and more knowledge is being gained on turf management
considerations when using recycled water. Turf management for golf courses using recycled
water is a complex science, and a thorough discussion of this topic is beyond the scope of this
paper. Some excellent and comprehensive articles on this subject can be found in the references
(Huck et a., 2000, and Marcum, 2004). These references were drawn on extensively to prepare
this section of this report.

-28-



This section briefly describes the mgor turf management issues which designers and operators of
recycled water irrigation projects serving golf courses, and golf course superintendents, will need
to take into account in order to be successful when using recycled water.

Water Quality

Water quality will vary from location to location, so it isimportant that laboratory testing be
donein order to determine which quality constituents will have the greatest impact on the turf.
Both water and soil testing should be performed prior to initiating irrigation with recycled water,
and at regular intervals when it is being applied, in order to develop and maintain an effective
turf management program.

Total Salinity

Normally the greatest potential hazard to the turf will come from salinity. Recycled water will
typically contain higher levels of salt than other potable or non-potable water sources that golf
courses are using. Salinity will normally be monitored through electrical conductivity
measurements, as was done in this demonstration project. A general guide for evaluating the
salinity hazard of theirrigation water supply is shown in Table 2 (Huck et al., 2000).

Table 2 — Salinity Hazard

Chemical Degr ee of Restriction on Use
Characteristics None Slight to Moder ate Severe
Electrical Conductivity <0.7 0.7-3.0 >3.0
of the Water (mS/cm)
TDS (mg/L) < 450 450 — 2,000 > 2,000

Buildup of total soluble saltsin the root zone (1) inhibits turfgrass water uptake resulting in
moisture stress, and drought stress symptoms may appear even when the soil is moist; (2) causes
turfgrass to lose color and fail to respond to nutrient applications (yellowing, browning, etc.);
and (3) increases the potential for salt toxicity to root tissue. These effects are of special concern
when using salt-sensitive grasses, trees, shrubs, and/or flowers. Creeping bentgrass/Poa annua
mixture greens can become difficult to manage when water EC approaches 1.5 to 2.0 mS/cm,
while bermudagrass greens can tolerate higher water EC levelsin the range of 4 to 15 mS/cm.
The actual point where turfgrass health declines is dependent on many factors including physical
soil properties, surface drainage, and irrigation uniformity. Flushing with either recycled water
or lower EC water is often used to combat these potential problems, as discussed bel ow.

Sodium Permeability Hazard
On fine-textured soils sodium causes structural deterioration which reduces water
infiltration/percolation/drainage. In sandy soils the particles are not themselves deteriorated by

sodium, but high sodium levelsin theirrigation water are likely to cause colloidal clay and
organic matter to migrate downward to form alayer. Such alayer can result in lowered
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permeability that can reduce the effectiveness of flushing as a means of mitigating the effects of
salt buildup in the root zone.

The potentia for sodium-induced permeability problems from irrigation water can be assessed
by determining the sodium adsorption ratio (SAR) or the adjusted SAR of the water. Table 3
provides basic guidelines on these two parameters (Huck et al., 2000).

Table 3 —Sodium Permeability Hazard

Degree of Restriction on Usefor Indicated Values of SAR or
Soil Type Adjusted SAR of thelrrigation Water
None Slight to Moder ate Severe
2:1 Clay Type Sail <6 6-9 >9
1:1 Clay Type Soil <16 16-24 >24
Sand - water EC > 1.5 mS/cm <16 16—24 > 24
Sand - water EC < 1.5 mS/cm <6 6-—-9 >9

Note: SAR is preferred for assessing sodium permeability hazard when HCO; ™ is <120 mg/L and CO;“ is<15
mg/L. Above these levels adjusted SAR should be used.

Infiltration and permeability problems can develop if the SAR or adjusted SAR ishigh. Various
approaches, such as the use of gypsum, acid, or other soil/water treatments, may be useful to help
mitigate these problems.

Chloride and Sodium Toxicity

Excessive levels of chloride, sodium, and some other constituents can cause turfgrass root
deterioration. Turfgrasses with low to moderate total salinity tolerance are often susceptible to
this type of root damage, which results in roots that are less efficient in water and nutrient
uptake.

If periodic flushing removes sodium from the root zone, the addition of a soluble form of
calcium (not lime) into the root zone often helps to relieve the sodium toxicity problem.

Chloride reportedly does not cause direct turfgrass root tissue damage except at very high levels.
However, chloride inhibits water and nutrient uptake. Turfgrass mowing generally limits grass
blade injury from chloride by removal of the blade tips. Chlorineresidual levels >1 mg/L
reportedly can cause foliar damage.

Nutrients

A number of nutrients which may be present in recycled water, including nitrogen, potassium,
phosphorous, calcium, magnesium, sulfur, iron, manganese, zinc, and boron, can have significant
impacts on turfgrass. It isimportant to monitor and track seasonal variations in these
constituents through regular soil and water analyses, so appropriate adjustments in fertilization
programs can be made.

-30-




The quantity of nitrogen provided by recycled water will directly contribute to meeting the
nutritional needs of turfgrass and other plants being irrigated with thiswater. This means that
the fertilizing program needs to be adjusted to account for this, otherwise more nitrogen than
desired may be added to the turfgrass. Certain types of grass deteriorate rapidly if they receive
more nitrogen than they require. Providing too much nitrogen on greens can result in more
growth than is desired, leading to slower putting speeds, increased mowing requirements, and a
potential for thatch accumulation. Nitrogen aso contributes to the growth of algae in ponds that
may be used for storage of recycled water. Under certain weather conditions, golf course
superintendents will often withhold applying fertilizer to control the growth rate of turfgrass on
the greens. The amount of nitrogen contained in recycled water cannot normally be controlled,
which means that the grass will continue to receive nitrogen and other nutrientsin spite of the
superintendent not applying fertilizer. He needs to be aware of this, and perhaps employ
additional strategies to accomplish his growth control objectives under those conditions.

Phosphorousin recycled water is typically of less concern, because of the ability of turfgrassto
tolerate reasonably high levels of phosphorous. However, phosphorous, like nitrogen, also
contributes to the growth of algae in ponds that may be used for storage of recycled water.

Potassium in recycled water is generally considered beneficial. However, potassium will also be
removed if flushing is employed, so this should be monitored to determine whether or not
supplemental potassium needs to be applied to maintain the desired level in the root zone.

Recycled water calcium levels should be factored into the amount of supplementa calcium that
the golf course superintendent applies. Too much calcium can contribute to soil clogging, if
HCO;™ and COs* levels are high. On the other hand, high sodium levels can cause calcium to be
replaced in the root tissues, leading to calcium deficiency. Regular analyses for calcium content
in the water, soil, and tissue should be performed to determine whether or not to apply
supplemental calcium.

Monitoring and Flushing

Monitoring of electrical conductivity to assess soil salinity isimportant in order to establish
threshold levels to determine when flushing should be performed. Thisis the approach that was
taken in the demonstration project. Once it has occurred, recovery from turf damage caused by
sdinity isdifficult. Further, salt stressed turf is more susceptible to diseases. Therefore, it is
preferable to perform flushing to leach salts from the root zone before damage occurs, rather than
waiting until salt stress symptoms become visible.

Monitoring may consist of collecting samples and anayzing them in alaboratory, visual
observations for salt stress symptoms, and in situ conductivity measurements. In situ
conductivity measurements have the benefit of providing immediate information, but will not
provide information on the various constituents that comprise the total salinity. As explained
above, individual constituent information can be important in managing the fertilization
program.
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Good surface drainage is essential for proper flushing, as puddling can lead to algae growth
which contributes to various turfgrass problems. Good infiltration/percolation rates are also
necessary, so that sufficient quantities of flushing water can be put through the root zone to
effectively dissolve and remove the accumulated salts. This can be enhanced through cultivation
and aeration practices which are commonly employed on golf courses.

Flushing has been found to be most effective when it is performed over two or three successive
evenings, with %z inch to 1 inch of water being applied each night (Huck et al., 2000). In some
instances it may be desirable to use portable sprinklers, rather than the installed sprinklers, in
order to apply the flushing water more uniformly and at the desired rate. In severe situationsit
may be necessary to install dual water supply systems for the greens and other sensitive areas, so
that flushing with potable water can be performed. However, this can add considerably to the
cost of arecycled water project. Therefore, it is desirable to determine whether or not flushing
can be successfully performed using recycled water before designing the project. Making this
determination was one of the main reasons for conducting the demonstration project.

Salinity tolerance levels for some commonly used golf course turfgrasses are shown in Table 4
(Huck et a., 2000). These can be used as starting points when establishing flushing thresholds
on agolf course, with adjustments made based on testing and observations which indicate the
effectiveness of the flushing cycles. Under good flushing conditions many grasses perform
satisfactorily with recycled water containing salinity levels up to the salinity tolerance levels
shown in Table 4, as long as |eaching prevents the soil salinity from rising above these levels. It
may be desirableto initiate a flushing cycle when the soil salinity level is still below the level
shown in Table 4, until experience is gained with the effectiveness of the flushing process and
the response of the turfgrass to leaching, in order to avoid salt-stress damage from occurring.

In Y ear 3 of the demonstration project flushing with recycled water was performed to evaluate
the effectiveness of leaching in mitigating turf distress resulting from salinity buildup in the root
zone. The flushing program is described in a preceding section of this report. Flushing with
recycled water was found to be effective in preventing turf distress from salinity buildup.
Therefore, it does not appear that it will be necessary to provide a separate potable water supply
to this golf course in order to provide a source water for the flushing cycles. However, the
recycled water supply system should be designed to deliver the additional volumes of recycled
water that will be necessary to perform flushing. Flushing will need to be performed during non-
golfing hours, and it may be necessary to flush multiple greensin asingle night. For these
reasons, the flushing requirements should be carefully considered in pipe and pump station sizing
to ensure that a reliable and adequate flushing water supply can be provided during abnormally
dry and sunny summers, when heavier irrigation will cause greater salt buildup than would occur
in anormal irrigation season.
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Table 4 — Salinity Tolerance of Turfgrasses

Salinity Tolerance

Electrical Conductivity in
the Soil, (mS/cm)

Turfgrass

Very Sensitive

<15

Annual bluegrass*, Colonial
bentgrass, Rough bluegrass,
Centipedegrass

Moderately Sensitive

1.6-3.0

Kentucky bluegrass, most
Zoysia species

Moderately Tolerant

31-60

Creeping bentgrass, Fine-leaf
fescues, Bahiagrass,
Buffalograss, Blue grama,
Annual ryegrass

Tolerant

6.1-10.0

Seaside bentgrass, common
bermudagrass, Tall fescue,
Zoysiamatrella (some),
Zoysiajaponica (some),
Perennial ryegrass, Kikuyu,
Wheatgrasses

Very Tolerant

10.1-20.0

Hybrid bermudagrasses
(some), St. Augustinegrass,
Salt grass, Alkaligrass (some)

Superior Tolerance

>20.0

Seashore paspalum (some)

* Poa annua, aturfgrass found on many golf coursesin California, is an annual bluegrass

Other |ssues

Other issues not directly pertaining to recycled water quality, but which are also important in the
design and operation of recycled water projects for golf course irrigation, include:

Compliance with regulatory requirements

Proper separation of potable and recycled water piping
Training of golf course employeesin the proper use of recycled water

Site inspections to ensure recycled water is being properly used and applied
Signage to inform the public that recycled water is being used

CONCLUSIONS

Through proper management, both turfgrass and landscaping can generally be made to perform
well using recycled water for irrigation. The three-year demonstration project described in this
report chronicled the impacts of irrigating with recycled water. During the first half of Year 1,
the green irrigated with recycled water had a better, lusher appearance than most of the other

greens on the course. However, toward the end of the Y ear 1 irrigation season the demonstration
green showed a somewhat higher susceptibility to some common turf diseases indigenous to the
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area. These were treated with turf management products and procedures commonly used on golf
courses. InYear 1 the golf course superintendent did not identify any other horticultural changes
that had to be made in conjunction with using recycled water.

Between Years 1 and 2, winter rainfall flushed salts from the root zone, so that when Y ear 2
irrigation began, there was very little salt remaining in the root zone. However, as Y ear 2
progressed, the demonstration green showed signs of distress and had to be leached and irrigated
with well water for a short period of time to reduce the soil salinity. After thisflushing process
was completed, irrigation with recycled water was resumed.

Dataacquired from Years 1 and 2 of the demonstration project, along with data available from
golf course industry sources, was used to develop guidelines for monitoring soil salinity in Y ear
3 in order to determine the need for flushing with either recycled water or fresh water to maintain
turf quality. InYear 3 the effectiveness and required frequency of flushing cycles was evaluated.
It was found that flushing using recycled water, not potable water, was successful in preventing
turf damage from salinity buildup in the soil.

The design of an urban reuse project to serve golf courses should include adequate recycled
water hydraulic capacity to meet flushing requirements, in order for the project to be successful
and to avoid the additional cost of having to provide a potable water supply to serve as the source
of water for flushing.

Because of the additional complexities of turf management when irrigating with recycled water,
it would be desirable to have aturf agronomist participate as a member of the design team for the
recycled water project, and to be available to assist golf course superintendents when the project
starts up and for a period thereafter. Thiswill help ensure the success of the project, and the
acceptance by the golf course industry of using recycled water for irrigation.
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APPENDIX A

Individual Transect Conductivity and Moisture Content
M easur ements for the 13" and 14™ Greens



Electrical Conductivity ( mS/cm)

Figure A-1
13th Green Transect "A"
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Electrical Conductivity ( mS/cm)

Figure A-2
13th Green Transect "A"
Electrical Conductivity

in 2005
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Electrical Conductivity ( mS/cm)

3.5

End of 2003 Irrigation Season and All of 2004 Irrigation Season

Figure A-3

13th Green Transect "B"
Electrical Conductivity
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Electrical Conductivity ( mS/cm)

Figure A-4
13th Green Transect "B"
Electrical Conductivity

in 2005
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Figure A-5
14th Green Transect "C"
Electrical Conductivity
End of 2003 Irrigation Season and All of 2004 Irrigation Season
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Figure A-6

14th Green Transect "C"
Electrical Conductivity

in 2005
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Figure A-7
14th Green Transect "D"
Electrical Conductivity
End of 2003 Irrigation Season and All of 2004 Irrigation Season
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Figure A-8

14th Green Transect "D"
Electrical Conductivity
in 2005
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Figure A-9

Average Values of Soil Moisture Content Along Each Transect

Year 1: March 31 = First Recycled Water Delivery in 2003  September 22 = Last Recycled Water Delivery in 2003
Year 2: April 30 = First Recycled Water Delivery in 2004 October 15 = Last Recycled Water Delivery in 2004
Year 3: April 29 = First Recycled Water Delivery in 2005 September 22=Last Recycled Water Delivery in 2005
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APPENDIX B

Irrigation Unifor mity Testing Results












13 Green CC test data
Baseline
Left 0 0 0 0 0 39 26 0 0 0 Right
0 0 0 0 23 34 26 24 23 0
0 0 35 32 24 26 27 35 32 0
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14 Green CC test data
Baseline
Left 0 0 0 44 59 0 0 Right
0 41 45 29 32 44 0
0 28 48 39 35 44 0
0 54 49 45 43 52 55
Baseline 69 59 42 54 53 57 21| Baseline
61 44 39 44 64 54 35
33 33 37 76 66 41 0
0 0 47 58 60 34 0
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APPENDIX C

Soil Testing Report















APPENDIX D

Agreement with Golf Courseto Conduct Demonstration Project






























