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EXECUTIVE SUMMARY

The Eastern Municipal Water District (EMWD), the Bureau of Reclamation (USBR),
and the National Biological Survey (NBS), in consultation with other governmental
agencies, the academic community, and environmental groups, are involved in a

\/?operative wetlands research and demonstration effort. This report reflects progress

hrough the first 3 years of a 5-year program. The goal of the Multipurpose Wetlands
Research and Demonstration Project is to evaluate and expand the use of reclaimed
water and contaminated ground water through the incorporation of multipurpose
constructed wetlands into EMWD’s total water resources management program. The
focus of the wetlands is the development of design, construction, and operational
criteria that will provide a cost-effective and innovative alternative for managing
water resources and provide other public benefits in arid areas. The program also
recognizes the fact that naturally-occurring wetlands, both coastal and iniand, have
been disappearing at an alarming rate.

Millions of migratory birds funnel through the Pacific Flyway each winter on their
annual flight from Alaska and Canada to Latin America. California, a critical
1130-kilometer (km) (700-mile (mi)) link on this corridor, has lost over 90 percent of
its natural wetlands since the 1700’s, resulting in the loss of habitat for resting,
feeding, breeding, and the rearing of young. This project will provide vital habitat in
a portion of the corridor as well as valuable information on the use of reclaimed
water. Ninety-two different species of birds have already been identified utilizing the
Hemet/San Jacinto Research and Demonstration Facility. Threatened and endangered
species and species of special concern which have visited the site include the bald
eagle, peregrine falcon, American white pelican, double-crested cormorant, white-
faced ibis, northern harrier, golden eagle, prairie falcon, burrowing owl, and bank
swallow.

Reclaimed water is a vital element in water resources management, especially in arid
areas. Its use can minimize the strain on existing water delivery facilities and local
water resources. Constructed wetlands designed to treat secondary effluent will
directly affect the reclaimed water supply as a functional equivalent of advanced
treatment. Concurrently, diminishing ground-water resources could be supplemented
or, in some areas, additional recharge water could be provided as part of a
comprehensive ground-water remediation program. The net result will be the
maximum utilization of local water resources, thereby reducing the dependence on
imported water supplies.

The success of the project is demonstrated by the many national and international
visitors that have toured the research and demonstration site to date, including two
groups from Australia, representatives from Taiwan and the People’s Republic of
China, and a delegation from 14 Middle Eastern countries. In addition, local school

1
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children utilize the wetlands as an environmental science laboratory, learning about
wetlands ecology, the value of reclaimed water and its reuse, and developing an
awareness of water as a finite and precious resource. The site is well-known among
bird watchers and is one of the locations used by the Audubon Society for its annual
Christmas Bird Count. In contrast to its arid surroundings, the facility provides green
space and habitat appealing to both people and wildlife.

National, State, and regional awards that the project has received include the
Association of Metropolitan Sewerage Agencies (AMSA) Research and Technology
Award for 1994; California’s Local Government Commission 1992 Award for
Innovation in Water Conservation, Reclamation, and Management; and the Inland
Empire West Resource Conservation District 1993 Conservation Partnership Award
for Water Quality.

[
The 5-year study began in December 1990 with the signing of a Memorandum of
Agreement. Phase I of the study established specific goals and objectives and
developed conceptual designs for multipurpose wetlands at three separate sites
comprising up to 243 hectares (ha) (600 acres (ac)). The objective of these
demonstration projects was to allow the development of information on wetlands
design features that could ultimately be used as guidance for the development of
similar projects across the nation. The Phase I Report (November 1991) provided
background information and preliminary design concepts for wetlands at the
Hemet/San Jacinto Regional Water Reclamation Facility (RWREF), Little Valley, and a
site in the vicinity of the San Jacinto Wildlife Area. It contained information on soil
characteristics, fauna and flora, and hydrology for each site.

The wetlands which are being developed as part of this project are truly multipurpose
in nature, providing water treatment, public education, wildlife habitat, open space,
recreation, and other public benefits. In addition, each site has specific water
resources objectives. For example, tertiary treatment and nutrient removal are the
primary objectives at Hemet/San Jacinto; ground-water remedlatmn and nitrate
removal are the focus for Little Valley, and ground-water recharge and remediation of
brackish ground water are the main objectives for the San Jacinto Wildlife Area site.

This Phase II/III Report covers the activities which have taken place since the Phase I
Report was completed in November 1991. The major accomplishments were the
design, construction, and monitoring of the wetlands research facility and final design
of the 19-ha (47-ac) Hemet/San Jacinto demonstration wetlands. Work at Little
Valley and the San Jacinto Wildlife Area sites has progressed more slowly due to the
need to conduct more extensive hydrogeological and environmental investigations.

The EMWD/USBR/NBS Wetlands Research Facility was constructed at EMWD’s
Hemet/San Jacinto RWRF. This 3.2-ha (7.8-ac) site includes two 0.2-ha (0.5-ac)
nursery cells and eight pilot research cells. The nursery cells were constructed first



to propagate bulrush for later transplant to research and demonstration projects and
determine the most efficient harvesting and planting techniques. The research cells
are being used for ongoing research to monitor plant growth and establishment, water
quality dynamics, sediment quality, and benthic invertebrates. The first year of
monitoring has provided data on baseline conditions and seasonal and long-term
variability and trends. The next phase of monitoring (Series 2) will look more closely
at nutrient dynamics, nutrient input from wildlife, the significance of open water
versus vegetated zones, and other topics.

The research facility also includes a pilot reverse osmc‘;gis (RO) desalination unit,
saline vegetated marshes, and evaporation cells, The RO/saline marsh project
involves studying the feasibility of supporting saline vegetated marshes with the reject
stream of the desalter. If successful, the use of desalters and saline marshes will
become part of EMWD’s total water resources management program, allowing
EMWD to reclaim brackish ground water and address the salt balance issue associated
with reclaimed water. Brine disposal is a major cost element in the use of desalters v
in inland areas. The success of the saline marsh effort could result in an additional
use of brackish water for the development of habitat, greenbelts, and open space and
reduce brine disposal costs. A monitoring program has been initiated to assess
bioproductivity, toxic accumulation, and habitat value.

In addition to the research program, EMWD secured a Federal loan through the Small
Reclamation Projects Act (SRPA) loan program to develop an extensive reclaimed
water distribution system which included construction and enhancement of up to

243 ha (600 ac) of wetlands. The loan program was created in 1956 to stimulate
local economies and benefit the nation by extending, reclaiming, and recycling local
water supplies. The loan program gives special consideration to wetlands '
enhancement opportunities in conjunction with local water management techniques.

The original wetlands as envisioned in the loan application were much less
sophisticated and beneficial than the wetlands now being constructed. These wetlands
were single-purpose in nature, thus requiring minimum grading for shallow ponds and
indigenous shoreline vegetation. However, subsequent to the preliminary research
effort by EMWD and UUSBR, it was cooperatively agreed to pursue the development
of multipurpose wetlands. This resulted in the development of highly-engineered
wetlands to support multipurpose objectives, including control features to enhance
water quality, wildlife habitat, and other public benefits.

Design of the 19-ha (47-ac) Hemet/San Jacinto Multipurpose Constructed Wetlands
was accomplished in stages with input from EMWD, USBR, NBS, CH2M Hill, and
the Technical Advisory Committee (TAC). (First) baseline and planning investigations
were conducted by USBR and NBS to identify conditions and issues which could
affect the design development. c the wetlands preliminary design
investigations, provided critical information pertaining to site engineering, wetlands
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system design, and landscape and planting features. in the Design
Co and Criteria Report, prepared by EMWD and USBR in June 1993. The

final stage)of design, preparation of construction drawings, specifications, and

contract documents, took place between June and November 1993, with engineering
consulting services provided by CH2M Hill. This Phase II/III Report covers activities
through the final design. A Phase IV report will be prepared after the completion of <
construction of the Hemet/San Jacinto wetlands.

Construction of the Hemet/San Jacinto wetlands, funded with SRPA loan funds, began
in January 1994. Located at the northwest corner of the Hemet/San Jacinto RWREF,
the site is well-suited for the evaluation of water treatment efficiency under varying
loadings. Being situated within the Pacific Flyway, it is also an excellent location to
promote waterfowl diversity and provide public education benefits. This project was
designed in collaboration with the USBR and NBS technical team. Several design
features are included specifically to enhance habitat and allow public viewing.

Planting and upland landscaping began in mid-August and will continue in phases
until the end of December 1994. The first phase will involve transplanting of bulrush <
from the nursery cells. A monitoring program will begin shortly after planting to
assess plant establishment, wildlife use, and water quality.

The Hemet/San Jacinto wetlands design is already serving as a model for other cities.
The City of Phoenix has proposed a similar conceptual design for the Tres Rios
Demonstration Wetlands Project that is currently underway. Constructed wetlands
have great public appeal and offer significant advantages in terms of cost over
conventional wastewater treatment. The type of information and experience which is
being generated by the EMWD/USBR/NBS effort is essential to further the state of
the art of constructed wetlands application and design.

Many aspects of the EMWD/USBR/NBS Multipurpose Wetlands Research and
Demonstration Project are ongoing. In particular, the research and monitoring efforts
up to this point have been devoted largely to gaining data on baseline conditions or
conditions during establishment of a mature wetlands system. Therefore, this report
presents discussion and recommendations rather than final study conclusions. One of
the purposes of the report is to allow input from the Technical Advisory Committee
on the interim results and recommendations for further research.

Based on experiences thus far, tthrsery is recommended to
provide adequate plant material when building a farge wetland. Establishment of t the
nursery cells at the Hemet/San Jacinto research facility was very successful. Within
3 months (July to October 1991), the original plant density increased, on average,
about 16 times. There was enough plant material in the southwest comer of the north
cell to vegetate the eight research cells successfully. The 0.4 ha (1 ac) of material in
both nursery cells is expected to be sufficient to vegetate the 8 ha (20 ac) of marsh
area in the demonstration wetlands.



Various methods of transplanting bulrush were evaluated. When removing bulrush
from the donor site, it was found that there was no difference between the use of a
backhoe versus hand-digging with a shovel; however, use of a backhoe may cut labor
costs. When planting at the new site, staking the bulrush root clumps on top of the
dry substrate, then flooding, is recommended as the best technique. This technique
produced the most rapid propagation, which, in turn, provided the shortest time to
total coverage. It was also the least labor-intensive and, therefore, the most cost-
effective.

The research cells were constructed of two typ/es to allow comparison of water
treatment performance. Four of the cells have open water areas in the middle (three-
phase), while the other four are fully vegetated (one-phase). Based on preliminary
water quality monitoring, the most significant difference between the two types of
cells was the performance in reducing nitrogen. The difference may be attributed

both to nitrogen input from blackbirds inhabiting the bulrush and to better nitrification »

in the cells with open water. Further experiments are proposed to study these
possibilities.






CHAPTER 1

INTRODUCTION

The Multipurpose Wetlands Research and Demonstration Project is examining the role
of wetlands in conjunctive management of water, land, and environmental resources.
The project is a cooperative effort among EMWD, USBR, and NBS. This wetlands
demonstration program and related studies will evaluate and expand the use of
reclaimed water and ground-water resources through the incorporation of
multipurpose constructed wetlands into comprehensive plans for water resources
management.

The focus of the wetlands component of the reclaimed water resources management
program is the development of design, construction, and operational criteria that will
provide a cost-effective and innovative alternative for managing water resources and
provide other public benefits in arid areas. The program recognizes that scarce water
resources place increased emphasis on integrated approaches to utilize water resources
while protecting valuable ecosystem functions. It is also responsive to indications that
naturally-occurring wetlands have been disappearing at an alarming rate, a problem of
nationwide concern given the potential implications of losing a highly-productive food
base and an extraordinarily dynamic ecosystem resource.

The cost of the wetlands research program has been shared by EMWD, USBR, and
NBS through a combination of in-kind services and direct funding. The costs of
design and construction of the full-scale demonstration facilities are being funded by a
Federal loan and grant under Public Law 84-984. EMWD secured an SRPA loan to
develop an extensive reclaimed water distribution system to serve its customers and to
build up to 243 ha (600 ac) of wetlands to provide multiple environmental and public
benefits.

PROJECT HISTORY

In the early planning stages of the project, a five-phase plan was formulated as a basis
to establish full-scale wetland demonstration facilities at three selected sites. Upon
completion of the first phase, a project report was prepared to delineate project goals,
objectives, and principal research issues for the Multipurpose Wetlands Research and
Demonstration Project. The Phase I Report also presented conceptual-level design
plans for wetland systems to be established at each of the three sites, along with
general information on soils, fauna and flora, and hydrologic characteristics associated
with each site.
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The five phases identified correspond to a discrete sequence of activities envisioned
for each of the wetland demonstration sites as follows:

Phase 1 Conceptual Design -

Phase II Predesign Investigations (and Environmental »
Assessment/Environmental Impact Statement work)

Phase III Final Design (and permitting) .-

Phase IV Construction of Demonstration Facilities ©

Phase V Operations and Monitoring. =~

The five phases pertain to the conventional engineering development stages rather
than distinct types of research studies. The project was initially conceived as a
combined research and demonstration effort. As such, the project is comprised of *
applied science and engineering principles as required to construct wetland facilities j
while attributes are incorporated to increase the value of the wetland facilities by
allowing investigations into the principal topics of interest.

Although three sites were identified in the Phase I Report, most of the subsequent
investigation and design efforts have been focused at the Hemet/San Jacinto site.
Work at Little Valley and the San Jacinto Wildlife Area sites has progressed more
slowly due to the need to conduct more extensive hydrogeological and environmental
investigations and to expand the water resource management objective for these areas.

Plans for the Hemet/San Jacinto RWREF site have progressed through the Phase 1I
preliminary design investigations and the Phase III final design. Construction plans
and specifications have been completed, and construction began during the winter of
1993. Planting of the wetlands vegetation began in mid-August and will be complete
in December 1994. Planting plans for the terrestrial areas of the site are currently in
preparation and will likely be implemented in late 1994.

Phases II and III also marked the construction of two wetland fursery cells, which
were built and planted for the purpose of providing plant stock for the pilot- and full-
scale wetland demonstration facilities. Eight research cells have been fully
established, and the first series of pilot-scale research investigations was initiated.
Both of these facilities were constructed at the Hemet/San Jacinto site. A pilot-scale
RO system and saline marshes and evaporation cells to utilize the RO reject water
were built at this site to allow research into ground-water remediation feasibility.

PURPOSE OF REPORT
This Phase II/III Report covers the activities which have taken place since completion
of the Phase I Report, dated November 1991. Although several papers have been

written and presented on the work which has occurred since then (see Appendix H),
the major report which has been issued as part of the study is the Design Concepts
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and Criteria Report, dated 1993, which served as guidance and direction for final
design of the Hemet/San Jacinto demonstration wetlands.

As a result, this Phase II/III Report covers a relatively long period of activity, and it
serves several purposes. It is acting as a status report for the EMWD/USBR/NBS
cooperative study, a scientific report on the preliminary research results, and a
documentary report on the final design and public involvement activities.

The Multipurpose Wetlands Research and Demonstration Project will be completed in
September 1995. A Phase IV Report will document the project activities and events
through the construction of the demonstration facilities at the Hemet/San Jacinto site.
A final report will present findings of the research investigations and the conclusions
pertaining to demonstration issues such as the overall feasibility and cost effectiveness
of multipurpose constructed wetlands, a summary of what was learned, and
recommendations for project planning, design, construction, and operations of
wetlands as part of water resources management.

One of the objectives of this study is to provide useful information on the costs to
design, build, operate, and maintain the wetland facilities. Financial information will
be included in the final report. By that time, the Series 2 monitoring at the research
facility will be complete as well as construction and planting of the Hemet/San Jacinto
Multipurpose Constructed Wetlands demonstration system. In addition, a monitoring
program for the demonstration system will have been implemented.

Once the present study is complete, there will still be many opportunities for further
investigations at both the research facility and the demonstration facilities. This may
occur through cooperative research agreements between EMWD and other agencies or
universities or through grants, loans, or volunteer programs. For example, EMWD,

SBR, and the United States Geological Survey (USGS) are cooperating in an effort
to characterize the total organic carbon entering and leaving the wetlands. Other
areas of interest are virus removal, toxicity reduction, biodiversity, nutrient removal,
nonpoint source treatment, habitat enhancement, and public recreation and education.
Many other possibilities exist which can be pursued as funds become available.

This report presents activities undertaken in the Phase II task orders, status of final
design for the Hemet/San Jacinto site demonstration wetlands, and results of ongoing
research investigations at the joint wetlands research facility. Also included are
activities related to public involvement and other pertinent information concerning this
project.

11






CHAPTER 2

SUMMARY OF PROGRESS

TASK ORDER NUMBER 1

Most activities comprising Phases II and III were completed through an agreement
and two task orders among EMWD, USBR, and NBS. The task orders established a
means for accomplishing items necessary to the multiple objectives of the program.
The status of each task item included in the first two task orders is briefly described

in this section.

Not all project activities were accomplished through these task orders. For example,
the final design work was completed by the design consultants, and the design review
and coordination was accomplished directly without task orders. The results of these
efforts are presented in the summary of the Hemet/San Jacinto site final design in

Chapter 3.
Task No. 1.1, Wetlands Nursery Cells

As the initial stage in the EMWD/USBR/NBS Multipurpose Wetlands Research and
Demonstration Project, two 0.2-ha (0.5-ac) nursery, or plant propagation, cells were
constructed during the first half of 1991. These cells provided a facility

v for propagating bulrush for later use in research and demonstration projects and for
determining effective and practical planting techniques. Secondary-treated reclaimed
water from the Hemet/San Jacinto RWRF was piped into the nursery cells at an
average flow rate of approximately 56.8 liters per minute (L/min) (15 gallons per
minute (gal/min)) per cell.

Between July 1 and 10, 1991, California bulrush and hardstem bulrush were harvested
from four local donor marshes, and some bulrush were also purchased from a native
plant nursery for the establishment of the nursery cells. Several methods were
utilized in planting the bulrush to determine the best methods for later harvesting and
transplanting. One objective was to generate enough plant material in the nursery
cells to later vegetate the larger-scale demonstration wetlands. The staking of bulrush
clumps to the soil surface followed by immediate flooding was determined to be the
best method of transplant, the least labor-intensive, and the most cost-effective, while
achieving a high survival rate and rapid propagation. In addition, other wetland
plants and indigenous riparian plants were introduced into the nursery cells to test
their adaptability and survivability.

Water quality within the nursery was monitored for 8 months to gain an early
indication of how effectively the planned wetland system would improve the quality of
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EMWD’s reclaimed wastewater. Additionally, samples of benthic invertebrates were
collected to obtain basic information on development of the invertebrate community in
the system. These data can give an indication of system developmental rate and status
as well as food availability for wildlife that might be expected to use the
demonstration wetlands. Mosquito larvae production was also monitored in the
nursery; the resulting data will have public health implications for all future wetlands
development.

California bulrush taken from the southwest corner of the north nursery cell was used
to plant the eight research cells from September 2 to 9, 1992. Since then, that area
of the nursery has completely revegetated itself. During the summer of 1994, plant
material in the nursery will be used to vegetate the full-scale demonstration wetlands.

Task No 1.2, Research Cells

EMWD/USBR/NBS personnel designed eight »{l/gtlands pilot cells for the joint
research facility during the spring of 1992. Construction began on June 24, 1992,
and the completed cells were planted with California bulrush from the nursery cells
from September 2 to 9, 1992. The Series 1 monitoring program began 6 weeks after
planting, on October 20, 1992.

The objectives of the Series 1 monitoring program were to document the processes by
which the research cells became established as operational water treatment/habitat
units and to determine the degree of variability between the three-phase and one-phase
cells and among the cells within each type. Monitoring activities were focused on
four aspects of cell establishment: vegetation establishment, sediment-water
interactions, development of the macroinvertebrate communities, and water treatment
functioning.

Initial plans called for the Series 1 monitoring program to continue through April
1993, but heavy winter rains and flooding of the cells forced the suspension of all
monitoring activities from February 11 to May 5, 1993. The Series 1 monitoring
program was extended, as Series 1A, from May through October 1993 in an effort to
compensate for the data lost during the rainy season.

The Series 2 monitoring program is currently under development and will be included
in Task Order Number 3 between EMWD, USBR, and NBS. Recommendations for
Task Order Number 3 are contained in Chapter 4.

Task No. 2.1, Wetlands Baseline and Planning Investigations

Baseline investigations were undertaken to establish initial conditions for use as a

reference in future research at demonstration wetlands. In addition, planning
investigations addressed topics which affected the design development, such as
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PHOTO 2.

HARVESTING CALIFORNIA BULRUSH FROM DeVUYST DRAIN FOR

PROPAGATION (NURSERY) CELLS

PHOTO 3.

PLANTING THE NURSERY CELLS WITH TLC
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PHOTO 4.
CELL

PHOTO 5.
CLUMPS

PLANTING NATIONAL CITY'S BARE ROOT UNITS IN NURSERY

PLANTING RESEARCH CELLS; CALIFORNIA BULRUSH STAKED
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PHOTO 6. SETTING UP WATER
QUALITY SAMPLES IN RESEARCH
CELLS

PHOTO 7. COLLECTING PLANT
GROWTH DATA IN RESEARCH CELL
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defining planting, landscaping, and monitoring/testing needs. As such, these activities
directly supported the planning of wetland facilities to achieve fundamental wetland
system functions, while allowing specific features to be adjusted or integrated for
research purposes. Four subtasks were identified to accomplish these tasks:

1. Wetlands Study and Monitoring Program: The intent of this task was to
identify critical research and demonstration issues as they might affect the
incorporation of distinct facilities or features into the demonstration
system design. Consideration also included a determination of which
types of wetland issues should be investigated at the demonstration sites
and the research cells. These issues were presented to the TAC to gain a
broad-based perspective of critical issues concerning constructed wetlands.
This effort helped to delineate the types of studies appropriate for
different facilities, to establish an experimental plan for the initial stages
of research, and to answer critical issues regarding preliminary
design development of the Hemet/San Jacinto site demonstration facilities.
A monitoring and research program will be developed for the Hemet/San
Jacinto site within the next year.

2. Soils Investigations: These specific investigations were intended to
examine and evaluate the potential interactions of the Hemet/San Jacinto
site soils with the reclaimed water supply for the wetlands system. Some
initial field testing was completed using the nursery and pilot wetland
facilities for these studies. There was no indication that wetlands could
not be sustained by using reclaimed water at the site, or that constructed
wetlands would pose harmful consequences to wildlife that would exceed
ambient conditions associated with the supply water and site soils.
Transformations and soils characteristics may be researched through
ongoing studies; however, the feasibility issues associated with water and
soils were considered to be addressed through these investigations.

3. Vegetation and Propagation Studies: These studies were intended to
determine the appropriate and desirable plant communities for use within
the Hemet/San Jacinto wetlands and on the surrounding terrain. The effort
also included examination of different methods to propagate large
quantities of emergent vegetation as required to initiate vegetation growth
in full-scale wetland systems and assessment of the methods to transplant
plant materials. Seed germination experiments were conducted, and the
growth of plants established by various techniques was monitored in the
nursery facilities. A determination was made that staking bulrush clumps
prior to flooding is the most effective method of establishing the bulrush
communities in the marsh areas. Other plants can be established according
to individual needs. A tentative planting plan was developed for both the
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terrestrial and wetlands plant varieties to be used in the Hemet/San Jacinto
wetlands facilities.

4. Wetlands Preconstruction Investigations: The major objective of this task
was to identify baseline studies which were needed before proceeding with
final design and construction of the wetlands system at the Hemet/San
Jacinto site. Included was a review of the wetlands conceptual design in
relation to site plans, to evaluate any site characteristics which might be
affected by the proposed wetlands system, and to determine a course of
action for initiating studies or establishing interim plans to coincide with
the ongoing final construction planning. The review of site conditions was
simplified by the decision to build the wetlands system within a 19-ha
(47-ac) site area that had been used previously as a reclaimed water
storage facility. The baseline investigations were largely restricted to
consideration of converting open storage ponds and surrounding berms and
roads to a constructed wetlands with multipurpose attributes. Existing
wildlife use of the proposed site was considered moderate and was
predominantly identified with waterfowl using the adjacent duck-hunting
club ponds, migrating shorebirds, or songbirds primarily attracted to other
parts of the RWRF, or small mammals immigrating onto the site from
surrounding agricultural land and fence row habitat.

Research and wetlands system issues will be reviewed during the next year to
assemble more detailed plans for monitoring and research to be undertaken at the
Hemet/San Jacinto site. As the demonstration program progresses, studies are likely
to be continually reviewed and adjusted, as appropriate, to address important
objectives within research funding capabilities.

Task No. 2.2, Wetlands Preliminary Design Engineering

This task consisted of preliminary design engineering investigations as required to
proceed with final design and preparation of the construction plans, specifications, and
contract documents for the Hemet/San Jacinto Multipurpose Constructed Wetlands.
Five subtasks were identified to complete the preliminary design engineering:

1. Engineering Review of Wetlands Systems: This subtask included review of
the wetlands conceptual design and additional information available to
ensure that the design direction remained consistent with the full-scale
demonstration project objectives. Once the overall constraints to design
were established, specific engineering issues were resolved pertaining to
the hydraulic systems, site earthwork, and ancillary features comprising
the complete multipurpose wetlands system. The intent was to compile all
information and findings necessary to allow preparation of final design
plans for the construction of all wetlands system components and features.
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2. Geotechnical Investigations: Site-specific engineering issues pertaining to

the properties of site soils were addressed by completing field and
laboratory geotechnical investigations. Due to the specialized nature of
these investigations and logistical considerations, these investigations were
accomplished by contract to a certified professional geotechnical
engineering firm. The results and findings of these investigations are
presented in a report prepared by Inland Foundation Engineering, Inc., in
1993. The contract was completed, and results of these investigations
were used to evaluate two major wetlands engineering issues, namely:

(a) the suitability of site soils for earthwork construction, including
creating designed slopes, grades, and structural backfill considering the
implications of wetlands development; and (b) the ability of site soils to
retain water within the wetlands system considering operational objectives
and relevant regulatory constraints. These results were used in final
design and in consideration of site monitoring wells.

3. Preliminary Design of Wildlife Features: Development to a preliminary

design level was required due to the specific nature of these features and
the potential need to convert biological requirements into distinct
engineering terms for use in final design construction plans. The majority
of this work centered on details for features that were added to the basic
wetlands design. For example, the size, shape, grade, and location of
islands, shallow pond zones, and moist-soil areas were all defined to an
appropriate level of detail. Design requirements to achieve specific
conditions, the practical constructibility, and cost factors were considered
in each case. Results were incorporated into the final design criteria and
recommendations.

4. Surveying and Mapping: Site surveying and preparation of base

5.

topographical maps were both accomplished by EMWD. Site surveys
were delayed for some time due to water on the site area following the
heavy rains during the winter of 1993. Surveys were completed, and base
sheets were prepared in digital form for transfer to the final design team.

Preliminary Site Engineering: This subtask included identification of all
remaining concerns to be addressed prior to proceeding with final design.
Specific items identified were: (a) location and assessment of utilities that
would be affected by the wetlands project; (b) review and assessment of
applicable land ownership and right-of-way considerations; and

(c) consideration of a land-use master plan for the entire Hemet/San
Jacinto RWRF property with respect to the possibility of integrating the
wetlands demonstration project with other facilities on the property. All
potential utility and ownership issues were resolved and recorded for
reference in final design. Development of a master plan was considered;
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however, existing site constraints and future needs for storage of reclaimed
water within the property precluded development of a master plan within
the timeframe of this wetlands demonstration project.

The major product of this subtask was a report entitled Design Concepts and Criteria
Report, prepared by EMWD and USBR, June 1993. It includes the critical design
information pertaining to site engineering, wetlands system design, and landscape and
planting features. The geotechnical investigations report, certification of property
ownership, and draft instructions for planting wetland vegetation are included as
appendices to the report. For purposes of this project, this report serves as the
preliminary design engineering report to provide design constraints and criteria to
guide final design. It was transferred to the final design team as a basis for preparing
construction plans and specifications for the Hemet/San Jacinto site wetlands
demonstration system.

Task No. 2.3, Preliminary Environmental Regulatory Review

Task No. 2.3 consisted of a preliminary review of National Environmental Policy Act
and California Environmental Quality Act (CEQA) requirements for demonstration
wetlands at three sites.

An initial study and CEQA negative declaration for the Hemet/San Jacinto wetlands
facility was adopted by EMWD’s Board of Directors on April 7, 1993. The analysis
was simplified by the fact that the site had previously served as a reclaimed water
storage pond.

Biological and archeological field surveys for the Little Valley site have been
completed. The biological survey of Little Valley found that the 12.4 ha (30.6 ac) in
the central floodplain portion of the property is relatively constraint-free except for
the small amount of existing wet habitat (recharge area). In contrast, the surrounding
uplands support primarily coastal sage scrub, a plant community recognized as highly
sensitive by local, State, and Federal resource agencies. Any impacts to coastal sage
scrub may require mitigation in the form of revegetation or off-site habitat acquisition
coupled with the dedication of that habitat to open space. Potential impacts to the
limited amount of wet habitat in the center of the site could be mitigated by the
creation of wetland habitat associated with the project and yield a net benefit for
wetlands.

The cultural resource assessment of Little Valley found a large archeological site in
the southwestern corner of the property which would not be impacted directly by the
wetlands. However, the site is vulnerable to indirect impacts such as erosion and
unauthorized collection of artifacts. These could be mitigated by restricted public
access, fencing, and erosion control measures. A Phase II cultural resource
assessment is planned to collect more information.
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A CEQA Notice of Exemption was obtained for the performance of predesign
investigations at Little Valley on August 6, 1993. It covers geophysical and
geohydrological studies at the site. These studies will provide scientific information
needed to design the wetlands and recharge areas.

Discussion of a potential wetlands location in the San Jacinto Wildlife Area was
included in an Environmental Impact Report/Environmental Assessment prepared by
K. S. Dunbar and Associates in September 1990.

Further environmental regulatory review work is necessary for both the Little Valley
and San Jacinto Wildlife Area sites. However, these sites are no longer part of the
EMWD/USBR/NBS Cooperative Research and Demonstration Study, and they will be
addressed separately by EMWD.

Task No. 3.1, Investigations and Planning of Ground-water Recharge

This task included examination of factors concerning the feasibility of recharging
ground-water aquifers, especially with respect to the use of wetlands-treated reclaimed
wastewater. The investigations considered the use of several different ground-water
formations in the area, including recharge of water to augment local ground-water
resources and the potential for remediation of poor quality ground-water supplies
within the EMWD area. This included a review of data and information available
pertaining to the major ground-water basins, characteristics of selected recharge sites
for either passive percolation or injection recharge, and the prevalent regulatory and
public health implications. Also included was an evaluation of current information
and the application of computer modeling to address the recharge and aquifer
characteristics.

Application of specialized computer models was deferred due to the limited
information available to address the complex geohydrology over relatively extensive
and undefined aquifer formations in the area. The selection of an appropriate model
may depend on the quality of recharge water sources. As a result of early
investigations, the focus of this task shifted to evaluation of distinct feasibility issues
concerning recharge of wetland-treated water in general and to examine the potential
for recharge of alternate fresh and reclaimed water sources at Little Valley.

Investigations of the Little Valley site were to consider the subsurface characteristics
which could affect the ability to recharge defined aquifer basins of interest.
Recommendations for a geophysical testing program were prepared to guide the
collection of information required to address unknown aspects of the Little Valley

site. While these specific geophysical investigations were not undertaken as part of
this task, a seismic reflection survey of the site was completed by the USGS in
August 1993. Preliminary results indicated that the direction of subsurface water flow
may be toward a less desirable ground-water basin than was expected. Specific field
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exploration testing is planned to confirm these initial findings. A cost estimate and
specifications for these field tests were also submitted as part of this task. Further
geophysical/geohydrologic investigations are beginning in June 1994 under an
agreement between EMWD and USGS.

California has produced draft guidelines for recharge of reclaimed water at the time of
this task. The draft guidance provides specific criteria for recharge effects on ground-
water resources and blending requirements in proportion with the organic carbon
content of the water source. As written, the organic carbon issue may have strong
implications on the feasibility of recharge with wetland-treated water. These topics
will warrant close attention as the final regulations are established.

Task No. 3.2, Wetlands Impacts on Ground-water Aquifers

A topic related to ground-water recharge is the impact of wetlands development on
ground water and geologic formations. This includes the effects of seepage losses
from wetlands, inadvertent recharge, chemical interactions with ground water, and the
potential for seismotectonic damage from either injection or percolation. The
emphasis here was on the Hemet/San Jacinto site since this site will be the first to
have a full-scale wetlands demonstration system established. The major objective of
this task was to evaluate the issues concerning seepage from the wetlands and the
possible interactions of wetland water with ground water. Issues related to injection
technology were not considered in detail as part of this task. These issues warrant
specialized investigations in the event that injection operations are considered for any
application.

However, the Hemet/San Jacinto wetlands site has been permitted for several years by
the California Regional Water Quality Control Board for storage of reclaimed water.
Reports from EMWD and the May 1993 geotechnical investigations by Inland
Foundation Engineering, Inc., have indicated that seepage is negligible. USBR
recommended that monitoring wells be instailed at the Hemet/San Jacinto site to
provide information for analysis of effect of the wetland pilot plant on ground-water
conditions. Based on the assumption that the demonstration wetlands would not be
likely to exhibit effects on the ground-water resources that would be appreciably
different from those associated with storage of reclaimed water, and since the volume
of water in the wetlands would be considerably less than was historically stored, plans
for construction of the wetlands were finalized without inclusion of ground-water
monitoring wells.

Task No. 4.1, Saline Marsh System
A pilot study was undertaken at the wetlands research facility to evaluate the use of

RO desalting for improving the quality of brackish ground water in the Lower San
Jacinto Ground-water Basin to potable standards and also to evaluate the use of RO
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PHOTO 8. REVERSE OSMOSIS UNIT

PHOTO 9. SALINE VEGETATED MARSHES AND NONVEGETATED
EVAPORATION PONDS
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reject brine for the support of salt-tolerant emergent vegetation. The benefits derived
from the successful demonstration of these goals would include the reduction of RO
reject brine volume through plant transpiration and evaporation (evapotranspiration)
and the creation of irrigated greenbelts, open spaces, and habitat areas.

The pilot facility consists of an RO treatment unit, two saline vegetated marshes, and
two non-vegetated evaporation cells.

Task No. 4.1 dealt with the saline marshes and evaporation cells. (Task

No. 4.2 dealt with the RO system). Task No. 4.1 consisted of four parts:

(1) research and design; (2) construction; (3) planting; and (4) monitoring. Parts 1,
2, and 3 have been completed. Monitoring will continue for at least one more year to
measure the long-term effects of saline marsh operation on the biota. This will be
done as part of the cooperative research and demonstration program under a future
task order (Task Order Number 3) or independently by EMWD.

Two 12.2-meter (m) by 24.4-m (40-foot (ft) by 80-ft), lined vegetated cells (saline
marshes) and similarly-sized, lined, non-vegetated evaporation cells were constructed
in April 1993 under the same construction contract as the wetland research cells. The
piping system for the saline marshes and evaporation cells were installed by EMWD
crews. The marshes were planted with four salt-tolerant species on April 27 and 28,
1993, by EMWD/USBR/NBS staff. The plants received fresh water to promote
establishment for 6 weeks; reject brine from the RO unit was first added June 7,
1993.

During peak evapotranspiration periods in the summer of 1993, the addition of

4.7 cubic meters (m®) (1250 gal) of reject brine each weekday was insufficient to keep
both saline marsh cells continuously wet. Therefore, beginning on September 20,
1993, 9.4 m*® (2500 gal) of potable water from a local fire hydrant was added weekly
to the north cell. The south cell continued to receive the reject brine through
February 1994.

Operation of the RO unit for 2 weeks at the beginning of February 1994 was hindered
by rain, making the road to the RO unit inaccessible to the water hauling truck. After
the rains, road regrading work was performed by EMWD crews. An electrical
failure at the well supplying the RO unit also caused a brief shutdown while EMWD
electricians made repairs. The ownership of the well supplying water to the RO unit
suddenly changed in February 1994, and water could not be pumped from the well
after February 23, 1994. Negotiations to form a license agreement with the attorney
for the new owner have taken longer than anticipated. From approximately

February 24, 1994, until the present (June 1994), the RO system has been shut down,
and both saline vegetated marshes are being supplied by the winter rains or fresh
water from a nearby fire hydrant. At the time of this writing, the trustee for the new
owner of the well is reportedly close to signing the new license agreement.
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Task No. 4.2, Reverse Osmosis Water System
Twelve subtasks were associated with Task No. 4.2, as follows:

Design RO pilot plant; select membrane elements to be tested;
Conduct bench-scale tests to evaluate pretreatment alternatives;
Procure process equipment, instrumentation, and membrane elements;
Fabricate RO test skids and assemble pilot plant;

Document operation and maintenance (O&M) procedures; prepare test plan
and data sheets;

Perform shakedown testing at the Denver laboratories;

Complete test site preparation;

Ship pilot plant to test site;

Installation at the site, plant start-up, and operator training;

Complete testing and evaluation of RO membranes; lab analyses;
Prepare final report;

Continue operation in support of saline marshes; and lab analyses.

oo o

ot R PR

Of the 12 subtasks listed above, the first nine have been completed. The first five
were accomplished at USBR’s Denver laboratories. Site preparation (concrete slab
and shade structure) was performed by EMWD personnel. The shipment, installation,
and start-up of the pilot plant equipment and training of an EMWD operator were
completed by the end of April 1993. Subtask 4.2(j) began on May 3, 1993, and is
within 4 months of completion. Subtask 4.2(k) will be accomplished following the
completion of membrane testing. Subtask 4.2(1) will continue for approximately
another year.

Operators from EMWD are charged with the day-to-day operation of the RO pilot
plant. They operate and maintain the system, in accordance with the system Oo&M
manual, and collect data. Overall direction for the RO test program is provided by
USBR’s Denver Office.

Subtask 4.2(b), "bench-scale testing”, was conducted in anticipation that RO
operations were to be performed using the Walker Duck Club well water. It
consisted of laboratory experiments to evaluate brine-regenerated ion exchange as a
pretreatment process. Because of the high concentrations of calcium and bicarbonate
in the Walker Duck Club well water, it would have been necessary to add a
considerable amount of acid plus anti-scalant to avoid the precipitation of calcium
carbonate in the RO membranes. Ion exchange experiments were conducted using a
strong acid cation exchange resin operated in a sodium cycle to remove calcium.
Regeneration of the resin was attempted using a brine solution synthesized to
duplicate the anticipated RO reject brine. These experiments were completed in
April 1992, and the results were documented in a May 1992 memorandum report to
EMWD from USBR. Subsequent to these experiments, the Walker Duck Club well
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was abandoned as a potential RO feedwater source because of severe flooding and
access problems.

EMWD located another well known as the Moreno Highlands well. This well was
determined to have acceptable water chemistry. It is located in the lower San Jacinto
Ground-water Basin, as was the Walker Well, but it is more accessible.

TASK ORDER NUMBER 2
Task No. 1.1, Hemet Invertebrate Sampling

The primary objective of the invertebrate sampling program was to provide evidence
of the establishment of equilibrium conditions within the research cells. This
information would support or refute the water quality and plant establishment studies.
Secondary objectives were to: (1) document the pattern and pace of development of
the invertebrate communities in order to gain insight into the invertebrate communities
likely to develop within the demonstration wetland; (2) to develop or refine
invertebrate sampling procedures for experimental work in the research cells; and

(3) to develop procedures for monitoring the demonstration unit.

Samples of benthic macroinvertebrates were collected on three occasions during 1993
using two different methods. There was no evidence of equilibrium establishment
within the sampled community, and the sampling problems encountered have led to
significant revisions in proposed methods to be employed in the demonstration
wetlands.

Task No. 1.2, Electrical for Reverse Osmosis Pilot Plant

Installation of electrical service for the RO pilot plant was successfully completed in
April 1993. This service will also serve the pumping plant for the Hemet/San Jacinto
RWREF site demonstration wetlands in the future. To provide the 1200-volt, 200-amp
service, EMWD dug a 975-m (3200-ft) trench from Sanderson Road to the RO
facility, and Southern California Edison laid the cable.

Task No. 1.3, Hemet/San Jacinto Site Geotechnical Investigations

This task was a continuation of the geotechnical investigations undertaken in the first
task order. Task No. 1.3 consisted of coordination with the geotechnical
subcontractor, a review of the results and findings for incorporation into the final

design, and in consideration of the need for site monitoring wells.

The geotechnical investigations were conducted by Inland Foundation Engineering.
They included five borings between April 5 and 7, 1993. The borings were made to

26



depths ranging from 15.7 to 16.9 m (51.5 to 55.5 ft). Standard penetration tests were
conducted during drilling at approximate 1.5-m (5-ft) intervals, and selected samples
were tested to determine moisture content and dry unit weight. Ground-water levels
determined during drilling ranged from 3.8 to 6.6 m (12.5 to 21.5 ft). The report
prepared by Inland Foundation Engineering, Inc., Geotechnical Testing, Wetlands
Demonstration Unit, Hemet/San Jacinto Treatment Plant, San Jacinto Area, Riverside
County, CA, dated May 21, 1993, was reviewed and evaluated by USBR staff
(Appendix A). The report indicated that seepage losses from the ponds were expected
to be minimal and that the proposed facility would not be expected to have any
significant effect on underlying ground water. Absent concerns on seepage from the
ponds, no additional geotechnical activities are being considered for the site.

Task No. 1.4, Hemet/San Jacinto Site Final Landscape Design

Landscape design plans were prepared by USBR personnel for the upland site areas
outside of the main wetlands system footprint. Originally, the landscape design
included both the landform contours for the upland areas and the vegetation planting
and seeding plans for the area. The decision was made to separate the contract for
this landscape work from the construction contract for the wetlands system. The
conceptual landscape grading plan was incorporated into the final design for site
earthwork construction, and plans for the landscape planting, the public overlook
area, and other site amenities were developed separately. USBR’s landscape architect
has completed final landscape plans. The landscape features will be installed after the
wetlands system construction is completed. The upland planting plan consists
primarily of seeding native, drought-tolerant varieties over most of the site land area,
with more intensive planting of selected shrubs and trees in areas near the public
overlook and riparian areas. This plan is being revised and finalized. Provisions
required for temporary or permanent irrigation systems will have to be developed
prior to installation of the upland planting.

Task No. 2.1, Little Valley Pilot Wetlands

The 43.7-ha (108-ac) Little Valley site is located southeast of the City of Hemet. The
site is well-suited for a constructed wetlands demonstration project related to ground-
water remediation and recharge while fulfilling the multipurpose objectives of the
cooperative study. An excellent opportunity exists for using wetlands to treat nitrate-
contaminated ground water collected from adjacent agricultural (citrus) areas and then
percolate the denitrified water into local aquifers. The natural setting and ease of
public access also provide an ideal opportunity for integrating park, open space, and
public education/passive recreation elements with wetlands development to achieve
water resource management objectives.

A preliminary conceptual design for a pilot wetlands at Little Valley was included in
the Phase I Report. This concept has been revised, resulting in several possible
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variations of water treatment wetlands which would blend more with the natural
environment. The two main proposals were to use either upflow gravel filters or
horizontal subsurface flow plant beds to achieve a cienega effect while providing
denitrification. Either the filters or the submerged beds would create a zone of
saturated soil and allow an upwelling effect similar to that found in a natural cienega.
The water would surface and flow through a riparian zone and a recharge zone.

Since ground-water recharge with wetlands-treated water is envisioned at Little
Valley, detailed ground-water investigations are necessary. To enable evaluation of
recharge characteristics and ground-water flow, a geophysical investigation was
performed consisting of running several seismic lines across the valley. It yielded
information on depth to bedrock and slope of bedrock, which was used to determine
ground-water flow direction. An agreement has been developed with the USGS to
perform additional geophysical and geotechnical work, including drilling several test
holes and monitoring wells. With this information, a site plan can be developed.

The EMWD/USBR/NBS Cooperative Research and Demonstration Study Executive
Committee determined that time and funding constraints made it necessary to put the
Little Valley Project on hold while concentrating on the successful completion of the
Hemet/San Jacinto Multipurpose Constructed Wetlands. In the interim, EMWD is
continuing with the hydrogeological work and environmental compliance
documentation.

Task No. 3.1, Hemet/San Jacinto Site Demonstration Wetlands Development

The purpose of this task was to assemble technical information for use as a guide in
the final design of the Hemet/San Jacinto Multipurpose Constructed Wetlands.
Activities centered on the gathering of information to produce a set of instructions,
criteria, and constraints, as a basis for writing the contract specifications, rather than
the actual writing of the contract documents. This task was a follow-up to the
preliminary design activities cited previously in Task No. 2.2 of the Task Order
Number 1 summary. The activities also included initial coordination with the final
design engineering consultant in preparation for proceeding with the final design
process. The two subtasks identified are briefly described as follows:

1. Construction Specifications: Materials compiled to define the final design
construction plans and specifications were presented in the Design
Concepts and Criteria Report previously cited. The reader is referred to
this report for specific details regarding the criteria imposed on the final
design process. Upon completion of final design, the construction plans
and specifications were reviewed and approved by EMWD and USBR staff
prior to release for competitive bidding and contracting procedures.
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2. Planting Specifications: Technical information regarding planting of the
wetlands vegetation was compiled as a basis for preparing contract
documents for this work. The decision was made to separate the
construction work from the planting contract, due to significant differences
in the nature of the work, and to simplify the scheduling and coordination
of site work activities. Draft specifications, prepared by EMWD and
USBR, have been completed. Final specification and contract documents
were completed in July 1994.
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CHAPTER 3

SUMMARY OF FINAL DEMONSTRATION WETLANDS DESIGN

HEMET/SAN JACINTO SITE FINAL DESIGN
Description

The 19-ha (47-ac) Hemet/San Jacinto Multipurpose Constructed Wetlands site, located
at the northwest comer of the Hemet/San Jacinto RWRF, will focus on reclaimed
water treatment, migratory and resident waterfowl and shorebird habitat enhancement
and wildlife diversity, and public education and recreation. Funded with SRPA
(Public Law 84-984) loan funds, this cooperative effort among EMWD, USBR, and
NBS is an innovative use of multipurpose constructed wetlands in a comprehensive
water resources management program which will greatly benefit the local area as well
as other regions of the country.

Final Design Process

The design is a three—pﬁgse integrated system consisting of five separate wetlands
treatment units, a combined open water and marsh habitat area, and a final polishing
wetland. The basic 3785 m’/d (1 Mgal/d) integrated system occupies approximately
10 ha (25 ac) of the site. The system concept is based on marsh and pond areas sized
to achieve certain retention times within the desired water depth and configuration.
Secondary reclaimed water from the Hemet/San Jacinto RWRF will be distributed to
the five wetland treatment units, or arms, then will be recombined in the central area
to flow through the open pond prior to flowing through the final polishing wetland.
The larger final wetlands will combine all flows to remove biological input produced
in the open water habitat area. From the air, the system is "amoeba-shaped” and, on
the ground, the curved lines give the appearance of a natural system.

Wetlands for wastewater treatment have received widespread interest as communities
nationwide attempt to solve water and wastewater management problems. In existing
treatment wetlands, the final step in the treatment process is disposai, and the wetland
is designed with the single purpose of treatment in mind. This project introduces a
new application; it is truly multipurpose--incorporating water treatment, recovery, and
reuse with wildlife values, public education and recreation, and enhancement of
environmental resources.
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Wildlife Features
Included in the design are as follows:

1. A habitat-intensive central pond isolated from operational activities at the
inlets;

2. Two types of moist soil areas to evaluate feasibility and wildlife values;
3. Islands to provide habitat and assess the wildlife value and constructibility;

4. Pond bench and riparian areas to increase shoreline habitat and allow for
specialized vegetation studies;

5. Public amenities and access features designed to minimize interference with
wildlife while allowing viewing, public education, and recreational opportunities; and

6. A landscape plan, including seeding with native grasses and selective
planting of trees and shrubs.

Water Resources Design Considerations
Included to improve water quality performance of the system are the following:

1. A three-phase, marsh-pond-marsh system with directly-connected
components;

2. Inlet marshes sized according to process functions and having an elongated
shape to promote even flow and localize intensive treatment near the inlets;

3. Faster flow rates in the open pond and outlet marsh areas, relative to the
inlet marshes, to reduce internal production and evaporation effects;

4. Arrangement of islands and planting scheme to induce even flow
distribution through the marsh; and

5. Subdivision of inlet and outlet marshes to allow periodic maintenance of
component areas without requiring shutdown of the entire wetlands system.

Public benefits also include education and recreation opportunities. Trails for walking
and hiking, picnic areas, and areas for wildlife viewing and bird watching are
planned. Interpretive centers, displays, and guided tours are included to increase
public awareness of the environment, the value of reclaimed water, and respect for
water as a precious and finite resource. Use of the wetlands by school children as an
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environmental science laboratory for the study of wetlands ecology, the local
environment, and water resources is also of great importance and another public

benefit.

The final design and preparation of construction plans and specifications for the
Hemet/San Jacinto Multipurpose Constructed Wetlands was completed by CHZM Hill,
Santa Ana, California, as consultants to EMWD. An initial meeting and two progress
meetings were held to coordinate the major final design topics concerning EMWD,
USBR, NBS, and the consultant. Design submittals were prepared for review at the
50 percent and 90 percent completion points, and the final product consisted of
construction drawings and specifications for incorporation into EMWD contracting
procedures. A fourth project-end meeting was held to resolve certain design issues
remaining at the 99 percent completion stage.

Coordination of final design consisted primarily of ensuring that critical design
features were correctly interpreted and translated into practical construction plans.
Other site-related engineering problems were also resolved through the final design
collaboration. Development and coordination of final design was accomplished
separately from the task items described previously. Completion of final design
constitutes Phase III of the Multipurpose Wetlands Research and Demonstration
Project.

It is important to note that the conceptual design development focused on functional
aspects of the wetlands; consequently, water supply and conveyance facilities were
defined in terms of operational constraints, from a biological perspective, rather than
engineering design. The Design Concepts and Criteria Report served as the
preliminary document used to translate the operational constraints and objectives into
engineering terms and functions. The construction plans and specifications were
prepared by CH2M Hill.

At the onset of final design, the consultants were requested to review the conceptual
design plans and the results of preliminary design investigations to assess the overall
engineering feasibility and the practicality of constructing the wetland features. They
also employed their environmental experience when reviewing the conceptual plan.
No significant flaws were identified at that time. Any issues regarding site features
or system components which were not clear were addressed and resolved through the
final design engineering process.

The final site plan for the Hemet/San Jacinto demonstration wetlands is shown in
Figure 3-1. This figure includes refinements and adjustments made during final
design and is a graphical representation of the features included in the construction
plans. Note that this site plan indicates considerable modification and refinement
from that illustrated in the Phase I conceptual design report, but the major conceptual
design elements remain intact.
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PHOTO 10. AERIAL VIEW OF HEMET/SAN JACINTO REGIONAL WATER RECLAMATION
FACILITY WETLANDS RESEARCH FACILITY

PHOTO 11. CONSTRUCTION OF DEMONSTRATION WETLANDS
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PHOTOS 12 AND 13. TECHNICAL ADVISORY COMMITTEE AND EXECUTIVE
VISIT DEMONSTRATION WETLANDS SITE
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Operational parameters and design constraints described in the Design Concepts and
Criteria Report are not restated here. Significant results, changes in the wetlands
design elements, and events that transpired throughout the course of the wetlands
design development stages are summarized as follows:

Wetlands Configuration and Site Grading

Prior to the development of the Design Concepts and Criteria Report, a decision was
made to locate the wetlands demonstration site within a specific 19-ha (47-ac) portion
of the Hemet/San Jacinto RWRF site. This decision created some constraints unique
to this site and not necessarily typical of future wetland sites. The earthen foundation
of the site provided in situ seepage control at no additional cost, whereas other
wetland sites may require the addition of a liner system, such as geomembranes, to
provide seepage control. This site consisted of two abandoned, rectangular, water
storage ponds, bounded on all sides by low earthen berms. The earthen site had been
excavated, backfilled, and reworked many times prior to the construction of this
project. Therefore, a major portion of the cost of the construction earthwork was due
to the need to level, import fill, and compact the site. The size and shape of this site
required a reconfiguration of the original overall wetlands system design to fit within
the designated area. The final design consultants noted that the reconfiguration had
resulted in changes to the size of the wetland compartments comprising the three-
phase large compartment process design. This effect on fundamental process
functions was considered to be within the defined range of operational control for the
system.

Wetlands Base Elevation. The design elevation for the bottom of the wetlands
system was a key issue since the site area was to be leveled and compacted to restore
flat grades, within £0.03 m (40.1 ft), across the bottom of the wetland marsh areas.
This was considered essential to promote even distribution of water flow throughout
the wetlands and, thereby, enhance the effective area and volume relationships that
influence the water quality transformation processes. All of the surface grades at the
site, from the pond invert to the uplands contours, were tied to the base elevation of
the inlet and outlet marshes invert. Thus, revisions in the base elevation caused
changes in the amount of earthwork required at the site or affected the net balance
between the amount of earth being imported or removed from the site. In the initial
final design workshop, a final base elevation of 453.5 m (1488.0 ft) was established.
It was concluded that a net import of material, from some concurrent excavation work
at some of EMWD’s holding ponds a short distance southeast of the site, would
optimize the amount of earthwork being done in total by EMWD.

Slope Grades and Drainage. To minimize erosion of the fine soils, site slopes were

held to 4 horizontal to 1 vertical (4:1) or flatter slopes. For the most part, the final
site grading plans were able to accommodate this objective except in local areas where
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moderately steeper slopes were required to allow for access and drainage around the
northeastern and western corners of the site area.

A deeper pool was added to the grading plan in the vicinity of each inlet and outlet
control structure to reduce problems with plant encroachment and to allow some
access space around the structures. Each control box will have an excavated zone of
1.2 m (4 ft) deep, 0.76 m (2.5 ft) below the base elevation, for a distance of 7.62 m
(25 ft) from each of the inlet or outlet control structures.

Design of Marsh Areas. The overall dimensions and shape of the inlet marsh areas
were retained from the conceptual design. Of the five inlet marsh compartments, the
three connected inlet marsh units have 2:1 length to width aspect ratios, and the other
two inlet marshes each have 3:1 aspect ratios. The designated site required that the
length of the outlet marsh be shorter than the original design. The outlet marsh was
split along the centerline by incorporating a dividing berm. This was done to
maintain a minimum aspect ratio of 2:1 within each half of the 2.43-ha (6-ac) total
area. The shape of the connecting marsh area was adjusted slightly; however, the
overall size and configuration were not greatly affected.

Open Pond Design. The shape of the open pond was revised and the size increased
to accommodate the site configuration. This change did not appear to compromise the
functional attributes intended for the pond. The capability of draining the open pond
by an installed drain and sump pipe was eliminated due to the relatively high cost and
low probability of need. If the pond did need to be drained, portable pumps could
handle the task. .

Special Emergent Test Area. This feature was moved to the shallow bench area on
the southwest bank of the open pond from its original location at the outlet end of the
connecting marsh. The raised test plot posed some construction problems and
concerns regarding the potential effects on water flow within the wetlands system. As
a result, the new position and implementation of this feature allowed for a simpler
grading plan. The planting plans were also modified accordingly. This area is
currently identified on the construction plans as a "shallow bench” or "shallow
emergent test area”.

Island Location and Details. Spatial relationships and orientation of all islands were
delineated, and coordinates were determined for construction. The height, shape, and
earthwork tolerances for the islands were also reviewed and details adjusted to clarify
the construction plans.

Moist Soil Test Areas. The water supply systems for the moist soil test areas were
revised to better handle the proposed seasonal hydrograph for the wetlands. Some
refinements were made to the dividing berms due to freeboard and earthwork
geometry considerations. The berm heights were modified by dropping the heights to
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76.2 centimeters (cm) (30 inches (in)) above the base elevation, which would then
provide 30.5 cm (12 in) of freeboard at the design water surface, 15.2 cm (6 in) of
freeboard above the design high water (winter) condition, and 7.6 cm (3 in) of
freeboard above the peak operational inundation level. The type 2 moist soil test
areas adjacent to inlet marsh 5 have low saddle zones between the inlet marsh and the
moist soil test area. This feature allows for a different way of flooding the moist soil
test area during high water times.

Permanent Location Markers. Permanent site markers will be installed to serve as
reference points for use in research studies, O&M work, and to allow for visual
orientation once the wetlands are fully established. A location plan was prepared to
indicate the installation of markers at 30.48-m (100-ft) intervals as projected and
offset perpendicularly from the centerline of each marsh area and around the
remaining perimeter of the wetlands system. The exact type of marker remains to be
determined. The permanent marker should be constructed out of a durable material;
however, light duty or temporary markers may be used initially to lay out the planting
work or for specific research studies. The permanent markers will be installed by a
survey contractor upon completion of the main site construction contract.

Tie Down Posts. This refers to posts that will be installed at 15.24-m (50-ft)
intervals around the margins of the open pond or marsh/pond interface. The intent of
these posts is to provide a mechanism for anchoring floating features and to form a
point of reference similar to the permanent markers installed around the wetlands
perimeter. Since these structures need to be installed before the wetlands area is
flooded, they were included in the site construction plans. The final design consists
of 10.2- by 10.2-cm (4- by 4-in) wooden posts, 2.4 m (8 ft) in length, to be set
upright, with 0.91 m (3 ft) buried below the base elevation.

Monitoring Wells. No ground-water monitoring wells will be installed as part of the
initial site construction and development. This decision was based on the previous
use of the site for storage of reclaimed water, as permitted by the State of California.
This issue is also discussed in the task summary for the preliminary geohydrology
investigations.

Related Site Work and Features

Several site features related to public use amenities and wildlife habitat that were
indicated in the original concept design were excepted from the main site construction
contract. This was done because their construction is substantially different from the
type of work being done in the construction contract and the deletion of these
relatively minor features would not interfere with completion of the major
construction work. Only the items that had to be installed along with the construction
or prior to flooding were included in the construction plans. Construction of these
features will be done later by others.
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Most of these features are optional, although they will enhance and contribute to the
multipurpose attributes of the site. Installation of some features will be fairly simple
and could present an opportunity for public and educational participation. Typical
features are briefly described as follows:

Public Amenities. These could include pathways, trails, interpretive signs, displays,
shade structures, viewing platforms, or other features that would enhance the public
recreation, safety, and educational values of the site.

Site Facilities. A parking area, overlook, and grading to allow for access paths are
already in the construction plans. Additional facilities could be installed, particularly
for use in research, operational monitoring, and maintenance (for example, a portable
building for equipment storage or work area). Other items might include electrical
and phone lines, more lighting, or restrooms. All of these items may be installed by
EMWD according to future needs and funding availability.

wildlife Features. An initial set of wildlife features was suggested for installation at
the completion of wetlands construction and planting. Only the base set of features
needed to establish suitable wildlife habitat were included in the final design. As the
wetlands become established, it is likely that additional features could be identified
and added in support of the wildlife response to actual site characteristics.

A description of wildlife features under consideration for the site upland and wetland
is summarized below.

Suggested Wildlife Amenities. The following wetland amenities are
recommended for consideration, subject to availability of funding.

1. Floating Platforms (Islands). Thirty-five small, floating platforms,
linked to form an elongated island, to be anchored in the northern portion of the open
water pond.

2. Bar Boxes. Four bat boxes are to be placed on poles at appropriate
locations. Boxes are to be mounted 3.6 to 4.6 m (12 to 15 ft) above the ground and
below a horizontally-placed shading platform (sized to ensure shading occurs and
topped with gravel so that it can also serve as a Lesser Nighthawk/Common
Poorwill/White-throated Swift Roosting and/or nesting platform).

3. Cliff Swallow Boxes. Three swallow shelters are to be placed on
poles at appropriate locations. Shelters are open "boxes” intended to provide
protection for nests and birds from sun, wind, and precipitation. At least one
artificial Cliff Swallow nest should be attached to the back of each shelter near the
junction of the back and top.
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4. Shorebird Beaches. Two areas, about 3- by 10-m (9.8- by 32.8-ft)
each, are to be located at the edge of the open water pond covered with sand and/or
gravel to a depth of 10 to 15.2 cm (4 to 6 in) (i.e., adequate depth to ensure it will
remain a "beach” and not revert to "rocky soil"). The purpose is to attract shorebirds
and provide a source of grit for waterfowl.

5. Viewing Blinds. Three blinds are to be constructed, two southwest
of and overlooking open water pond and one at the research boat access point on the
north end of the open water pond.

Suggested Upland Features. The following features are suggested for review
and consideration as possible amenities to include in the site at a later date.

1. Aesthetic Features. Visually and spatially appropriate arrangements
of trees, shrubs, and herbaceous plants that provide seasonal interest and some level
of solitude for the observer, linking him/her to nature; paths for viewing plant
arrangements; benches for contemplating arrangements. Other features that might be
included are ordinary or man-made objects, e.g., sculpture, placed to enhance their
aesthetic value.

2. Wildlife Habitar Features. Vegetation of various kinds and amounts
planted in spatial patterns to directly or indirectly furnish food and/or shelter cover
and concealment cover for waterfowl, shorebirds, songbirds, small mammals, reptiles,
and amphibians; habitat structural features, such as rock piles, standing and down
large woody litter (tree trunks), and running water.

3. Educational Features. Trails and viewing stands and/or blinds
providing opportunities to view wildlife, the wetlands’ structure, or specific kinds of
wildlife habitat; signs depicting species-specific natural history and general ecological
information (or numbers coordinated with pamphlet).

4. Recreational Features. Paths for wildlife viewing; viewing stands
and/or blinds.

Water Supply Systems and Hydraulic Controls

The Design Concepts and Criteria Report indicated that the main water supply system
to the site should be capable of delivering 11,355 m*/d (3 Mgal/d) total flow, based
on having at least two times the design flow, plus an excess to allow for raising the
system water surface rapidly. The criteria for the five separate inlet controls was to
allow up to 3785 m*/d (1 Mgal/d) flow to each, thereby ensuring the inlets did not
restrict the capacity of the total system and placing maximum flow well within the
range of the inlet measurement capabilities. The ability to provide a constant, steady
flow and the ability to measure flows were also specified as design criteria.
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While preliminary design established the operational constraints for the wetlands
system, specific design details were not developed. As a result, final design included
a complete design of the water supply systems, hydraulic controls, and design of
water connections to and from the wetlands site. The major components of these
systems and conclusions of the final design process can be broken into the following
topics.

Chlorination of the Water Supply. The plant is now chlorinating year-round.
EMWD is considering whether or not to dechlorinate, or whether to use unchlorinated
water.

Main Water Supply System. The water supply to the wetlands system is limited by
the capacity of existing pipes, pumps, and treatment facilities. Currently, this is
estimated to be about 11,355 m*/d (3 Mgal/d) to the Buena Vida pipeline, which will
supply the wetlands. To help maintain steady flows, the pipe system to the inlet
controls was designed for low pressures by using fairly large-diameter piping. The
result of this is that the entire water supply manifold and inlet controls can handle a
total flow rate of 18,925 m’/d (5 Mgal/d). Although this is in excess of the operating
design criteria, it required only a minor increase in pipe size, and this excess flow
capacity could be beneficial in the future.

Inlet Controls. Each of the five inlet controls consists of a concrete box that is fitted
with an adjustable sliding weir gate for fine control. The boxes are connected to the
water supply manifold with piping sized to reduce the water pressure of from
approximately 207 kiloPascals (kPa) (30 pounds per square in (Ib/in?)) at the manifold
down to 34.5 kPa (5 Ib/in®) at the entrance to each inlet box. Coarse flow control is
provided by a butterfly valve upstream of each box. Slots are formed into the sides
of the boxes to allow stop logs to be installed as baffles to reduce inflow turbulence,
as required. The adjustable weir has a 60 degree V-notch to allow for calibration of
flow rates.

Each box is sized to accommodate 3785 m®/d (1 Mgal/d) maximum flow. This is
done so that the maximum flow rate of 2271 m*/d (0.6 Mgal/d) lies within
the range of control and measurement devices.

Outlet Controls. Final design of outlet controls consists of four concrete box
structures similar to the inlet controls. These boxes are also fitted with an adjustable
weir to provide depth control, flow measurement, and allow changes in depth to be
done more easily than by fixed controls such as stop logs. Each box will
accommodate installation of a "skimmer" board across the front to reduce floating
debris from entering the outflow systems.

Outlet boxes are sized to handle the design flow range of up to 18,925 m’/d
(5 Mgal/d) based on the 11,355 m*/d (3 Mgal/d) operating flows and an allowance to
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evacuate storm flows or to increase the outflow rate to lower the wetlands water
surface.

Outflow Pump Station. A concrete wet well structure will collect flows from the
four individual outlet boxes. The installed pumping capacity will accommodate up to
11,355 m*/d (3 Mgal/d). This is sufficient for an operating flow of 7570 m*/d

(2 Mgal/d), plus an excess capacity to drain the system down, or to handle moderate
storm flows. The well box is designed to accommodate a total outflow of

11,355 m3/d (5 Mgal/d), although extending the pump capacity to 11,355 m3/d

(5 Mgal/d) would require additional pumps to be installed either on a temporary or
permanent basis. If it becomes desirable to extend the pumping capacity to

11,355 m%/d (5 Mgal/d) permanently, the wet well has two empty bays designed into
the structure to allow pumps to be added to the pump station systems. The main
outflow pipe will have a continuous flow counter installed for use in recording the
total outflow removed from the system."

At the normal operating flow of 3785 m’/d (1 Mgal/d), the three pumps installed with
initial construction will operate in a cycle pattern to distribute wear. This design also
allows for complete shutdown of a single pump for periodic maintenance or repairs
without altering the outflow pump rate. Space is available in the concrete well box to
install additional pumps for either temporary or permanent operations. Each pump
will have screens installed to reduce overheating problems caused by debris. The
control system is designed to shut down the pumps and turn on a warning light when
pump pressures exceed a certain limit.

Flow Measurement. Facilities to be constructed will allow inflow and outflow rates
to be recorded by visual readings of the V-Notch weir scales on each box. The
inflow system is designed to allow flow adjustment at each inlet such that, once set,
the inflow does not vary with upstream pressure fluctuations in main water supply
pipe. Continuous flow monitoring or the ability to send signals by radiotelemetry
were both discussed but not included in the design plans due to the expense. These
systems could be installed at a later date, as appropriate.

Wetlands Planting

Planting of wetland vegetation in the marsh and pond areas will be accomplished
under separate contract from the site construction work. Draft specifications for the
planting work were prepared for incorporation into contract documents to be
administered by EMWD. This contract is scheduled to be awarded after the site
construction is complete in the summer of 1994.

A related topic addressed in the final design was the need for features to allow access

into the dense marsh areas of the wetlands. Structural methods such as hardened
pathways or over-excavated zones were considered. The decision was made to
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accomplish this by leaving unplanted areas at regular intervals, transverse to flow, in
the main marsh areas. The intent is to allow access for monitoring and possibly to
improve the function of the wetlands system by inhibiting extensive short circuit flow
routes.

These open zones and other features of the planting plan are shown in Figure 3-2.
Further discussion of plant propagation and transplanting studies is provided in
Chapter 4.

Landscape Vegetation and Irrigation

Planting of upland areas and any corresponding irrigation systems was separated from
the main site construction contract. This, again, was considered as a type of work
that is distinctly different from the construction and can be installed at any time after
the wetlands system is established. Draft landscape planting plans and specifications
were prepared by USBR for use by EMWD. Perhaps the most important component
identified in the upland landscaping plan concerns getting some type of vegetation
cover over the surrounding site areas to reduce erosion of site soils. Similar concerns
have surfaced with respect to the riparian areas along the margins of the wetlands
system. Experience gained at the pilot facility has indicated noxious weeds can
become a significant problem due to the abundant water in these areas. A
recommendation was made to seed with native grasses and other drought-tolerant
species soon after the wetlands work is completed.

A related issue concerns irrigation of the upland areas. Even though the upland
vegetation plans have been directed primarily toward drought-tolerant species as
appropriate to the region, some temporary irrigation may be required to establish the
vegetation from seed. Without temporary irrigation systems, invasive weeds are
likely to grow and could exceed desired varieties or retard the rate of establishing
desirable vegetation at the site. Permanent irrigation was considered as a possibility
to serve about 0.4 to 0.8 ha (1 to 2 ac) near the public viewing area. In all areas, the
need for and design of irrigation systems was deferred until plans for installing the
landscaping can be confirmed.

Cost Estimates
/

The final contract award amount was $942,000 for construction of the demonstration
wetland facilities. The construction bids probably came in lower than the estimate
due to local economic conditions at the time of construction.

As expected, the construction cost estimates indicated that earthwork is the
predominant cost for wetlands development at this site. This conclusion has important
implications regarding selection of future sites for constructed wetland systems.

Based on the final design, it is evident that the components that control costs for
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wetlands construction are the earthwork requirements, permeability of site soils as
they could affect the need for impervious liners, land acquisition costs, and the extent
of water supply pumping and conveyance systems required.

The total costs associated with final design, construction, planting, and landscaping
for the Hemet/San Jacinto demonstration wetlands are as follows:

Final Design

Engineering Consulting Services: $75,000
Geotechnical Investigation and Report: 8,000
EMWD Planning and Engineering Costs: 13,000
USBR Planning and Engineering Costs: 30,000

Construction_Costs
Excavation, earthwork, grading, pump station, inlet and outlet structures, and
yard piping: $942,000.

Wetlands Vegetation Planting
Planting of bulrush, moist soil test areas, shallow emergent test area, pond

shelves, seed islands, and revegetation of nursery cells: $98,000.

Landscape Planting and Site Amenities (Estimated Costs)

Seeding of upland areas, trees and shrubs, shade shelter and bench in visitor
overlook area, riparian trees and willows in riparian area, duck blind,
irrigation and initial maintenance: $109,000.
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CHAPTER 4

ONGOING RESEARCH INVESTIGATIONS

PART 1: METHODS

Prior to construction of the large-scale multipurpose constructed wetlands, the
EMWD/USBR Wetlands Research Facility was developed. The research facility is
used for ongoing wetlands research, focusing on the ability of a wetlands system to
polish and remove nutrients from secondary-treated wastewater. Evaluation of marsh
habitat for wildlife diversity (migratory and resident waterfowl and shorebirds) as well
as educational opportunities and other public benefits are also being studied. Located
at the northwest corner of EMWD’s Hemet/San Jacinto RWRF, this 3.16-ha (7.8-ac)
facility was begun in 1991. It consists of the following (Figure 4-1):

1. Two 0.2-ha (0.5-ac) nursery cells for wetland plant propagation;
2. Eight research cells (approximately 13.7- by 69.2-m (45- by 227-ft)); and
3. An RO desalination unit, two saline marshes, and two evaporation cells.

Nursery Cells

Design and Construction. Two nursery, or plant propagation, cells were constructed
to propagate bulrush for later transplant to research and demonstration projects and to
determine the most efficient planting techniques. Design of the nursery cells was
performed by EMWD, USBR, and NBS personnel. They were constructed in an old,
effluent storage pond by constructing separating berms. The berms were graded by
taking soil from the west end of the site and placing it along the berm alignments. A
pressurized supply system to transport secondary reclaimed water from the Hemet/San
Jacinto RWRF was constructed, and a gravity collection pipeline was installed. The
water enters each cell by way of three inlets, flows through the cells, exits through
three outlets in each cell, and flows to a sump. The sump is pumped into a reclaimed
water distribution system for downstream use. The flow rate through each of the
cells is approximately 37 to 57 L/min (10 to 15 gal/min).

Planting. The two nursery cells were planted from July 1 through 10, 1991, with
California bulrush and hardstem bulrush. These species were selected because they
are native to the area; they thrive in water up to 91 cm (3 ft) deep; they provide an
excellent substrate for wastewater treatment; they provide excellent wildlife food and
habitat; and their growth habit enables mosquito larvae-eating fish access through the
marsh. Additional species planted in or around the nursery included a rush,
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duckweed, marsh pennywort, and seepwillow. These plants were introduced because
such species may be utilized later in the demonstration wetlands, and their
survivability as transplants was unclear. The bulrush plant material came from five
donor marshes: the San Jacinto Wildlife Refuge (STWR) where the San Jacinto River
crosses Davis Road (hardstem bulrush); Sanderson Road (SR) north of Ramona
Expressway (hardstem bulrush); DeVuyst’s cornfield drain (DV) west of Bridge Street
(California bulrush); Walker Canyon (WC) along Interstate Highway 15 (hardstem
bulrush); and a donor marsh used by Pacific Southwest Biological Services, Inc., in
National City (NC), California (California bulrush). The soil substrates of the STWR
and SR donor marshes were very dry during the harvest period while plants were
removed from standing water in DeVuyst’s drain and Walker Canyon.

Forty-four plots were created in the two nursery cells. The plots represented separate
harvesting or planting treatments. Many of the plots were replicates of each other.
The holes were dug (unless stated otherwise) to depths of 20 to 30 cm (8 to 12 in)
using a gas-powered auger. Ninety-one-cm (3 ft) lath stakes were used to stake the
bulrush plant clumps to the soil surface to prevent them from floating away with the
rising water. Once a treatment plot was completed, a small soil berm was built
around the perimeter and the area flooded with water from the reclaimed water
pipeline until the entire cell was completed. The various treatments were:

1. Clumps dug by backhoe planted in holes with tops trimmed to 61 to
91 c¢cm (2 to 3 ft);
2. Hand-dug clumps planted in holes with tops not trimmed, '
3. Hand-dug clumps planted in holes with tops trimmed to 91 to 122 cm
(3 to 4 ft);
4. Bare root plants from Pacific Southwest Nursery, National City,
California, planted in holes with tops trimmed to 61 to 76 cm
2to 2 1/2 ft);
5. Hand-dug clumps planted in holes (hand-dug) with tops not trimmed and
tied up with special care' (TLC);
Hand-dug clumps staked onto the soil surface with tops not trimmed;
Hand-dug clumps staked onto the soil surface with tops trimmed to 92 to
122 cm (3 to 4 ft);
Hand-dug clumps placed on a plastic sheet with tops not trimmed;
9. Hand-dug clumps placed on and in between the planks of wooden pallets
with tops trimmed to 91 to 122 cm (3 to 4 ft);

N

o)

! The special care consisted of holding up the bulrush culms by hand during transit,
carrying each plant to its position in the nursery so that no culms would bend or touch the
ground, and tying the culms up to laths once the plant clumps were placed gently in their
holes. The culms were left tied up when the planting was completed.
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10. Hand-dug clumps placed on chain-link fence with tops trimmed to 91 to
122 cm (3 to 4 ft); and

11. "Junk tubers" (bare rhizomes with no shoot attached) pushed gently into
the wet soil.

Most plants from the four local donor marshes were planted on 112-cm (44-in)
centers in the various treatments. However, the 1500 bare root units from the
nursery in National City, California, were planted only in holes with spacings of
56 by 112 cm (22 by 44 in).

Monitoring. USBR personnel monitored the nursery cells on August 15, 1991
(6 weeks after planting), October 8, 1991 (3 months after planting), and February 26,
1992 (almost 8 months after planting).

Plant Growth and Establishment. Two techniques were used for monitoring
the bulrush growth and establishment in the nursery cells. The first technique focused
on 19 plant clumps which were subjectively selected immediately following the
planting. For easy access, all are located close to the perimeter of the marsh.
Weekly, for the next 9 weeks, the total number of new shoots (the culms, or above-
ground stems, put out by the plant since being transplanted into the nursery cells)
from each of the 19 selected plants were counted and recorded. A final count was
made approximately 3 1/2 months (on October 24, 1991) after planting; the bulrush
culm density was so great after that time that accurate individual plant culm counts
were no longer practical. New culms arising from the horizontally-growing rhizomes
emerged between the original plant clumps, and it was impossible to tell which culm
came from which plant by visual inspection alone.

The second technique used for evaluating the bulrush growth involved monitoring
each of the 44 plots in the two nursery cells. The entire area of each plot was
carefully surveyed to determine a representative plant clump for that plot (avoiding
the largest and smallest clumps in the plot). That representative clump could change
between sample dates. The new shoots were counted and recorded. Likewise, the
largest plant clump in the plot was determined, and its new shoots were counted and
recorded. The average height for the plants in each plot and the maximum height for
the plants in each plot were estimated by inspection and recorded to the nearest

0.15 m (0.5 ft).

. Additional indicators of condition, such as phenology (i.e., flowering or seeding),
general health of the plants, presence of fungi or insect pests, and presence of other
plant species were also noted within each plot. Photographs were taken during each
of the monitoring trips to document appearance.

The data from each treatment replicate (similarly planted plots) were averaged to
obtain a value for that planting technique. The data were compared, and planting
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techniques were evaluated. Evaluations and planting technique recommendations are
reported in the conclusions section below.

Water Quality and Invertebrates. Water quality and benthic invertebrate data
were collected by members of the USBR technical team during site visits in August
and October 1992 and February 1993. In each case, the water quality monitoring
effort consisted of in situ measurements of water temperature, pH, conductivity,
dissolved oxygen concentration, and oxidation-reduction potential at nine points within
each cell and collection of inflow and outflow water samples for laboratory analyses.
The inflow water samples were collected from the inlets of each cell, and the outflow
sample was collected from the combined outflow of the two cells. Major analyses
performed on each sample included determinations of ammonia and nitrate nitrogen,
orthophosphate phosphorus, total dissolved solids (TDS), and total suspended solids
concentrations.

Sediment samples for identification and counting of benthic macroinvertebrates were
collected with a 5-cm (2-in) coring tube and screened through a No. 30-mesh littoral
bucket. Composite samples, consisting of five individual core samples each, were
collected on three transects perpendicular to the flow in each of the two cells.

Mosquito Larvae. Mosquito larvae were sampled at four points on each of
three transects in each nursery cell. The three transects were located perpendicular to
the direction of flow at points approximately 9 m (30 ft) downstream of the inlets,
across the middle of the cell, and approximately 9 m (30 ft) upstream of the outlets.

At each sampling point, the mosquito larvae sampling cup was dipped smoothly and
quickly into previously undisturbed water to remove a sampler-full (400 ml) (24 cubic
inches (in®)) of the surface water. The number of mosquito larvae in the cup was
counted and recorded, then the cup contents were discarded. The floating vegetation
types or other relevant observations at each sampling site were also recorded.

Research Cells

Design and Construction. In the fall of 1992, eight research pilot cells were
constructed and planted with California bulrush transplanted from the nursery cells.
The research cells were designed by EMWD, USBR, and NBS staff, plans were
compiled by EMWD, and earthwork grading was performed by an EMWD
contractor. The pressurized supply and gravity collection systems, including concrete
inlet and outlet boxes, were installed by EMWD. The cells are of two types: four
cells with inlet and outlet emergent marshes separated by an open area, 1.2 m (4 ft)
deeper than the surrounding marshes (three-phase cells), and four cells which are
uniform emergent marshes with no open pools (one-phase cells). These cells were
designed to be experimental mesocosms in which researchers can perform various
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wetland loading and treatment process studies with a high degree of control over
external variables.

Planting. The eight research cells were planted from September 2 to 9, 1992.
California bulrush plants with 30.5-cm (12-in) diameter root clumps were dug out of
the southwest corner of the north nursery cell with shovels. The clumps were carried
_up the berm, their culms (the above-ground stems) cut to about 91.4 cm (3 ft), then
carried to the appropriate research cell. Once the clumps were put in place on
121.9-cm (4-ft) centers in the cells, they were staked in place with 91.4-cm (3-ft)
wooden laths. The cells were flooded at different times. The deep water pools were
pre-flooded; staked plants were sprayed by an EMWD water truck to keep them moist
prior to flooding.

Monitoring.

Plant Growth. Plant growth monitoring was initiated 6 weeks after planting.
Bulrush growth, vigor, and establishment were evaluated on October 20 and 21,
1992; April 28 and 29, 1993; July 27 and 28, 1993; and November 2, 1993. The
quarterly sampling planned for the end of January 1993 was missed due to torrential
winter rains and unseasonably cooler temperatures in the area. Plant growth during
that time was minimal.

Plant growth monitoring consisted of recording several parameters during the
October 1992 and April 1993 sample. The new shoots (culms put out by the plant
since being transplanted into the research cells) of 10 sample plant clumps distributed
throughout each cell were counted and recorded. The maximum culm height and the
mean culm height were measured and recorded for each sample plant. Means are
presented in the results section as the mean plus or minus the standard deviation.
The general health of the plants in each cell was recorded as well as the range in the
culms’ width (measured as the length of one side of the triangular culms). Survival
percentage was also noted throughout the evaluation periods.

At the time of the July 1993 samples, the bulrush culm density was so great that
accurate individual plant culm counts were no longer possible. New culms arising
from the horizontally-growing rhizomes emerged between the original plant clumps,
and it was impossible to tell which culm came from which plant. Maximum and
mean heights of the plants, culm widths, and the general health of the plant
communities in each of the eight cells were measured and recorded. Additionally,
many photographs were taken during each of the monitoring trips.

Water Quality and Inflow Rates. Series 1 of the monitoring program was
originally intended to last 6 months, from October 1992 until March 1993. However,
heavy rains and flooding forced suspension of all monitoring activities from
February 11 to May 5, 1993. The Series 1 monitoring was extended as Series 1A for
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6 months to allow the cells to reach maturity and allow a distinct baseline condition to
be established.

In the following, Series 1 refers to the period from October 20, 1992, to May 5, 1993
(weeks 1 to 30), and includes the 15-week period (weeks 16 to 30) when monitoring
was suspended. Series 1A refers to the period from May 5 through November 10,
1993 (weeks 30 through 56).

Weekly Monitoring. Paired three-phase and one-phase cells were
monitored in weekly rotation throughout Series 1/1A. For example, cell 1 (three-
phase) and cell 5 (one-phase) would be monitored for 1 week, followed by cell 2
(three-phase) and cell 6 (one-phase) the next week, then cell 3 (three-phase) and cell 7
(one-phase) for another week, and finally cell 4 (three-phase) and cell 8 (one-phase),
after which the weekly paired cell cycle would begin again with cells 1 and 5. This
paired cell rotation was developed in response to equipment and funding limitations.

The typical weekly monitoring consisted of three components:

1. Three Hydrolab Corporation DataSonde 3 water quality data loggers were
used to make hourly measurements of water temperature, pH,
conductivity, dissolved oxygen concentration, and dissolved oxygen
saturation in the outlet of each cell and in the inlet of one of the pairs of
cells. This arrangement was necessitated by the fact that only three data
loggers were available for the Series 1 and 1A program, but it was
assumed that, since the inflow to all eight cells came from the same
pipeline, the water quality at all eight inlets should be essentially the same.

2. Water samples were collected weekly from one inlet and both outlets for
laboratory chemical and biological analyses. The sample collection was
usually done about midway through the weekly cycle. The specific
analyses performed varied from week to week because the sampling
schedule was different for different parameters. For example, ammonia
nitrogen, nitrite nitrogen, nitrate nitrogen, orthophosphate phosphorus, and
turbidity analyses were performed weekly, while total Kjeldahl nitrogen,
total phosphorus, biochemical oxygen demand, total suspended solids, total
organic carbon, and total and fecal coliform bacteria analyses were
performed every third week.

3. Two ultrasonic flowmeters became available during Series 1A, and these
were used to record total and average daily flows on the inlets of the
paired cells. Cell outflows were not measured during the Series 1/1A
monitoring program.
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Quarterly Surveys. Quarterly surveys of the research cells were carried
out on April 28 and 29, July 27 to 29, and November 3, 1993. The objectives of
these surveys were to evaluate vegetation condition and growth, sample the
macroinvertebrate communities, and document variations in water quality conditions
within and among the research cells. The water quality component of these quarterly
surveys consisted of taking Hydrolab measurements of water temperature, pH,
conductivity, and dissolved oxygen in the inlet, middle, and outlet of each cell.
Chlorophyll-a concentrations were also measured in the inlet and outlet of each cell.

Invertebrates.

Artificial Substrate Design and Installation. Artificial substrates were
used to sample benthic macroinvertebrates resident within the research cells. Three
groups of nine substrate assemblies (27 per cell total) were placed in each of three-
phase ("open water area") cells 1 and 2, and one-phase ("uniform marsh") cells 5
and 6 on February 12, 1993 (total of 108 assemblies). Each assembly consisted of six
5.12-cm (2-in) Tri-pack spheres in a 0.47 L (1-pint) plastic container (with lid) that
had eight 3.2-cm (1.25-in) holes punched in its wall, and one 3.2-cm (1.25-in) hole
punched through the lid. Approximately 190 cm® (11.59 in®) of soil was placed in the
container bottom (below the lowest holes). A plastic electrical tie threaded through
the upper wall holes served as a handle for the container; a nylon fishing line "lead
line" connected the handle to a 2.5-cm (1-in) plastic bobber. Soil for the containers
was obtained from a 0.5-m? (1.64-ft?) area of the berm separating cells 3 and 4; the
soil was friable and mixed well before placement into the containers and, once filled,
containers were selected from the total pool available in a manner to further ensure
that any variations in soil quantity or quality was distributed among the 12 groups.
EMWD assisted with assembly, and NBS added all soil to containers and placed all
assemblies into cells.

The containers were arranged in three groups of nine containers each, with groups
placed to sample the inlet, middle (or open water area), and outlet portions of the
planted section of each cell. Assemblies were placed in the cells by hand, using
positions of bulrush plants as reference points (i.e., no distances were measured): the
approximate center point of the groups were (1) 13 rows from inlet; (2) 30 rows from
inlet or center of open water; and (3) five rows from outlet. Each assembly was
slowly lowered via the lead line at a position within the cell where it was believed the
container would rest on the flat cell bottom. In no case was the assembly, once
lowered, visible. Thus, it is possible that some are actually resting in a tipped
position due to placement in a depression (e.g., footprint), on a root, or (in the open
water) on the cell sideslope. Open water groups were installed from a small (one- to
two-person) inflatable boat. Because of the inability to maintain the boat in a
stationary position, the assembly placement in the open water is rather spread out but
centered to the degree possible on the flat-bottomed portion of the deep water area.
Lead lines varied in length, resulting in some bobbers remaining a few cm below the
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water surface and others drifting perhaps as much as 1.5 m (4.92 ft) off the vertical
position above the container in the deep water. Within the marsh portions, assemblies
were placed in a grid to the degree possible, with 0.5 to 1.0 m (1.64 to 3.28 ft)
separating assemblies; the offset rows of bulrush and their variable size made a more
regular placement impossible. Bobbers may be up to 15 cm (5 .86 in) off the vertical
position due to drift and lead line length. Specific locations of all assemblies were
mapped.

At the time of installation, the bulrush within cells 1 and 2 appeared similar in

stature; plants in either of these cells appeared fuller than those in cell 6, however,
and plants in cell 6 appeared fuller than those in cell 5. In all cases, individual
transplants and planting rows were easily discernable. Cell 5 was the only one that
contained an algal mat on the water surface. No water was flowing into the cells (due
to an inability to handle outflow in the flooded sump); all cells appeared to have water
levels slightly below the nominal 0.46-m (1.5-ft) depth.

Collection Procedures. The following procedure was used for
collecting the artificial substrate samples. The substrate assembly was slowly lifted
from the bottom using the nylon line and placed in a soil sieve (250 micron mesh size
was desired, but mesh size as large as No. 30 (600 micron openings) was used for
July 28, 1993, collections). The six spheres were put into two containers containing
10 percent formalin solution along with any invertebrates noted on the container
surface. The container was then inverted and sediment dumped into the sieve. This
material was "panned" for invertebrates using the pond water to flush sediment out of
the sieve. A squirt bottle filled with RO unit product water was used to concentrate
the remaining material and organisms within the sieve, and then a flexible pocket
ruler or other "spoon" was used to transfer the matter out of the sieve and into the
formalin bottles.

Samples were sorted and invertebrates identified by USBR’s Denver Office personnel.
Personnel corroborated identifications made by others. Rose bengal stain was used in
some cases to aid in differentiating animals and plant debris. Many, but not all,
sorted samples have been retained.

Sweep Net Sampling. By November, many substrates were inaccessible
because of the combination of effectively complete closure of bulrush transplants to
form a uniformly dense stand without access channels and the falling over and
"lodging" of bulrush stems due to wind or other factors. Retrieval of the substrates
would have required cutting a path through the bulrush, and the associated level of
disturbance to the cells was deemed undesirable. In place of the substrate samples,
samples were collected using a custom, fine-screen dip net (use of the net was
initiated during July sampling). The following procedure was used: a point close to
the location of artificial substrates was sampled by dipping the net into the water and,
if possible, substrate three times in rapid succession. All invertebrates collected in

58



the net were preserved in the same manner as artificial substrate samples (10 percent
Formalin solution). Actual sites sampled varied from 1 to 5 m (3.28 to 16.4 ft) from
edge of cell, depending upon degree to which entry into the cell was possible. Sweep
net samples were sorted and invertebrates identified in Denver by USBR personnel in
the same manner as noted for samples from artificial substrates.

Sediments. Monitoring of bottom sediments has been conducted since initial
flood-up in September 1992. The objective of monitoring was to identify substrate
influences upon (1) the fate of toxic constituents; (2) nutrient availability;

(3) denitrification; and (4) phosphorus removal. The following parameters were
monitored in research cells 1 and 2 in an effort to characterize substrate impacts:

e pH monthly
® redox potential monthly
® clectrical conductivity monthly
® nitrate nitrogen monthly
® phosphorus (total and orthophosphate) monthly
® trace elements yearly
® particle-size analysis yearly
® organic carbon yearly
® calcium carbonate yearly
® cation exchange capacity yearly

Four sampling sites were selected (cell 1 - inflow, cell 1 - outflow, cell 2 - inflow,
and cell 2 - outflow). Each site sample was a surface composite 0.0- to 7.5-cm
(0.0- to 3-in depth) obtained along a transect at six equally spaced points. The
transects crossed the cells perpendicular to the flow approximately 3 m (10 ft) from
inlet and outlet points. Data for pH, redox potential, and electrical conductivity (EC)
were obtained from in situ readings at these points. The remaining parameters were
measured through laboratory analysis on collected samples. Composites were placed
in ziploc bags, refrigerated, and delivered to the laboratory the same day. At the
laboratory, samples were air-dried, thoroughly mixed, and analyzed according to
standard Environmental Protection Agency (EPA) methodology.

Reverse Osmosis System, Saline Marshes, and Evaporation Cells

Design and Construction. The RO treatment/saline marsh study is being conducted
at the Hemet/San Jacinto RWRF to investigate the potential for using the reject stream
of the RO desalting process in vegetated saline marshes to reduce brine volume and
provide an additional use of brackish water in arid areas while providing much-needed
habitat, greenbelts, and open space. The research site is comprised of a 22.7 L/min
(6 gal/min) RO pilot system, designed and built at USBR’s Denver Office
laboratories, two 12- by 24- by 0.6-m (40- by 80- by 2-ft) deep, lined saline vegetated
marshes, and two similarly-sized lined evaporation cells.
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PHOTO 21. REVERSE OSMOSIS UNIT AND SALINE MARSHES

PHOTO 22.

EXECUTIVE COMMITTEE MEMBERS VISIT REVERSE OSMOSIS UNIT
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Installation of the pilot RO system was accomplished during the month of April 1993.
The reject line from the RO system was plumbed such that flows of brine could be
directed to either or both of the saline marsh cells. Initially, the two saline marshes
were operated in parallel. Outflows from each vegetated marsh went into evaporation
cell number one and then into evaporation cell number two in series. Due to lack of
sufficient brine from the RO unit to meet the demands of the saline marshes during
peak evapotranspiration periods, the underground piping and valve system was
modified in September 1993 to allow the south pond to receive all of the brine and the
north pond to receive RO product water as a control (Figure 4-2). Plumbing
modifications were also made to allow the overflow from the north pond to flow into
a sump instead of into the evaporation cells.

The evaporation cells are nonvegetated. They were designed to be as unattractive to
wildlife as possible because of concern that some constituents in the brine could be
concentrated to toxic levels. They were constructed with steep sides so that no food,
shelter, or nesting areas would be available to wildlife.

To prevent seepage of concentrated brine into ground water, the evaporation cells
were lined with a high-density polyethylene liner of relatively high thickness

(0.08 m) (0.26 ft). In April 1994, a leak formed in the north evaporation cell and, a
short time later, the south cell appeared to be leaking. Both cells were drained. It
was determined that the north cell was leaking because a weld along the liner seam
had failed. The south cell leaked through the inlet pipe penetration. The
manufacturer of the lining was called to repair the leaks. All of the seams on the
linings of both cells were resealed to prevent future leaks. This work was performed
under warranty by the manufacturer.

About 19 m® (5000 gal) of RO feedwater is trucked to the site each weekday from a
nearby well (presently from the Moreno Highlands well). This water is first
pretreated: (1) to remove suspended materials (i.e., silts and clays); (2) to kill
microbial organisms to prevent biofouling of the membranes; and (3) to suppress the
scaling tendencies of selected minerals. The unit processes involved in pretreatment
include: polymer addition, two-stage pressure filtration, ultraviolet disinfection, acid
addition, anti-scalant addition, and cartridge filtration. The RO system then desaits
the feedwater using thin-film composite (TFC) membrane elements at an operating
pressure of about 1555 kPa (225 Ib/in®). Operating at 75 percent recovery, the RO
system yields 17.0 L/min (4.5 gal/min) of product water and 5.7 L/min (1.5 gal/min)
of reject brine. A total of about 4.7 m* (1250 gal) of brine is produced and stored
each weekday to support the saline marshes.
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Figure 4-2
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Planting of Saline Marshes. Alkali bulrush, creeping spikerush, marsh smartweed,
and Pennsylvania smartweed were planted in the two saline marshes. The plants were
chosen because they tolerate high brine ion concentrations, 15 cm (6 in) of water
depth, are plants which wildlife use, and are native to the area.

The species were planted in horizontal bands, and each species band was repeated
three times per marsh to expose the plants to different positions along the salinity
gradient expected to develop as brine moved from inlet to outlet within the cell. Seed
was broadcast, but plants and rhizomes were planted in offset rows on about 46-cm
(18-in) centers. Alkali bulrush and creeping spikerush plants were collected from
local donor marshes; Pennsylvania smartweed seeds and marsh smartweed rhizomes
were purchased from a Wisconsin wetland plant nursery. Three additional species
were suggested for the plant palette but were not available.

Monitoring. The "Saline Marsh Research Program and Proposed Monitoring
Program" are contained in Appendix E. The overall objective of the research is to
determine the feasibility of using the reject stream of the desalting process in
vegetated saline marshes to provide an additional use of brackish water in arid areas
through the irrigation of amenities such as greenbelts, open space, and habitat areas.
Specific areas of research include plant survival, water and soil analysis, plant and
benthic tissue analysis, and wildlife use.

Plant Growth and Survival. Plant growth and survival are monitored weekly
by EMWD personnel utilizing general observations and a photographic record
(Appendix D). Plant growth, establishment, and health are also evaluated during
quarterly trips by USBR personnel. The main objective has been to determine plant
survivability based on the color of the vegetation and presence of new shoots. During
the late winter, when vegetation had turned completely brown, survival was
determined by digging up several rhizomes and cutting them open. If root buds were
present on the outside of the rhizomes and the insides were firm and fleshy, with no
presence of rot, the plants were determined to be alive. As confirmation, several
plants were transplanted into a glass aquarium and kept indoors in water from the
saline marsh. Production of new shoots was used as an indicator of plant survival.

In Situ Water Analyses. EC and temperature data were collected weekly at
four sampling points in each marsh between July 13 and August 18, 1993, and at one
location in each evaporation cell using a hand-held meter. The EC readings are
converted to an estimated TDS concentration using an empirically-derived conversion
factor. Spot collections were made thereafter. Hydrolab data were collected on
July 28 and November 3, 1993, during quarterly sampling tests.

Water Quality Analyses. One RO reject sample was taken on August 13,

1993, and analyzed by Associated Laboratories of Orange, California, for metals
using EPA methods. The RO reject sample aiso served as the "inflow" sample for
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the saline marsh. There was no outflow from the saline marsh into the first
evaporation cell until it began to rain in later November. Overflow into the second
evaporation cell from the first did not occur until mid-January.

Water quality samples will be taken at five locations: inflow (RO reject); in front of
the outlets of the saline marshes; and in front of the outlets of each evaporation cell.

Plant and Benthic Invertebrate Tissue Analyses. The research program calls
for tissues to be analyzed annually to determine the long-term bioaccumulation of
toxics. The proposed monitoring program calls for the primary species of plants
(stems, tubers, and leaves) to be collected, marked, and analyzed by an outside
contract laboratory for toxic accumulation, specifically metals and nonmetal analytes.
A minimum of two grams (dry weight) of plants will be needed for analysis. In
addition, benthic invertebrates will be sampled by removing some sediment substrate,
placing in a pan, and removing 100 individual organisms at random. Sample
locations will be immediately in front of the influent and effluent areas of each
vegetated marsh.

Soil and Sediment Analyses. The baseline soil sampling was performed on
April 28, 1993, just before initial flooding of the marshes. Samples were collected
near the inlet, middle, and outlet of each marsh by USBR personnel. The six samples
were stored at 4° C (39.2° F) for 9 months before being analyzed by a contract
laboratory for metals, ions, particle size, and organochlorine pesticides and
polychlorinated biphenyls. The lab was requested to use the lowest possible detection
limits.

The proposed monitoring program calls for sediment samples to be collected on

June 30 and December 30 of each year. Sample locations will be along two transects
in front of the inlet and outlet areas of each vegetated marsh. Several grab samples
from each transect will be composited by mixing in a glass bowl.

Wildlife Use. General observations of wildlife use are made by EMWD
personnel during weekly visits. Signs of wildlife use, such as tracks and droppings,
are noted, and a carcass log is used to record findings of any dead animals in or
around the marshes.

PART 2: RESULTS
Nursery Cells
Plant Growth and Establishment. The data from the 19 selected plants, evaluated

weekly, illustrate the rate of growth and differences in the average number of new
shoots per plant between the donor marshes (Figure 4-3). After 3 1/2 months, the
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PHOTO 23. STAKED CALIFORNIA BULRUSH IN CENTER COMPARED TO
NATIONAL CITY'S CALIFORNIA BULRUSH ON EITHER SIDE (3 MONTHS
AFTER PLANTING)
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average number of new shoots per plant harvested from the Walker Canyon donor
marsh was 70; from DeVuyst’s cornfield drain, 62; from the STWR, 46; and from the
Pacific Southwest Nursery, 36. Growth increased steadily with time.

The data from the second monitoring technique illustrate similar results; however, the
average number of new shoots per plant differs considerably. The average number of
new shoots per plant in October was 117 for Walker Canyon plants, 97 for DeVuyst’s
drain, 63 for STWR, 22 for Pacific Southwest Nursery, and 83 for Sanderson Road
(Figure 4-4).

The likely reason for the difference was that the 19 subjectively-selected plants were
not necessarily representative of their donor marsh group. Nevertheless, the growth
trends for each of the donor marshes were similar.

Plant source and harvesting technique affected subsequent transplant growth. There
were virtually no differences in new growth and establishment between the harvesting
of plants by hand or by a skilled backhoe operator. On the other hand, the plants
purchased from the nursery in National City grew much slower than any of the other
plants (Figures 4-3 through 4-6). There were several reasons for this. The harvested
plant culms were cut to 61 to 76 cm (2 to 2 1/2 ft), their roots washed of all soil and
microorganisms, then they were put into wet burlap bags and transported for 3 hours
in an open truck in temperatures near 38° C (100° F). Their cut culms appeared dry
when they arrived. They were obviously stressed. Mortality would have been higher
if each bare root unit was planted in an individual hole, but planting one large to
several small units (3 to 10 shoots) in each hole maintained the overall survival over
80 percent. By February 1992, when many of the other plants were growing
together, open areas still existed between the National City plants (Photo 23).

Planting technique affected how fast the plants put out new shoots. In Figure 4-5, the
data are separated by donor marshes but also by whether those plants were planted
into holes, staked to the soil surface, given special care, planted on pallets, planted on
plastic, or planted as "junk tubers". It was fairly obvious that the plants which
produced new culms most rapidly were those that were staked to the soil surface and,
thus, not restricted by the hard clay substrate that surrounded the plants in holes. The
plants staked on top of the substrate with their roots bathed in nutrient-rich water, so
that they were essentially being grown hydroponically, were unconstrained and,
therefore, had the ability to expand horizontally.

The plants from the two donor marshes that were moisture-stressed (STWR and
Sanderson Road) produced about twice as many new shoots when staked to the soil
surface or set on plastic than when planted in holes. An average of 38 new shoots
per plant planted in holes versus 85 staked for STWR, and 50 versus 100 for
Sanderson Road in October 1993 (Figure 4-5). The stressed plants were probably not
as robust and, therefore, their new horizontal roots and rhizomes were less able to
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penetrate the hard clay substrate that surrounded them. Stressed plants that were
staked on top of the hard clay surface were in an ideal situation and were able to
grow unrestricted. The plants from the DeVuyst drain grew equally well in either
planting technique, with the exception of the plants treated with special care, probably
because they were so healthy and were little stressed during transport (the site was
only 11.3 km (7 mi) away). Their rhizomes remained robust and, thus, were able to
penetrate the clay substrate.

Healthy plants from DeVuyst’s drain given special care were planted in holes, but
their growth was limited compared to the other DeVuyst plants. Similarly, the
Walker Canyon plants placed on and in the wooden pallets, although healthy going in,
were restricted by the pallets. The "junk tubers” from DeVuyst’s drain, always
behind in growth, produced new shoots faster on average than the National City
plants (30 versus 22 in October, respectively). Therefore, the plants set on top of the
soil surface had a more ideal situation in which to expand unhindered. In addition to
being the least labor-intensive of the planting techniques and, therefore, the most cost-
effective, the staked plants provided the shortest time to full coverage of the area.

Special handling of the bulrush plants did not enhance the rate of growth after
transplanting. The slower growth of the plants given special care, compared to the
other DeVuyst plants, implies that damage to the culms (by trimming or breaking)
seemed to encourage the rhizomes to produce new shoots more rapidly. In fact,
trimming or not trimming the tops (but allowing them inadvertently to bend or break
during transport) made no difference in the subsequent growth of the plant.
Trimming the culms beforehand, however, makes transport easier.

In comparing the differences in growth between the two marshes with the fastest
growth, the only discernable difference is the plant species. The plants from
DeVuyst’s drain were California buirush; the plants from Walker Canyon were
hardstem bulrush. When healthy and staked, both species were very prolific.

The height of the plants increased with time, but it was not a good measurement for
comparing the different harvesting and planting techniques. For example, the plants
from National City had average and maximum heights similar to the others although
their shoot numbers were much fewer (Figures 4-6 through 4-8). On average, the
staked plants were about 30 cm (1 ft) taller than their counterparts planted in holes
with the exception of the DeVuyst plants. Three months after planting, the maximum
heights of the bulrush from DeVuyst’s drain and Walker Canyon were 2.7 to 3.0 m
(9 to 10 ft) tall.

Experiments to examine ease of subsequent harvesting included the use of plastic,
wooden pallets, and chain-link fencing. The plants planted on plastic lacked soil for
support and fell over when growth became tall and high winds occurred. The wooden
pallets restricted horizontal and basal plant growth and interfered with hydraulic flow.
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Plants planted on chain-link have put extensive roots in and around the fencing.
Damage to the plants is probable when they are harvested. Therefore, these planting
techniques, designed to make later harvesting easier, were mostly unsuccessful and
may prove to be just the opposite.

Additional observations during the August 1991 monitoring trip indicated that most of
the plants were healthy and actively growing. Some of the plants from DeVuyst’s
drain were flowering, while the plants from National City were spindly and had a
white fungus growing on their culms. In October, the fungus was gone, and some of
the plants had formed seed heads. The other plants were generally healthy with some
seed heads (most flowering had already passed). A variety of other organisms was
observed using the plants, including insects, spiders, small frogs, and birds.

During the winter, the hardstem bulrush culms senesced and, by the February 1992
monitoring trip, many had bent over and were lying in the water. The California
bulrush culm tops turned brown, but most of the plant remained green and upright.
In February, new shoots were beginning to come up through the older material of
both species, marking the first of the new spring growth.

Chlorine was added to the reclaimed water supply from early October 1992 into
January 1993. It was noted during the October sampling that the duckweed around
the inlets was bleached white. By January 1993, the duckweed had disappeared in
both cells. The chlorine did not appear to damage the other plant species. By April
1993, some duckweed had reappeared. '

Marsh pennywort tended to wilt or die back when temperatures were too hot or too
cold. The rush survived and flourished ‘along the eastern edge of the north nursery.
The seepwillow survived the transplanting but was pulled out because it would be in
the way of harvesting activities. A few additional species came in naturally when the
water levels were low in October, including alkali bulrush and several grass species.
Once the colder temperatures arrived and water depths increased, these species died
out for the winter. In the spring, the species did not reappear due to the water depths
and lack of available light and space between the larger bulrushes.

Predation, or the eating, of new shoots by American Coots, a small black waterbird,
was initially a concern. The coots require "runways" for takeoff and landing.
Therefore, immediately after planting, some nylon netting was erected to provide a
visual barrier to the birds. As the new culms shot upwards and filled in the bare
areas, predation was no longer a threat, so the netting was removed. Very little
predation occurred anywhere in the nursery.

Water Quality. Mean inflow to each nursery cell was about 57 L/min

(15 gal/min), which resulted in an average hydraulic loading rate of 4 cm/d
(1.56 in/d) and an average retention time of 5 days.
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Table 4-1 summarizes the results of the in situ water quality measurements of water
temperature, dissolved oxygen saturation, pH, and conductivity taken at nine points
within each nursery cell on each of the three survey dates. Water temperature in the
cells basically reflected ambient air temperatures on the survey dates. Dissolved
oxygen saturation percentages and pH’s, however, reflected the shift from algae-
dominated, sparsely-vegetated cells, in August, to established emergent marshes by
October. Supersaturated dissolved oxygen levels and basic pH’s, in August, are the
result of algal photosynthesis under highly eutrophic conditions. By October, the
emergent vegetation had become dense enough to shade out the algae, leaving
dissolved oxygen levels below saturation and nearly neutral pH’s, which are more
typical of a marsh environment. The rise in conductivity from August to February
may have been due to evapotranspiration, but, given the range of error in these
measurements, the rise is probably not significant.

TABLE 4-1. NURSERY CELL WATER QUALITY COMPARISON
North and South Cell Mean Constituent Values

AUG 1991 OCT 1991 FEB 1992

S N S N S N
Water Temperature 30.5 31.2 20.5 25.1 16.5 14.4
(°C)
Dissolved Oxygen 133.0 | 173.0 28.0 37.0 82.0 55.0
(% sat)
pH 8.8 9.2 7.4 7.6 7.6 7.5
Conductivity (uS/cm) | 1060.0 | 957.0 | 1076.0 | 1015.0 [ 1135.0 | 1131.0

Table 4-2 summarizes the results of the laboratory analyses of the water samples
collected from the cell inlets and the combined outlet of the two cells on each survey
date. Because the outlet sample represents the combined outflows of the two nursery
cells, the removal efficiencies shown in Table 4-2 were estimated using the average of
the two cell inlet concentrations.
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TABLE 4-2. NURSERY CELL WATER TREATMENT
Estimated Mean Constituent Removal Efficiencies

AUG 1991 OCT 1991 FEB 1992
AMMONIA NITROGEN 26% 38% -58%
NITRATE NITROGEN 5% 90% -20%
ORTHOPHOSPHATE PHOSPHORUS -145% -85% -77%
TOTAL ORGANIC CARBON 0% -56% NO DATA
TOTAL SUSPENDED SOLIDS 38% 0% -157%
TOTAL DISSOLVED SOLIDS -22% 1% -9%

Ammonia and nitrate nitrogen removal efficiencies in August probably reflected
uptake by the algae that dominated the cells at that time (Table 4-2). By October,
however, the emergent vegetation was well enough established to have shaded out the
algae, so removal efficiencies at that time most likely reflected nitrification-
denitrification transformations in the marsh environment. It appeared that the
chlorination of the nursery cells from October to January severely impacted the
microbial biofilm on the stems of the emergent vegetation as well as killing the
floating duckweed, so rather than removing nitrogen from the water, the dead organic
material actually increased ammonia and nitrate nitrogen concentrations.

Orthophosphate phosphorus was added to the wastewater within the cells from August
through February, although the amount added declined steadily throughout this period
(Table 4-2). The pattern of declining orthophosphate phosphorus additions suggests
that leaching from the newly inundated soils may have been the main source of the
added phosphorus.

'The last three constituents shown in Table 4-2--total organic carbon, total suspended

solids, and TDS--are difficult to interpret with the available data. The downward
trend in TDS additions may, however, reflect a decrease in evapotranspiration as the
emergent vegetation began to shade the water surface and air temperatures declined
with the passing season.

Invertebrates. Table 4-3 summarizes the results of the benthic invertebrate sampling
on the three survey dates. In August, the benthos were almost entirely composed of
chironomids, non-biting midge larvae, often called "blood worms". Such a benthic
community is typical of a wastewater oxidation pond, which is essentially what the
nursery cells were at that time. By October, the benthic community had increased in
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numbers of organisms and in the number of taxa present. The predominance of
chironomids had declined somewhat, and oligochaetes, or aquatic earthworms, had
begun to appear, reflecting the shift toward a more typical marsh benthic community.
The shift from a benthic community completely dominated by chironomids to one
with a higher percentage of oligochaetes continued into February, although both
numbers of organisms and number of taxa had declined sharply since the October
survey, perhaps as a result of the chlorination of the cells in the interim period.

TABLE 4-3. NURSERY CELL BENTHIC COMMUNITY COMPARISON

AUG 1991 OCT 1991 FEB 1992
S N S N S N
Number of taxa present 6 6 16 13 4 3
Total .number of 448 551 753 1176 241 94
organisms
% Chironomids 97 97 81 82 75 73
% Oligochaetes 0 0 3 11 24 26

Mosquito Larvae. Mean mosquito larvae counts were 0.83 larvae per sample in the
north cell during August 1991. In October, the mean data were 0.83 larvae per
sample in the north cell and 1.1 in the south cell. The larvae were more dense under
the marsh pennywort than under duckweed or algae. In February, no mosquito larvae
samples were collected due to high winds.

Research Cells

Plant Growth and Establishment. Six weeks after planting, the bulrush plants were
actively growing with a 99.97 percent survival rate (one out of 3652 clumps died). A
few clumps had floated away from their staked positions but were found growing
along a nearby shoreline. Since that time, no plants have died.

The mean number of new bulrush shoots per sampled clump was 21.4 in October
1992. The mean illustrates how quickly the bulrush proliferated in the research cells
in just 6 weeks. The actual number of new shoots per sampled clump ranged from

2 to 80 throughout the cells (Figure 4-9). Major differences in development of new
shoots between cells were probably due to the hydraulic problems of the cells.

During planting, the water to each of the research cells was delivered at various times
so the transplanted clumps were exposed to differing periods of drying out, causing a
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variation in initial conditions. The research cells were engineered to be level;
however, before planting, fill dirt was deposited in each of the cells to provide loose
soil for rhizome penetration. The soil was not re-leveled in order to avoid
compaction. This created an unevenness in the bottom of the cells, and some cells
contained high spots which were above the water level 6 weeks after planting.
Additionally, daily water flow into each of the cells was erratic, and each cell’s daily
flow was different from the others.

By April 1993, the number of new shoots had increased dramatically in each cell;
most of the increase occurred during the previous month. The mean number of new
shoots per sample clump throughout the cells jumped to 220, an increase of over

10 times per October’s mean. The range of new shoots per sample clump was

91 to 400, with variation both between and within the cells. All of the plants were
healthy. The horizontal growth of the rhizomes was causing the plants to grow
toward each other, filling in the spaces between the plants. By July 1993, the new
shoots along the new rhizomes had increased in number so much that it was
impossible to determine which clump the new shoots came from without digging the
plants out. The variation within the cells was not as apparent as in the previous
months. Cells 7 and 8 were visually not as dense with new culms as cells 1 through
6, but the plants were still very healthy and robust. By November 1993, the plants
were so dense throughout all of the cells that the use of a machete was necessary to
walk through them. Visual variations between or within the cells in regard to bulrush
growth could not be discerned. The research cells had reached 100 percent plant
coverage.

The mean bulrush culm height of all the sampled plants throughout the research cells
was 104 cm (+ 25 cm) (41 in) in October 1992, 230 cm (£ 31 cm) (90 in) in April
1993, and 339 cm (+ 10 cm) (132 in) in July and November 1993 (Figure 4-10).
Maximum culm heights of the bulrush plants averaged 140 cm (+ 34 cm) (35 in),
268 cm (£ 36 cm) (105 in), 394 cm (£ 16 cm) (154 in), and 427 cm (£ 0.0 cm)
(167 in), respectively (Figure 4-11). Initially, bulrush culm height also varied within
and between the research cells, but by July and through November 1993, culm
heights became more uniform. It appeared the 427-cm (167-in) height was maximum
for this species, and the 339-cm (132-in) height was typical under Hemet/San Jacinto
conditions.

The maximum culm width (the length of one of the three sides of the largest culm)
sampled in October 1992 was 1.9 cm (0.75 in). The maximum culm width sampled
in April, July, and November 1993 was 3.2 cm (1.25 in). Although 3.2 cm (1.25 in)
appeared to be the maximum culm size in this system, few were noted in April and,
as time went on, progressively larger culms were noted.

The research cells were designed to be as similar to each other as possible in order to
serve as replicates in specific studies; therefore, only one plant species, California
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bulrush, was intentionally planted. One hardstem bulrush plant was inadvertently
planted along the eastern edge of cell 1. No other species were deliberately planted.
However, many other plant species have appeared in and around the research cells,
presumably introduced by natural means (wildlife or wind) or unavoidable
contamination during planting. Duckweed and water pennywort were observed
growing on the water surface in many of the cells by July 1993. Cattail were
growing in the north end of cell 5 by November 1993. Many other plant species have
established themselves around the perimeter of each of the research cells on the 4:1
sloped berms. The first plant to establish itself was swamp timothy, which was noted
during the April 1993 sampling trip. By July, more swamp timothy, two species of
smartweed, willow, seepwillow, and a mallow were observed. In November, prickly
lettuce, and a brown surface algae were observed in addition to the other species.

To date, the additional plant species have not impacted the California bulrush
community and, therefore, are not considered a cause of any variation in water
quality.

In Situ Water Analyses. .

Hydrolab DataSonde Measurements. Mean water temperature, conductivity,
pH, and dissolved oxygen saturation measured on the inflows and outflows of both
types of cells during Series 1 and Series 1A are shown in Figures 4-12 through 4-19.
The mean parameter values were calculated on the basis of over 1680 hourly
measurements during Series 1 and over 1100 hourly measurements during Series 1A.
Figures 4-12 through 4-19 show mean parameter values along with their plus and
minus one standard deviation ranges.

Water Temperature. Figures 4-12 and 4-13 indicate that the water
cooled as it flowed through both types of cells during both Series 1 and Series 1A.
This cooling averaged about 9° C during Series 1 and about 7° to 8° C during
Series 1A. There does not appear to have been any significant difference between the
two types of cells in the degree of cooling during either Series 1 or 1A.

Conductivity. Figures 4-14 and 4-15 indicate no significant change in
the conductivity of the water as it flowed through either type of cell during either
Series.

pH. Figures 4-16 and 4-17 show generally neutral to slightly basic
pH’s in the inflow and outflow of both types of cells throughout Series 1 and 1A.
During Series 1, both the three-phase and one-phase cells exhibited a slight increase
in pH from the inflow to the outflow, perhaps as a result of photosynthesis by the
algae that predominated in the open water of the still sparsely vegetated cells.
During Series 1A, neither type of cell exhibited a significant difference in pH between
inflow and outflow.
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Dissolved Oxygen Saturation. Figures 4-18 and 4-19 show that the
reclaimed water enters the research cells at a consistently low percentage of dissolved
oxygen saturation. (This low dissolved oxygen content accounts for the fact that
nitrite is an important component of the total nitrogen concentration of the cell
inflows.) The outlets of both types of cells exhibit a significant increase in mean
dissolved oxygen saturation. A marked diurnal cycle of high daylight and low
nighttime dissolved oxygen saturation accounts for the wide variation about the
means. This diurnal cycle is mainly the result of algal photosynthesis and respiration.

NOTE: The fact that the DataSondes were suspended in wells within the inlet and
outlet structures of the cells may sometimes have affected the data, especially the pH
and dissolved oxygen saturation data. Very low, slow flows, at times, allowed thick
algal scums to build up on the water surface within the wells; pH and dissolved
oxygen variations at such times could have been exaggerated by the photosynthesis
and respiration of the algae within the wells.

Inflow Rates. Two flowmeters became available during the Series 1A monitoring
program, and both of them were used to monitor inflows on the paired three-phase
and one-phase cells. Monitoring of inflow rates to the three-phase and one-phase
cells began on June 5 and July 6, respectively. Figure 4-20 shows the mean daily
inflows to the three-phase cells, and Figure 4-21 shows the same data for the one-
phase cells. The Series 1A average daily inflow to the three-phase cells was

32.2 L/min (8.5 gal/min), which resulted in an average retention time of 13.21 days.
Corresponding series averages for the one-phase cells were an inflow rate of

23.1 L/min (6.1 gal/min) and a retention time of 13.05 days.

Using an average daily inflow rate of 32.2 L/min (8.5 gal/min) for the three-phase
cells during Series 1A, average retention times were estimated for each of the three
components of the marsh-pool-marsh system:

Inlet marsh component = 4.7 days (36 percent of total cell retention time)
Pool component = 6.6 days (50 percent of total cell retention time)
Outlet marsh component = 1.9 days (14 percent of total cell retention time).

Although the Series 1A average retention times in both types of cells were roughly
equal, there was an important difference in the fact that 50 percent of the time, the
water in the three-phase cells was residing in an open, relatively deep pool and was
not exposed to marsh conditions.

The pool component of the three-phase cells, thus, has the potential of affecting the
water treatment process in at least two major ways:
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Daily Total Flow: 3 Phase Cells
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1. It could act as a facultative wastewater treatment lagoon within the
emergent marsh system, which would enhance the efficiency of the
nitrogen transformation in particular.

2. Given equal retention times, it would reduce by half the amount of time
the water is exposed to organic loading by nesting and perching birds in
the emergent marsh vegetation of the one-phase system.

Laboratory Water Quality Analyses. The following data analysis and discussion is
limited to those data collected during Series 1A (i.e., during the period from May 3,
1993, when monitoring was resumed after the winter rains and flooding, through
November 10, 1993, when all initial research cell monitoring was terminated).
Series 1 data are not included because of the sparsity of the data and the long hiatus
between Series 1 and 1A.

The paired sample t-test was selected as the statistical method for evaluating the water
quality data and determining if there were significant differences between the
laboratory chemical data for the three-phase and one-phase systems. Simply
averaging the data for each system and comparing means would not take into account
either the variance of the measurements or the number of samples used. The paired
sample t-test takes these factors into consideration and can be used to determine if the
differences between two sets of data, taken in pairs, are significant.

In the paired sample test, the "t" factor is calculated as the average of the differences
between the pairs of measurements divided by the standard error of that set of
differences. The "t" factor is then compared to the critical value of "t" for the
degrees of freedom in the set and the desired level of significance. If the absolute
value of a computed "t" value is found to be greater than the critical value, then the
hypothesis is rejected. For the present analysis, the difference between the sets of
paired data was hypothesized to be null, and the level of significance was set at 0.05,
which means that rejecting the premise that the two data sets are the same would have
less than 5 percent probability of being in error. The two-tailed critical "t" value was
used in this analysis because a difference in either direction was considered to be
grounds for rejecting the null hypothesis.

Summary tables of the Series 1A data, general statistics, and paired t-test results, for
each of the following parameters, are included in Appendix A of this report.

Biochemical Oxygen Demand (BOD). BOD increased slightly in both the
three-phase and the one-phase cells when outlet concentrations were compared with

inlet concentrations (Figure 4-22). The average BOD for the inlet, three-phase
outlets, and one-phase outlets were 4.9, 5.7, and 5.1 milligrams per liter (mg/L),
respectively. The highest BOD concentration was 15 mg/L, observed in a three-phase
outlet; the lowest BOD concentration was 1 mg/L, measured in the inlet. For the
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three-phase cells, the increase in BOD over inlet concentrations amounted to
17.2 percent; for the one-phase cells, the corresponding increase was 5.1 percent.

The paired sample t-test, however, did not show either of these differences to be
significant, due mainly to the small number of samples and the large variance in their
values.

Considering the low BOD concentrations coming into the wetlands, it is not surprising
that the outlet concentrations are somewhat higher. The increase in outlet BOD
concentrations probably reflects organic production (i.e., assimilation of nutrients and
shedding of organic material) within the wetlands. A "background” BOD of
approximately 5 mg/L is probably the lower limit that can be expected from a
wastewater treatment wetland.

Total Organic Carbon (TOC). TOC concentrations in the inlet, three-phase
outlets, and one-phase outlets averaged 10.4, 11.7, and 11.1 mg/L, respectively
(Figure 4-23). The highest concentration recorded was 17 mg/L, in a one-phase
outlet, and the lowest was 5.2 mg/L, also in a one-phase outlet. As with BOD,
average TOC concentrations showed a slight increase in the outlets of both types of
cells compared with the inlet. The average TOC increase was 12.4 percent in the
three-phase systems and 6.4 percent in the one-phase, neither of which the paired
sample t-test indicated to be statistically significant. The slight apparent increase in
TOC concentrations in the research cell outlets probably reflects the same internal
production noted in the previous discussion of BOD. ‘

Total Suspended Solids (TSS). TSS resuits were skewed by one inlet sample
that contained a very high concentration (25 mg/L) compared with the average
concentration of 10 mg/L (Figure 4-24). Without that one sample, the results would
have shown an increase in TSS concentrations in the three-phase cells. The highest
TSS was 25 mg/L, in an inlet, and the lowest was 3 mg/L, in a one-phase cell outlet.
Average TSS concentrations for the inlet, three-phase outlets, and one-phase outlets
were 10, 8.4, and 4.6 mg/L, respectively. The paired t-test did not indicate any
significant differences between inlet and outlet TSS concentrations, once again
because of high variance in the inlet samples and the small total number of samples.
There was, however, a significant difference between the three-phase and one-phase
outlets, but this result does not take into consideration the poor accuracy of the TSS
analytical method at these low concentrations.

Visual inspection of the graphed data suggests that there may have been a decline in
TSS during Series 1A. It is interesting that the graphed turbidity data also suggest a
decline. If such declines actually occurred, they may have been due to seasonal
phenomena or due to conditions in the research cells stabilizing. More monitoring of
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effluent suspended solids is needed before any definite conclusions can be reached in
a comparison between the three-phase and one-phase systems or between the inlet and

outlets.

Turbidity. Turbidity increased in both the three-phase and one-phase outlets
compared with inlet turbidity levels (Figure 4-25). The average increase over inlet
values was 148 percent for the three-phase system and 183 percent for the one-phase
system. Turbidity averaged 4.1, 10.2, and 11.6 nephelometric turbidity units in the
inlet, three-phase, and one-phase systems, respectively. The difference between the
three-phase and one-phase systems was not significant. Three-phase outlet turbidity
did differ significantly from the inlet turbidity, and, although the t-test did not show a
significant difference for the one-phase outlets compared with the inlet, the computed
"t" value was nearly equal to the critical value.

Graphed turbidity data for the outlets suggest a general trend toward lower turbidities
during Series 1A, but this trend was punctuated, at times, with very high values,
mostly in the one-phase cells. Speculation as to the cause of the various high
turbidity readings has included algae, chemical leachate from the soil reacting with
something in the water, decaying plant matter, bacteria, fungus, bird droppings,
and/or any combination of these. Microscopic examination for algae, which was
suspected because the gray-green color of the water, showed that not only was algae
not a factor but that there was a conspicuous absence of algae in the samples. Further
microscopic examination, involving fixing and staining a slide, revealed a
preponderance of filamentous bacteria resembling varieties commonly found in the
treatment plant (e.g., Beggiotoa and Sphaerotilus). This suggested a highly eutrophic .
environment.

In later January 1994, a white slime was observed on the weirs and outlet boxes of
the one-phase cells, and turbidity in these cells was also observed to be much higher
than usual. It was hypothesized that the source of the white slime might be the large
number of birds producing fecal matter, coupled with recent rains that washed it off
the bulrush and into the water. This could have been exacerbated by recent cold
weather which may have lowered microbial activity enough so that the uric acid in the
fecal matter was not decomposed. If this were the case, the white slime should have
had a high nitrogen content. A sample of the slime was taken to the EMWD lab and
analyzed for total Kjeldahl nitrogen (TKN). The slime sample was found to have a
TKN of 2800 mg/L, compared to an inlet TKN of 24 mg/L, 32 mg/L at the midpoint
of the cell, and 36 mg/L at the outlet. The hypothesis that the white slime was uric
acid seemed to be supported by the laboratory analytical results.

Total and Fecal Coliforms. During duck hunting season, which usually spans
the period from October to January, reclaimed water sold to the neighboring duck
clubs must be disinfected so all secondary effluent from the treatment plant is
chlorinated before it is released. To protect the wetland research cells from being
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directly chlorinated during this period, secondary effluent being sent to the facility
was dechlorinated with sodium bisulfite. A dechlorination unit was installed which
could handle residual chlorine levels of up to 10 mg/L. When the residual chlorine
level was expected to rise above the 10 mg/L level, flow into the research cells was
halted until chlorination returned to a level the dechlorination unit could handle.
Fecal and total coliform samples collected from the inlets during this period, which
coincided with the later part of Series 1A, were not comparable to the earlier
undisinfected samples.

A total of eight samples were analyzed for total and fecal coliforms during Series 1A
(Figures 4-26 and 4-27, respectively); two of these samples had been chlorinated and
then dechlorinated. Included in the graphs and analyses are two sets of data: one
with the chlorinated samples included and one without them. Total coliform counts in
the three-phase outlets averaged 97.7 percent less than inlet counts when the
chlorinated samples were not included. Fecal coliform counts in the three-phase
outlets averaged 98.6 percent less than inlet counts with the chlorinated samples
included and 99.3 percent less without them. The one-phase outlet total coliform
counts averaged 83.4 percent less than inlet counts when the chlorinated samples were
included (93.0 percent less than inlet counts overall) and 92.5 percent less when the
chlorinated samples were excluded. The small number of samples and the high
variability of the results cast some doubt on any conclusions that might be drawn
from these data. Despite the high average differences between inlet and outlet
coliform counts, paired t-tests indicated only marginal significance.

Nitrogen.

Ammonium Nitrogen (NH,-N). Twenty-five samples were analyzed for
ammonium nitrogen concentrations (Figure 4-28). Ammonium is the major form of
nitrogen in the reclaimed water coming into the wetland research facility, with an
average inlet concentration during Series 1A of 11.7 mg/L. Mean outlet
concentrations were 5.7 mg/L for the three-phase systems and 13.4 mg/L for the
one-phase systems. Compared with the inflow concentrations, then, the three-phase
systems decreased NH,-N by an average of 51.6 percent, while the one-phase systems
actually increased NH,-N by 14.6 percent on average. Paired t-tests indicated that the
differences between the three-phase outlets and the inlet and between the outlets of the
two types of cells were statistically significant; however, the outlet concentrations of
the one-phase systems were not found to be significantly different from the inlet
concentrations.

Nitrite Nitrogen (NO,-N). Due to the dynamic nature of this form of
nitrogen and its rapid oxidation to nitrate under aerobic conditions, it would be
incorrect to talk about "removal" of nitrite. Nitrite nitrogen concentrations in the
inlet samples were relatively high (Figure 4-29) because the reclaimed water was
relatively anoxic when it entered the research cells. The inlets averaged
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1.93 NO,-N mg/L, the three-phase outlets averaged 0.61 mg/L, and the one-phase
outlets averaged 0.31 mg/L. The three-phase and one-phase outlet concentrations
were not significantly different from each other, but the differences between the outlet
and inlet concentrations in both systems were statistically significant.

Nitrate Nitrogen (NO,-N). Nitrate nitrogen concentrations averaged
0.8 mg/L in the inlet samples, 0.8 mg/L in the three-phase outlets, and 0.6 mg/L in
the one-phase outlets (Figure 4-30).

Total Inorganic Nitrogen (TIN). There were 25 samples that could be
analyzed as TIN (i.e., NH-N + NO,-N + NO;-N) (Figure 4-31). When total
inorganic nitrogen concentrations are considered, the data show an average increase of
1.2 percent in the one-phase outlets and an average decrease of 60.6 percent in the
three-phase outlets, compared with the inlet concentration. It is clear that these TIN
removal efficiencies are largely influenced by the difference in the ability of the two
systems to decrease ammonium nitrogen concentrations relative to inlet
concentrations.

Total Kjeldahl Nitrogen (TKN). Seven samples were analyzed for TKN
(Figure 4-32). The three-phase outlet concentrations averaged 58.5 percent less and
the one-phase outlet concentrations 3.5 percent less than inlet concentrations. When
TKN is broken down into organic-N and NH,-N, it is apparent that the difference
between the two systems is in NH,-N concentrations. Qutlet organic-N concentrations
in both systems showed small average increases compared with the inlet
concentrations. While this apparent increase in organic-N may reflect a variety of
internal and/or external nitrogen sources, it may also reflect assimilation of inorganic
nitrogen and subsequent shedding of organic material by the biotic communities
within the cells. '

Total Nitrogen. The seven samples that were analyzed for TKN were
also used to calculate total nitrogen concentrations (i.e., total inorganic nitrogen plus
organic nitrogen) (Figure 4-33). For these samples, the three-phase outlet
concentrations averaged 57.7 percent less than inlet concentrations, while the one-
phase outlet concentrations averaged 11.1 percent less than inlet concentrations. The
paired t-test results indicated no significant difference between the one-phase outlet
and inlet concentrations. Three-phase outlet and inlet concentrations, however, were
significantly different. Once again, it is clear that it was the differing ability of the
two systems to handle ammonium nitrogen that accounted for the difference in total
nitrogen concentrations in the outlets relative to the inlet.

The sequence of bacterially-mediated nitrogen transformations is as follows:

Organic-N - NH, - NO, - NO; - N,0t - N,
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The first step is the "ammonification", or reduction, of nitrogenous organic material
to ammonium nitrogen. This process involves both aerobic and anaerobic bacteria.
Organic nitrogen material added to a wetland, from whatever source, will eventually
break down and contribute to the ammonium load of the wetland and, thus, affect the
ammonium concentrations in the wetland.

The next two steps are the "nitrification", or oxidation, of ammonium to nitrite and
then to nitrate. This process requires free oxygen and, therefore, takes place under
aerobic conditions. It appears that the pool component is the key factor in the three-
phase systems’ demonstrated ability to decrease ammonium nitrogen concentrations
relative to the inlet concentrations.

The last two steps in the sequence are the "denitrification”, or reduction, of nitrate to
nitrogen oxide and elemental nitrogen gases. This process takes place under
anaerobic conditions and requires the simultaneous oxidation of carbon to remove the
oxygen from the nitrogen jons. Denitrification is the ultimate step in removing
nitrogen from the reclaimed water into the atmosphere. It is likely that most
denitrification in both systems takes place in the anoxic to anaerobic areas of the
marsh components. The longer marsh retention time in the one-phase systems could
account for the apparent greater decrease in nitrate in the one-phase versus the three-
phase systems.

It is important to note, however, that it will be necessary to use flow-weighted
nitrogen budgets, taking into account retention times, to adequately address the
questions of how much nitrogen is actually being removed and whether or not
nitrogen loading other than that through the inlets is having a significant impact on the
nitrogen dynamics of the two types of wetland systems. Bird exclusion experiments
might also be useful in determining the impact of bird usage of marshes on nitrogen
budgets.

Phosphorus.

Total Phosphorus (TP). Eight samples were analyzed for TP during
Series 1A (Figure 4-34). Average concentrations were 4.0 mg/L in the inlet,
5.4 mg/L in the three-phase outlets, and 4.9 mg/L in the one-phase outlets. The
three-phase systems averaged a 33.8 percent increase and the one-phase systems a
23.1 percent increase in TP concentration relative to the inlet concentration. Both
system outlet concentrations were significantly greater than the inlet concentrations,
but the outlet concentrations did not differ significantly from each other.

The significant increase in TP concentrations from inlet to outlet in each of the
wetland systems suggests that phosphorus is being added to the systems from some
source other than the inflow. Two likely candidates for this source during Series 1A
are leaching from the sediments and bird droppings, which contain relatively high
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amounts of phosphorus. The rather consistent difference between inlet and outlet
concentrations (Figure 4-34) and the long period of time that the cells were flooded
before Series 1A sampling began would favor bird droppings as the source.
Comparing observations of bird usage of the marshes to flow-weighted TP budgets
and/or bird exclusion experiments would go far toward resolving the question of bird
impact on wetland phosphorus dynamics.

Orthophosphate Phosphorus (POP). Twenty-five samples were
analyzed for PO,-P during Series 1A (Figure 4-35). For these 25 samples, the PO,-P
concentrations averaged 3.3 mg/L in the inlet, 4.3 mg/L in the three-phase outlets,
and 5.3 mg/L in the one-phase outlets. The 30.9 percent increase in three-phase
outlet concentrations and the 62.3 percent increase in one-phase outlet concentrations,
relative to the inlet concentrations, were both statistically significant. Three-phase
and one-phase outlet concentrations were also significantly different.

Orthophosphate is the inorganic phosphorus form that is most readily available for
plant uptake. This fraction of the TP concentration would be expected to increase

_under anoxic conditions. Eight of the 25 samples were also analyzed for TP, and, for

these eight samples, the PO,-P concentrations averaged 3.3 mg/L in the inlet,

4.4 mg/L in the three-phase outlets, and 4.5 mg/L in the one-phase outlets. As
percentages of the mean TP concentrations, these average PO,-P concentrations
become 83.4 percent of TP in the inlet, 81.8 percent of TP in the three-phase outlets,
and 92.1 percent of TP in the one-phase outlets. The high percentage of the TP
concentration in the orthophosphate form suggests relatively anoxic conditions in the
one-phase systems; this observation seems consistent with the previous discussion of
greater apparent nitrate removal in these same systems.

Invertebrates. Invertebrates were sampled within the research cells in April, July,
and November 1993. It was intended that artificial substrates would be retrieved
from inlet, middle, and outlet portions of each of cells 1, 2, 5, and 6. However,
substrates were successfully retrieved only from some locations within both sets of
cells, and sweep net samples were taken in place of collection of artificial substrates.
The sampling schedule is presented in Table 4-4.

TABLE 4-4. SAMPLING DATES FOR BENTHIC MACROINVERTEBRATES
Samples were collected from the Hemet research cells via artificial substrates (AS)
and via use of a sweep net (SN). Note that during July sampling, both methods
were used at four sampling locations.

Sampling One-phase system Three-phase system
Date

Cell 5 Cell 6 Cell 1 Cell 2

| M | O | M | O | M 10 l M | O
April 1993 AS|AS|AS|AS|AS|AS|{AS|AS| AS| AS | AS | AS
July 1993 AS AS | AS AS|AS|AS|AS|{ AS | AS | AS

SN SN SN SN

November SN{SN|AS|{SN|SN|AS|SN|AS|SN|SN | AS | SN
1993
c:\word\emwd\invertO1.rpt
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A total of 24 taxa were identified from the artificial substrate and sweep net samples
(Table 4-5). The highest number recorded in any type of cell during a particular
sampling period was 15. Eight taxa were relatively common in the artificial
substrates. These included aquatic earthworms, snails, midges, and ostracods (seed
shrimp). Representative count data for two of these species are shown in

Figures 4-36 and 4-37. Predaceous diving beetles, water fleas, biting midges, and
mosquitos were less common. Mean counts of mosquito larvae within the research
cells on each quarterly sampling visit are shown in Table 4-6. The complete set of
research cell invertebrate data is presented in Appendix A.

In all cases where the July sampling included both collection of an artificial

substrate and use of the sweep net, the sweep net collections contained more taxa
(cell 5: 13 vs. 7; cell 6: 10 vs. 4; cell 1: 12 vs. 4; cell 2: 11 vs. 3). Because of the
poor ability to quantify the sweep net sampling compared to the artificial substrate
sampling, plus the great likelihood that different portions of the system were being
sampled, comparison across methods should generally be avoided. For example, the
abundances of taxa common to both collections were usually greater in the sweep net
samples, but actual densities may be more accurately reflected in the artificial
substrate samples.

The total number of benthic macroinvertebrate species collected within the cells
(richness) showed a continuous decline between the first sample in April and the last
in November, whether based on artificial substrates or on sweep net samples
(Figure 4-38). :

The number of invertebrate species that were present in the research cells but escaped
collection is unknown. Flatworms were noted during the November mosquito
sampling in cells 2 and 4 (outlet area). None were collected in the artificial substrate
or sweep net samples. Aquatic vertebrates were present in the cells, but no attempt
was made to sample them in even a qualitative manner. At least one species of frog
was noted present in one cell, and small fish were noted present in several cells.
These two species are likely present in all eight research cells, but their distribution
has not yet been confirmed. Fish, probably Gambusia sp., were added to some or all
research cells by EMWD personnel.

Sediments. A complete year of data has been collected, including the second set of
annually-monitored parameters. The trends and potential concerns which have been
observed regarding (1) the fate of toxic constituents; (2) nutrient availability;

(3) denitrification; and (4) phosphorus removal are described. Tables 4-7 and 4-8
summarize the results of sediment sampling, and additional new data are on file at
EMWD offices in San Jacinto, California.

Fate of Toxic Constituents. Baseline sampling indicated that all trace elements
in the substrate were well within acceptable limits. Therefore, it was considered
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TABLE 4-5

invertebrates collected at EMWD constructed wetland research sites during 1993 by sampling via artificial substrates and

sweep net.
TAXON
ID NO. TAXONOMIC GROUP COMMON NAME

1 ANNELIDA OLIGOCHAETA Aquatic earthworm
2 ANNELIDA HIRUDINEA Leech
3 ARACHNOIDEA HYDRACARINA Mite
4  COLEOPTERA DYTISCIDAE Predaceous diving beetle
5  COLEOPTERA HYDROPHILIDAE Water scavenger beetle
6  COLEOPTERA STAPHYLINIDAE Aquatic rove beetle
15  COLLEMBOLA Springtail
20 CRUSTACEA CLADOCERA Water flea
21 CRUSTACEA COPEPODA Copepod
22 CRUSTACEA AMPHIPGDA Gammarus Scud
30 DIPTERA CERATAPOGONIDAE Biting midge
31 DIPTERA CHIRONOMIDAE Midge
34 DIPTERA CULICIDAE Culex Mosguito
35 DIPTERA CULICIDAE Anopheles  Mosquito
40 EPHEMEROPTERA BAETIDAE Mayfly
50 GASTROPODA Snail
60 HEMIPTERA CORIXIDAE Water hoatman
61 HEMIPTERA NAUCORIDAE Creeping water bug
62 HEMIPTERA NOTONECTIDAE Back swimmer
70 LEPIDOPTERA Aquatic caterpillar
80 ODONATA ANISOPTERA Dragonfly
81 ODONATA ZYGOPTERA Damselfly
90 OSTRACODA Seed shrimp
99  PELECYPODA Bivalve clam
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FIGURE 4-36
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Fig. 4-36. Temporal change in counts of non-biting midge larvae (Chironomidae)
associated with artificial substrates installed at inlet, middle, and outlet positions
within 1-Phase research cells (cells 5 and 6) and 3-Phase cells (1 and 2) at the
Hemet site in 1993 (Julian Date 44). Lines link counts from the same location (cell
and position). Counts of zero are not shown due to the log scale, but all occurred
during the first sampling (Julian Day 119), the only date when substrates from all
cell/position combinations were collected (see Table 4-4).
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FIGURE 4-37
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Fig. 4-37. Temporal change in counts of aquatic earthworms (Oligochaeta)
associated with artificial substrates installed at inlet, middle, and outlet positions
within 1-Phase research cells (cells 5 and 6) and 3-Phase cells (1 and 2) at the
Hemet site in 1993 (Julian Day 44). Lines link counts from the same location (cell
and position). Counts of zero are not shown due to the log scale, but all occurred
during the first sampling (Julian Day 119), the only date when substrates from all
cell/position combinations were collected (see Table 4-4).
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Fig. 4-38. Changes in total number of macroinvertebrate taxa collected (an

estimate of biodiversity) in 1-Phase research cells (cells 5 and 6) and 3-Phase

research cells (cells 1 and 2) at the Hemet site during 1993.
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TABLE 4-7

ANALYSIS OF PARAMETERS SAMPLED YEARLY
IN SEDIMENT OF RESEARCH CELLS

Cell1 1 -in Cell 1 - out Cell 2 - in Cell 2 - out
Parameter (units) 92/93 92/93 92/93 92/93
Arsenic (ppm) 1.27/17 <1/21 <1/18 1.07/20
Selenium (ppm) <1/<0.5 <1/<0.5 <1/<0.5 <1/<0.5
Mercury (ppm) <0.07/<0.1 <0.07/<0.1 0.07/<0.1 0.10/<0.1
Boron (ppm) 16/5 14/6 14/5 19/6
Silver (ppm) <0.1/<1 <0.1/<1 0.98/<1 1.11/<1
Aluminum (%) 1.4/1.1 1.3/1.3 1.3/1.1 1.35/1.2
Barium (ppm) 190/150 181/160 198/150 193/170
Beryllium (ppm) 0.73/<0.5 0.68/<0.5 0.66/<0.5 0.70/<0.5
Cadmium (ppm) <0.2/2.4 <0.2/2.7 <0.2/2.4 0.22/2.7
Calcium (%) 0.96/0.67 0.85/0.79 0.84/0.64 0.87/0.87
Cobalt (ppm) 8.56/6 8.39/7 8.41/6 8.19/7
Chromium (ppm) 10.7/8 10.4/9 11.1/8 11.2/9
Copper (ppm) 7.81/8 7.59/9 18.9/14 20.2/13
Iron (%) 1.7/1.6 1.6/1.7 1.6/1.5 1.6/1.7
Potassium (%) 0.65/0.50 0.63/0.55 0.61/0.45 0.61/0.53
Magnesium (ppm) 7070/5400 6800/6000 6600/4900 6700/6100
Manganese (ppm) 281/250 268/270 269/230 264/270
Sodium (ppm) 2260/1000 2070/1300 2030/970 2500/960
Nickel (ppm) 6/4 5/5 6/4 6/5
Antimony (ppm) 6/2 6/3 4/2 5/2
Vanadium (ppm) 31.7/25 30.6/28 30.5/23 30.6/26
Zinc (ppm) 57.3/51 57.0/58 89.3/90 92.1/70
Molybdenum (ppm) <0.5/«1 <0.5/«1 <0.5/«1 <0.5/<1
Lead (ppm) -/<1 -/<1 -/9 -/3
Thallium (ppm) -/<5 -/<5 -/<5 -/<5
CaCo; (%) 2.39/2.16 2.13/2.30 2.09/1.45 2.18/2.23
Organic C (%) 1.20/0.16 0.07/0.08 0.35/0.24 0.31/0.08
Clay Content (%) 18/1 4/1 10/<1 9/<1
CEL (meq/100g soil) 11/2.5 16/10.0 20/2.5 24/8.8
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TABLE 4-8

NUTRIENT CONCENTRATION IN
SEDIMENT OF RESEARCH CELLS

Date

Nitrate (mg/kg dry wt.)

Total P (mg/kg dry wt.)

Ortho P (mg/kg dry wt.)

Cell #1 Cell #2 Cell #1 Cell #2 Cell #1 Cell #2

in/out in/out in/out in/out in/out in/out
9/4/92 22/6 100/507  22/75 107/61
10/6/92 Equipment Breakdown I
11/19/92 12/13 9/22 1351/1017 1669/1489  509/485 1229/1088
12/18/92  49/37 17/19 947/955 1501/2179  540/477 1033/1350
1/13/93 18/15 8/11 1012/1080 1575/1620 891/926 1225/1239
2/5/93 2/2 3/3 931,887 1581/1882 501/494 960/1013

Spring Floods
5/14/93 2/2 3/3 848/983 1433/1449  364/356 328/391
6/17/93 1/2 1/1 1667/3284 1516/2344 985/791 859/1078
7/30/93 13/14 11/11 957/972 1338/2029  449/338 779/797
8/17/93 10/11 9/12 843/914 1271/1406  457/457 757/797
9/14/93 >.5/>.5 >.5/>.5 791/705 1007/1151  4/4 5/5 l
10/21/93  >1/>1 >1/>1 837/727 884/1046 3/6 6/6
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unlikely that the substrate would serve as a source for any toxic constituents. Instead,
it was anticipated that the substrate would act as a sink, potentially removing certain
constituents from the water through adsorption and precipitation processes. Little
information is available regarding toxic concentrations in substrate. However, arsenic-
and cadmium have shown a considerable increase. It would appear that significant
quantities of arsenic and cadmium are being brought into the wetlands via the treated
wastewater. Both elements are common waste products. Arsenic is a component of
many pesticides, wood treatment processes, and swine and poultry feed supplements.
Cadmium is a by-product in the manufacture of paint, batteries, and textiles.

Arsenic and/or cadmium could have adverse impacts to wetland plants and animals if
the lab data are correct and if the trend continues. Arsenic concentrations greater
than 25 mg/L in the sediment may cause adverse impacts to sensitive plant species
(Eisler, 1988). Initial symptoms include wilting, then decreased root and top growth.
Precipitation is the primary removal mechanism for arsenic (McLean and Bledsoe,
1992). Little information is available regarding toxic concentrations substrate.
However, cadmium concentrations from 0.8 to 9.9 micrograms per liter (xg/L) in
water are lethal to several species of insects, crustaceans, and teleosts (Eisler, 1985).
Adsorption mechanisms may be the primary source of cadmium removal

(Dudley et al., 1991). Sediments may, therefore, reach a maximum capacity with
regard to cadmium. At this point, cadmium concentration in the water would begin to
increase.

Nutrient Availability. Nutrient availability is usually not critical in wetlands
constructed for wastewater treatment. Inputs of nitrogen and phosphorus are
generally considerable. Potassium levels in the bottom sediment of the research cells
are low but still within the range of what would normally be considered adequate.
However, it is possible that potassium might become a limiting factor in plant
productivity.

Denitrification. Nitrate levels in the soil showed a sharp decline following the
initial flood-up and have remained fairly stable since. This would indicate that
nitrogen loss through volatilization during denitrification is occurring.

Phosphorus Removal. The effect of sediments upon phosphorus removal in
the research cells remains unclear. No discernable trend is evident. The substrate
can act as a source or sink for phosphorus. If the sediments were acting as a sink, as
expected, a gradual increase in concentration should be evident.

Reverse Osmosis and Saline Marshes

Reverse Osmosis Unit Operations. Operation of the RO system began on May 3,
1993, using feedwater trucked in daily from the nearby Moreno Highlands well.
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Initially, only a partial complement of six Filmtec BW30-2540 membrane elements
was tested. This was done to observe the performance of the newly-constructed
system without risking too many elements. On June 6, 1993, after a month of
successful operation (i.e., without noticeable degradation in performance}, the initial
six elements were removed and replaced with a full load of 18. During the following
8 months of testing, a total of 1860 hours of RO operations were logged. In that
time, 2.53 x 10° L (6.70 x 10° gal) of Moreno Highlands well water was processed
yielding 1.90 x 10° L (5.02 x 10° gal) of product water and 6.34 x 10°L

(1.67 x 10° gal) of reject brine. RO feed pressure averaged 1267 kPa (184 1b/in?)
during the 8 months. Average feed and product concentrations were 988 and

14.2 mg/L TDS, respectively. Given these concentrations, a 50:50 blend of the two
would yield an effective total recovery of nearly 86 percent (RO system recovery was
75 percent) and a blended TDS of about 500 mg/L (California’s secondary drinking
water standard). :

Except as noted below, the pilot plant performed as anticipated with minimal
interruption caused by equipment or operational difficulties. Midway through the test
period, some early signs of membrane degradation were observed, which was
suspected of occurring from the weekly use of biocide Minncare™. Because the
system operates intermittently (nightly and weekend shutdowns), which is
uncharacteristic of most RO plants, the membrane elements have required periodic
disinfection to avoid biofouling. The biocide Minncare was selected for this purpose
because of its advertised compatibility with TFC membranes. During the first

1400 hours of operation, membrane salt rejection dropped slightly, by 0.35 percent,
and normalized permeate flow increased by about 8 percent. Since Minncare contains
hydrogen peroxide, a strong oxidant, as a principal constituent, it is suspected of
causing some degradation of the membrane surface. To combat or slow down this
degradation, the disinfection protocol was changed to include less frequent
disinfection and weekend storage of the elements in dilute sodium bisulfite solution to
inhibit microbial growth. Based on the last 200 hours of operational data (i.e., since
the change in disinfection procedures), it appears that the salt rejection and
normalized permeate flow values have leveled out.

Saline Marsh Plant Survival. Appendix D contains a representative selection of
photographs of the vegetation in the saline marshes, showing the progression of
growth. By July 1993 (3 months after planting), the alkali bulrush had spread to
every available area in each cell except for the six bands where the spikerush were
planted and at the inflow ends. Most of the original alkali bulrush plants had turned
brown, but the plants were green, robust, and taller than the original plants. The
spikerush were healthy and spreading, but flower and seed production was less than
normal. Both smartweed species had been completely eliminated due to a
combination of insufficient water (drying out some seedlings), too much water
(drowning some seedlings), and bird predation. A few cattail plants, which came in
on their own, were growing in both cells, and a few watergrass plants also began to
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grow. Although the cattails and watergrass appeared to be healthy, neither species
spread a great deal, and cattail flower production was minimal.

Because the smartweed failed to survive, USBR personnel suggested in July 1993 that
mature smartweed plants be transplanted from along the sides of the research cells
into two bands in the saline marshes where smartweed seed and rhizomes had
originally been planted. On August 25, 1993, EMWD personnel transplanted the
smartweed and began making evaluations. Prior to transplanting, it was observed that
the smartweed had set seed, and the plants lacked luster and vitality. Within 2 weeks,
the plants appeared dead to the casual observer. The smartweed were removed, thus,
no conclusions can be made regarding these species.

Throughout the first growing season, the plants appeared to be thriving, but, to the
trained observer, some plants of each species exhibited stress (i.e., some browning,
slower growth, less seed production). Both higher salinity and lack of water may
have been contributing factors.

As of November 2, 1993, it was evident that the alkali bulrush, spikerush, cattail, and
watergrass had survived in both cells, although plants were mostly brown due to

the colder winter temperatures. A quillwort mat had formed in the inflow end of the

north cell and appeared to be very healthy. Alkali bulrush seed was floating over the

water surface in both cells.

The plants were brown throughout the winter because of normal seasonal dormancy.
In the spring of 1994, plants regenerated by producing new growth from their
rootstock. Although alkali bulrush seed was floating over the water surface in both
marshes in the fall of 1993, no evidence of seed germination appeared in the spring.
The new growth is very lush and tall, and all plants appear healthy. Cattails have
expanded in the north marsh to about three times the area they covered in the fall. It
is possible that, in addition to the change in seasons, the lush growth reflects the fact
that brine flow into the marshes has been interrupted since February 4, 1994. Long-
term evaluation using the appropriate water is, therefore, very important to accurately
assess the final outcome of this pilot study.

Saline Marsh Water Analyses. The EC and TDS data are summarized in

Appendix C. The mean (average of four sample sites) EC values for each saline
marsh are listed in Table 4-9. The salt concentrations in the saline marshes were
influenced by the occasional addition of fresh water, which was necessary to keep the
marshes from drying out during peak summer evapotranspiration periods. The RO
facility produces about 14.7 x 10° to 18.4 x 10° L (3880 to 4850 gal) of brine per
week. Using data from the evaporation pan at the site to calculate water losses,
evaporation from both marshes is between 15.9 x 10° and 21.2 x 10° L/week (4200
and 5600 gal/week). Thus, it was necessary to make up the shortfall by adding fresh
water from the fire hydrant in front of the RWRF. Approximately 2500 gal of fresh
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water were added to each marsh on July 21, 1993, and again on August 13, 1993. In
September, EMWD decided that, rather than continue adding fresh water to both
marshes, all of the brine would be fed to the south marsh, and the north marsh would
receive 100 percent fresh water. Thus, the south cell would not be diluted, and the
north cell would act as a sort of "control”.

The data in Table 4-9 show how the saline marshes gradually became more saline
until the fresh water was added. Measurements taken immediately after the addition
of fresh water to the north marsh on November 3, 1993, showed that the inflow end
experienced an EC of 2070 uS/cm. The inflow sampling site on the south marsh was
6200 uS/cm at the same time.

Laboratory Water Quality Analyses. The analysis of the marsh influent (RO reject)
on August 17, 1993, is contained in Appendix C. The constituents present above
detection levels in mg/L were: arsenic (0.006), barium (0.22), copper (0.01),
molybdenum (0.15), selenium (0.007), vanadium (0.02), zinc (0.05), iron (0.03),
manganese (0.05), silicon (40.1), and boron (0.66).

Wildlife Observations. Wildlife usage of the saline vegetated marshes was
documented on several occasions in 1993. Actual sightings, prints, scat, or sounds
have provided evidence of usage. Raccoon and rabbit prints were observed as well as
evidence that waterfowl usage occurred (e.g., paths and tunnels through the
spikerush). Predaceous diving beetle larvae, beetles, and snails were also observed in
the marshes.

During 1994, the usage has increased with the sprouting of the plants. Numerous

tadpoles have been observed. Ducks, blackbirds, and a variety of invertebrates have
also been observed in and around the vegetated marshes.
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TABLE 4-9

The Mean EC (Electrical Conductivity) Data (in uS/cm) for Each
Saline Vegetated Marsh by Sample Date

MARSH
Date South North
7/13/93 7,123 6,543
7/14 7,125 6,670
7/21 7,708 6,895
7/23 (18.8 m® (5000 gal) of fresh water added each marsh)
7/23 2,985 3,083
7/28 6,495 5,230**taken by USBR Hydrolab
7/29 6,015 5,203
8/02 6,500 5,478
8/04 6,963 5,473
8/09 8,628 7,100
8/12 8,225 7,483
8/13 (18.8 m® (5000 gal) of fresh water added each marsh)
8/18 6,173 4,808
9/01 8,833 6,968

beginning 9/20/93, 9.4 m® (2500 gal) of potable water was
added about weekly to the North marsh

11/03 6,680 3,790**taken by USBR Hydrolab
12/02 5,095 no data *determined by EMWD lab
1/18/94 6,113 3,875

1/21 6,438 4,275

1/26 5,525 no data

2/24 2,525 1,350

3/03 2,900 1,625

3/11 3,150 1,813

3/18 4,075 2,375

3/28 2,275 1,675

4/04 2,900 2,125

4/19 2,725 1,913

4/27 1,988 1,575
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Observations have confirmed the original assumption that wildlife would not be
attracted to the evaporation cells. Because of their steep, nonvegetated sides and
plastic lining, the evaporation cells provide no food, shelter, or nesting areas.
Without those attractions, transient waterfowl do not linger around the cells, limiting
their exposure to any concentrated constituents. Usage by waterfowl has been brief
and transient. Two ducks were observed on different days in the evaporation cells,
but they did not stay for more than 3 days. It has been observed that small mammals
cannot get out of the evaporation cells once they get in due to the steep sides and
smooth lining.

PART 3: CONCLUSIONS AND RECOMMENDATIONS

Many aspects of the EMWD/USBR/NBS Multipurpose Wetlands Research and
Demonstration Project are ongoing. In particular, the research and monitoring efforts
up to this point have been devoted largely to gaining data on baseline conditions or
conditions during establishment of a mature wetlands system. Therefore, this section
presents discussion and recommendations rather than final study conclusions.

Nursery Cells

The creation of a wetland nursery is recommended to provide adequate plant material
for building large wetlands. The spacing of the plants in the nursery cells (112- by
112-cm (44- by 44-inch) intervals) produced dense vegetation in the 90 days from
July 10 to October 8, 1991. The original plant material increased, on average, about
16 times during that period.

In September of 1992, the plant material in the southwest corner of the north nursery
cell was used to vegetate the eight research cells. The one corner of material was
sufficient to plant an area approximately 20 times its size. The 20:1 ratio will be
tested again when the 0.4 ha (1 ac) of material in the two nursery cells is used to
vegetate the 8 ha (20 ac) of marsh area in the demonstration wetland.

Various methods of removing bulrush from the donor sites and transplanting at the
new site were evaluated. It was found that there was no difference between the use
of a backhoe versus hand-digging with a shovel; however, use of a backhoe may cut

labor costs. Trimming the plant tops made transport easier and appeared to stimulate

new shoots.

Staking the bulrush root clumps on top of the dry substrate, then flooding, is
recommended as the best planting technique. This technique produced the most rapid
propagation, which, in turn, provided the shortest time to total coverage. This
method proved to be the least labor-intensive and, therefore, the most cost-effective.
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The addition of chlorine to the reclaimed water supply from October 1991 through
January 1992 adversely affected the duckweed. The chlorine was added during this
period to meet the regulatory requirements for use of reclaimed water by local duck
clubs during the hunting season. The marsh was no longer improving the quality of
the reclaimed water. The addition of chlorine may have been one of the causes. It
was noted by January that the duckweed had disappeared in both cells. None of the
other plant species appeared to be affected by chlorination. By April 1992, some
duckweed had reappeared.

To prevent reoccurrence of this problem, a ratio-feeder dechlorination system was
installed by EMWD in early 1993 specifically for the wetlands. Problems with
clogging of the ratio-feeder screen by algae have made it very difficult to operate.
As a consequence, EMWD is planning to construct a separate pipeline to the wetland
cells in 1994 that will bypass the chlorination system.

Research Cells

Plant Growth. Rapid growth and establishment of bulrush, in terms of both new
shoot numbers and culm height, was documented. This suggests that the combination
of Hemet/San Jacinto climate and the soil and water constituents at this site created
optimum conditions for bulrush propagation. New shoots per bulrush clump
increased from an overall mean of 21.4 in October 1992 to 220.7 in April 1993 (over
10 times in 6 months). By July 1993, they were too dense to count accurately.
Likewise, overall mean culm height had increased from 104 cm to 339 cm (3.4 to

11 ft) in 9 months. By November 1993 (14 months after planting), the bulrush culms
were sufficiently dense and robust that the research cells were considered to be
completely vegetated and established.

By November 1993, a great deal of lodging of plants had occurred probably due to
their height and the strength of the Santa Ana winds, which were heavy at that time.
Some bulrush plants showed chlorotic spots which were identified as fungus under the
microscope. There was a question as to whether the spots could indicate a potassium
deficiency. Since the soils data indicated that potassium levels in the sediments at the
bottom of the research cells were slightly low, this is recommended as a subject of
future research.

Wildlife Usage. Habitat creation, environmental enhancement, and wildlife usage
were not design objectives for either the nursery or research cells. However, use by
various forms of wildlife at the facility has been surprisingly intense. American coots
and common moorhen were among the first to take up residence. Various ducks,
herons, and other birds are frequently observed feeding or resting in the cells. Coots,
moorhen, and mallard ducks have used the cells for nesting and rearing of

130



TT4D HOWVASHM NI SM0Nd AQANY *NOILVHYD IVIIEAVH °9¢ OLOHd

131




ALITIOVA NOIIVWVIODEY ¥ALVM TVNOIDZY OINIDVL NVS/IIWAH LV SITILS QAMDAN-DVIE /T OLOHd

o

132



PHOTOS 28 AND 29.
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young. Ruddy ducks have bred, nested, and raised young in the three-phase cells for
the last 2 years, but they have not been observed in the single-phase, fully vegetated

cells.

Mammals that have either been directly observed by EMWD personnel or identified
by prints or tracks include raccoon, skunk, coyote, mice, bobcat, opossum, cottontail
and jack rabbits, and California ground squirrel. Some domestic cogs and cats from
nearby farms have also visited the site. Gopher and garter snakes have been seen in
and around the cells. Gambusia, or mosquito fish, appeared in the nursery cells,
probably carried in by birds. They were then intentionally introduced into the
research cells by EMWD personnel as a means of controlling mosquitos. They, along
with frogs, tadpoles, and arthropods, provide food for many of the visiting and
resident waterfowl.

The bird population at the Hemet/San Jacinto RWRF has been documented for 1 year
by two graduate students from California Polytechnic University, Pomona, California.
Their data are included in Appendix J. Approximately 100 species of birds are listed
with dates and numbers of individuals indicated.

Weed Abatement. Weed growth along the banks of the research cells has become an
O&M problem. Tumbleweeds, thistles, and other weeds as well as willow trees grew
aggressively to such size and density that access to the inlet and outlet structures was
restricted, roads along the berms were blocked, and the appearance of the cells was
negatively affected. Various methods of weed control were attempted in an effort to
remove undesirable species while allowing more desirable plants to remain--plants
which provide ground cover, prevent erosion, and provide food for waterfowl.

It is recommended that the banks of future full-scale wetlands be seeded immediately
after construction with desirable low-growing ground cover before weeds have a
chance to become established. Plants that have value as a waterfowl food source are
preferred. In addition, banks should be constructed with 4:1 side slopes to allow
maintenance vehicles to get close to the water’s edge, especially around inlet and
outlet structures.

Water Quality Monitoring. The data indicate that the three-phase (marsh-pool-
marsh system) cells are doing a better job of removing inorganic nitrogen from the
treatment plant effluent than are the one-phase (uniform marsh system) cells. This
may be due to better nitrification of the ammonia-dominated effluent in the pools of
the three-phase cells. The data also suggest that a net loading of organic nitrogen
may be occurring in both the three-phase and one-phase cells, perhaps from birds
perching and nesting in the emergent vegetation of the marsh sections. This organic
nitrogen load may account for the increase in ammonia nitrogen concentrations that
has been observed at times in the outlets of both types of cells relative to the inflow
concentrations.
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It is impossible to be more specific in identifying the nitrogen transformation and
removal mechanisms operating in the cells or to draw conclusions as to loading rates,
retention times, and operating criteria because there was insufficient hydraulic control
during the monitoring and because the data are not sufficiently detailed. The data
collection program focused on the inlets and outlets of the cells and assumed a
relatively steady inflow and outflow rate. As it transpired, the flow through the cells
was highly erratic, and two flow meters were not enough to adequately monitor the
flow variations.

In general, the research to date has raised questions about how much data is adequate
to allow statistically-valid conclusions about wetland water quality dynamics. This
question is important to answer before beginning the Series 2 research program. The
paired sample t-test failed to show any significant differences in many of the water
quality parameters measured when comparing influent and effluent samples or when
comparing three-phase versus one-phase cells. This was attributed to the small
number of samples and the large variance in their values.

How much data necessary is an interesting question because wetlands change in
response to a variety of natural factors, such as weather and climate. Changes in the
quality of the influent reclaimed water may also perturb the system. Both the
invertebrate data and TSS data seemed to show trends that may have been seasonal in
nature, but more data are needed to know whether the trends were seasonal or
whether they simply indicated the trend toward establishment of an equilibrium
condition as the wetlands became established. ’

The value of the Series 1 water quality data from the research cells is limited due to
problems which were experienced with the control of inflow rates. While the average
retention times in the three-phase and one-phase cells were roughly equal, there were
nonetheless wide day-to-day fluctuations in influent flow rates. The original intent
was to maintain a retention time of approximately 8 days in both the three-phase and
one-phase cells, which required inflows of about 53 L/min (14 gal/min) and

37.5 L/min (9.9 gal/min), respectively. Mean daily inflows to the three-phase and
one-phase cells during Series 1A averaged 32.2 L/min (8.5 gal/min) and 23.1 L/min
(6.1 gal/min), respectively, and ranged from 0.0 to 139 L/min (0.0 to 36.7 gal/min).
Average Series 1A retention times, based on the average of the mean daily inflow
rates, were slightly more than 13 days for both the three-phase and one-phase cells.
Longer than optimum retention times can lead to secondary effects within the cells
that interfere with the treatment process and result in increases in some water quality
constituents, such as BOD and organic nitrogen.

The fluctuations in inflow resulted from the fact that the water supply line for the
research facility was tied into the main supply line serving reclaimed water to
agricultural users. In the summer, the demand for reclaimed water was very high and
also very variable based on the patterns of a few large agricultural users. When
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agricultural demand suddenly increased, the RWRF operators did not always respond
to ensure that there was not a pressure drop in the supply line to the wetlands.
EMWD is designing a new supply line for the research facility to solve that problem;
completion is expected in September 1994. Since the Series 2 monitoring program is
expected to begin in July 1994, an interim solution is also under investigation.

Another factor which may have affected the flow variability was the use of a portable,
manually-operated pump in the collection sump for the effluent from the research cells
and nursery cells. The collection sump had to be periodically emptied into a larger
reclaimed water storage pond. The pump was a problem for the RWRF operators
because it had to be manuaily turned on and off and sometimes moved to other
locations. To correct this problem, in April 1993, an automatic floating submersible
pump was designed, fabricated, and installed by EMWD.

A third modification has recently been made to improve the distribution of flow to the

_ research cells. A pipeline was installed along the west end of the research facility

that ties together the influent supply lines running along the north and south sides.
This completes a circuit around the facility rather than having dead-end supply lines.

Invertebrate Monitoring. The results of the benthic macroinvertebrate monitoring
were unexpected in that a decline in species richness over time was observed.
Further, there was no pattern in abundance or richness of benthic invertebrates that
could be interpreted as indicating that an "equilibrium” condition had been attained
within either the one-phase or the three-phase research cells. The data collected to
date suggest that the invertebrate assemblages within the cells are undergoing either
seasonal shifts that mask equilibrium or a general shift in composition toward an
equilibrium that has yet to be attained.

It is recommended that the benthic macroinvertebrate sampling be continued in the
Series 2 monitoring program. The original objectives remain appropriate and should
be pursued. More data are needed in order to be able to distinguish between annual
cycles and long-term trends. Identification of seasonal and long-term cycles will have
implications for the frequency of monitoring in the Hemet/San Jacinto demonstration
wetlands, which is under construction.

The main problem which was encountered in the invertebrate monitoring was
placement and retrieval of artificial substrates in the dense bulrush. At the time of the
July 1993 sampling, bulrush density was high, and the normal intertwining of the
plants’ drooping stems made travel through the stand extremely difficult in some
areas. The original planting rows had grown together so that the rows, used to
identify locations of the clusters of artificial substrates at the time of their installation,
were no longer discernable. Some of the artificial substrates could not be located or
retrieved.
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Based on these problems, future research will require creating a means to ensure
collection of all substrates. It is recommended that a path leading to substrate
Jocations be created and maintained by cutting of vegetation at or below the waterline.
Each path should be marked at its origin and at about 1-m intervals with brightly-
colored stakes that extend at least 15 cm above the waterline. The positions of
substrates should be marked with flagging on overhead vegetation or by other means.
In addition, anchoring points for research boats are recommended in open water areas
to allow more accurate placement of sampling materials.

Saline Vegetated Marshes

The amount of brine produced by the RO was insufficient to supply both the north
and south marshes during the first year because evaporation rates exceeded inflow
during the hot summer months. During the second year of operations, all of the brine
will be fed to the south marsh, and fresh water will be fed to the north marsh as a
control. Both the brine and fresh water flows will be kept at a constant rate as nearly
as possible, and the flows will be recorded. Rainfall and evaporation rates will
continue to be recorded.

Detailed protocols for all of the types of analyses that are called for in the research
program were not available in 1993. A proposed Saline Marsh Monitoring Program
(dated July 5, 1994) is contained in Appendix E. It contains more specific protocols
for performing the types of analyses that are outlined in the Research Program. It
explains record-keeping procedures and provides monitoring frequencies and dates.

Soil, plant, and benthic invertebrate tissues will be collected from both marshes and
analyzed for trace elements. If funds are obtained, benthic samples will be split, and
the organisms in one split will be counted and identified to determine diversity while
the other split is analyzed for trace elements. Water samples will be collected and
analyzed annually for specific ions, trace elements, and other constituents. Trace
elements will be analyzed more frequently (e.g., monthly) if funds are available. In
situ EC, temperature, and TDS measurements will be continued on a weekly basis.
Data will be provided to experts in wildlife toxicology.
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CHAPTER 5

PUBLIC INVOLVEMENT

INTRODUCTION

Public involvement is a process, or processes, by which interested and affected
individuals, organizations, agencies, and governmental entities are consulted and
included in decision-making. In addition to informing the public, public involvement
programs solicit public response regarding the public’s needs, values, and evaluations
of proposed solutions. Before the public can become involved, they must be
informed. Therefore, education is a critical element of any public involvement
program.

The shifts in social values by which governmental actions are measured and the loss
of governmental credibility have affected all aspects of government at all levels.

Many agencies, which once considered themselves to be "the good guys", now find
themselves being challenged, questioned, and criticized. The benefits of a public
involvement program can far surpass the particular project for which the program was
designed. The overall image of an agency can be positively affected and the program
originator viewed as an environmentally aware, concerned, and responsible agency.
Public input can provide unanticipated perspectives and information which can greatly
enhance any project.

The use of a public involvement program is analogous to preventive medicine. If any
proposed project is controversial or contains potentially misunderstood or

- controversial elements, the use of a public involvement program can redirect

opposition into positive participation. Through the development and implementation
of a good public program, the Multipurpose Wetlands Research and Demonstration
Project will, hopefully, be received favorably by the general public and the
environmental community. By informing and involving the public, support for the
Multipurpose Wetlands Research and Demonstration Project, districtwide water
resource management plans and perception of EMWD itself as a trustworthy,
environmentally-aware, and concerned service agency can be achieved.

MAJOR ISSUES

The major informational issue is the feasibility of using multipurpose constructed
wetlands incorporating wastewater treatment, recovery, and reuse with wildlife
values, public education and recreation opportunities, and other public benefits as part
of a total water resources management plan.
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Potential issues of concern include the use of reclaimed water, mosquitoes, proximity
of duck hunting clubs to bird watching areas, and/or cost to the consumer.

PUBLIC INVOLVEMENT PROGRAM GOAL AND OBJECTIVES

Goal: To develop acceptance of the Multipurpose Wetlands Research and
Demonstration Project with the resultant acceptance of the use of reclaimed water.

Objectives:

p—

. Inform public of the Multipurpose Wetlands Research and Demonstration
Project;

2. Identify public concerns and values; assess levels of interest in projects;

and address concerns, if any;

3. Develop a consensus on the value of the project and the use of reclaimed

water to the region;

Promote participation in the project by diverse groups and interests; and

Encourage public input as to the amenities to be included at constructed

wetland sites with regard to the locations of future wetlands sites.

by

TARGET GROUPS

1. Local Groups. Citizen groups comprise the arena most commonly thought
of as "the public”, though there may be overlap within groups. In any area with a
large population of retirees, senior citizen groups are very aware, interested, and
active in community affairs. Members of civic and service groups are interested and
involved in their community and provide an organized forum for the dissemination of
information and opinion-gathering. Service organizations such as Rotary, Lions, or
American Business Women’s Association provide ideal forums for educating the
public. In addition, they frequently contain the "movers and shakers" and are,
consequently, important advocates.

Schools/Colleges. This project offers a natural opportunity and vehicle
to educate young people about water and, in the process of establishing rapport with
school systems, to also extend that element to the staff and parents. We do not want
our young people to have misconceptions about reclaimed water, its reuse, or water
quality in general. These are our future voters and home owners; educating them and
including them in the process can be of great benefit to EMWD. In addition to
educating students about water, we can raise their level of awareness of the variety of
potential work opportunities in resources management and the need for the appropriate
education to qualify for such opportunities.

EMWD Employees. A major opportunity for public information is
education of employees. Although an employee may know his/her job and do it well,
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he/she does not automatically know what is happening outside his/her immediate area
of activity. Employees who are kept informed of EMWD’s policies and programs
will improve performance and have job satisfaction because they have a common goal
and a feeling of being valued. These same employees "represent” EMWD in their
personal contacts throughout the community; therefore, having well-informed
employees is important for effective management and for improving community
relations. Employee education activities can include employee newsletters, tours, and
briefings or presentations. A brochure about the project containing facts and figures
for the employee to refer to and share with friends, relatives, and neighbors provides
an inexpensive means of disseminating information. Responsibility for operation of
the constructed wetlands will be turned over to the Operations Branch; therefore, it is
important to include them early in the process.

2. Regional Groups. The Planning Task Force (PTF) is comprised of elected
representatives of the cites of Hemet, Moreno Valley, Murrieta, Perris, San J acinto,
and Temecula; the Riverside County Board of Supervisors; and water agencies,
including Lake Hemet Municipal Water District, Murrieta County Water District,
Rancho California Water District, and EMWD. The PTF provides a forum for inter-
agency collaboration to ensure long-term availability of water resources and to
develop planning and finance strategies which integrate water and environmental
resources to formulate programs that are cost-effective while addressing
environmental issues and meeting societal needs.

EMWD also participates in quarterly planning meetings with the Directors of Public
Works and Directors of Planning with the Cities of Hemet, Moreno Valley, Murrieta,
Perris, San Jacinto, and Temecula. The purpose of these meetings is to share
information, coordinate planning efforts, and avoid duplication of services.

Involving and informing the above entities with regard to the multipurpose constructed
wetlands is an ongoing effort consisting of written materials, presentations, site tours,
and briefings, and serves as a mechanism for providing information to and receiving
input from a broad public base.

3. Regulatory/Governmental Agencies. Other governmental agencies should
be thought of as "public" just as various interest groups or individuals are. Like any
public, they are likely to feel resentful and put upon if not consulted, or if included
too late, in the decision-making process. Of primary value in working with other
governmental agencies is that they are an important source of information on both
technical matters and public preferences.

Various Federal, State, and local governmental agencies were included in the review
of the Multipurpose Wetlands Phase I Report and will continue to be consulted and
asked for input. Governmental agencies are well-represented on the Technical
Advisory and Technical Review Committees or are included on an informal basis.
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They include the State Water Resources Control Board and Regional Water Quality
Control Board; Departments of Health Services: State, County, and local; State of
California Department of Fish and Game and the United States Fish and Wildlife
Service; local units of government: cities, county; PTF members; and the

United States EPA.

4. The Environmental Community. These are the very groups that frequently
find themselves in adversarial positions with respect to water purveyors and public
agencies. The study is an ideal project with which to build rapport with these groups
due to the habitat creation, environmental enhancement, and educational elements of
the project. Environmental groups active in the area include the Audubon Society,
Sierra Club, Friends of Northern San Jacinto Valley, Moreno Valley Ecological
Protection Committee, California Waterfowl Association, and Ducks Unlimited, Inc.

A representative from Ducks Unlimited, Inc. serves on the TAC and various
environmental groups were asked to review and comment upon the Phase I Report.
The Hemet/San Jacinto site is a favorite with local bird watchers and is one of the
locations made available to and used by the Audubon Society for its Annual Christmas
Bird Count. The California Waterfowl Association is interested in putting wood duck
nesting boxes at the constructed wetlands and is willing to provide advice and

- assistance.

PUBLIC INVOLVEMENT .TECHNIQUES AND STRATEGIES

1. TAC and Technical Review Committee (TRC). The TAC and TRC

reviewed and commented upon the Phase I Report. This process will continue with
subsequent documents. Individuals and organizations are frequently added to the
review process. In addition to the regulatory and governmental agencies listed above,
the TAC includes representatives from Humboldt State University; the Graduate
School of Public Health, San Diego State University; the University of California,
Riverside; and Ducks Unlimited, Inc. The TRC is even broader, including additional
representatives of governmental and regulatory agencies, local entities, and
environmental groups.

2. Presentations/Briefings/Promotional Materials. Numerous presentations
have been given and will continue on an ongoing basis. Diverse groups have shown
great interest in the project. Presentations have been made in-house and/or on-site, to
visiting dignitaries and international visitors, to local groups and schools, to
academicians and water industry technicians, to EMWD/USBR/NBS staff, and to
representatives of environmental interests.

USBR, Lower Colorado Region, produced a 9 1/2 minute video which has been
shown and distributed with very positive results. Constructed Wetlands: Helping Man
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and Nature provides an overview of the project, discusses goals and objectives, and
reports preliminary research results. It is suitable for all segments of the population.

An extensive collection of color 35 mm slides has been developed for use in
presentations, publications, and promotional materials. An informative newsletter is
produced and distributed to interested individuals and groups as well as brochures,

booklets, and other descriptive materials.

Technical papers and conference presentations have been made by both EMWD and
USBR staff. A listing of papers and publications is included in Appendix H.

3. Site Tours. The Hemet/San Jacinto RWREF sites, the EMWD/USBR/NBS
Wetlands Research Facility and the Multipurpose Constructed Wetlands, are visited
by a wide range of groups. Local elementary and high schools utilize the site for
environmental science field trips to learn about wetlands ecology, the local
environment, the value of reclaimed water, and the importance of water as a precious
and finite resource. EMWD staff have developed educational resource materials for
use with school children at the wetlands and by teachers in the classroom.

A graduate student from California Polytechnic University, Pomona, is compiling a
species list and bird census at the Hemet/San Jacinto site and has introduced banded,
juvenile burrowing owls at the site as part of a research project.

International interest in the project is evidenced by the number of foreign visitors who
have toured the site including two groups from Australia, one from Taiwan, another
from the Peoples Republic of China, and participants from 14 countries as part of the
Middle East Peace Process, sponsored by the United States Department of State and
the Agency for International Development.

National, Federal, regional, and local visitors also frequent the site. It is anticipated
that the public will provide input and some assistance with regard to the type of
amenities (walking/jogging/bike riding trails, bird/wildlife watching points, and other)
to be incorporated into the large-scale constructed wetlands. In the future, the public
could suggest sites for wetlands in the PTF Multipurpose Corridor.

EVALUATION

The success or effectiveness of a public involvement program cannot always allow for
quantifiable, objective measurement. However, it is not difficult to determine the
general level of acceptance and interest in the project based on requests for
information and tours, the tone of newspaper articles or stories, the use of the site by
educational groups, and cooperation by environmental groups. Effectiveness can also
be measured by volunteer hours or monies contributed to the project for such diverse
items as docents, interpretive guides and signs, or wildlife-watching platforms; letters
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of endorsement, praise, or awards; participation from environmental or governmental
groups; or utilization of facilities by the public for passive recreational activities.

Awards presented to the project include:
| ® AMSA Research and Technology Award for 1994;

e California’s Local Government Commission 1992 Award for Innovation in
| Water Conservation, Reclamation, and Management; and

® Inland Empire West Resource Conservation District, 1993 Conservation
Partnership Award for Water Quality.

A chronological listing of presentations, tours, awards, visitors, newspaper articles,
and other pertinent events is included Appendices F through I.
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PHOTO 31. PUBLIC BENEFIT:
RECLAIMED WATER REUSE

SCHOOL CHILDREN STUDYING WETLANDS ECOLOGY AND
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GLOSSARY

advanced wastewater treatment: any combination of physical, chemical, or
biological treatment process used to accomplish a degree of treatment greater
than that achieved by secondary treatment; usually implies removal or a
greater level of suspended solids and BOD removal.

aerobic: environment with the presence of air. Organisms that require
air for life.

AMSA: Association of Metropolitan Sewerage Agencies.

anaerobic: environment without air. Organisms capable of living without
oxygen or requiring the absence of air for life.

aquifer: a confined layer or formation of permeable rock that is both overlain and
underlain by impermeable strata through which ground water can flow.

base elevation: reference elevation for all earthwork elevation control and water
surface elevation definitions. The base elevation is set equal to the invert
elevation of the inlet and outlet marshes.

basin: a naturally-occurring depression in the landscape; or, as an alluvial basin, a
filled geologic formation, often bounded by other physical or hydrologic
formations.

benthic: of, relating to, or occurring at the bottom of a body of water.

benthos: organisms that live on or in the bottom of bodies of water.

biochemical oxygen demand (BOD): (1) the quantity of oxygen consumed in the
biochemical oxidation of organic matter; and (2) a standard test used in
assessing wastewater strength.

biota: fauna and flora together.

brackish: waters with total dissolved solids content between sea water and those that
are suitable for man’s purposes.

CEQA: California Environmental Quality Act.

chlorophyll-a: pigment measurement commonly used to estimate algal production.
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chlorotic: a condition in green plants marked by yellowing or blanching.
cienega: a swamp or marsh, especially one supported by springs or seepage.

connecting marsh: area between inlet marshes and the open pond. Contains nesting
islands and special emergent test areas.

culm: the specialized stem of grasses, sedges, and rushes.

denitrification: the reduction of nitrate and nitrite to nitrogen by certain anaerobic
microorganisms.

donor marsh: a natural wetland which supplies plant material for a constructed or
mitigated wetland.

effluent: partially or completely treated wastewater flowing out of a treatment
facility, reservoir, or basin.

electrical conductivity (EC): the ability of water to conduct an electrical charge,
used to give a rough measure of salinity.

EMWD: Eastern Municipal Water District.
EPA: United States Environmental Protection Agency.

evapotranspiration: the combined loss of water from a given area and during a

specified period of time by direct evaporation and by transpiration from plants.

gal/min: gallons per minute.

imported water: water supplied by the State Water Project or Colorado River water.

influent: generally considered as wastewater flowing into a treatment plant or
treatment process.

inlet marsh: wetlands region between inlet structures and connecting marsh. Each
of the five inlet marshes will have a length to width ratio of 2:1 or greater.
The initial size and shape is based on preliminary water treatment design
capacity and research requirements.

invertebrate: an animal lacking a backbone and internal skeleton.

in situ: in the natural or original position.
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"junk tubers": bare rhizomes with no shoot attached.
kPa: kilopascals.

Ib/in*: pounds per square inch.

lodging: plants falling or lying down.

macroinvertebrates: aquatic invertebrate organisms, such as beetles, worms, insects,
arachnids, etc., that can easily be seen with the naked eye.

Mgal/d: million gallons per day.
mg/L: milligrams per liter.

moist-soil test areas: areas adjacent and parallel to inlet marsh 1, 2, and 3. These
areas can be flooded or drained at selected times, depending on wildlife
management requirements.

NBS: National Biological Survey.

O&M: operation and maintenance.

open pond: central pond in wetlands system, connecting inlet marshes with outlet
marshes through either connecting marsh or direct connection. Bottom

contours, shape, and cross-sections are designed to produce specific shallow-
bench areas at pond margins.

outlet marsh: connects open pond to four-system outlet structures. Marsh is divided
into two parts for redundancy, to satisfy water treatment design requirements,
and allow for whole wetlands system to fit onto site.

outlet structure: hydraulic control structure designed to collect and measure flow out
of system and to regulate depth of water through entire wetlands system.

oxidation-reduction potential (ORP): a measurement of instantaneous tendency of
redox conditions.

pH: hydrogen-ion concentration; a measurement of acid or basic conditions, defined
as the negative logarithm of hydrogen ion concentration in a solution.

PTF: Planning Task Force.
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polychlorinated biphenyls (PCB’s): any of several compounds that are produced by
replacing hydrogen atoms in biphenyl with chlorine, have various industrial
applications, and are poisonous environmental pollutants which tend to
accumulate in animal tissues.

recharge: the process, by man or nature, of putting water into soil or into a
ground-water aquifer zone.

reclaimed water: wastewater that, as a result of treatment, is suitable for a second
beneficial use.

reverse osmosis (RO) process: a system for separating salts and other mineral
constituents from water by using differential osmotic pressures across a
semi-permeable membrane.

riparian: an ecological zone defined as water-influenced, such as along the bank of a
river or lake.

RWRF: Regional Water Reclamation Facility.

shallow emergent test area: southwest portion of open pond area designed to be less
than 2 feet deep at design water depth.

SJWR: San Jacinto Wildlife Refuge, a 5000-acre wildlife refude in the San Jacinto
River Valley, which is owned and operated by the California Department of
Fish and Game.

TAC: Technical Advisory Committee.

TFC: thin-film composite.

TRC: Technical Review Committee.

tertiary treatment: see advanced wastewater treatment.

total dissolved solids (TDS): the sum of all dissolved solids in water or wastewater
and an expression of water salinity in mg/L.

total organic carbon (TOC): the total quantity of carbon of organic material that is
either in solution or suspended.

total suspended solids (TSS): the sum of all suspended materials in water or

wastewater. Generally considered materials which are retained by a
.45 micron filter.
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transects: a line established as a basis for measuring wetland attributes.
transpiration: release of water vapor from leaves and other plant parts.
USBR: United States Bureau of Reclamation.

USGS: United States Geological Survey.

wetlands, constructed: man-made wetlands constructed and operated expressly for
the purpose of wastewater treatment or multipurpose objectives incorporating
environmental enhancement or other features.

wetlands, natural: those naturally-occurring and sustained areas that are inundated
or saturated by surface or ground water at a frequency and duration sufficient
to support, and that normally do support, a prevalence of vegetation species
that are adapted to saturated soil conditions.

wetlands system: set of constructed water system components linked together to
form a natural wastewater treatment system. The system can also provide
environmental enhancements, a wildlife refuge, and a cost-effective means of
reusing and recycling clean water back into the environment.
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APPENDIX A

WATER QUALITY AND SEDIMENT DATA



Water Quality and Sediment Data

NURSERY CELLS WATER QUALITY

* These data are on file with the National Biological Survey in Denver, Colorado.

RESEARCH CELLS

1. Sediment Data: Monthly in situ measurements of pH, redox potential, EC,
nitrate-N, and phosphorus (total and ortho) and yearly measurements of trace
elements, particle-size analysis, organic carbon, calcium carbonate, organic carbon,
calcium carbonate, cation exchange capacity are on file at EMWD offices in San
Jacinto, California, and are discussed in Chapter 4 of this report.

2. Hydrolab DataSonde Measurements: Hourly in situ measurements of water
temperature, conductivity, pH, and dissolved oxygen concentrations and saturation
percentages from both the inlet box and the outlet boxes of the three-phase and one-
phase cells are on file on floppy disks at EMWD offices in San Jacinto, California.

3. Inflow Rate Measurements: Daily inflow rate measurements obtained
during Series 1A are on file on floppy disks at EMWD offices in San Jacinto,
California.

4. Laboratory Chemical Analyses Results: Appended hereafter are
17 Series 1A data and statistical tables for the water quality constituents discussed in

this report. The entire Series 1/1A laboratory analyses results data set is on file on
floppy disks at EMWD offices in San Jacinto, California.
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RESEARCH CELLS INVERTEBRATE DATA



APPENDIX B

NURSERY CELLS AND RESEARCH CELLS INVERTEBRATE DATA
Nursery Cells Invértebrate Data

These data are on file with the National Biological Survey in Denver, Colorado.
Research Cells Invertebrate Data

Appended hereafter are the benthic invertebrate data for the research cells.



Coding is as follows:
Sampling Method (AS=Artifical substrate,
(Year-month-day); Sample number; Replicate number; Taxonomic identification
(Three columns possible); Abundance in sample; Taxon ID Code;
Duplicate records indicate a split sample; counts

Phase, 3P=3-Phase).
the sums of such records for a given sample.

BENTHIC INVERTEBRATE DATA

Research Cells

Invertebrate data from Research Cells at the EMWD Hemet facility.

presented in

results are

Cell Number:; Position (I=Inlet, M=Middle, 0=Outlet);

SN=Sweep net); Date of collection

Celltype (1P=1-

51 AS 19930427 1 1ANNELIDA OLIGOCHAETA 215 11p
“ 51 AS 19930427 1 1COLEOPTERA DYTISCIDAE 1 41P
51 AS 19930427 1 1COLEOPTERA HYDROPHILIDAE 1 5P
SI AS 19930427 1 1DIPTERA CHIRONOMIDAE 3 311P
SI AS 19930427 1 1GASTROPODA 1 501P
51 AS 19930427 1 1HEMIPTERA CORIXIDAE 2 601P
S1 AS 19930427 1 10STRACODA 158 901P
S1 AS 19930727 1 1ANNELIDA OLIGOCHAETA 128 11p
S1 AS 19930727 1 1COLEOPTERA DYTISCIDAE 2 4P
51 AS 19930727 1 1COLEOPTERA HYDROPHIL IDAE 1 S1P
51 AS 19930727 1 1DIPTERA CHIRONOMIDAE 25 311p
SI AS 19930727 1 1GASTROPODA 15 S01P
SI AS 19930727 1 10STRACODA 96 901P
SM AS 19930427 1 1ANNELIDA OL IGOCHAETA 382 11P
SM AS 19930427 1 1COLECPTERA DYTISCIDAE 9 41pP
SM AS 19930427 1 1COLEOPTERA HYDROPHILIDAE 1 51p
SM AS 19930427 1 1COLLEMBOLA 1 151P
SM AS 19930427 1 1DIPTERA CERATAPOGONIDAE 1 301P
SM AS 19930427 1 1DIPTERA CHIRONOMIDAE 1 311P
SM AS 19930427 1 1GASTROPODA 50 S0P
SM AS 19930427 1 THEMIPTERA CORIXIDAE 1 601P
SM AS 19930427 1 10STRACODA 440 901P
SO AS 19930427 1 1ANNELIDA OLIGOCHAETA 89 11p
50 AS 19930427 1 1COLEOPTERA DYTISCIDAE 9 41P
S0 AS 19930427 1 1COLEOPTERA HYDROPHIL IDAE 1 51p
50 AS 19930427 1 1DIPTERA CHIRONOMIDAE 7 311P
SO AS 19930427 1 1GASTROPODA 9 501P
50 AS 19930427 1 1HEMIPTERA CORIXIDAE 1 601P
50 AS 19930427 1 10STRACODA 78 901P
50 AS 19930727 1 1ANNELIDA OLIGOCHAETA 27 11P
50 AS 19930727 1 1COLEOPTERA DYTISCIDAE 2 41P
S0 AS 19930727 1 1CRUSTACEA GAMMARUS 8 221p
S0 AS 19930727 1 1DIPTERA CHIRONOMIDAE 43 311p
SO AS 19930727 1 1GASTROPODA 106 501p
50 AS 19930727 1 10STRACODA S0 901P
50 AS 19931103 1 1ANNELIDA OL IGOCHAETA 11 11P
50 AS 19931103 2 1ANNELIDA OLIGOCHAETA 9 11p
50 AS 19931103 1 1DIPTERA CHIRONOMIDAE 2 311p
50 AS 19931103 2 1DIPTERA CHIRONOMIDAE 7 311p
50 AS 19931103 1 1GASTROPODA 3 so1p
50 AS 19931103 1 10STRACODA 90 901P
50 AS 19931103 2 10STRACODA 33 901P
61 AS 19930427 1 1ANNELIDA OLIGOCHAETA 11 11P
61 AS 19930427 1 1DIPTERA CHIRONOMIDAE 7 311
61 AS 19930427 1 1GASTROPODA 10 SO1P
61 AS 19930427 1 10STRACODA 20 901pP
61 AS 19930727 1 TANNELIDA OLIGOCHAETA 685 11pP
61 AS 19930727 1 1DIPTERA CHIRONOMIDAE 266 311p
61 AS 19930727 1 1DIPTERA CULICIDAE CULEX 1 3471p
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19930727

19930427
19930427
19930427
19930427
19930427
19930427

19930427
19930427
19930427
19930427

19930727
19930727
19930727
19930727
19930727
19930727

19931103
19931103
19931103
19931103
19931103
19931103

19930427
19930427
19930427
19930427
19930427
19930427
19930427

19930727
19930727

19930427
19930427
19930427

19930727
19930727
19930727
19930727

19931103
19931103
19931103
19931103
19931103
19931103
19931103
19931103

19930427
19930427
19930427
19930427
19930427
19930427
19930427
19930427

19930727
19930727
19930727
19930727
19930727
19930727

10STRACODA

TANNEL IDA
1COLLEMBOLA
1DIPTERA
1EPHEMENOPTERA
1GASTROPODA
TOSTRACODA

TANNEL IDA
1DIPTERA
TGASTROPODA
10STRACODA

TANNEL IDA
1CRUSTACEA
1DIPTERA
1DIPTERA
1GASTROPODA
10STRACODA

TANNELIDA
TANNEL IDA
1DIPTERA
1DIPTERA
10STRACODA
10STRACODA

TANNEL IDA

1COLEOPTERA
1COLEOPTERA
1CRUSTACEA
1DIPTERA

1GASTROPODA
10STRACODA

TANNEL IDA
IDIPTERA

1COLEOPTERA
1CRUSTACEA
10STRACODA

TANNEL IDA
1DIPTERA
1GASTROPODA
10STRACODA

1ANNELIDA
TANNELIDA
TANNEL IDA
TANNELIDA
1DIPTERA

1DIPTERA

10STRACODA
10STRACODA

1DIPTERA
1COLEOPTERA
1CRUSTACEA
1CRUSTACEA
1DIPTERA
1DIPTERA
1GASTROPODA
10STRACODA

TANNELIDA
1CRUSTACEA
1CRUSTACEA
1CRUSTACEA
1DIPTERA
1GASTROPODA

OLIGOCHAETA

CHIRONOMIDAE
BAETIDAE

OLIGOCHAETA
CHIRONOMIDAE

OLIGOCHAETA
COPEPODA
CHIRONOMIDAE
CULICIDAE

OLIGOCHAETA
OLIGOCHAETA
CHIRONOMIDAE
CHIRONOMIDAE

OLIGOCHAETA
DYTISCIDAE
STAPHYLINIDAE
CLADOCERA
CHIRONOMIDAE

OLIGOCHAETA
CHIRONOMIDAE

DYTISCIDAE
CLADOCERA

OLIGOCHAETA
CHIRONOMIDAE

OLIGOCHAETA
OLIGOCHAETA
HIRUDINEA
HIRUDINEA
CHIRONOMIDAE
CHIRONOMIDAE

CULICIDAE
OYTISCIDAE
CLADOCERA
COPEPODA
CERATAPOGONIDAE
CHIRONOMIDAE

OLIGOCHAETA
CLADOCERA
COPEPODA
GAMMARUS
CHIRONOMIDAE

314

CULEX 2

340

186

901pP

11p
151p
311p
401pP
501p
901P

11P
311P
S01P
901P

11pP
211p
311p
341P
501p
901pP

11P
11p
311p
311p
901p
901P

13p
43p
63P
203p
313p
503p
903pP

13p
313p

43P
203p
903p

13p
313p
503p
903pP

13p
13p
23P
23P
313p
313p
903P
903P

3p
43p
203p
213p
303p
313p
503p
03P

13p
203P
213p
223p
313p
503p




19930727

19930427
19930427
19930427
19930427
19930427
19930427
19930427

19930727
19930727
19930727
19930727
19930727

19930427
19930427
19930427
19930427
19930427

19930727
19930727
19930727

19931103
19931103
19931103
19931103
19931103
19931103
19931103

19930427
19930427
19930427
19930427
19930427
19930427
19930427
19930427

19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727

19931103
19931103
19931103
19931103
19931103

19931103
19931103
19931103
19931103
19931103
19931103
19931103
19931103

19930727
19930727
19930727
19930727

10STRACODA

TANNELIDA
1COLEOPTERA
1CRUSTACEA
1DIPTERA
1DIPTERA
1GASTROPODA
10STRACODA

TANNELIDA
TDIPTERA
1GASTROPODA
10DONATA
T10STRACODA

1CRUSTACEA
1DIPTERA
10IPTERA
1GASTROPODA
T0STRACODA

TANNELIDA
1DIPTERA
10STRACODA

TANNELIDA
TANNELIDA
TANNELIDA
1DIPTERA
1DIPTERA
10STRACODA
10STRACODA

1ANNELIDA
1COLEOPTERA
1COLLEMBOLA
1CRUSTACEA
TCRUSTACEA
1DIPTERA
1GASTROPODA
10STRACODA

TANNELIDA
1CRUSTACEA
1CRUSTACEA
1DIPTERA
1DIPTERA

1EPHEMEROPTERA

1GASTROPODA
10DONATAA
10STRACODA

1ANNELIDA
1DIPTERA
1GASTROPODA
THEMIPTERA
10STRACODA

TANNELIDA
1CRUSTACEA
TCRUSTACEA
1DIPTERA
1DIPTERA
1GASTROPODA
THEMIPTERA
T0STRACODA

1
TANNELIDA
1CRUSTACEA
1CRUSTACEA

OLIGOCHAETA
DYTISCIDAE
CLADOCERA

CERATAPOGONIDAE

CHIRONOMIDAE

OLIGOCHAETA
CHIRONOMIDAE

ZYGOPTERA

CLADOCERA
CHIRONOMIDAE
CHIRONOMIDAE

OLIGOCHAETA
CHIRONOMIDAE

OLIGOCHAETA
HIRUDINEA
HIRUDINEA
CHIRONOMIDAE
CHIRONOMIDAE

OLIGOCHAETA
DYTISCIDAE

CLADOCERA
COPEPODA
CHIRONOMIDAE

OLIGOCHAETA
COPEPODA
GAMMARUS
CHIRONOMIDAE
CULICIPAE
BAETIDAE

ZYGOPTERA

OLIGOCHAETA
CHIRONOMIDAE

CORIXIDAE

OLIGOCHAETA
CLADOCERA
GAMMARUS
CHIRONQMIDAE
CULICIDAE

CORIXIDAE

BIVALVE CLAM
OLIGOCHAETA
CLADOCERA
COPEPODA

CULEX

CULEX

134

497
43

147
1432
14
1397

78

11

43

Qa2

129
6834

200

903P

13p

43p
203p
303p
313p
503p
903p

13p
313p
503p
813p
903p

203p
313p
313p
503p
903pP

13p
313p
903p

13p
23p
23pP
313p
313p
03P
903p

13p

43p
153pP
203p
213p
313p
503p
03P

13p
213p
223p
313p
343P
403p
503p
813p
903p

11P
311p
501p
601P
01P

11p
201p
221P
311p
341
501p
601pP

. 901P

1P
1P
201p
211p
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50
50
50
50
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61
61
61
61
M
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oM

6M
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2883883333

19930727

19930727

19930727
19930727
19930727
19930727
19930727
19930727
19930727

19931103
19931103
19931103
19931103
19931103
19931103

19931103
19931103
19931103
19931103
19931103
19931103
19931103
19931103
19931103
19931103
19931103
19931103

19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727

19931103
19931103
19931103
19931103

19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727

19931103
19931103
19931103
19931103
19931103
19931103
19931103
19931103
19931103

19931103

19931103 1

19931103

1CRUSTACEA
1DIPTERA
1DIPTERA
1EPHEMEROPTERA
1GASTROPODA
THEMIPTERA
THEMIPTERA
THEMIPTERA
10STRACODA

TANNELIDA
1DIPTERA
1DIPTERA
THEMIPTERA
T0STRACODA
10STRACODA

1CRUSTACEA
TANNELIDA
1CRUSTACEA
IDIPTERA
1DIPTERA
1DIPTERA
1EPEHEMEROPTERA
THEMIPTERA
1LEPIDOPTERA
10DONATA
10STRACODA
10STRACODA

1ANNELIDA
1COLEOPTERA
1CRUSTACEA
1DIPTERA
1EPHEMEROPTERA
1GASTROPODA
THEMIPTERA
THEMIPTERA
10DONATAA
10STRACODA

TANNELIDA
1DIPTERA
THEMIPTERA
10STRACODA

TANNELIDA
1ARACHNOIDEA
1CRUSTACEA
1CRUSTACEA
1CRUSTACEA
1DIPTERA
1EPHEMEROPTERA
1GASTROPODA
THEMIPTERA
THEMIPTERA
THEMIPTERA
10STRACODA

1ANNELIDA
1CRUSTACEA
1CRUSTACEA
1CRUSTACEA
1DIPTERA
1DIPTERA
THEMIPTERA
10DONATA
10STRACODA

TANNELIDA
1DIPTERA
1DIPTERA

GAMMARUS
CHIRONOMIDAE
CULICIDAE
BAETIDAE

CORIXIDAE
NAUCORIDAE
NOTONECTIDAE

OLIGOCHAETA
CHIRONOMIDAE
CULICIDAE
CORIXIDAE

CLODOCERA
OLIGOCHAETA
GAMMARUS
CHIRONOMIDAE
CULICIDAE
CULICIDAE
BAETIDAE
NAUCORIDAE

ANISOPTERA

OLIGOCHAETA
DYTISCIDAE
COPEPODA
CHIRONOMIDAE
BAETIDAE

CORIXIDAE
NOTONECTIDAE
ZYGOPTERA

OLIGOCHAETA
CHIRONOMIDAE
CORIXIDAE

OLIGOCHAETA
HYDRACARINA
CLADOCERA
COPEPODA
GAMMARUS
CHIRONOMIDAE
BAETIDAE

CORIXIDAE
NAUCORIDAEAE
NOTONECTIDAE

OLIGOCHAETA
CLADOCERA
COPEPODA
GAMMARUS
CHIRONOMIDAE
CULICIDAE
CORIXIDAE
ANTSOPTERA

OLIGOCHAETA
CHIRONOMIDAE
CULICIDAE

CULEX

CULEX

CULEX
ANOPHELES

CULEX

CULEX

5
148

62
75
90
37

479

NNt 2 2 s WNOO W ONON

1209
1

221P
311p
341p
401pP
501p
601P
611P
621p

901P

11
311p
341p
601P
901P
901p

P
11p
221p
311p
341pP
351p
401p
611p
701p
801p
901p
901p

11p

41p
2iip
31p
401p
501p
601p
621P
811p
901P

13p
313p
603p
903P

13p

33p
203p
213p
223p
313p
403p
503p
603p
613pP
623P
903p

13p
203p
213p
223p
313p
343p
603pP
803p
903P

13p
313p
343p




19931103
19931103

19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727
19930727

19931103
19931103
19931103
19931103
19931103
19931103
19931103
19931103
19931103

—_

TODONATA
TODONATA

1ANNELIDA
1ARACHNOIDEA
1CRUSTACEA
1CRUSTACEA
1CRUSTACEA
1DIPTERA
1GASTROPODA
THEMIPTERA
THEMIPTERA
THEMIPTERA
10STRACODA

1ANNELIDA
1CRUSTACEA
1CRUSTACEA
TCRUSTACEA
1DIPTERA
1DIPTERA
THEMIPTERA
TODONATA
10STRACODA

ANISOPTERA
ZYGOPTERA

OLIGOCHAETA
HYDRACARINA
CLADOCERA
COPEPODA
GAMMARUS
CHIRONOMIDAE

CORIXIDAE
NAUCORIDAEAE
NOTONECTIDAE

OLIGOCHAETA
CLADOCERA
COPEPODA
GAMMARUS
CULICIDAE
CULICIDAE
CORIXIDAE
ANISOPTERA

CULEX
ANOPHELES

803p
813p

13p

33p
203p
213p
223p
313p
503p
603p
613p
623p
903p

13p
203p
213pP
223p
343p
353p
603pP
803p
903p






APPENDIX C

SALINE MARSH AND EVAPORATION CELLS DATA



Saline Vegetated Marsh Conductivity Readings

South Marsh Cell

Date  Station 1 TDS Station2 TDS Station3 TDS Station4 TDS Avg EC Avg TDS
07/13/93 6520 4238 7220 4693 7330 4765 7420 4823 7123 4630
07/14/93 6820 4433 6810 4427 7360 4784 7510 4882 7125 4631
07/21/93 7200 4680 7220 4693 8080 5252 8330 5415 7708 5010
07/23/93 3220 2093 2780 1807 2330 1554 3550 2308 2985 1940
07/29/93 5510 3582 5470 3556 6520 4238 6560 4284 6015 391G
08/02/93 6600 4290 6450 4193 6510 4232 6440 4186 6500 4225
08/04/93 6870 4466 6730 4375 7040 4576 7210 4687 6963 4526
08/09/93 7580 4927 8840 5746 8630 5610 9460 6149 8628 5608
08/12/93 7500 4875 7260 4719 9090 5909 9050 5883 8225 5346
08/18/93 6040 3926 6180 4017 6220 4043 6250 4063 6173 4012
09/01/93 7680 4992 7640 43966 9990 6494 10021 6514 8833 5741
01/18/94 5200 3380 6250 4063 6500 4225 6500 4225 6113 3973
01/21/94 5800 3770 6400 4160 6700 4355 6850 4453 6438 4184
01/26/94 5400 3510 5500 3575 5700 3705 5500 3575 5525 3591
02/24/94 2600 1690 2500 1690 2500 1625 2500 1625 2525 1658
03/03/94 2900 1885 2800 1885 3000 1950 2800 1820 2900 1885
03/11/94 3200 2080 3100 2015 3100 2015 3200 2080 3150 2048
03/18/94 4100 2665 4200 2730 4000 2600 4000 2600 4075 2649
03/28/94 2300 1495 2300 1495 2300 1495 2200 1430 2275 1479
04/04/94 2800 1820 3000 1950 2900 1885 2900 1885 2900 1885
04/19/94 2500 1625 2700 1755 2900 1885 2800 1820 2725 1771
04/27/34 750 488 1600 1040 2800 1820 2800 1820 1988 1292
05/06/94 3400 2210 4000 2600 3800 2470 4000 2600 3800 2470

North Marsh Cell )

Date Station5 TDS Station6é TDS Station? TDS Station8 TDS AvgEC Avg TDS
07/13/93 6360 4134 6680 4342 6580 4277 6550 4258 6543 4253
07/14/93 6470 4206 6710 4362 6570 4271 6930 4505 6670 4336
07/21/93 6250 4063 6550 4258 7140 4641 7640 4966 6895 4482
07/23/93 2120 1378 2190 1424 3530 2295 4490 2919 3083 2004
07/29/93 5200 3380 5100 3315 5200 3380 5310 3452 5203 3382
08/02/93 5400 3510 5640 3666 §520 3588 5350 3478 5478 3560
08/04/93 5280 3432 5490 3569 5630 3660 5490 3569 5473 3557
08/09/93 6860 4459 7000 4550 7220 4683 7320 4758 7100 4615
08/12/93 6270 4076 8710 5662 7070 4596 7880 5122 7483 4864
08/18/33 4860 3158 4870 3166 47380 3114 4710 3062 4808 3125
09/01/93 5570 3621 7420 4823 7990 5194 6890 4479 6968 4529
01/18/94 3500 2275 3800 2470 3950 2568 4250 2763 3875 2519
01/21/94 4050 2633 4190 2724 4360 2834 4500 2925 4275 2779
02/24/34 1400 910 1350 878 1300 845 1350 878 1350 878
03/03/94 1550 1008 1600 1040 1650 1073 1700 1105 1625 1056
03/11/94 1650 1073 1850 1203 1800 1170 1950 1268 1813 1178
03/18/94 2300 1495 2400 1560 2400 1560 2400 1560 2375 1544
03/28/94 1450 943 1800 1170 1700 1105 1750 1138 1675 1088
04/04/94 1900 1235 2200 1430 2100 1365 2300 1485 2125 1381
04/19/94 950 618 1800 1170 2500 1625 2400 1560 1913 1243
04/27/94 550 358 1050 683 2100 1365 2600 1690 1575 1024
05/06/94 1550 1008 2200 1430 2900 1885 2900 1885 2388 1552

South Evap Cell North Evap Celi

Date Outlet
02/24/94 48900 02/24/94 5100
03/03/94 4900 03/03/94 5200
03/11/94 5000 03/11/94 5300
03/18/94 5200 03/18/94 5600
03/28/94 4400 03/28/94 4800
04/04/94 4700 04/04/94 500



TO:
FROM:
DATE:

LEANNE HAMILTON
STEPHEN SHOCKEY

S/

VEGETATED MARSHES

SUBJECT: ELECTRIC CONDUCTIVITY & TOTAL DISSOLVED SOLIDS IN THE SALINE

EC

TDS

Temperature

[Evap. Cell #1

Evap. Cell #2

R.O. Reject
Stream

ro\Res_DeviECTDSFRM.ag

Electric
Pond #1 | Conductivity| TDS [Temperature
[Station 1] 3 voo | 2935 | /¢
[Station 2| 4 yoo 2723 | 457 <
[Station 3| 3 yoo 2757 lys-<
[Staton4 || ¥ oo 2923 |16
[Average | 3 voo |27¢o | /5 5
Electric
Pond #2 | Conductivity TDS  |Temperature
Staton S || / 552 [foo 16 ¢
| Staton6 ]l 2 200 s w70 |19
Staton 7 ]| 2 9w o 2 237 | 1%
[Station 8 [ 2, 720 2037 [19°
verage (|2 395 Lo/ 15° <
GALLONS OF WATER PER WEEK
Pond #1 Pond #2
—_Date J[# Gallons]| ate # Gallons
Tl -9y = Seoo ! S e 7Y 2 Soo
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- CERTIFICATE OF ANALYSIS -

To: WATER RESOURCES, WETLANDS
RESOURCE DEVELOPMENT

Attn: STEVE CROMBIE Phone: (909)203-2804 Sample date: 12/02/1993
Acct: 10041516391309 Sample time: 09:30
Lab# : EMWDS9309529
Sample ID : SALINE MARSH SUMP OVERFLOW EVAP. POND
Sample Matrix : RECLAIMED

PARAM NAME RESULTS UNITS

TOTAL DISSOLVED SOLIDS 5860 mg/L

CONDUCTIVITY 7990 umhos/cm

Approved B}‘\\



- CERTIFICATE OF ANALYSIS -

To: WATER RESOURCES, WETLANDS
RESOURCE DEVELOPMENT

Attn: STEVE CROMBIE Phone: (909)203-2804 Sample date: 12/02/1993
Acct: 10041516391309 Sample time: 09:30
Lab# : EMWD9308527
Sample ID : SALINE MARSH CELL 1, INLET
Sample Matrix : RECLAIMED

PARAM NAME RESULTS UNITS

TOTAL DISSOLVED SOLIDS 3055 mg/L

CONDUCTIVITY 4800 umhos/cm

s

Approved Bﬂ‘



- CERTIFICATE OF ANALYSIS -

To: WATER RESOURCES, WETLANDS
RESOURCE DEVELOPMENT

Attn: STEVE CROMBIE
Acct: 10041516391309

Phone: (909)203-2804 Sample date: 12/02/1993
Sample time: 09:30

Lab# : EMWD9309525

Sample ID : SALINE MARSH CELL 1, STATION 2

Sample Matrix : RECLAIMED
PARAM NAME RESULTS UNITS
TOTAL DISSOLVED SOLIDS 3605 - mg/L
CONDUCTIVITY 5390 umhos/cm

i
~ Approwved qﬂ
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TO; MIKE GARNER

FAOM: STEPHEN SHOCKEY .

DATE: JULY 13, 1993 70:30 a.m.

SUBJECT: ELECTRIC CONDUCTIVITY AND TOTAL DISSOLVED
SOLIDS IN THE SALINE VEGETATED MARSHES

Electric

Cell #1 Conductivity TDS Temperature

Station 1 6520 4172 21.1¢c

Station 2 7220 4620 20.6

Station 3 7330 4691 21.3

Station 4 7420 4748 21

W

Electric . )
Cell #2 Conductivity TDS Temperature
Station § 6360 4070 20.5
Station 6 6680 4275 20.8
Station 7 6580 4211 21.2
Station 8 6550 4192 21.2
y #7 A
oc: 8. Mormza 2ATH CELL
C. Crother OUTLET 3 #ES" e INLET
Q-Pro\EC&TDS.ag.7.13.93
wo
#3
SoUTH CELL L . #/ |esmer
72




Additional Data for the Saline Vegetated Marshes

from U.S.B.R. field notebook

7-28-93
Cell Location Time Condition Temp. DO DO pH EC
°C mg/L % sat. uS/cm
North inlet area 11:23 open/algae 22.8 7.8 91 8.5 5210
outlet area 11:36 plants 21.9 5.2 60 8.4 5250

South inlet area 11:26 open/algae 23.4 14.1 168 8.9 6380

outlet area 11:33 plants 22.0 5.2 60 8.9 6610
11-3-93
Cell Location Time Condition Temp. DO DO pH EC
°C mg/L % sat. uS/cm

North inlet area 14:40 open/silty 20.1 9.3 104 8.6 2070*
outlet area 14:35 plant/alqgae 16;3 10.9 114 8.8 5510

South  inlet area 14:25 ~open 19.9 12.1 139 8.6 6200
outlet area 14:30 plant/algae 14.6 9.3 96 9.1 7160

*Note: the North cell inlet area received 9.4 m (2500 gal) potable water just
prior to measurement.

from EMWD data sheets

Date Cell Location Time EC DS
uS/cm mg/L

12-2-93 South inlet 9:30 4800 3055
station 2 9:30 5390 3605
station 3 9:30 5990 3950
outlet 9:30 6190 3320
Sump overflow Evap. pond 9:30 7990 5860




C-1 10m

ASSOCIATED LABORATORIES
806 North Batavia - Orange. California 92668 - 714/771-6900

CLIENT
Eastern Municipal Water Dist. (2027)
Attn: Mike Creighton .
P.0.Box 8300
San Jacinto, CA 92581-8300

SAMPLE Wastewater
Wetlands, R.0. Reject

CENTIFICATION Tab #93081305 Acct. #10045643491309 P.O.

Date Collected 08/13/93
DASED ON SAMFLE Ae Submitted

Constiteunt Metkod

Antimony EPA 200.7
Arsenic EPA 206.2
Barium EPA 200.7
Barylllium ZPA 200.7
Cadmium EPA 200.7
Chrenium EPA 200.7
Cobalt EPR 200.7
Copper EPA 200.7
Lead EPA 239.2
Mercury EDTA 245.:1
Melybdenum EPA 200.7
Nickel EFA 200.7
Selenium ' EPA 2790.2
S8ilver EPA 200.7
Thallium EPA 279.2
Vanadiwe EPA 200.7
Zinc EFA 20G.7

Cont’d on next page

Tne reports of the Associated Lanorstories are confident:al progerty ot our chients sad
may not Be roproduced or used for PuBlcotion in part or in full without Dur weittsn
permission. TNIS IS (07 the Mutyai O1OTACTION Of the DUBINC. OUr CHENES, and OurseIVes.

NG. 447
FAX 714/538-1205
REFCRTER 08/27/93

RECEIVED 08/17/93

#92-08534
Resu.lts
ND<0.04 ng’ i

N.006 mg/l

0.22 mg/1l
ND<Q.C02 mg/s1
ND<0.003 mg/1l

- ND<«0.004 mg/2
ND<0.01 mg/l

0.01 ng/1
ND<0.002 wmg/1l
ND<0.0004 mg/1

0.15 ng/l
ND<0.03 g/l

0.007 nrg/l
ND<0.904% mg/1
ND<0.002 wmg/

0.02 mg/l

0.05 ng/1

TESTING & TUNSUTING

Chernicat «

Mereoiclocical «

Enwveorimonxi o

-

iz



05 2633 1£:41

Client: Eastern Municipai water vist.
Lak No: G58472-03

Co iteunt

Iron

Scluble Iron
Manganese

silicon (si)

Scluble silicon (5i)
Aluminum

Boron

Total Organic Carbon

AS TED TARORATORTES, by:

Robart A. Webber
Vice President

RAW/gk
Rev. 09/20/93 RAW/gk

Metnod

EPA 200.7
EPA 200.7
EPA 200.7
SM16/425C
SM16/425C
EPA 200.7
EPA 200.7
EPA 415.1

Results

0.03
0.03
0.05
40.1
38.9
ND<0.04
0.66
3.9

H3. 453 Fo3

mg/1
ng/l
mg/L
mg/l
mg/l
ng/l
mg/i
mg,; 1

NOTE: Unless notified in writing, all samples will be discarded
by approprizte disposal protocol 30 daye from date reported.




EASTERN MUNICIPAL WATER DISTRICT
Contracted Laboratory Analysis Request Form

Edward S. Babcock & Sons DATE SAMPLED: Apr 28, 1993
P.O. Box 432 DATE SENT: Jan 25, 1994
Riverside, Ca 92502 REQUESTED BY: LeAnne Hamilton
(909)653-3351 APPROVED BY: Ken Marshall

Purchase Order #93-12583

SOURCE RELEASE/LAB# ACCOUNT #
1. Saline Marsh Soil, South Inlet 940124043 10041516391309
2. Saline Marsh Soil, South Middle 940124044 "
3. Saline Marsh Soil, South Outlet 940124045 "
4. Saline Marsh Soil, North Inlet 940124046 "
5. Saline Marsh Soil, North Middle 940124047 "
6. Saline Marsh Soil, North ’Ouﬂet " 940124048 "

................................................

REMARKS: LOWEST POSSIBLE DETECTION L]MITS NEEDED. DIGEST
WITH A MINIMUM OF IOIGRA'NIS OR VANALYZE BY ICP/MS '

Note: Please refer to the PO EMWD lab, and account numbers on the billing invoice and
analytical report. I -

_ A4 Chain of Custody Attached? YES O NO O
Reling’d By\X%{/} é rime: /3‘-/' {) Dae: |-Z5 ‘}/‘7 Rec’d By:

P.O. Box 8300, San Jacinto, California 92383-1300,
(714)925-7676, Fax (714)929-0257



WEST COAST ANALYTICAL SERVICE,

EDWARD S. BABCOCK & SONS, INC.
Ms. Janet Harrison

INC.

Job # 25718
February 15,

1994

LABORATORY REPORT

Quantitative Analysis Report

Selected Metals

RECEIVED

Inductively Coupled Plasma-Mass Spectrometry

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Mercury
Molybdenum
Nickel
Selenium
Silver
Thallium
Zinc

Date Analyzed:

Parts Per Million (mg/Kg)

2/10/94

South Inlet
940127~
1978

ND<0.3 -
ND<O0.7 ~
273 —

ND<0.4 -~

ND<§5 -~

ND<0.4 -

ND<0.5 -

92.9 -

Page 2 of 8

FEB 2 3 1384

E.MW.D.

Blank
Detect.
Limit



EDWARD S. BABCOCK & SONS,
Ms. Janet Harrison

INC.

WEST COAST ANALYTICAL SERVICE, INC.

Job # 25718

February 15, 1994

LABORATORY REPORT

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Mercury
Molybdenum
Nickel
Selenium
Silver
Thallium

Zinc

Date Analyzed: 2/10/94

Selected Metals
Quantitative Analysis Report
Inductively Coupled Plasma-Mass Spectrometry
_Parts Per Million (mg/Kg)

South Middle
940127~
1979

ND<0.3 -~
ND<0.4 =

245 -

ND<5 =—

ND<0.4 <

ND<0.5 -

79.2 -~

Page 3 of 8

RECEIVED

FEB 2 3 1994

EMw.p.

Blank
Detect.
Limit



WEST COAST ANALYTICAL SERVICE, INC.

EDWARD S. BABCOCK & SONS, INC. Job # 25718
Ms. Janet Harrison February 15, 1994

LABORATORY REPORT

Selected Metals ‘ RECE[VED
snauotively Comian PiaseiHaes Sosceronecry  FEB 23 194
Parts Per Million (mg/Kg) EMW.D,

South Outlet Blank

940127~ ‘ De‘g.ec.:t.

1980 Limit

Aluminum 21400 o.s
Antimony ND<0.3 — 0.3
Arsenic ND<0.6 = 0.6
Barium 279 ~ 0.05
Beryllium 0.7 — ) 0.4
Cadmium 0.16 - ~ 0.03
Chromium 14.6 - 0.6
Cobalt 7.76 ~ 0.04
Copper 13.1 - 0.05
Lead ND<S =~ 5
Mercury ND<0.4 — 0.4
Molybdenum 1.5 — 0.1
Nickel 8.9 -~ 0.3
Selenium ND<2 — 2
Silver ND<0.02 — 0.02
Thallium ND<0.5 ~— 0.5
Zinc 76.8 ~ 0.2

Date Analyzed: 2/10/94

Page 4 of 8




WEST COAST ANALYTICAL SERVICE, INC.

EDWARD S. BABCOCK & SONS, INC. Job # 25718
Ms. Janet Harrison February 15, 1994
LABORATORY REPORT
Selected Metals RECE‘VED
. Quantitative Analysis Report FEB2 3 1904
Inductively Coupled Plasma-Mass Spectrometry
Parts Per Million (mg/Kg) E.MW.D.
North Inlet Blank
940127~ Detect.
1981 Limit
Alunminum " 20300 — oa
Antimony ND<0.3 — 0.3
Arsenic ND<0.4 — 0.4
Barium 274 — 0.05
Beryllium ND<0.4 ~ " 0.4
Cadmium 0.16 — 0.03
Chromium 15.4 — ‘ 0.6
Cobalt 7.14 — 0.04
Copper 23 - 0.05
Lead ND<S -— 5
Mercury ND<0.4 — 0.4
Molybdenun 1.1 - 0.1
Nickel 8.1 — 0.4
Selenium ND<2 — 2
Silver 1.09 — 0.02
Thallium ND<0.5 _ 0.5
Zinc 109 — 0.2

Date Analyzed: 2/10/94

Page 5 of 8




WEST COAST ANALYTICAL SERVICE, INC.

EDWARD S. BABCOCK & SONS, INC. Job # 25718
Ms. Janet Harrison February 15, 1994

LABORATORY REPORT

Percent Solids

Date Analyzed:

2/10/94

80.6

Page 6 of 8

RECEIVED
Selected Metals
Quantitative Analysis Report FEB 2 3 1994
Inductively Coupled Plasma-Mass Spectrometry
Parts Per Million (mg/Kg) EMW.D.
Wet Weight

North Middle Blank
940127~ Detect.

1982 Limit

Aluminum 17200 — 0.4
Antimony ND<0.3 — ‘ 0.3
Arsenic 0.9 — 0.4
Barium 212 — 0.05
‘Beryllium 0.5 - n 0.4
Cadmium 0.23 — 0.03
.Chromium 12.2 - 0.6
Cobalt 6.1 — 0.04
Copper 15.4 — 0.05
Lead ND<5 = 5
Mercury ND<0.4 - 0.4
Molybdenum 1.5 ~ 0.1
Nickel 6.2 — 0.2
Selenium ND<2 — 2
Silver 0.49 — 0.02
Thallium ND<0.5 — 0.5
Zinc 76.4 - 0.2

S BN AN NS BN an N G aE am Yy am e e



WEST COAST ANALYTICAL SERVICE, INC.

EDWARD S. BABCOCK & SONS, INC.
Ms. Janet Harrison

Job # 25718
February 15,

1994

LABORATORY REPORT

Selected Metals
Quantitative Analysis Report

Inductively Coupled Plasma-Mass Spectrometry

Parts Per Million (mg/Kg)
Wet Weight

North Outlet

8940127~
1983

Aluminum -—;2556-—
Antimony ND<0.3 —
Arsenic ND<0.4 -
Barium 198 —
Beryllium 1.3 -
Cadmium 0.13 —
Chromium 11.2 —
Cobalt 6.24 —
Copper 15.3 —
Lead ND<5 —
Mercury ND<0.4 —
Molybdenum 0.8 -~
Nickel 6.1 —
Selenium ND<2 ~
Silver 0.44 _
Thallium ND<0.5 —~
Zinc 76 —
Percent Solids 78.9

Date Analyzed: 2/10/94

Page 7 of 8

RECEIVED
FEB 2 3 1384
EMW.D.



WEST COAST ANALYTICAL SERVICE,

EDWARD S. BABCOCK & SONS, INC.

INC.

Job # 25718

February 15,

1994

Ms. Janet Harrison
LABORATORY REPORT
Dsazxggi}e“ gégi27-1981 North Inlet RECEIVED
Parts Per Million (mg/Kg) FEB 2 3 1994
Sample MS MSD EMW.D.

Spike

Conc % % %

pPpm Recovery Recovery RPD
Aluminum 20300 2o 1100 Tistoo o0
Antimony ND<0.3 20 18.5 92.5 17.7 8875 4.4
Arsenic ND<O0. 4 20 22 110 29.2 146% 28.1%
Barium 274 20 266 281 5.5
Beryllium  ND<O0.4 20 20.8 104 22.2 111 6.5
Cadmium 0.16 20 19 94.2 18.1 89.7 4.9
Chromium 15.4 20 33.1 88.5 35.7 101.5 7.6
Cobalt 7.14 20 26.6 97.3 27 99.3 1.5
Copper 23 20 38 48.5 24.3
Lead ND<5 20 24 120 27 135 11.8
Mercury ND<O0.4 2 2 100 1.6 80 22.2
Molybdenum 1.1 20 18.1 85 17.5 82 3.4
Nickel 8.1 20 26.1 90 26.3 91 0.8
Seleniun ND<2 200 194 97 207 103.5 6.5
Silver 1.09 20 19.6 92.6 20.4 96.6 4
Thallium ND<0.5 20 15.4 77 15.4 77 0]
Zinc 109 20 110 135 20.4
Date Analyzed: 02/10/94

* OQutside warning limits

Page 8 of 8
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RECEIVED
Abbreviations Summary FEB 2 3 1994

General Reporting Abbreviations: EMW.D.

B

DL

ND

ppm
ppb

TR

Blank - Indicates that the compound was found in both the
sample and the blank. The sample value is reported without
blank subtraction. If the sample value is less than 10X the
blank value times the sample dilution factor, the compound
may be present as a laboratory contaminant.

Indicates that the sample was diluted, and consequently the
surrogates were too dilute to accurately measure.

Detection Limit - Is the minimum value which we believe can
be detected in the sample with a high degree of confidence,
taking into account dilution factors and interferences. The
reported detection limits are equal to or greater than Method
Detection Limits (MDL) to allow for day to day and instrument
to instrument variations in sensitivity.

Indicates that the value is an estimate.

Not Detected - Indicates that the compound was not found in
the sample at or above the detection limit.

parts per million (billion) in liquids is usually equivalent
to mg/1 (ug/l), or in solids to mg/kg (ug/kg). In the gas
phase it is equivalent to ul/l (ul/m?).

Trace - Indicates that the compound was observed at a value
less than our normal reported Detection Limit (DL), but we
feel its presence may be important to you. These values are
subject to large errors and low degrees of confidence.

kg kilogram mg milligram 1 1liter m meter
g gram ug microgram ul microliter

QC Abbreviations:

Control Control Limits are determined from historical data for a

QC parameter. The test value must be within this
acceptable range for the test to be considered in
control. Usually this range corresponds to the 99%
confidence interval for the historical data.

% Error Percent Error - This is a measure of accuracy based on

the analysis of a Laboratory Control Standard (LCS). An
LCs is a reference sample of known value such as an NIST
Standard Reference Material (SRM). The % Error is
expressed in percent as the difference between the known
value and the experimental value, divided by the known
value. The LCS may simply be a solution based standard
which confirms calibration (ICV or CCV - initial or
continuing calibration verification), or it may be a
reference sample taken through preparation and analysis.

-




\
.
. BACTERIOLOGY ‘—0_:
. WATER TESTING —
HAZARDOUS WASTE TESTING ypan ) 909/653-3351
CA DHS CERTIFICATION 1156 FAX 909/653-1662
LABORATORIES : /E.S. BABCOCK p.o.sox432 RECEIVED
6100 QUAIL VALLEY COURT, RIVERSIDE — & SONS, INC. RIVERSIDE. CA 92502
ESTABLISHED 1906 FEB 2 3 1994
EMW.D,

JFrom: Edward S. Babcock & Sons, Inc.
6100 Quail Valley Ct.
Riverside, CA 92507

To: West Coast Analytical Date Shipped: 02-03-94

9840 Alburtis Avenue # Containers Shipped: 6
Santa Fe Springs, CA 90670 Shipped Via: UPS

Please Reference the Following on Laboratory Report

Sampled Analysis
Babcock Lab # Sample I.D. CT Matrix Date Time By Requested
Eastern Municipal Water District
Saline Marsh Soil:
/V940127-1978  South Inlet 1  soil  4/28/93 --- --  *See Below
/ ON ALL SAMPLES
v 940127-1979 South Middle 1 soil 4/28/93 —-=- --=
v940127-1980 South Outlet 1 soil 4/28/93 —-—= -~
' /940127-1981 North Inlet 1 soil 4/28/93 === =--
' v940127-1982 North Middle 1 soil 4/28/93 === --
s 940127-1983 North Outlet 1 soil 4/28/93 —== --

\

*L,owest Possible Detection Limits (ICP/MS)
Be, Cr, Co, Ni, Cu, 2n, As, Se, Ag, Cd, Sb, Ba,
Hg, T1, Pb, Mo, and Al

CDHS Drinking Water Report Forms Required: No

CT Container Type Preservative Special Comments
6 glass None Please report each sample on a
separate sheet.

Sample Received By: 4%&'] MW{ #25718

Date Sample Received: CT d- ‘4 94

Time Sample Received: 142 p.M-

S BN SPRPI SR

Dblo



BACTERIOLOGY

WATER TESTING R ECEI VED
HAZARDOUS WASTE TESTING Q 909/653-3351

CA DHS CERTIFICATION 1156 FAX 909/653-1662 MAR U 3 1994
LABORATORIES E.S BABCOCK P.O. BOX 432 EMW.

6100 QUAIL VALLEY COURT, RIVERSIDE & SONS INC. RIVERSIDE, CA 92502 D.

ESTABLISHED 1906

2 March, 1994

To:
Eastern Municipal Water District Lab No. 940127-1984
ATTN: Mike Creighton Invoice No. 99907

P.O. Box 8300
San Jacinto, CA 92351-8300
Submitted Sampled
By BW
Date 01/25/94 04/28/93
Time 13:33
Chain of Custody on File: No

Sample Marked: Saline Marsh Soil
South Inlet
EMWD #940124043

Parameter Result

Iron (Fe) 23000 ppm
Manganese (Mn) 400 ppm
Calcium as CaCOs5 2.65 % -
Boron (B) 6.4 ppm
Cyanide (CN) : <0.8 ppm

% Solids 93.4 %
Cation Exchange Capacity - 3.75 me/100g

SIEVE ANALYSIS

Sieve Soil Particle Particle Size Fraction
Size Size Diameter Retained
18 Very coarse sand >1.0 mm 2.2 %
35 Coarse sand 0.5 mm 4.8 %
60 Medium sand 0.25 mm 16 %
140 Fine sand 0.10 mm 13 %
300 Very fine sand , 0.05 mm 21 %
(hydrometer) Silt 0.002 mm 30 %

(hydrometer) Clay <0.002 mm 13

Date Analysis Completed: 02/23/94
Edward S. Babcock & Sons, Inc.

~ i) - /] 7
S ——




BACTERIOLOGY
WATER TESTING
HAZARDOUS WASTE TESTING /] ooosesaasss RECEIVED
CA DHS CERTIFICATION 1156 FAX 909/653-16fﬁ AR 0 3 1994
LABORATORIES Es BABCOCK P.O. BOX 432
6100 QUAIL VALLEY COURT, RIVERSIDE B ‘m& SONS INC. RIVERSIDE, CA 9250E. M.W.D.
2 March, 1994
To:
Eastern Municipal Water District Lab No. 940127-1985
ATTN: Mike Creighton Invoice No. 99907
P.0O. Box 8300
San Jacinto, CA 92351-8300
Submitted Sampled

By BW

Date 01/25/94 04/28/93

Time 13:33

Sample Marked:

Sieve
Size

140

300
(hydrometer)
(hydrometer)

Date Analysis Completed:

Saline Marsh Soil
South Middle
EMWD #940124044

Parameter

Iron (Fe)

Manganese (Mn)

Calcium as CaCOj

Boron (B)

Cyanide (CN)

% Solids

Cation Exchange Capacity

Chain of Custody on File: No

Result

22000 ppm

390 ppm
2.35 % -

5.9 ppm
<0.8 ppm
90.6 %

3.75 me/100g

SIEVE ANALYSIS

Soil Particle Particle Size Fraction
Size Diameter Retained
Very coarse sand >1.0 mm 2.7 %
Coarse sand 0.5 mm 5.8 %
Medium sand 0.25 mm 15 %
Fine sand 0.10 mm 14 %
Very fine sand , 0.05 mm 14 %
Silt 0.002 mm 27 %
Clay <0.002 mm 17 %

02/23/94

Edward ,S. Babcoc




BACTERIOLOGY
WATER TESTING

HAZARDOUS WASTE TESTING
CA DHS CERTIFICATION 1156

LABORATORIES

6100 QUAIL VALLEY COURT, RIVERSIDE

To:

//Q

ES BABCOCK
& SONS INC.

ESTABLISHED 1906

2 March, 1994

Eastern Municipal Water District

ATTN:
P.0O. Box 8300
San Jacinto,

Sample Marked:

Sieve
Size

140

300
(hydrometer)
(hydrometer)

Date Analysis Completed:

ca

Mike Creighton

92351-8300

Saline Marsh Soil
South Outlet
EMWD #940124045

909/653-3351

RECEIVED
FAX 909/653-1662
MAR 0 3 1954

P.0O. BOX 432

RIVERSIDE, CA QZSOtLLw D
Lab No. 940127-1986
Invoice No. 99907

Submitted Sampled
By BW
Date 01/25/94 04/28/93
Time 13:33

Chain of Custody on File: No

Parameter Result

Iron (Fe) 26000 ppm
Manganese (Mn) 430 ppm
Calcium as CaCOg3 2.63 % -
Boron (B) 7.3 ppm
Cyanide (CN) <0.8 ppm

% Solids 95.0 %
Cation Exchange Capacity 1.25 me/100g

SIEVE ANALYSIS

Soil Particle Particle Size Fraction
Size Diameter Retained
Very coarse sand >1.0 mm 2.6 %
Coarse sand 0.5 mm 5.6 %
Medium sand 0.25 mm 14 3
Fine sand 0.10 mm 13 %
Very fine sand ) 0.05 mm 19 %
Silt 0.002 mm 28 %
Clay <0.002 mm 18 ¢

02/24/94

Edward S. Babcock & Sons,

it

Inc.

%

oo NG
//

-
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BACTERIOLOGY
WATER TESTING 909/653-3351 RECE{VED
HAZARDOUS WASTE TESTING /] -
CA DHS CERTIFICATION 1156 FAX s09/653-1662 MAR 0 3 1994
LABORATORIES ES BABCOCK P.O. BOX 432 EMW.D.
6100 QUAIL VALLEY COURT, RIVERSIDE —— ‘m& SONS, INC. RIVERSIDE, CA 92502
2 March, 1994
To:
Eastern Municipal Water District Lab No. 940127-1987
ATTN: Mike Creighton Invoice No. 99907
P.0O. Box 8300
San Jacinto, CA 92351-8300
Submitted Sampled

By BW

Date 01/25/94 04/28/93

Time 13:33

Saline Marsh Soil
North Inlet
EMWD #940124046

Sample Marked:

Parameter

Iron (Fe)

Manganese (Mn)

Calcium as CaCO4

Boron (B)

Cyanide (CN)

% Solids

Cation Exchange Capacity

Chain of Custody on File: No

Result

23000 ppm
390 ppm
2.58 % -
5.7 ppm
<0.8 ppm
93.0 %
3.75 me/100g

SIEVE ANALYSIS

Sieve Soil Particle Particle Size Fraction
Size Size Diameter Retained
i8 Very coarse sand >1.0 mm 2.5 %
35 Coarse sand 0.5 mm 4.5 %
60 Medium sand 0.25 mm 15 %
140 Fine sand 0.10 mm 15 %
300 Very fine sand , 0.05 mm 26 %
(hydrometer) Silt 0.002 mm 30 %
(hydrometer) Clay <0.002 mm 14 3%

Date Analysis Completed: 02/24/94
Edward S. Babcock & Sons, Inc.

L,

o [Nl 7
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'BACTERIOLOGY

WATER TESTING
HAZARDOUS WASTE TESTING ’ 21
CA DHS CERTIFICATION 1156

ESTABLISHED 1906

2 March,

To:

Eastern Municipal Water District
ATTN: Mike Creighton

P.O. Box 8300

San Jacinto, CA 92351-8300

Sample Marked: Saline Marsh Soil
North Middle
EMWD #940124047

Parameter

Iron (Fe)

Manganese (Mn)

Calcium as CaCOg

Boron (B)

Cyanide (CN)

% Solids

Cation Exchange Capacity

Sieve Scoil Particle
I Size Size

18 Very coarse sand

35 Coarse sand

60 Medium sand

140 Fine sand

300 Very fine sand ‘
(hydrometer) Silt
(hydrometer) Clay

IDate Analysis Completed: 02/25/94

LABORATORIES E S. BABCOCK
6100 QUAIL VALLEY COURT, RIVERSIDE ‘ &SONSINC

1994

RECE!VED
Fax sooiss3-16:2 MAR 0 3 192

P.0. BOX 432 EMWD
RIVERSIDE, CA 92502 W.D.

Lab No. 940127-1988
Invoice No. 99907

By
Date
Time
Chain

Submitted Sampled

BW

01/25/94 04/28/93
13:33

of Custody on File: No

Result

23000 ppm
400 ppm

2.65 %

4.4 ppnm
<0.08 ppm

78.8

o®

2.50 me/100g

SIEVE ANALYSIS

Particle Size Fraction

Diameter Retained
>1.0 mm 1.2 %
0.5 mm 4.6 %
0.25 mm 15 %
0.10 mm 13 %
0.05 mm 24 %
0.002 mm 28 %
<0.002 mm 19 %

Edward S. Babcock & Sons, Inc.

/ /-

S



BACTERIOLOGY

WATER TESTING
HAZARDOUS WASTE TESTING
CA DHS CERTIFICATION 1156

LABORATORIES
6100 QUAIL VALLEY COURT, RIVERSIDE

To:

/a

ES BABCOCK
& SONS, INC.

ESTABLISHED 1906

2 March, 1994

Eastern Municipal Water District

ATTN: Mike Creighton
P.0O. Box 8300
San Jacinto,

CA 92351-8300

RECEIVED
909/653-3351
FAX 200/653-1662  MAR @ 3 1994
P.0. BOX 432 _
RIVERSIDE, CA 92502 ELH-D.
Lab No. 940127-1989
Invoice No. 99907
Submitted Sampled
By BW
Date 01/25/94  04/28/93
Time 13:33

Chain of Custody on File: No

Sample Marked:

Saline Marsh Soil
North Outlet
EMWD #940124048

Parameter

Iron (Fe)

Manganese (Mn)

Calcium as CaCOgj

Boron (B)

Cyanide (CN)

% Solids

Cation Exchange Capacity

Result

22000 ppm
390 ppm
2.70 % -
4.8 ppm
<0.08 ppm
78.1 %
1.25 me/100g

SIEVE ANALYSIS

Sieve Soil Particle Particle Size Fraction
Size Size Diameter Retained
18 Very coarse sand >1.0 mm 1.8 %
35 Coarse sand 0.5 mm 1.0 %
60 Medium sand 0.25 mm 14 %
140 Fine sand 0.10 mm 15 %
300 Very fine sand , 0.05 mm 16 %
(hydrometer) Silt 0.002 mm 26 3%
(hydrometer) Clay <0.002 mm 19 %

Date Analysis Completed: 02/25/94
Edward S. Babcock & Sonsa Inc.




BACTERIOLOGY

WATER TESTING
HAZARDOUS WASTE TESTING
CA DHS CERTIFICATION 1156

LABORATORIES

P.O. Box 8300

Parameter
Aldrin
a—BHC
b-BHC
&§-BHC
y-BHC
Chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Heptachlor
Heptachlor epoxide
Toxaphene

6100 QUAIL VALLEY COURT, RIVERSIDE

=/

ESTABUISHED 1906

BABCOCK

/ E.S.
& SONS, INC.

02/08/94

To: Eastern Municipal Water Dist.
Attn: Mike Creighton

San Jacinto, CA 92581-8300

Sample Marked: Saline Marsh Soil South
Inlet EMWD#940124043
Acct#10041516391309

909/653-3351 RECEIVED
FAX 909/653-1662 AR 5
P.0. BOX 432 03 199

RIVERSIDE, CA 92502 EMW D

Lab No. 940127-1990
Invoice No. 99908
Customer No. e€a01l03

Submitted | Sampled

By BW
Date 01/25/94 |04/28/93
Time 15:15

Chain of Custody on file: N

Organochlorine Pesticides and PCB's

EPA Method 608/8080

Results(
ND
ND
ND
ND

ND
12%%

=
o

58858888883

PCB's PQL = 500 ug/kg
cc: Sample submitted past holding time.

rg/kg )

ND=None detected, detection limit:
Date analysis completed: 02/04/94

Parameter - Results( ug/kg )
PCB-1016 ND
PCB~-1221 ND
PCB-1232 ND
PCB-1242 ND
PCB-1248 ND
PCB-~1254 ND
PCB~-1260 ND
Kepone ND
Mirex ND

* ug/kg NI=Not identifiable

Notes: *Practical Quantitation Limit = MDL's X 670;

NA=Not analyzed

See attached sheet.

**Second column confirmation utilized.

Edward S. Babcock & Sons, Inc.

Z\ﬁ@w Jhi -
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'BACTERIOLOGY
WATER TESTING

HAZARDOUS WASTE TESTING
CA DHS CERTIFICATION 1156

— s
=/

909/653-3351

Fax sooses3-1662 RECEIVED

Date analysis completed:
Notes:
PCB's PQL = 500 ug/kg
cc:

02/04/94

*Practical Quantitation Limit = MDL's x 670;

Edward S. Babcock & Sons,

RATORIES E.S. BABCOCK P.O. BOX 432 LQC.'*
l(;:\(?SQUAIL VALLEY COURT, RIVERSIDE & SONS, INC RIVERSIDE, CA gm 0 3
ESTABLISHED 1906 E M w D
02/08/94 e
To: Eastern Municipal Water Dist. Lab No. 940127-1991
Attn: Mike Creighton Invoice No. 99908
P.O. Box 8300 Customer No. ea0103
San Jacinto, CA 92581-8300
Submitted Sampled
Sample Marked: Saline Marsh Soil South By BW
Middle EMWD#940124044 Date 01/25/94 04/28/93
Acct#10041516391309 Time 15:15
Chain of Custody on file: N
Organochlorine Pesticides and PCB's
EPA Method 608/8080
Parameter Results( ug/kg ) Parameter - Results( ug/kg )
Aldrin ND PCB~1016 ND
a-BHC ND PCB-1221 ND
b-BHC ND PCB-1232 ND
&6-BHC ND PCB-1242 ND
_ y=BHC ND PCB-1248 ND
Chlordane ND PCB-1254 ND
4,4'-DDD ND PCB-1260 ND
4,4'-DDE ND Kepone ND
4,4'-DDT ND Mirex ND
Dieldrin ND
Endosulfan I ND
Endosulfan II ND
Endosulfan sulfate ND
Endrin ND
Endrin aldehyde ND
Heptachlor ND
Heptachlor epoxide ND ,
Toxaphene ND
ND=None detected, detection limit: * ug/kg NI=Not identifiable

NA=Not analyzed

See attached sheet.
Sample submitted past holding time.

Inc.

gjuw_mug %




" BACTERIOLOGY

WATER TESTING

HAZARDOUS WASTE TESTING

CA DHS CERTIFICATION 1156

LABORATORIES

6100 QUAIL VALLEY COURT, RIVERSIDE

r_/£j<

ES BABCOCK
& SONS INC.

ESTABUSHED 1906

02/08/94

To: Eastern Municipal Water Dist.
Attn: Mike Creighton

P.0O. Box 8300

San Jacinto,

CA 92581-8300

Sample Marked: Saline Marsh Soil South
Outlet EMWD#940124045
Acct#10041516391309

Parameter
Aldrin
a-BHC
b-BHC
6-BHC
y-BHC
Chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT
Dieldrin
Endosulfan I
Endosulfan II

Endosulfan sulfate

Endrin
Endrin aldehyde
Heptachlor

Heptachlor epoxide

Toxaphene

ND=None detected, detection limit:

909/653-3351 RECEIV EC

FAX 909/653-166 ’e
MAR 0 3 ¥

P.O. BOX 432
RIVERSIDE, CA 92502 E.M.W.D.

940127-198%92

Lab No.
Invoice No. 99908
Customer No. ea0103

Submitted ' Sampled

By BW
Date 01/25/94
Time 15:15

‘04/28/93

Chain of Custody on file: N

Organochlorine Pesticides and PCB's

EPA Method 608/8080

Results(

§88888555585858558888

ug/kg ) Parameter - Results( wug/kg )
PCB-1016 ND
PCB-1221 ND
PCB-1232 ND
PCB~1242 ND
PCB-1248 ND
PCB-1254 ND
PCB-1260 ND
Kepone ND
Mirex ND

* pg/kg NI=Not identifiable

Date analysis completed: 02/04/94

Notes:
PCB's PQL =
cc:

*Practical Quantitation Limit =
500 pg/kg

Sample

Edward S. Babcock & Sons,

MDL's x 670;
submitted past holding time.

NA=Not analyzed

See attached sheet.

Inc.
7

e

a ~



' BACTERIOLOGY

WATER TESTING RECEIVED

HAZARDOUS WASTE TESTING i 909/653-3351

CA DHS CERTIFICATION 1156 ' FAX 909/653-1662  map @ 3 1994

LABORATORIES ES _BABCOCK P.O. BOX 432

6100 QUAIL VALLEY COURT, RIVERSIDE & so~s INC. RIVERSIDE, CA 92502  E.M.W.D.

ESTABLISHED 1906
02/08/94
To: Eastern Municipal Water Dist. Lab No. 940127-1993

Attn: Mike Creighton Invoice No. 99908
P.0O. Box 8300 Customer No. ea(01l03

San Jacinto, CA 92581-8300

Submitted I Sampled

Sample Marked: Saline Marsh Soil North By BW
Inlet EMWD#940124046 Date 01/25/94 |04/28/93
Acct#10041516391309 Time 15:15

Chain of Custody on file: N

Organochlorine Pesticides and PCB's

EPA Method 608/8080

Parameter Results( wug/kg ) Parameter - Results( wug/kg )
Aldrin ND PCB-1016 ND
a-BHC ND PCB~1221 ND
b-BHC ND PCB-1232 ND
6-BHC ND PCB-1242 ND
y=-BHC ND PCB-1248 . ND
Chlordane 19%=* PCB-1254 ND
4,4'-DDD ND PCB-1260 ND
4,4'-DDE ND Kepone ND
4,4'-DDT ND Mirex ND
Dieldrin ND
Endosulfan I ND
Endosulfan II ND
Endosulfan sulfate ND
Endrin ND
Endrin aldehyde ND
Heptachlor ND
Heptachlor epoxide ND )

Toxaphene ND
ND=None detected, detection limit: * pug/kg NI=Not identifiable
Date analysis completed: 02/04/94 NA=Not analyzed

Notes: *Practical Quantitation Limit = MDL's X 670; See attached sheet.
PCB's PQL = 500 ug/kg **Second column confirmation utilized.
cc: Sample submitted past holding time.
Edward S. Babcock & Sons, Inc.

%&M_ M 7

/



____//
BACTERIOLOGY / 9
WATER TESTING = { RECEIVED
HAZARDOUS WASTE TESTING iiia) 909/653-3351 v
CA DHS CERTIFICATION 1156 : FAX909/6531662 map ¢ 3 1994
LABORATORIES - . ..~ /E.S. BABCOCK P.0. BOX 432
6100 QUAIL VALLEY COURT, RIVERSIDE E;@gos(sms, INC. RIVERSIDE, CA 92502 E.M.W.D.
02/08/94
To: Eastern Municipal Water Dist. Lab No. 940127-1994
Attn: Mike Creighton Invoice No. 99908
P.O. Box 8300 Customer No. ea0103
San Jacinto, CA 92581-8300
Submitted l Sampled-
Sample Marked: Saline Marsh Soil North By BW
Middle EMWD#940124047 Date 01/25/94 |04/28/93
Acct#10041516391309 Time 15:15

Chain of Custody on file: N

Organochlorine Pesticides and PCB's

EPA Method 608/8080

Parameter Results( ug/kg ) Parameter . Results( ug/kg )
Aldrin ND PCB-1016 ND
a-=BHC ND PCB-1221 ND
b-BHC ND PCB-1232 ND
6-BHC ND PCB-1242 ND
y-BHC ND PCB-1248 ND
Chlordane ND PCB-1254 ND
4,4'-DDD ND PCB-1260 ND
4,4'-DDE ND Kepone ND
4,4'-DDT ND Mirex , ND
Dieldrin ND
Endosulfan I ND
Endosulfan II ND
Endosulfan sulfate ND-

Endrin ND

Endrin aldehyde ND

Heptachlor ND

Heptachlor epoxide ND )

Toxaphene ND

ND=None detected, detection limit: * ug/kg NI=Not identifiable
Date analysis completed: 02/04/94 NA=Not analyzed

Notes: *Practical Quantitation Limit = MDL's X 670; See attached sheet.
PCB's PQL = 500 ug/kg Sample submitted past holding time.

cc:
Edward S. Babcock & Sons, Inc.

MJA7




BACTERIOLOGY
WATER TESTING

HAZARDOUS WASTE TESTING /] )

CA DHS CERTIFICATION 1156

LABORATORIES
6100 QUAIL VALLEY COURT

:;//E.S. BABCOCK
. RIVERSIDE =" & SONS, INC.

EgTA&JSHED 1906
02/08/94

To: Eastern Municipal Water Dist.

Attn: Mike
P.0O. Box 83
San Jacinto

Sample Marked:

Parameter
Aldrin
a—BHC
b-BHC
6-BHC
y-BHC
Chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan sulf
Endrin
Endrin aldehyde
Heptachlor

Heptachlor epoxide

Toxaphene

ND=None detecte
Date analysis c¢

Notes: *Practical Quantitation Limit = MDL's X 670;

PCB's PQL
cc:

Creighton
00
» CA 92581-8300

Saline Marsh Soil North
Outlet EMWD#940124048
Acct#10041516391309

909/653-3351 R E CE‘V ED

FAX 909/653-1662

P.0. BOX 432 MAR 0 3 1894

RIVERSIDE, CA 92502
EMW.D.

Lab No. 940127-1995
Invoice No. 99908
Customer No. e€a0103

Submitted ‘ Sampled

By BW
Date 01/25/94 |04/28/93
Time 15:15

Chain of Custody on file: N

Organochlorine Pesticides and PCB's

EPA Method 608/8080

Results( pg/kg ) Parameter . Results( 'pg/kg )

PCB-1016
PCB—-1221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260
Kepone
Mirex

ate

58888588883383838338

688888883

d, detection limit: * ug/kg NI=Not identifiable

ompleted: 02/04/94

NA=Not analyzed

See attached sheet.

= 500 ug/kg Sample submitted past holding time.

Edward S. Babcock & Sons, Inc.
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APPENDIX D

PICTORIAL HISTORY OF VEGETATION GROWTH
AND
ESTABLISHMENT IN SALINE MARSH

Note: S = South pond
N = North pond



S1 25 MAY 93. South Saline Pond. One

month after planting. Different
salinity tolerant species were planted
between the yellow bands to expose
plants to increasing concentrations of
salinity.

S2 11 JUNE 93. Six. weeks after
planting. Plants from corms spreading.

N1 25 MAY 93. North Saline Pond.
Same as S1.

N2 11 JUNE 93. Same as S2.



S3 23 JUNE 93. Rapid growth.

S4 19 JULY 93. Scirpus robustus is
still in a rapid growth phase and
flowering. Eleocharis palustris
showing die back.

N3 23 JUNE 93. Same as S3.

N4 19 JurLy 93. S. robustus and E.

palustris showing rapid growth and
flowering. :



S5 5 AveusT 93. S. robustus N5 8 AUGUST 93. S. robustus
encroaching on E. palustris. encroaching on E. palustris.

S6 2 SEPT 93. Overall browning. N6 2 SEPT 93. Overall browning.
Unvegetated band with smartweed.



S7 16 SEPT 93. Continued browning.

S8 4 ocT 93. continued browning.

1
1
|

N7 16 SEPT 93. Continued browning.

N8 4 ocT 93. continued browning.



S9 25 FEB 94. E. palustris greening. N9 25 FEB 94. E. palustris greening.

S10 25 FEB 94. S. robustus shows new N10 25 FEB 94. S. robustus shows new
growth. ' growth.



S11 18 MARCH 94. Rapid growth.

S12 24 MARCH 94. Rapid growth.

N1l 18 MARCH 94. Rapid growth. Algal

mats (Spirogyra) floating on water
surface and covering bottom.

N12 24 MARCH 94. Rapid growth. Algal
mats still visible.



Sl3wt§ APRIL 94. Continued rapld N3 g aprIL 94. Continued rapid |
gre ’ growth. Algal mats still visible. |

S14 22 APRIL 94. Rapid expansion of NI14 22 APRIL 94. Rapid expansion of

growth area. growth area. E. palustris beginning to
fall over.



S15 6 may
Flowering

94. Continued rapid growth.

evident.

S16 6 MAY 94. sS.
removed bands.

robustus invading

N15 6 may

Flowering
present.

94. Continue rapid growth.

evident.

Algal mat still

N16 6 mMAY

94. S.
lesser degree E. palustris invading

removed bands.

robustus and to a:



S17 6 MAY 94.
Pond.

Overview of South Saline

LOCAL DONOR MARSH 1

22 APRIL 94.

E. palustris in natural

setting. Flowering evident.

N17 6 MaAY 94. oOverview of North
Saline Pond.

LOCAL DONOR MARSH 2

22 APRIL 94. S. robustus in natural
setting. Flowering evident.






APPENDIX E

SALINE MARSH RESEARCH PROGRAM
AND
PROPOSED MONITORING PROGRAM



Saline Vegetated Marshes and Evaporation Ponds
Research Program

(Revised 02\22\94)

Background

EMWD is interested in the use of reverse osmosis (RO) units for treating brackish
groundwater for M&I use and/or groundwater recharge. This initial investigation will
determine the feasibility of additional uses of the RO reject stream, to sustain saline
vegetated marshes, prior to final concentration and disposal. The pilot investigation will
evaluate the quality of the reject stream and changes in the reject stream characteristics
as it passes through the marshes. It will also examine the issues of toxicity and
bioaccumulation in the marshes and evaporation ponds. Another tentative aspect of the
research is investigation of the use of a framework/hose netting system to mechanically
assist evaporation.

As part of the pilot studies program of the Multipurpose Wetlands Research and
Demonstration Study, the saline marshes and the evaporation ponds have been
constructed at the Hemet/San jacinto RWRF site at the USBR/EMWD Wetlands Research.
Facility.

Project Overview

Two ;0 x 80 x 2 ft. lined ponds (saline marshes) have been constructed and planted with
three types of saline tolerant vegetation. The saline marshes will operate in parallel.
The south pond receives reverse osmosis unit reject water and the north pond, which acts
as a control, receives a blend of reject water and product water from the RO unit.

The overflow from the south pond flows into two evaporation ponds to achieve further
evaporative concentration of the salts. The evaporation ponds operate in series. Rather
than flowing to the evaporation cells, the overflow from the north pond goes to a sump,
as shown on Figure 1.

NOTE: There is potential for evaporation of the RO reject stream to concentrate toxic
constituents to levels that may be hazardous to wildlife. Therefore, the
evaporation ponds have been made as unattractive to wildlife as possible.
The ponds have been constructed with steep nonvegetated sides so that no
food, shelter or nesting areas are available. Other measures to discourage



use by wildlife shall be employed if necessary.

Research Program Obijectives

General

This investigation will determine the feasibility of using the reject stream of the desalting
process in vegetated saline marshes to provide an additional use of brackish water in arid
areas through the irrigation of amenities such as green belts, open space and habitat areas.

Specific areas of research

Saline Marshes

1. To determine whether the reject stream of a desalination process can be
used to sustain a variety of flora and fauna.
2. To demonstrate that saline marshes will not accumulate toxic materials or

result in hazards to wildlife due to water quality.

Evaporation Ponds

1. To determine the effectiveness of pond design and engineering in
discouraging use by wildlife.

2. To determine rates of evaporation in evaporation ponds equipped with the
netting framework as opposed to standard evaporation ponds (Optional).

3. To determine whether toxics are present and concentrate to significant levels

in the RO reject stream as indicated by their presence in the evaporation
pond concentrate.

Specific Studies

STUDY . Bioproductivity: Sustaining Habitat With An RO Reject Stream.

Background: The combined problems of drought and brine disposal have lead to the
suggestion that high TDS, non-potable, water be used to sustain greenbelts instead of
potable water. Only specific plants are tolerant to high salt content in water and soil and
many of these may not tolerate the other constituents in the RO reject stream. If
desalination becomes more prevalent, it will be useful to know if the reject stream can be



used for providing irrigation for greenbelts prior to final concentration and disposal.
Additionally, the variety of vegetation and invertebrates present in an environment is a good
indicator of habitat quality.

The Hypothesis is that the reject stream of the RO process will sustain a variety of flora and
fauna as measured by plant growth and invertebrate studies.

The Experiment:

1. Reclamation’s botanist will monitor plant growth quarterly. Plant growth will be
monitored biweekly at first and then monthly through a combination of methods
designed to assess the "sustainability” of the reject stream by District personnel
utilizing general observations and a photographic record. The main consideration
will be growth or no growth. The "sustainability" of the particular reject stream
should be quite obvious from the photographic record.

2. Benthic invertebrates will be collected, counted, and identified annually by USBR
personnel to indicate the bioproductivity and biodiversity of the system and its
habitat value.

3. General observations will be made on each visit to the site by Reclamation and
District personnel and observed wildlife use will be documented.

How EMWD and USBR may benefit from this study:

If saline marshes can be sustained by an RO reject stream, an otherwise "disposable”
source of water can provide an additional benefit wherever brackish aquifers are reclaimed
by RO or other technologies where brine disposal is a problem.

STUDY Il. General Water Quality And Accumulation Of Toxics In Saline Marshes
Sustained With An RO Reject Stream.

Background: Constituent concentrations present in the RO source water, and/or the
particular combination of constituents, may pose a danger to the flora and fauna present
in the marsh system and/or the surrounding environment. Additionally, metals and other
constituents can become harmful to living organisms at low concentrations when exposure
is over a prolonged period. In order to propose use of RO reject streams to sustain marsh
habitat, it is essential to demonstrate that there are no problems associated with the RO
reject stream quality that may harm the environment.

The Hypothesis is that the saline marshes sustained by the RO reject stream will not
accumulate toxics.

The Experiment:

1. Water quality parameters will be monitored in the saline marsh influent and effluent



semi-annually. EC and TDS may be monitored more frequently if necessary.
Parameters measured will include TDS, EC, Cyanide, Metals (Aluminum, Antimony,
Arsenic, Barium, Beryllium, Cadmium, Total Chromium, Cobalt, Copper, Iron, Lead,
Manganese, Mercury, Nickel, Selenium, Silver, Thallium, and Zinc), Ammonium,
Calcium, Magnesium, Potassium, Sodium, Bicarbonate, Chloride, Fluoride, Nitrate,
Sulfate, BOD, Hardness, Suspended Solids, Ammonia-N, Nitrate-N, Boron and pH.

2. Soil sediment analysis will be performed at initial flooding of the marshes, one time
several months after introduction of RO reject water and annually thereafter. Soil
samples will be analyzed for presence of metals.

3. Plants growing in the saline vegetated marshes will be collected annually and
analyzed to determine the accumulation of toxics, specifically metals, in their tissues.

4. Benthic invertebrates in the saline vegetated marshes will be collected annually and
analyzed for accumulation of toxics, specifically metals.

How EMWD and USBR may benefit from this study:

If there are no significant water quality problems in the RO reject stream that pose a danger
to the environment, saline marshes could be used to provide habitat on a region-wide basis
without the use of potable or reclaimed water. Saline vegetated marshes may also be more
acceptable to the general public than acres of evaporation ponds at desalter locations in
populated areas.

STUDY lIlL. Controlling Wildlife Use Of Evaporation Ponds.

Background: Because of the possible toxicity of the brine, it is necessary to keep wildlife
from using the evaporation ponds. The evaporation ponds will be designed to discourage
use by wildlife and will be maintained with no surrounding vegetation. Effectiveness of
these features is an important consideration if wide use of evaporation ponds becomes an
issue.

The Hypothesis is that the engineering controls, in conjunction with the maintenance
controls, will discourage use of the evaporation ponds by wildlife.

The Experiment:

1. Observations will be made formally on a weekly basis during the course of the
study. Signs of wildlife use such as tracks and droppings will be looked for as well



as presence of fauna in and around the ponds. Guidance from the California
Department of Fish and Game will be sought if necessary.

2. A photographic record will be kept of any significant findings. A carcass log to record
any dead animals found in and around the ponds will also be kept.

How EMWD and USBR may benefit from this study:

If no significant wildlife use is observed in the evaporation ponds it will demonstrate that
it is possible to design and maintain saline evaporation ponds with little risk to wildlife.

STUDY 1V. The Presence Of Toxics In Evaporation Pond Concentrate.

Background: Toxic constituents may be present in source water concentrations that are not
detectable using standard laboratory methods. After concentration in evaporation ponds,
these constituents, primarily metals, may be at detectable levels in the water. In order to
determine whether evaporation ponds pose a significant danger to wildlife, it is necessary
to gather data on constituents present in the evaporation ponds.

The Hypothesis is that toxic metals are not present in the saline vegetated marshes or
evaporation ponds at levels that may be harmful to wildlife.

The Experiment:
1. Evaporation pond water quality will be sampled annually for metals.

2. Rainfall data will be monitored simultaneously to assure that monitoring/measuring
is not done immediately after a storm event.

How EMWD and USBR may benefit from this study:

Determining the levels of toxic constituents in brine concentrate will help to determine
whether additional precautions to discourage evaporation pond use by wildlife are
necessary.

STUDY V. (TENTATIVE) The Effect of Using a Framework/Hose/Netting System On
Evaporation Rate In A Brine Concentration Pond Network.

Background: The primary purpose of the evaporation ponds is to use solar radiation to
reduce the volume of brine through evaporation. As a result of this process, the brine



becomes more concentrated. In this study, the first evaporation pond will be equipped
with a framework of overhead cables, ‘leaky or sweaty’ hose, and monofilament netting to
increase surface area for evaporation. The effect of the framework/hose/netting system will
be quantified and the results will be used to determine if its use increases evaporation and
makes economic sense for future projects. ‘

The Hypothesis is that brine evaporation rates can be significantly increased using the
framework/hose/netting system over rates attained by using standard evaporation ponds.
The Experiment:

1. Pan Evaporation Readings will be taken weekly.

2. Rainfall data will be monitored simultaneously to assure monitoring/measuring is not
done immediately after a storm event.

3. Flow into the system from RO unit will be recorded.

4. Using total flow into the system, staff gauge reading, and pan evaporation rates, the
effectiveness of the framework/hose/netting system to increase evaporation will be
determined to compare with evaporation without mechanical assistance.

How EMWD and USBR may benefit from this study:

The data gathered in this study can be used to determine the economic feasibility of using
the framework/hose/netting system in future brine concentrating projects.

J\WORDPROC\WP\RES_DEV\LEANNE\SALIN.MON



FIGURE |

FLOW SCHEMATIC OF SALINE VEGETATED PONDS
AND EVAPORATION CELLS |
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Proposed )
Saline Marsh Monitoring Program

(July 5, 1994)

STUDY I. Bioproductivity: Sustaining Habitat With A Reverse

Osmosis Reject Stream
NBS’ botanist will monitor plant growth quarterly.

District personnel will monitor plant growth weekly in both
the control and experimental saline marshes. Written
observations are to placed in both an Observation Bound
Notebook and Observation Form. Copies of the Observation
Forms are to be submitted monthly to the Wetland’s Project
Manager. If possible, the different species plant growth
are to be measured weekly. Observation from plant growth by
species will be ranked as follows:

Plant Health Rating Scaile
from USBR

0 = No effect

1, 2, 3 = Leaf injury, epinasty, elongation
abnormalities, discoloration, and/or
chlorosis, minor to moderate

4, 5, 6 = Severe symptoms of conditions 1, 2, 3 and
possibility of some upper stem injury

7 = Severe 1, 2, 3 symptoms plus 50 percent (%)
stem injury

8 = Severe 1, 2, 3 symptoms plus rhizomebgnd stem
injury; stem usually 75 percent (%) dead

9 = Upper leaves and stem dead except for remain-
ing 4 to 5 cm above soil; strong possibility
of severe rhizome damage

10 = Plant dead

Also, weekly Polaroid photographic records will be taken at
eight (8) locations, and the photographs are permanently
placed in a Photo-Logbook. 1In Figure 1, letters mark the
photographic locations. On the photographs will be written
the date and photographic location. In addition, monthly
photographs on slide film will be taken at the same eight
(8) locations as mentioned previously. Significant changes
in plant health will also be photographed on slide film.



Annually, benthic invertebrates are to be collected, counted
and identified, by USBR, District personnel and/or outside
benthic invertebrate specialist (if funds are available).

In both the control and experimental saline marshes, ten
(10) random subsamplings will be collected into a large flat
pan to form a composite sample. The random subsamplings will
use either a core sampler or Petersen grab sampler. From
the composite sample, grids are placed and all benthic
organisms within a grid are removed for counting and
identification. This is done either by sifting through the
sediments or utilizing a series of seives. Grids will be
randomly selected until at least one hundred (100) organisms
have been obtained from the composite sample. The benthic
organisms are to be preserved in formalin, Lugol’s solution
or some other preservation media for later identification.
These organisms are to be classified by family and/or genus.
A diversity index will be used to quantify the biological
information in both the control and experimental saline

marshes.

Wildlife and other general observations, such as weather,
are to be written daily in the Observation Bound Notebook
and summarized weekly on the Observation Form. Again, the
Wetland’s Project Manager will receive monthly copies of the

Observation Forms.

STUDY II. General Water Quality And Accumulation of Toxics In

Saline Marshes Sustained With A Reverse Osmosis
Reject Stream

Semi-annually, water quality parameters will be measured by
analyzing five (5) grab samples in the Saline Marshes. The
five (5) sample locations are shown in figure 1, location
#1, 4, 5 & 8 and the reject stream. Parameters to be

measured will include:

General Minerals - Ammonium (NH,), Ammonia-N (NH;-N,
Calcium (Ca), Magnesium (Mg), Potassium (K), Sodium
(Na), Bicarbonate (HCO;), Carbonate (CO;), Hydroxide
(OH), Chloride (Cl), Fluoride (F), Nitrate (NG;),
Nitrate-N (NO,-N), Sulfate (SO,), Hardness (Hard), Total
Dissolved Solids (TDS), Conductivity (EC), Boron (B)
and pH

Miscellaneous - ortho-Phosphate (o-PQ,), Total
Phosphate-P (Total PO,~P), Suspended Solids (TSS), %
Sodium, and Sodium Adsorption Ratio (SAR)



Metals - Aluminum (Al), Antimony (Sb), Arsenic (As),
Barium (Ba), Beryllium (Be), Cadmium (Cd), Total
Chromium (Total Cr), Cobalt (Co), Copper (Cu), Iron
(Fe), Lead (Pb), Manganese (Mn), Mercury (Hg), Nickel
(Ni), Selenium (Se), Silver (2Ag), Thallium (T1), Zinc
(Zn), and Boron (B)

If funding is available, Mercury (Hg), Selenium (Se), Copper
(cu) and Boron (B) will be monitored more frequently
(preferably, monthly) at the five (5) sampling sites
mentioned above.

conductivity (EC) and Temperature (and TDS by estimation)
are to be monitored weekly at nine (9) sampling sites,
locations #1 thru 8 in Figure 1 and the Reverse Osmosis
(R.0.) reject line.

Monthly, Total Dissolved Solids (TDS @ 180°C) is to be
monitored at nine (9) sampling sites , locations #1 thru 8
in Figure 1 and the Reverse Osmosis (R.0.) reject line.

Annually, composite soil samples of the inlet and outlet of
the Control and Experimental Saline Marshes (location #1, 4,
5, & 8 of Figure 1) are to be analyzed for metals (see above
STUDY II Paragraph 1 "Metals"). At each sample location, a
minimum of three (3) soil grab samples, 0-3 inches in depth
using a core sampler or a Petersen grab sampler, are to be
taken across the width of the marsh. These samples are then
composited, in a large glass beaker, as one sample for each
site. In addition to the "Metals" analyses, the following
constituents will be tested for the soil samples.

Particle-size analysis (PSA), pH, Conductivity (EC),
Sodium Adsorption Ratio (SAR), Cation Exchange Capacity
(CEC), and Organic Matter Content

Annually, the primary species of plants (stems, tubers and
leaves) are to be collected, marked and analyzed by an
outside contract laboratory for toxic accumulation,
specifically Metals (see above STUDY II Paragraph 1
"Metals"). A minimum of two (2) grams (dry weight) of
plants are needed for analysis, however, five (%) grams (dry
weight) will be optimal. Estimated wet weight needed will
be approximately one hundred (100) grams.

Annually, the benthic invertebrates in the saline marshes
are to be collected randomly (see above STUDY I Paragraph 3)
and sent to an outside contract laboratory for analysis of
Metal accumulation (see above STUDY II Paragraph 1
"Metals"). In addition to the collection of the benthic
organisms, rinsing and purging are required for sample



preservation. Again, a minimum of .two (2) grams (dry
weight) of benthic invertebrates are needed for analysis,’
however, five (5) grams (dry weight) will be optimal.
Estimated wet weight needed will be approximately one
hundred (100) grams. Once this is collected, the live
benthic organisms are rinsed with filtered ambient water and
held in a beaker with the filtered ambient water for four
(4) to six (6) hours. This time period allows for ingested
materials to be purged from the benthic organisms. After
the purging period, the ambient water is drained. Again, a
final rinse is done with filtered ambient water and drained.

Flows will be monitored daily for the control and
experimental saline marshes. Flow data will be recorded in
the Observation Bound Notebook, and weekly summarized on the
Observation Form. Monthly, the Wetland'’s Project Manager
will receive copies of the Observation Forms.

STUDY ITII. Controlling Wildlife Use of Evaporation Ponds.

1.

Observations are to be made daily of wildlife use in the
marshes or evaporation cellss and recorded in the
Observation Bound Notebook. Weekly, the daily observations
are to be summarized on the Observation Form. Also, a
detailed weekly observation shall include signs of wildlife
use such as tracks and droppings and be written down in both
the Observation Bound Notebook and Observatien Form. Again,
the Wetland’s Project Manager will receive monthly copies of
the Observation Forms. Photographic records are to be kept
of any significant findings, and the photographs will then
be kept in the Photo-Logbook. On the photographs, the date,
time and description of the photographs will be written

down.

STUDY IV. The Presence Of Toxics In Evaporation Pond

Concentrate.

Semi-annually, the water in the evaporation cells is to be
sampled for metals (see above STUDY II Paragraph 1
"Metals"). A grab sample shall be taken at location I and

II in Figure 1.

In addition, weather characteristics such as rainfall and
evaporation (from the evaporation pan) are to be observed
daily and written down in the Observation Bound Notebook.
Weekly, the weather characteristics are to be summarized in
the Observation Form, and monthly, copies sent to the
Wetlands Project Manager.



Proposed
Saline Marsh Monitoring Program
Summary
Daily
1. Wildlife and other observations such as weather, flow data,

and pan evaporation rate are to be observed and written in the
Observation Bound Notebook.

Weekly
1. Wildlife and other observations such as daily flow data,

weather, pan evaporation rate, are to summarized on the
Observation Form.

2. Photographic records are to be taken of the Saline Marshes
from eight (8) locations (see figure 1, A thru H), and the
photographs are to be permanently placed in a photo-logbook.

3. Detailed wildlife use observations of the Saline Marshes and
Evaporation Ponds and are to be written in the Observation Bound
Notebook and Observation Form.

4. EC and Temperature (and TDS by summation) are to be
monitored at locations #1 thru 8 in Figure 1 and at the R.O.
Reject 1line.

Monthly
1. Copies of the Observation Forms are to be submitted to

Wetland’s Project Manager.

2. TDS @ 180°C are to be monitored at location #1 thru 8 in
Figure 1 and at the R.O. Reject line.

3. Slide photographes are to be taken of the Saline Marshes
from eight (8) location (see figure 1, A thru H), and the slides
are to be stored in the photo-logbook.

4. Five (5) grab samples (see Figure #1, 4, 5 & 8 and reject
stream) will be monitored for Selenium (Se), Mercury (Hg) ,
Copper (Cu) and Boron (B) -- optional.

Quarterly
1. NBS’ botanist will monitor plant growth. Dates: unknown

Semi-Annually
1. Five (5) grab samples (water) from the Saline Marshes (see

Figure 1, #1, 4, 5 & 8 and reject stream for sample locations) will
be sampled for General Minerals, Metals and other constituents.

5



Dates: June 30th and January 30th

2. Two (2) gréb samples (water) from the Evaporation Ponds (see
Figure 1, I & II for sample locations) are to be sampled and
analyzed for Metals. Dates: June 30th and January 30th

Annually
1. From ten (10) random subsamples collected to form a composite

sample, benthic invertebrates are to be collected and split. One
hundred (100) random specimens are to be preserved in preservation
media and identified -- optional. For the other split,
approximately one hundred (100) grams (wet weight) of specimens
will be sent to an outside laboratory for Metals analyses. Dates:

June 30th

2. Four (4) composited sediment sample are to be analyzed for
Metals (see figure 1, #1, 4, 5 & 8 for sample location. In
addition to Metals analyses, Particle-Size Analysis (PSA), PpH,
Conductivity (EC), Sodium Adsorption Ratio (SAR), Cation Exchange
Capacity (CEC) and Organic Matter Content will be analyzed. Dates:

June 30th

3. A minimum of two (2) grams (dry weight) for each plant species

are to be collected and sent to an outside laboratory for Metals
analyses. Dates: June 30th '

Notes
1. If samples are to be held overnight, samples are to be

preserved according to either the contract 1laboratory’s
preservation procedure or 18th Edition of Standard Methods.
2. Dates are approximate days to sample.

J\WORDPROC\WP\RES_DEVALEH\SALINE2



Saline Marsh Monitoring Program

Cost
Daily
1. wildlife and other observations such as weather, flow data

and pan evaporation rate are to be observed and written in the
Observation Bound Notebook.

0.5 hr./day; 5 day/wk. = 130 hrs./yr. $ 3,510
Supplies (Observation Bound Notebook) $ 25
Weekly

1. wildlife and other observations such as weather, flow data,

and pan evaporation rate are to summarized on the Observation
Form.

1 hr./wk. = 52 hrs./yr. $ 1,404

2. Photographic records are to be taken of the Saline Marshes
from eight (8) location (see figure 1, A thru H), and the
photographs are permanently placed in a photo-logbook.

0.5 hr./wk. = 26 hrs./yr. $ 702
Supplies (Polariod Film) 9 400

3. Detailed wildlife use observation of the Saline Marshes and
Evaporation Ponds and are to be written in the Observation Bound
Notebook and Observation Form.

0.5 hr./wk. = 26 hrs./yr. $ 702

4. EC and Temperature (and TDS by summation) are to be
monitored at location #1 thru 8 in Figure 1 and at the R.O.

Reject line.

Sampling: 1 hr./wk.; 52 hrs./yr. = $ 1,404
Testing: $19.00/wk. = $ 988
Monthly
1. Copies of the Observation Forms are to be submitted to
Wetland’s Project Coordinator.

$ NC
2. TDS @ 180°C are to be monitored at location #1 thru 8 in
Figure 1 and at the R.O. Reject line. , :
Sampling: 1 hr./sampling; 12 hrs./yr. = $ 324



Testing: $18/sample; $162/mo.; per year = ‘ $ 1,944

3. slide photographs are to be taken of the Saline Marshes from
eight (8) location (see figure 1, A thru H), and the slides are
to be stored in the photo-logbook.

Sampling: see above "Weekly #2" $ NC
Supply: Film $ 50
4. Five (5) grab samples (see Figure #1, 4, 5, & 8 and reject

stream) will be monitored for Selenium (Se), Mercury (Hg), Copper
(Cu) and Boron (B) == optional. '

Sampling: 1 hr./sampling; 12 hrs./yr. = $ 324

Testing: $58/sample; $232/mo.; per year = S 2,784

Quarterly

1. USBR’s botanist will monitor plant growth. Dates: unknown
$ NC

Semi-Annually
1. Five (5) grab samples from the Saline Marshes (see figure 1,

#1 4, 5 & 8 and reject stream for sample locations) will be
sampled for General Minerals, Metals and other constituents.
Dates: June 30th & January 30th -

Sampling: 4 hrs./sampling = 16 hrs./yr. '$ 432
Testing: $398/sample; $1,592/semi-annually

per year = $ 3,184
2. Two (2) grab samples from the Evaporation Ponds (see figure

1, I & II for sample locations) are to be sampled and analyzed
for Metals. Dates: June 30th and January 30th

Sampling: 1 hr./sampling; 2 hrs/yr. = $ 54
Testing: $250/sample; $500/semi-annually i

per year = $ 1,000
Annually
1. Benthic invertebrates are to be collected and split. One
hundred (100) random specimens are to be preserved in formalin
and identified -- optional . For the other split, approximately

one hundred (100) grams (wet weight) of specimens will be sent to
an outside laboratory for Metals analyses. Dates: June 30th

Sampling & Preserving: 12 hrs./yr. $ 324
Testing: $321/sample; per year = ' $ 642
Identifying: (optional) $ 2007



2. Four (4) composited sediment sample are to be analyzed for
Metals (see figure 1, #1, 4, 5 & 8 for sample location). In
addition to Metals anlayses, Particle Size Analysis (PSA), PpH,
Conductivity (EC), Sodium Adsoprtion Ratio (SAR), Cation Exchange
Capacity (CEC) and Organic Matter Content will be analyzed.

Dates: June 30th

Sampling: 2 hrs./yr. $ 54
Testing: $394/sample; per year = $ 1,576
3. A minimum of two (2) grams (dry weight) for each plant

species are to be collected and sent to an outside laboratory for
Metals analyses. Dates: June 30th

Sampling: 8 hrs./yr. $ 216

Testing: $319/sample; per year = S 642

Subtotal

Sampling: $ 9,450

Testing: $12,960

Supply: $ 475
Total =  $22,885

Notes

1. Laboratory Sampling/Field Cost per hour is $27.

2. Testing Cost is from Babcock & Sons, Laboratory in

Riverside, CA; Price reflects E.M.W.D.’s price discount.

3. Metals will be performed on an ICP-MS (West Coast

Laboratory, in Santa Fe Springs, CA).

4. Dates are approximate days to sample.

JAWORDPROC\WP\RES_DEVALEH\SALT2






APPENDIX F
PUBLIC INVOLVEMENT



Jan.

Feb.

27

10

16

22

25

28

28

1994 Multipurpose Constructed Wetlands
Public Involvement & Community Relations

Presentations, Tours, Articles, and Awards

Moreno Valley Chamber Outlook, article: Dr. Wm. Aldridge, EMWD Board
of Directors, accepting NWRA award and mention of international interest
in wetlands project.

Planning Task Force, Working Committee Meeting, presentation and
wetlands video shown by Christie Crother.

Dr. Sue Yoder, Sea Grant Program, USC. Request for wetlands information
and request for presentation at So. Calif. Academy of Sciences 1994 Annual
Meeting, May 6-7.

Bob Bastian, EPA, Technical Advisory Committee member. Request for
EMWD wetlands photos for EPA publication. Also sent copy of video.

Society of Iranian Environmental Professionals, presentation with color slides
and handout materials. EMWD: Dr. Behrooz Mortazavi.

Multipurpose Constructed Wetlands Dedication. Speakers: Daniel P. Beard,
USBR Commissioner; Kay Ceniceros, Supervisor, 3rd District, Riverside
County; Patrick A. Williams, Mayor Pro Tem, City of San Jacinto; Wm. G.
Aldridge, Vice President, EMWD Board of Directors; and J. Andrew
Schlange, General Manager, EMWD. Wetlands video shown at ceremony.
Tour for Commissioner Beard and selected guests following press
conference. Articles: Riverside Press Enterprise and The Hemet News.

American Business Women’s Association, Hemet/San Jacinto Chapter.
Wetlands slide presentation and handouts, Christie Crother.

Notification from AMSA of selection of project for 1994 Research and
Technology Award. Presentation to be in Washington, D.C., May 23, 1994.

Aida Raymond, Elsinore Valley Municipal Water District. Requested copy
of wetlands video, made copy for EVMWD video library.

At request of Dr. Aldridge, wetlands information packet and video sent to
Jerry Uecker, Merrill Lynch, Hemet, CA. Mr. Uecker volunteered for any
public involvement activities on project.

Copy of wetlands video sent to Jag Salgaonkar, CH2M Hill.



Feb.

Mar.

Apr.

May

10

11

15

15

Article: Commissioner Beard Dedicates Wetland Project. Employees in
Action, USBR Lower Colorado Region Newsletter.

Three sets of wetlands information packets given to Ted Haring, EMWD
Conservaton Coordinator, to be sent to Fred Etheridge, Attorney, East Bay
MUD; Connie at ACWA; and one other.

Designing Wetlands to Clean Wastewater, Reclamation/EMWD,
Multipurpose Constructed Wetlands Project, Joan S. Thullen,

Currents...Developing Technology for Tomorrow’s Challenges, USBR
Publication. '

Director Chet Gilbert, Citizen Ambassador Program, Water Management
Delegaton to Australia, The Role of Multipurpose Wetlands in Water
Resources Management in Southern California. Slide presentation, video,
handouts.

Dave Erlenbach, Mechanical Engineer, and Brenda L. Land, Sanitary
Engineer, US Forest Service Technology & Development Center, San
Dimas, Calif. Slide presentation and video, handouts, site tour. Copy of
video requested and given.

Multipurpose Constructed Wetlands, Progress Report by Eastern Municipal
Water District, March 15, 1894, A Cooperative Program with the US Bureau
of Reclamation. '

30/31 Career Festival, Fruitvale Elementary School, Hemet Unified School District.

13

18

21

EMWD: Joanna Tewksbury, Stella Denison, Cathy Pierce, and Holly Devine.
Display included Resource Development poster presentation; four wetlands
aquariums containing frogs, tadpoles, gambusia, diving beetles, California
and alkali burlush, spikerush, and marsh pennywort; and water conservation
materials. Approximately 600 children participated.

West Valley High School, Hemet Unified School District, Tour: Mr. Jay
Morse and Mr. Jim Hofrock, teachers, and thirty students. Tour of Regional
Water Reclamation Facility and Wetlands Research Facility, student
handouts, teachers packets, and video provided. EMWD: Betty Gibbel,
LeAnne Hamilton, Al Javier, and Christie Crother.

John Wodraska, General Manager, Metropolitan Water District (MWD) of
Southern California and Greg Taylor, General Counsel to MWD. Slide
Presentation and wetlands tour.

Bill Havert, Dangermond & Associates. EMWD: LeAnne Hamilton and John
Crossman. Wetlands tour.

Wetlands Newsletter #3 (May 1994) distributed.



May 6

Scheduled:

May 25

Arizona Water & Pollution Control Association, 67th Annual Conference,
Prescott, AZ. Technical Program, Wetlands Panel Discussion: Bob Bastian,
EPA; Brian Munson, AQEQ, Phoenix; Jim Sartoris, USBR; Mike Gritzuk, City
of Phoenix; and Christie Crother, EMWD.

Role of Constructed Wetlands in Water Resources Management. Christie
Crother, John Crossman, and P. Ravishanker. ASCE Annual Conference,

Denver, Colorado, May 25, 1994.






Jan.

Jan.

Jan.

Feb.

Feb.

Mar.

Apr.

Apr.

Apr.

Apr.

May

May

12

21

28

18

21

29

1993 - Multipurpose Wetlands Research & Demonstration Study

Public Involvement
Presentations, Tours, Awards, Articles

Moreno Valley Rotarians, luncheon meeting, Moreno Valley.
Slide presentation and handouts.

WESTCAS - Western Coalition of Arid States, Tempe, Arizona. Quarterly
meeting, January 20-22, 1893.
Slide presentation and handout packets.

Luis A. Garcia, Ph.D., Department of Agricuitural and Chemical Engineering,
Colorado State University, Fort Collins, CO.

Site tour and handouts.

Wetlands Newsletter (#1) distributed.

EMWD Water News, Vol. 1, No. 1, February 1993, page 3, article: Wetlands
Treat Water, Attract Wildlife.

Tres Rios Wetlands Study, Phoenix, Az.
Slide presentation and handouts. (requested by Bill Chase City of Phoenix
and Bill Weisenborn, USBR, Boulder City, NV)

Hemet Breakfast Lions Club, Hemet.
Presentation and handouts.

Mr. Adron W. Richert, Tres Rios Study participant, 6402 S. 107th Ave.,
Tolleson, AZ 85353.
Presentation, site tour, and handouts.

Ronald W. Crites, P.E., Nolte and Associates, Sacramento, Calif.
Site tour.

Graduate Seminar, Soils and Environmental Science Department, University
of California, Riverside.
Slide presentation and handouts.

Ag. Celebration Day, West Valley High School, Hemet, CA.
Manned booth, continuous slide presentation, bulrush dispiay, handouts.

Daryl McGregor, Manager of Investigation and Design, City of Albury, New
South Wales, Australia.
Slide presentation, site tour, and handouts.



May 11

May 27

May 28

June

June 4

June 9

June 10

June 15

June 16

June 17

June 21

June

June

Dr. Laszlo J. Szijj, California State Polytechnic University, Pomona.
Site tour.

Mr. Robert Erickson, Director Design/Development, Moreno Highlands (well
for RO pilot project at Wetlands Research Facility).
Site Tour Wetlands Research Facility.

Brad Evans, B.E. (Civil), Managing Director, Shepparton Irrigation, Benala
Road, Shepparton, Victoria 3630, Australia.
Presentation, site tour, handouts.

Wetlands Newsletter #2 (June 1993) distributed.

Colleen Mathews, P.E., Parker Consultants, El Cajon, CA.
Presentation and H/SJ site tour.

District Facilities Tour, EMWD employees.
H/SJ RWRF wetlands tour and handouts.

April Sleigh, Ornithologist (grad. student), California State Polytechnic
University, Pomona.
H/SJ site tour and information packet.

City of Hemet, H/SJ site tour following Quarterly Planning Meeting with
EMWD Planning Dept. City of Hemet: Sandra Massa-Lavitt, Director of
Planning and Mark Goldberg, Director of Community Development and
EMWD Planning Department staff.

Information packet along with site tour.

EMWD Engineering Dept. Team for Wetlands Project: Victor Barreto, Sherry
Davis, Bob van Dorn, Gene Knott, Cory Wallis, and John Ward.
Slide presentation, information packet, site tour.

EMWD New Employee Orientation.
Slide presentation and information packet.

Mari Nord, Riverside Sewage Treatment Plant, Riverside, CA.
Site tour and information packet.

California Water Journal, June 1993, Vol. 3. No. 6, page S, full page profile
on EMWD and Wetlands project.

Bulletin of the Ecological Society of America, Vol. 74, No. 2. June 1993,
page 97, article on USBR/EMWD Wetlands Research Facility.



July 8

July 18
July 28
July 29
July 30

Riverside County Farm Bureau Tour for Douglas Wheeler, Secretary, The
Resources Agency, and James Strock, Secretary, CAL-EPA.  Tour
participants also included Craig O. Schmidt, Special Assistant, Secretary of
Resource; Mike Chrisman, Deputy Secretary for Operations, The Resources
Agency; Jim Wells, Pesticide Enforcement, Cal-EPA; Jim Wallis, Riverside
County Agricultural Commissioner; Cynthia A. Crothers, Mayor, Moreno
Valley; Robert Perkins, Executive Manager, Riverside County Farm Bureau,
representatives of the California, Riverside County and San Diego County
Farm Bureaus; and EMWD: Rodger D. Siems, Board of Directors; Doyile F.
Boen, Director, Metropolitan. Water District; and Larry Libeu, Deputy
Assistant General Manager, Legislative Affairs.

Information packets and tour of USBR/EMWD Wetlands Research Facility
and H/SJ Demonstration Wetlands site.

Riverside Land Conservancy, Stewardship Committee for Friendly Hills

Ranch (immediately adjacent to Little Valley).
Presentation on Little Valley conceptual plans, handouts.

Workshop on Appropriate Small Community Wastewater Treatment and
Reuse Approaches for the Middle East sponsored by Agency for
International Development, E.P.A.,, U.S. Dept. of Interior, Bureau of
Reclamation, California Water Resources Control Board and Regional Water
Quality Control Board and hosted in California by EMWD, Humbolt State
University, Arcata, CA, and National Water Reuse "and Reclamation
Association. Participants represented the following countries: Algeria,
Egypt, Israel, Jordan, Morocco, Oman, West Bank, Gaza Strip, Tunisia,
Yemen, and Russia. This forum was part of the Middle East Peace Talks.
The days activities included an overview of EMWD, the Total Water
Resources Management Program, and reclaimed water reuse; a slide
presentation on multipurpose constructed wetlands project; and a
presentation on the USBR, the Region, and the Comprehensive Water
Reclamation and Reuse Study in Southern California. The afternoon field
trip included a visit to the Alessandro Reclaimed Water Recharge Ponds,
crops irrigated with reclaimed water, the USBR/EMWD Wetlands Research
Facility, and the H/SJ Demonstration Wetlands site. A large information
packet was distributed to each participant.

City of Murrieta Planning Department: Fred Buss, Assistant Planning
Director, Advanced Planning; Daniel R. Clark, Assistant City Engineer; and
Roger Scherer, Planning Technician.

Wetlands Research Facility and H/SJ Demonstration site tours and
information packets.

California Department of Fish and Game: Tom Paulek, Manager San Jacinto

Wildlife Area.
Wetlands Research Facility and H/SJ Demonstration site tour.



Aug.

Aug.

Aug.

Aug.

Sep.

Sep.

Sep.

Sep.

Sep.

19

20

23

15

17

22

22

Dr. Stanley Ponce, Chief, Research & Lab. Services Division, and Dr. Jim
LaBounty, USBR.

Wetlands Research Facility, H/SJ Demonstration site, and Little Valley site
tour and information packet.

Ronald B. Linsky, Executive Director, National Water Research Institute
(NWRI).

Wetlands Research Facility and H/SJ Demonstration site tour and
information packet.

Stanley J. Hightower, Head, Analysis and Water Treatment Section, and Bill

Boegli, USBR.
Wetlands Research Facility and H/SJ Demonstration site tour and
information packet.

EMWD Reports, Vol. 2. No. 1, August 1993, page 1, article: Wetlands
Enhance Local Ecology.

Ms. Aida Raymond, Civil Engineering Associate, Elsinore Valley Municipal
Water District. EMWD: LeAnne Hamilton and Christie Crother.

Wetlands packet and tour of H/SJ RWRF Wetlands Research Facility and
Demonstration sites. .

EMWD Employees District Facilities Tour (conducted by Charles Kratch.)
Handouts and tour of H/SJ RWRF sites.

Inland Empire West Resource Conservation District, 1993 Conservation
Partnership Awards. EMWD wins in Water Quality Category. The first
annual Conservation Partnership Awards were presented for Water Quality,
Technical Innovation, Community Outreach, Conservation Leadership,
Employee Awareness, and Media Coverage. Over 120 projects,
organizations and/or individuals were nominated.

Mr. John Sayre, former Assistant Secretary, U.S. Department of the Interior.
EMWD: P. Ravishanker and Christie Crother.

Wetlands packet and facilities tour including Little Valley, USBR/EMWD
Wetlands Research Facility, H/SJ RWRF Demonstration Wetlands, and PL-
84-984 sites.

Recon (Regional Environmental Consultants) representatives: Cameron C.
Patterson, Director Resources Group; Paul S. Fromer, Director Conservation
Biology; and Candice Heavin Benn, Business Development Director.
Conducted by Roger Turner, Senior Environmental Planner, and Betty
Gibbel, Education Specialist/Community Relations.

USBR/EMWD Wetlands Research Facility and Demonstration Wetlands site
tour and information packets.



Sep.23-25
Sep. 23
Sep. 30
Oct. 1
Oct.

Oct. 8
Oct. 26

WESTCAS (Western Coalition of Arid States) Display booth at Tri-State
Technical Conference.

Photographs and information on Wetlands and reclaimed water reuse
projects provided for display to Mr. James K. Brown, I, City of Phoenix.

The Human Resource, Vol. ll, Number 10, September 1993, (Newsletter
included with employee paychecks), page 1, article: EMWD Hosts

International Group.

People’s Republic of China: Mr. Li Quihon, Agronomist, Station of Agro-
Ecological Environmental Protection, Hubei Province;, Mr. Wang Drong,
Associate Research Fellow, Institute of Agro-Environmental Protection and
Monitoring, Ministry of Agriculture, Beijing; Mr. Yan Cheng, Engineer,
Department of Environmental Protection and Energy, Ministry of Agriculture,
Beijing; Ms. Bian Hua, Interpreter, Department of International Cooperation,
Ministry of Agriculture, Beijing; and, host, Dr.Andrew Chang, Director of
Kearney Foundation of Soil Science, University of California, Riverside. Tour
sponsored by U.S. Department of Agriculture. EMWD: Roger Turner and
Christie Crother.

Slide presentation, H/SJ RWRF site tour, and information packets.
Newspaper articles and pictures appeared in all editions of the Riverside
Press Enterprise and The Hemet News.

Sub-Regional Operating Group (SROG) and U.S. Bureau of Reclamation.
Participants: City of Phoenix - Bill Chase, Water Advisor, Mike Gritzuk, Water
Services Director, Paul Kinshella, Water Service Department, and Andrew
Richardson, Consultant; City of Glendale - Grant Anderson, City Engineer;
City of Mesa - William Haney, Assistant Utilities Manager; City of Tempe -
Denzil Jones, Water/Wastewater Supervisor; Gila River Indian Community -
- Lee Thompson, Director; and Reclamation - Carol Erwin, Planning Chief,
Marvin Murray, Civil Engineer, Eric Stiles, Hydraulic Engineer, and Bernice
Sullivan, Project Manager. EMWD: C. Crother, L. Hamilton, and B. Gibbel.
Slide presentation, H/SJ RWRF Wetlands Research Facility and
Demonstration Wetlands sites and SUJWA tour, and information packets.

EMWD Reports, Vol. 2, No. 2, October 1893. Page 2 article and picture on
Middle East visit and tour.

Mr. Dennis Underwood, former Commissioner, Bureau of Reclamation, and
Mrs. Carmen Underwood. EMWD: Mike Garner and Christie Crother.
Tour Wetlands Research Facility and H/SJ Demonstration site; information
packet.

Mr. David Reynolds, Federal Relations Director, Association California Water
Agencies (ACWA), Washington, D.C. EMWD: J. Crossman and L. Hamilton.
Site tour, information packet.



Oct.

Oct.

Nov.

Nov.

Nov.

Nov.

Nov.

Nov.

Nov.

Nov.

Dec.

Dec.

28

29

12

14

15

16

18

19

20

Letter rec’d: David Kincaid, Senior Scientific Advisor, Research and
Exchange Division, U.S. Department of Agriculture, Office of International
Cooperation and Development re: Sept. 30 visit by Chinese.

Mr. Robert James, U.S. Fish & Wildlife Service, Fish & Wildlife Biologist,
Carlsbad Field Office. EMWD: LeAnne Hamilton/Christie Crother.
H/SJ site tour and information packet.

City of Temecula Planning Department: Saied Naaseh, Planner; Matthew
Fagan, Asst. Planner; and Linda Beaudoin, Planning Technician. EMWD:
Betty Gibbel

H/SJ site tour and information packet.

Tom Ash, Environmental Education Coordinator, Irvine Ranch Water District,
and Horticulturist, U.C. Cooperative Extension. EMWD: LeAnne Hamilton.
Tour of H/SJ site and information packet.

Hemet Junior Womans Club. Judging of grant applications by area
teachers by Christie Crother.

Nancy Rengert, Senior District Aid to Senator Bill Leonard. EMWD: Christie
Crother, Dick Heil, Betty Gibbel.

Tour of H/SJ site, overview of District and Wetlands Research &
Demonstration Study, information packet.

City of Temecula Planning Department. EMWD: Betty Gibbel
H/SJ site tour and information packet.

Margaret, research asst. to Dr. Bill Frankenburger, UCR. Bulrush for
research project.

Park Hill Elementary School (Teresa Gonter, 5th grade teacher and parents)
visit to H/SJ RWRF and Wetlands Research Facility with Gene Hertzog,
USBR, to take photos for video. Special presentation by Stella Denison -
ecology games and instruction. EMWD: Betty Gibbel, Christie Crother,
Steve Crombie, Joanna Tewksbury.

Dr. Bill Frankenburger (UCR) and Margaret, research asst. Packet, tour of
H/SJ site, bulrush for research project for US Navy on Guam (wetlands
fouled with oil).

Press Release: EMWD Praised for National Water Policy Contributions
(wetlands project mentioned).

City of Moreno Valley Planning Department. Moreno Valley: John Feenstra,
Dep. City Engineer; Jeff Specter, Nita Bullock, and Chris Ormsby, Moreno



Valley Planning. EMWD: Betty Gibbel
H/SJ site tour and information packet.

Dec. 12/16 Conserve '93, Las Vegas, Nevada. Paper presented by Mike Garner.
Poster Presentation by P. Ravishanker and John Crossman, EMWD, and
Ron Willhite, USBR.
Requested wetlands materials sent:

To be Scheduled:

Michael A. Nolan, Vernon lIrrig. Dist., Vernon, BC Canada
Phyllis Connor, San Juan Suburban Water District

Robert Kourik, West Coast Editor, Garbage Magazine
John Prendergast, Managing Editor, Civil Engineering
Rosalie Bock, Alameda County Water District

1) USBR, Lower Colorado Region, Boulder City, Nevada, Finance

Department.
2) Advisory Committees to EMWD Directors Gilbert and Ashley.






1991

Oct. 28

Nov. 1

Nov. 8-9

Nov. 13

Nov. 15

Dec. 11

1992

Jan.10-12

Feb. 4

Feb. 6

Wetlands Presentations and Tours

Ted M. Weggeland, District Representative for Congressman Al
McCandless, U. S. House of Representatives, and Rodger Siems, President,
EMWD Board of Directors.

Slide presentation and site tour.

U.S. Soil Conservation Service: Robert D. Slayback, Plant Materials
Specialist, Davis, and Bob Hewitt, San Jacinto.
Tour of Wetlands Research Facility.

California Water Policy - Toward a New Consensus - Conference, Los

Angeles, CA.
Manned booth, continuous slide presentation, handouts.

J. L. Meyer, P.E., Irrigation and Soils Specialist, Department of Soil and
Environmental Sciences, University of California, Riverside.
Slide presentation and site tour.

John Taylor, Public Works Operations Superintendent, City of Sierra Vista,

Arizona.
Slide presentation and site tour (at request of USBR staff, Denver).

Steven Moise, Supervising Environmental Health Specialist, and Hugh
Murray, Vector Ecologist, Riverside County Department of Health; and Dave
Sandell, Vector Control Technician, City of Moreno Valley.

Slide presentation and tour.

Planning and Conservation League 1992 Environmental Legislative
Symposium, Sacramento, CA.
Manned booth, continuous slide presentation, handouts.

Regional Water Quality Control Board, Santa Ana Region, Riverside Office:
Bob Nicklen, Linda Garcia, Hope Smythe, and Pat Carrol.
Slide presentation and site tour.

Wetlands Executive Committee.
Slide presentation and site tour.



Mar. 5
Mar. 10

Mar. 27

Mar. 27

Apr. 2

Apr. 10

Apr. 24

Apr. 27

May 2
May 12

May 20

May 26

USBR - Ed Backstrom.
Slide presentation and site tour.

EMWD New Employee Orientation.
Slide presentation and handouts.

Moreno Valley Regional Water Reclamation Facility: treatment plant
operators and water operators.
Slide presentation and handouts.

Hemet/San Jacinto Regional Water Reclamation Facility: treatment plant
operators and water operators.
Slide presentation and handouts.

Tom Inouye, Water Resources Control Board and TAC; Dr. Mir Muilla,
Entomologist, UCR; and Dr. William K. Reisen, Research Entomologxst &
Director, Arbovirus Field Station, UC Berkeley.

Slide presentation and site tour.

California Water Poliution Control Association Conference, Sacramento, CA.
Paper and slide presentation.

Hidden Valley Wetlands Task Force: Gordon Anderson, RWQCB; Tom
Paulek, Calif. Dept. Fish & Game; Gail Briggs McPherson and Patsy
Chavez, City of Riverside Dept. of Public Works; Terry Frizzal, Mayor of
Riverside; and Carla Wakeman, Riverside County Parks Dept.

Slide presentation, handouts and site tour.

Chuck Wiliams and Ken Eickelberg, Sacramento Regional Wastewater
Treatment Plant, Sacramento.
Slide presentation and site tour of plant propagation cells.

EMWD Administrative Branch staff.
Slide presentation and handouts.

USBR: John Johnson, Bernice Sullivan, Dick Schaefer.
Slide presentation and site tour.

Sun City Regional Water Reclamation Facility: treatment plant operators and
water operators.
Slide presentation and handouts.

The Planning Center, Newport Beach: Randy Jackson and Greg Way; and
Bill Dyer, EMWD.
Slide presentation and handouts.



June 5

June

8

June 23

July

July 11

8

July 16

July 28

Aug. 15

Aug.

17

Hemet/San Jacinto Groundwater Association (including Francis Boykin,
Mayor of San Jacinto; Pam Easter, S.J. City Manager; Clayton Record, NBS
Lowry; Larry Minor, Agri-Empire; and Leonard Hale and Bob Eliiot, Lake .
Hemet Municipal Water District.)

Site tour, handouts, and article written for GW Association Newsletter.

EMWD New Employee Orientation.
Slide presentation and handouts.

Nolte & Associates: Ron Crites, Sacramento; Jon Walters and Thomas
Chadwick, San Diego; and Tom Stephenson, Mission Viejo.
Slide presentation, handouts and site tour.

EPA: Harry Seraydarian, Director Water Management Division Region IX;
Phil Oshida, Wetlands Section Chief, Mary Butterwick, Santa Margarita
Watershed Planning; Stephanie Wilson, Wastewater on Wetlands; Rebecca
Tuden; and Dave Liden. USBR: Gary Bryant. EMWD: J. A. Schlange,
General Manager; Peter Archuleta; Assistant General Manager; and Mike
Gamner; Resource Development Administrator.

Slide presentation, handouts and tour of Wetlands Research Facility.

Moreno Valley Ecological Protection Committee (including Director Chet
Gilbert; Dr. Laszlo J. Szijj, Cal Poly Univ., Pomona; City of Moreno Valley:
Nita Bullock, Chris Ormsby, Stuart Sheldon, Bob Bullock, and Glen Krieger;
Planning Commission and Candidate for City Council Charles White; EPC:
Peter Sturtevant (Chairman), John Ryan (Chairman-elect), Cathy Godfrey,
Thea Lee, Coralee Dada, Jerry Budlong, Jan Byers; and Louise Heil.
Slide presentation, handouts and site tour.

EMWD Student Interns (16).
Slide Presentation and handouts.

San Jacinto City Council and Annexation 66 Committee (including Mayor
and City Manager of San Jacinto, City Council, Duck Club owners, and
property owners adjacent to H/SJ RWRF).

Slide presentation, handouts, and tour of H/SJ RWRF site.

ACWA (Association of California Water Agencies) Congressional Staff Tour.
Slide Presentation, Special Packets, Tour of USBR/EMWD Wetlands
Research Facility and Demonstration Wetlands Site, and driving tour of San

Jacinto Wildlife Area.

Technical Advisory Committee for Multipurpose Wetlands Research &
Demonstration Study including Linda Garcia, RWQCB; Dr. Robert Gearheart,
Humbolt State University; Dr. Richard Gersberg, San Diego State University;
Dr. Lee Ischinger, US F&WS NERC; John Konecny, US F&WS, Earl Lauppe,



Aug. 25
Sep. 25
Sep. 28
Oct. 8
Oct. 9
Oct. 23
Oct. 26
Oct. 26
Nov. 18

Cal F&G; Dr. Mir Mulla, UCR; Hugh Murray and David Richardson, Riv. Co.
Dept. of Health; Tom Paulek, Cal F&G San Jacinto Wildiife Area: Dr.
Marilynn Yates, UCR; et al.

Slide presentation and site tour.

EMWD/Metropolitan Water District (MWD) Staff Meeting. MWD Staff: Greg
Taylor, Wiley Home, Debra Man, Grace Chan, and Adam Tear. EMWD
Staff: J. A. Schlange, P. Ravishanker, Tony Pack, Joe Grindstaff, Hooite
Rugge, B. Mortazavi, Mike Garner, John Fricker, Jack Devers, Ted Haring,
Chuck Rathbone, et al.

Slide presentation and handouts.

William P. Magdych, PhD, Woodward-Clyde Consultants, San Diego, CA.
Slide presentation, handouts, and tour of H/SJ RWRF site.

EMWD New Employee Orientation.
Slide presentation and handouts.

US Geological Survey, San Diego Office: Dr. Terry Rees et al.
Slide presentation, site tour, and handouts.

Michael Van Erdewyck, Lemna Corporation, St. Paul, MN.
Slide presentation, handouts, and site tour.

Y.S.Lin, Y.S.Lin Associates, Inc., Monrovia, CA; Feng Weixing, Senior
Engineer, Director, Weifang City Science Research Institute of
Environmental Protection, Task Group of Prevention of Water Poliution of
Wei River Basin, Aiding ltem of UNDP; Yang Weirui, Senior Engineer,
Associate Director of Environmental Protection Bureau of Weifang City,
Member of Environment Science council of Shandong Province, Leader of
Task Group of Prevention of Water Pollution of Wei River Basin, Aiding Iltem
of UNDP; Chou-fa Yauo, Weifang City Manager; and Ye-shih Lin, P.E., DEE,
President, Weifang City, China.

Slide presentation, handout packet, and site tour.

EMWD Purchasing, Contracts, and Warehouse Staff Meeting.
Slide Presentation and handouts.

CH2M Hill: Jag Salgaonkar - Santa Ana, CA, Michelle A. Girts - Portland,
Lynn Hosley, and Tom Peterson.
Slide presentation, handouts and site tour.

USBR, Lower Colorado Regional Office, Boulder City, Nevada: John E.
Peterson I, Wiliam G. White, Michael T. Walker, Mary Laswell, Kathy
Hedges. EMWD: Virgal Woolwolk, Roger Turner, George Borlace.

Slide presentation and tour of all three sites.



‘e oat

Nov. 20

Nov. 24

California’s Local Government Commission Award for Innovation in Water
Conservation, Reclamation and Management for USBR/EMWD
Muttipurpose Wetlands Research and Demonstration Study. Award
accepted by Craig Weaver, Member, EMWD Board of Directors, at annual
California Water Policy: Toward a New Consensus Il Conference, Los
Angeles.

Al McCandless, Member of Congress, David J. Schroeder, Legislative
Assistant. EMWD: Rodger Siems, President, Board of Directors; Ed
Hallenbeck, Deputy General Manager; Anthony Pack, Assistant General
Manager, Administration; Larry Libeu, Deputy Assistant General Manager -
Administration; and Dick Heil and Peter Odencrans, Community Relations
Officers.

Slide presentation, site tour, special handout packet.
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Project touted
as tool to solve
water problems

By Gail Wesson
The Press-Enterprise

SAN JACINTO

The mile-wide Grand Coulee
Dam along the Columbia River is a
monument to the past history of
the federal Bureau of Reclama-
tion, and officials vesterday touted
a man-made wetlands in San Jacin-
to as a vision of the bureau’s future
water resource management.

The age of federal dam building
is over and the bureau is looking at
less costly, environmentally sensi-
tive ways to solve water problems
that involve cooperation among
agencies, said bureau Commission-
er Daniel Beard.

Beard called the philosophy
“reclamation lite” in an afternoon
stop at Eastern Municipal Water
District to dedicate a multi-pur-
pose wetlands under construction
at Eastern’s Hemet-San Jacinto
Regional Water Reclamation Fa-
cility. i

“We're in a new era and a new
agenda and we have a different
vision than we had in the past. This
project fits that mold. There is
nothing else in our program like
it,” Beard said.

In a joint five-year project be-
tween the bureau and Eastern,
water quality experts and scientists
are studying how bulrush and oth-
er selected plants grown in wet-
lands can improve the quality of
wastewater passing through a
marsh en route to re-use for irriga-
tion. The study is also looking at
how the artificial marsh can create
an attractive habitat for water-
fowl.

Beard spoke in a ceremony at
Eastern’s San Jacinto headquar-

S

Gail Wesson / The Press-Enterprise

Inspecting the man-made wetlands project at the Hemet-San
Jacinto Regional Water Reclamation Facility in San Jacinto are
Daniel Beard, Bureau of Reclamation commis;ione;, and Christie
Moon Crother, Eastern Municipal Water District project manager.

ters attended by representatives of -

cities, Riverside County and other
public agencies that regularly
meet to discuss water management
policies.

Then he walked the levee at the
wetlands for a first-hand look at
federal dollars in acton. He
learned that ruddy ducks use the
man-made marshes for breeding
and watched flocks of blackbirds
sally over the bulrushes.

Eastern started a small-scale
research site in 1992. Excavation
of a much larger 43-acre demon-
stration wetlands began last
month. The marshes should be
finished by summer. Educational
programs for visitors will be devel-
oped later. The bureau administers
federal water policy in the west
and administers dams and irriga-

tion projects. It is the largest water
wholesaler in the country.

The wetlands is among water
reclamation projects financed by
almost a $50 million federal grant
and loan package in its fourth vear.
The government has provided $17
million to Eastern already. Part of
the package is a network of pipe-
lines linking the district’s five sew-
age treaument plants so the water
can be delivered to customers
throughout the district.

The federal budget proposal re-
leased earlier this week inciudes
$4.1 million in continued funding
for Eastern’s reclaimed water
projects, half from the bureau.

The bureau’s budget proposal
includes $14.7 million for wastewa-
ter reuse and conservation pro-
grams in Southern California.

THE PRESS ENTERPRISE

Hemet/San Jacinto
February 11, 1994



Project touted as tool to end water problems

By Gail Wesson
The Press-Enterprise

SAN JACINTO
The mile-wide Grand Coulee
Dam along the Columbia River is a
monument to the past history of
the federal Bureau of Reclama-
tion, and officials yesterday touted
aman-made wetlands in San Jacin-
to as a vision of the bureau’s future
water resource management.

The age of federal dam building
is over and the bureau is looking at
less costly, environmentally sensi-

tive ways to solve water problems

that involve cooperation among
agencies, said bureau Commission-
er Daniel Beard.

Beard called the philosophy
“reclamation lite” in an afternoon
stop at Eastern Municipal Water
District to dedicate a muiti-pur-
pose wetlands under construction
at Eastern’s Hemet-San Jacinto
Regional Water Reclamation Fa-
cility.

“We're in a new era and a new
agenda and we have a different
vision than we had in the past. This
project fits that mold. There is
nothing else in our program like
it,” Beard said.

In a joint five-year project be-
tween the bureau and Eastern,
water quality experts and scientists
are studying how bulrush and oth-
er selected plants grown in wet-
lands can improve the quality of
wastewater passing through a
marsh en route to re-use for irriga-

tion. The study is also looking at
how the artificial marsh can create
an attractive habitat for water-
fowl.

Beard spoke in a ceremony at
Eastern’s San Jacinto headquar-
ters attended by representatives of
cities, Riverside County and other
public agencies that regularly
meet to discuss water management
policies.

Then he walked the levee at the
wetlands for a first-hand look at
federal dollars in action. He
learned that ruddy ducks use the
man-made marshes for breeding
and watched flocks of blackbirds
sally over the buirushes.

Eastern started a small-scale
research site in 1992. Excavation

of a much larger 43-acre demon-
stration wetlands began last
month. The marshes should be
finished by summer. Educational
programs for visitors will be devel-
oped later. The bureau administers
federal water policy in the west
and administers dams and irriga-
tion projects. It is the largest water
wholesaler in the country.

The wetlands is among water
reclamation projects financed by
aimost a $50 million federal grant
and loan package in its fourth year.
The government has provided $17
million to Eastern already. Part of
the package is a network of pipe-
lines linking the district’s five sew-
age treatment plants so the water
can be delivered to customers
throughout the district.

Press-Enterprise
(Moreno Valley)
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EMWD WETLANDS PROJECT
EARNS AWARD

Eastern Municipal Water District, San
Jacinto, Calif., has been honored with the Con-
servation Partnership Award for its efforts in
improving water quality.

EMWD’s Multi-purpose Wetlands Demon-
stration and Research Study in San Jacinto treats
wastewater to higher standards for wider indus-
trial and agricultural reclaimed water use. Ini-
tial studies have proven successful in removing
pollutants, such as heavy metals and nitrates,
while providing needed wetland habitat for wa-
terfowl, fish and wildlife.

Three large-scale wetlands demonstration
sites are planned, with each site to accomplish
the equivalent of a 1 mgd. conventional facility.

The award was one of six given by the
Inland Empire West Resource Conservation Dis-
trict, Inland Empire Business Journal and The
Gas Company.

SOURCE
Winter 1993/94
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Wetlands Project Earns
Conservation Partnership Award

Eastern Municipal Water
District’s efforts inimproving water
quality have been honored with the
Conservation Parmership Award,
it was one of six such awards.

The presentation was held in
Redlands September 17. It was
sponsored by the Inland Empire
Business Journal and the Southern
CaliforniaGas Company. EMWD’s
project was selected from more than
1200 nominations for outstanding
conservation accomplishments in
community outreach, conservation
leadership, employee awareness,
media coverage, technical
innovation or water quality.

EMWD’s Muitipurpose
Wetlands Demonstration and
Research Study in SanJacinto treats

* wastewater to higher standards for

wider industrial and agricultural
reclaimed water use. Initial studies
have provensuccessfulinremoving
pollutants such as heavy metals and

nitrates, while also providing needed
wetland habitat for waterfowl, fish
and wildlife.

Three large scale wetlands
demonstration sites are planned.
with each site to accomplish the
equivalent of one-million gallon-
per-day conventional facility.

The Iniand Empire West
Resource Conservation Districtis a
self governed, non-profit local
government agency established by
conservation+minded, local
residents through state law. Its
purposeisto helpall residents within
its boundaries conserve and develop
theirnatural resources through good
conservation practices.

EMWD is a water résource
agency thatin addition to supplying
fresh water, normally treat about 25
million gallons a day of wastewater
at five regional facilities, which
serve some 280,000 residents.
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Conservation Partnership Award

Eastern Municipal Water
District’sefforts inimproving water
quality have been honored with the
Conservation Partnership Award,
it was one of six such awards.

The presentation was held in
Redlands September 17. It was
sponsored by the Iniand Empire
Business Jounal and the Southem
CalifomiaGas Company. EMWD's
project was selected from more than
1200 nominations for outstanding
conservation accomplishments in
community outreach, conservation
leadership, employee awareness,
media coverage, technical
innovation or water quality.

EMWD’s Multipurpose
Wetlands Demonstration and
Research Study in San Jacinto treats
wastewater to higher standards for
wider industrial and agricultural
reclaimed water use. Initial studies

have proven successful inremoving
pollutants such as heavy metals and

EMWD receives a high award

nitrates, while alsoproviding needed
wetland habitat for waterfowl, fish
and wildlife. '

Three large scale wetlands
demonstration sites are planned.
with each site to accomplish the
equivalent of one-million gallon-
per-day conventional facility.

The Inland Empire West
Resource Conservation Districtisa
self governed, non-profit local
government agency established by
conservation+minded, local
residents through state law. Its
purpose isto helpall residents within
its boundaries conserve and develop
their natural resources through good
conservation practices.

EMWD. is a water résource
agency thatin addition to supplying
fresh water, normally treat about 25
million gallons a day of wastewater
at five regional facilities, which
serve some 280,000 residents.

for its local wetlands projects

SAN JACINTO - Eastern
Municipal Water District
(EMWD), a national leader
in the field of water manage-
ment, has received the Presi-
dent’s Award during the Na-
tional Wter Resources
Association (NWRA) annual
meeting in San Diego.

Dr. Wm. Aldridge,
EMWD board vice-
president, accepted the
award from NWRA Im-
mediate Past President
nges Trull The award is
given annually to those per-
sons or groups who have
made an outstanding con-
tribution to national water
management and policy. Dr.
Aldridge represents EMWD
on NWRA's Municipal
Caucus.

EMWD was noted for its
outstanding efforts working

with the U.S. Bureau of
Reclamation and the Depart-
ment of Interior, and for
assistance to NWRA in
working with the congres-
sional delegation.

One program EMWD is
successfully pursuing with
the Bureau of Reclamation
includes a wetlands project
that has drawn international
interest. Major benefits in
the reclamation effort in-
clude increased groundwater
recharge and replenishment,
wildlife enhancement and in-
creased availability of
reclaimed water for
agricuiture and other land-
scaping needs.

EMWD serves a
6539-square-mile service area,
larger than the city of Los
Angeles, and a population
approaching 400,000.

PERRIS PROGRESS
12/8/93



EMWD receives
conservation award

Eastérn Municipal Water
District’s efforts in improving
water quality have been honored
with the Conservation Parmership
Award. It is one of anly six such
awards.

The presentation was held in
Redlands September 17. It was
sponsored by the Inland Empire
West Resource Conservation
District, Inland Empire Business
Journal and The Gas Company.
EMWD's project was selected
from more than 120 nominations
for outstanding conservation
accomplishments in community

"outreach, conservation leadership,

employee awareness, media cov-
erage, technical innovations or
water quality. '

EMWD's Multipurpose
Wetlands Demonstration and
Research Sy in San Jacinto treats
wastewater to higher standards for
wider industrial and agricuitural
reclaimed water use. Initial stud-
ies have proven successful in
removing pollutants, such as
heavy metals and nitrates, while
also providing needed wetland
habitat for waterfowl, fish and
wildlife. '

Three large-scale wetlands
demonstration sites are planned,
with each site to accomplish the
equivalent of a one-million gal-
lons-per-day conventional facility.

The Inland Empire West RCD
is a self-governed, non-profit local
government agency established by
conservation-minded, local resi-
dents through state law. Its pur-
pose is to help all residents within

its boundaries conserve and devel-
op their natral resources through
good conservation practices.
EMWD is a water resources
agency that, in addition to supply-

.ing fresh water, normally treats

about 25 million gallons a day of
wastewater at five regional facili-
ties, which serve some 280,000

residents.

Thg Valley Times
Friday, October 15, 1993



San Jacinto ponds
draw eyes from
around world

Bzzm Wesson
The Presv-Enterprise

SAN JACINTO
Like the waterfowl that have
discovered the place in the past
two yesrs, tourists increasingly are
flocking to marsh-like ponds at the
western edge of San Jacinto.
Yesterday the visitors came
from the People's Republic of
China snd today another group
from Arizona will get a similar tour
from Esstern Municipal Water Dis-

trict project coordinator Christie

Moon Crother.

The sitraction is the wetlands :

research and demonstration study

at the Hemet-San Jacinto Regional !

Water Reciamation Facility.

In the joint five-year project of
Eastern and the federal Bureau of
Reciamation, water quality experts
and scientists are studying how
buirush and other selected piants
grown fa wetlands can improve the
quality of wastewater passing
through 2 marsh en route to re-use
for irrigation. The study is also
looking at how the artificial marsh
can creste a huring habitat for
waterfowd.

The tour emphasis was water
quality management related to ag-
ricultare for four Chinese visitors
who ioured the wetlands yester-
day. They were midway through a
weekdong coast-to-coast trip ar-
ranged through the US. Depart-
ment of

“Thisis one of the most progres-
sive water districts in Catifornia,”
said Andrew C. Chang, director of
the Kearney Foundation of Soil
Science st the University of Cali-
fornia, Riverside, who arranged
the visit tn San Jacinto and served
as thedr host for the day. They aiso
met with UCR researchers.

Eastern s the fourth largest user
of tresied sewage water in the
state. It ¥as teamed with the gov-
emment agencles, academic insti-
tutions smd private groups on re-
search projects involving water

feliow W the Ministry of Agricul-
ture ia Befjing, came with rolled-
up sie=ves and a camers, occasion-
ally bessting down for & closer look
at the piants growing in research
ponds.

“He B qgnite interested in this
kind of a system,” Chang ex-
plained. In Beifing, Wang is using
different types of aquatic plants,

-

terpreter, sald Eastern’s ponds are
larger than the ones in Beijing.

In China ponds have been used
to treat pollution, such es the
highly saline water associated with
mining in areas that in ancieat
times were marine aress.

Other experiments Involve
growing crops, such as a salt-
resistant rice, agronomist LI Qui-
hong explained to Chang.

Eastern’s project has two plant
nursery ponds, called cells, eight
research cells and a small reverse-
osmosis plant where highly saline
concentrate is removed {from wa-
ter, then used to grow salt-tolerant
plants. Work will start on a 43-acre
demonstration wetlands in Janu-
ary, said Crother.

Australians, another Chinese
group and a muitinational contin-
gent from north Africa and the
Middie East have visited the site
recently.

Like Eastern, the Middle East-
ern visitors were interested in use
of the ponds for eavironmental
enhancement because their ¢oun-
tries are also along a waterfowl
migratory route, Crother ex-
plained.

Tpe Press Enterprise
Riverside Edition
October 1, 1993

but tie Eastern, is interested in
finding out which produce the best -
resuits.

Wang, speaking through an in-
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EMWD Water News
July 1993

EMWD Contributes to Middle East Peace. Hisroric
Middle East peace agreement and Israel-Jordan pact to cooper-
ate on development of water resources reflect a part of EMWD.
State Department brought 16 water experts from 11 goveri-
ments to U.S. in July and August to study American tech-
niques. Group spent a
day with the District
17 San  Jacinto
observing wuse of con-
structed wetlands to

economically reclaim
wastewatrer. Water
purity surprised sone.
This phoro shows vis-
itors reflected in
clear, treated water:
actual visitors beside
pond are in npended

11age at bottom.




EMWD in the Spotlight

Eastern Municipal Water District
covers a good part of what is known
as the Inland Empire. Located south
of Riverside and west of Palm
Springs, it includes the cities of
Moreno Valley, Hemet, Temecuia,
Perris, San Jacinto, Murrieta, and
parts of Riverside.

People moving out of LA and Or-
ange counties have made it one of the
fastest growing areas in California.

Shortly after forming in 1950, East-
em joined the Metropolitan Water
District of Southern California to take
advantage of the water that was being
brought through the region to other
southland areas. Lake Perris, the ter-
minus for the 647 mile-long Califor-
nia Aqueduct, is located in the center
of the district, and the Colorado River
Aqueduct bisects the district on its
way to nearby Lake Mathews.

Originally encompassing 86 square
miles with a population of 20,000, the
service area now exceeds 537 square
miles - larger than the city of Los An-
geles - and serves a population of over
400,000.

EMWD serves water directly to
Moreno Valley, Murrieta, and Perris,
and wholesales water to local water
agencies which serve the remainder of
the district.

EMWD also provides sewer service
to most of the area, and maintains five
regional reclamation facilities that can
produce up to 43 million gallons of re-
claimed water a day.

Eastern’s Water Projects

Responsible for a large arid area,
EMWD has been busy and innovative
in the goal to develop available local
water resources in order to reduce the
district’s reliance on imported water
which was about 80 percent last year.

The district is considered to be at
the leading edge of reclaimed water
use and research. nationally, and has
received federal funding to continue

some of this innovative work.

In 1993-94, the district plans to be-
gin brackish groundwater desalination
and "water harvesting”, a strategy
where rainfail runoff from new devel-
opments in the area is captured and
stored in groundwater basins.

Eastern’s Wetlands Project

One of the most interesting projects
is Eastern’s experiment to use marsh-
lands for water reclamation.

The district has constructed a 4-acre
marsh-like wetlands near one of its
wastewater treatment facilities. Using
gravity, partally treated water is
channeled through the wetlands.

Densely planted bulrushes feed on
nutrients in the water as it seeps from
one end of the wetlands to the other
where it is then pumped out.

The result is a more-highly treated
discharge from the processing facility,
a thriving marshland for birds and
smail animals, and treated water safe
enough for irrigation. This winter the
marsh experienced an intense migra-
tory bird population.

Jointly funded by Eastern and the
US Bureau of Reclamation, a 30-acre
project is planned for later this year
that could supply up to one million
gallons of usable water per day.

Eastern’s Public Service _

Of equal importance to EMWD are
its public involvement activities.
These include public information and
education programs, demonstrations
and seminars on water-wise land-
scapes, and a bi-monthly newsletter
sent out with the water bill.

Last year, and this is ongoing, they
distributed free home plumbing retro-
fit kits to about 5,000 customers.

In 1992, Eastern won prestigious
awards from the Association of Cali-
fornia Water Agencies (ACWA), the
California Local Government Com-
mission. and locai agencies for the
district’s excellent public service and
water conservation programs.

June 1993

California Water Journal

Eastern
Municipal
Water District

P.O. Box 8300
2045 S. San Jacinto Street
San Jacinta, CA 92581-8300
Telephone (909) 925-7676

Established
1950

Member
Metropolitan Water District of
Southern California

Location
South-West Riverside County

Service Area
Square Miles - 537
Population - 400,000

Water Services
Connections - 74,000

Sewer Services
Connections - 87,000

Water Supply
Imported - 60,000 AF
Groundwater - 15,000 AF
Reclaimed - 14,000 AF

Personnel
Employees - 546

General Manager
J. Andrew Schlange

Directors
Chester C. Gilbert Presiden:
Wm. G. Aldridge V. Presiden:
Rodger D. Siems
Craig A. Weaver
Marion V. Ashley

Metropolitan Water Dis-
trict Board Member
Doyle F. Boen
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Dayna Straehley/The Hemer News
Daryl McGregor of Australia, left, looks over the wetlands research project as EMWD chemist Steve Crombie
explains the project.

Wetlands catch Aussie’s eye

EMWD project visited by Australian city rep seeking treatment solutions

by DAYNA STRAEHLEY
The Hemet News

Q San Jacinto Valley project to

use marsh grasses to treat
sewage effluent is being stud-
ied by an Australian city.

Daryl McGregor, manager of investi-
gation and design for the Albury City
Council, visited Eastern Municipal Water
District’s wetlands research project
behind the Hemet-San Jacinto Regional
Water Reclamation Facility on Sanderson
Avenue.

Albury is an inland city on the Murray
River between Sydney and Melbourne.

In EMWD's wetlands project, effluent
that has been treated to secondary stan-
dards siowly flows through a 50- by 230-
foot pond filled with bullrushes and teem-
ing with blackbirds and other wildlife.

EMWD'’s project, with the U.S. Bureau
of Reclamation, has eight research ponds
and two nursery ponds growing builrush-
es to propagate.

The plants’ roots are fertilized by the
impurities in the water. Researchers are
trying to determine the quality of the
water when it comes out of the other end
of the pond, said Christie Moon Crother,
project coordinator.

Secondary-treated effluent is often
used to irrigate golf courses and crops
such as livestock feed or tree crops.

But unlike arid Southem California,
Albury receives enough rain that there is
no demand for reclaimed water for irriga-
tion, McGregor said. “We couldn’t give it
away,” he said.

Cities downstream of Albury are con-
cemed about the Murray River’s water
quality and don’t want the city's treated
effluent, no matter how well treated, he
said.

(See EMWD, Page A-11)




EMWD -

(Continued from Page A-1)

McGregor said he and his wife
have been traveling around the
World the past five weeks to see how
effluent is handled in various places.
They visited Johannesburg, Pretoria
and Capetown, South Africa, as well
as four cities in Florida and five stops
in California, all recommended by
California Water Pollution Control,
including EMWD on Tuesday, he
said.

“We'll be recommending wet-
lands with probably some irrigation
of woodlands and parks .. with no
direct discharge into the river,”
McGregor said. Effluent would be
put into wetlands in the winter when

itcan't be used for irrigation, he said.
From the wetlands it could thei: seep
into the river,

Although Australians downstream
of Albury don’t see reclaimed water
as a valuable resource yet, “We've
reached the point where all water has
been spoken for,” McGregor said.

“If we took it out to dryland areas
and irrigated, it's just gone, whereas
with wetlands, it’s still there,” he
said.

McGregor seemed to be impressed
Tuesday with all the birds that have
made the 8-foot-tall marsh grasses
their home.

“With such a dry land, it’s kind of
a boon,” he said about the wetlands.
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EMWD honored for conservation

by The Hornet News

California’s Local Govern-
ment Commission has recognized
Eastern Municipal Water District
for innovation in water conserva-
tion, reclamauon and manage-
ment.

EMWD was honored for its
Multipurpose Wetlands Research
and Demonstration Study, an
approach 10 expanded use of
reclaimed water.

The five-year project involves
the use of wetlands constructed to
treat wastewater and brackish
groundwater in order 1o reuse it
for agricultural and groundwater

recharge purposes.

Craig A. Weaver, a member of

EMWD’s board of directors,
accepled the award Friday on
behalf of the agency during the
commission’s statewide confer-
ence on critical water policy
issues.

Eastern is conducting the
research and development study
in cooperation with the U.S.
Bureau of Reclamation and in
consultation with other govern-
ment agencies, the academic
community and environmental
groups.

Eastern Municipal Water Dis-
trict provides water and wastewa-
ter services throughout a 534-
square mile area of western
Riverside County with a popula-
tion of about 380,000.

Water district wins kudos
for conservation efforts

Eastern one of five
agencies so honored

The Press-Enterprise

SAN JACINTO

Industry associations have been
showering awards on Eastern Mu-
nicipal Water District for leader-
ship in preaching and practicing
water conservation.

Eastern was one of flve Associa-
tion of California Water Agencies’
member districts to receive a wa-
ter management certificate recog-
nizing its commitment to efficient
water use.

The association noted several
examples of Eastern's strategy,
including education, programs to
reduce demand and research into
alternative supplies. The district
also has drafted other public agen-
cies in the campaign to conserve
water.

The district serves ceatral and
southwest Riverside County.

Last month the Local Govern-
ment Commission, a non-profit
educational group comprised of
public agency officials, honored
the district for its experimental
wetlands project at the San Jacinto
Regional Water Reclamation Fa-
cility.

In a joint experiment with the
U.S. Bureau of Reclamation, East-
ern is studying how bulrush plants
grown in a wetlands can improve
the quality of wastewater passing
through a marsh en route to re-use
for irrigation.

The district received one of 14
awards given to private industry,
agriculture and water agencies.

Also last month, General Manag-
er J. Andrew Schlange received an
award for innovation in addressing
water supply challenges from the
Valley Group, an organization of
community leaders dedicated to
economic advancement of westesn
Riverside County.




Eastern will vote
on continuing
wetlands project

B PLANS: District may join
government in creating
three marsh land sites

CHUCX HARVEY/The Californian

SAN JACINTO — Eastern
Municipal Water District likely
will continue a joint four-year
project with U.S. Bureau of Rec-
lamation to create wetlands for
water reclamation.

The district board will vote
Jan. 22 on spending $430,000 to
complete the program. Total
project cost is $928,000 and the
Bureau of Reclamation Las
agreed to pay half.

Project plans include use of
treated waste water to create
wetlands in three locations with-
in the district: west of Eastern’s
Hemet-San Jacinto Regional
Water Reclamation Facility,
Little Valley in east Hemet and
the Hemet-San Jacinto Wildlife
area near Lake Perris.

Phase I of the project. design
and environmental assessment
of trial marshes, has been com-
pleted. Phase II, which includes
a demonstration project. is un-
derway at the Hemet, San Jacin-
to Regional Water Reclamation
Facility.

There, bulrush plants are be-
ing used in two half-acre plots to
purify treated waste water. The
plots are a first step in breeding
bulrush plants for transfer to a
nearby 20-acre marsh.

Secondary treated water,
which has had solid materials re-
moved, will enter the marsh at
one end and highly clarified wa-
ter will flow out of the other end.
Nutrients like nitrogen and
phosphorous are removed from
the water by bulrush plants.

The 20-acre marsh will be ca-
pable of treating 1 million gai-
lons of treated waste-water each
day.

In later phases of the wetlands
project, marshes will be created
using brackish water from the
Menifee area. The bulrush pilant,
a narrow-stemmed member of
the sedge family, will again be
used with the salty water, said
district spokesman Peter Oden-
crans.

Once demonstration projects
are completed, much larger wet-
lands will likely be created, cov-
ering as much as 20 acres, Oden-
crans said. Some of the
reclaimed water produced will be
used to enhance wildlife and rec-
reation corridors around area
streams, he said.

The Californian
January 9, 1992



Water district to create wetlands for project

By LINDA M. HICKMAN
Staff Writer
o the Eastern Municipal Water
Distnct. conservauon means
more than low-flow shower
heads and efficient lawn main-
tenance.

The EMWD is attempting to enhance
the environment while easing the effects
of the drought through a five-vear ptan to
build more than 600 acres of wetlands.

According to Christe Crother, project
coordinator for the water district. the
weflands would be marshy areas that
would provide a habitat for vanous kinds
of plants and amimais.

In addition. they would serve as a
natural filter for water that otherwise
would not be safe for domestic use.
Crother said.

The wetlands would be built using
reclaimed water. sewage water that has
gone through vanous chemical treat-
ments. Usually. the water would be 100
high 1n nitrates to be consumed. Crother
said.

However, the wetlands would include
plants such as bullrushes that use ni-
trates as fertilizer. The plants would
draw the contamnants out of the water,
increasing its punty. Crother said this
water then could be used for agncultural
irmgation. or even pumped into the
area's groundwater for eventual domes-
tic use.

Crother said other waler agencies
have experimented with wetlunds
projects. bul none has attempted 1o reuse

See PG{'ZSEHVE. A-3

Preserve:

Statt photo by Linda M Hickman

A npanan area similar 1o the one shown above will be deveioped by the Eastern Municipai Water
District as part of an yttort 1o make more efficiont use of reclaimed water.

Wetlands job started

From Page A-1

that water.”

According to Crother. the water
distnict has completed the first
phase of the project and is begin-
nung the second. In the first phase.
EMWD technicians grew more
than (wo acres of bullrushes in a
nursery and studied the plants’
deveiopment.

Next the distnct will place the
plants in 2 mimiature version of the
wetlands. J structure approximate-
ly 20 by 230 feet long. Technicians
then =il study the project to see
what changes will have to be made
before (he plan can proceed.

Once this phase of the research
is compiete. the distnct will build
three small wetlands areas. an
average of 20 acres each. in the
San Jacinto and Hemet area. These
sites will be studied before other.
larger wetlands are built. Crother
said.

She said each of the three dem-
onstragon projects would be able
lo trext approximately | muilion
gailons of water per day.

According to Crother, the sites
for the final acreage of wetlands
will not be chosen unul later in the
study. “This 1s a very long-term
project.” she said.

However. EMWD literature on
the project <aid one site probably
will be 160 acres near the San
Jacinto Wildlife Refuge. Another
300 acres probably will be placed

along the Temescal Creek from
Luke Elsinore to the Santa Ana
River.

The project atso can be used for
recreation. the report saud. One of
the demonstration projects will
inctude a trail around the wetlands
with animal observauon points and
displavs.

EMWD officials have said they
do not vet know how much the
completed project will cost. How-
ever. (he distnct will share the
expense with the United States
Bureau of Redammtxon. ax;d may

loans or grants from the gov-

ger:\mem under the Small Recia-
mation Project Act of 1956.

According to documents distrib-

uted by the EMWD. the project was
a reaction not only (o the need to
use reclumed water more ed-
Qently. but aiso to President Bush's
policy of “no net loss” nf wetlands.

The document said approx-
mateiv 90 percent of the wetanads
in California. and half of those :n
the US. have been drained or
filled and the land used for other

purposes.
The wetlands construcuon will
be part of a larger expansion of the
EMWD's rectumed water treat-
ment facilities. Other projects in-
cluded will be the coastrucuon of
45 mules of pipeline. two pumping
plants. and an additionai water
treatment plant in San Jacinto.

Menifee Valley News
10/24/91
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Wetlands gain
focus In area

RANCHO NEWS 10/10/91
Wetlands. The word and —

concept are trickling down
from the national to the state  Rancho News
and now the local level as an . s
Issue to watch for the 1990s. Oplmon

A collective term for
swamps, marshes, bogs and
estuaries, wetlands as a whole have become increasingly
scarce. An estimated 200 million acres have disappeared
nationally since the mid-1800s, either drained or filled for
varlous uses, including agriculture, flood control, regionai
highways and urban development. In California about 90
percent of the original wetlands have been displaced,
according to the Association of California Water Agencies.

Officials at all levels of government are pushing to
preserve natural wetlands and create new, artifical ones, for
example, at water reclamation sites or in unlined canalis.
President Bush has pledged a “no net loss” commitment to
ensure wetlands protection. California Governor Pete Wilson
provides for wetlands as part of his “Resourceful California,”
a big, multi-agency resource management plan.

- The local area is no exception. We’re beginning to hear
about about wetlands construction. Officials sing praises of
their environmental benefits as places for waterfow! to
inhabit, for example. And more to the point of water
business, their benefits in treatment of municipal wastewater
are being touted. The marshy areas act as a filter for
pollutants and reduce undesired nutrients, which make them
an asset in wastewater treatment.

. Eastern Municipal Water District, which sells wholesale
water to the Temecula-based Rancho California Water
District, has begun a four- to five-year wetlands demonstra-
tion and research project. The project will provide reclaimed
water for expansion and creation of three separate wetlands,
covering approximately 600 acres, that would not otherwise
be possible because of the area’s water shortage.

This week, researchers are examining the merits of
bulirushes as natural filters for treating water in the Hemet/
San Jacinto Regional Water Reclamation Facility If ail goes
well, EMWD may propagate this wetland plant.

The Lake Elsinore Management Project, mganwhile. has
begun 2 plan to restructure the lake’s boundaries as part of
an overail project to stabilize its water resource. A new
pipeline, wells and pumping stations will be installed to move
water between the lake and wetlands areas. A man-made
356-acre wetlands area will provide babitat for birds, smail
mammals, reptiles and amphibians. The United States Bu-
reau of Rectamation will fund $26 million of the project with
an estimated $18.5 million expected to be raised in locai
contributions, according to Lake Elsinore Management
Authority.

There is little argument that water management activi-
tles like conservation. storage, reclamation, reuse and con-
veyance f{acilities are essential in meeting local and state-
wide water supply needs. To gain public support. and
financial backing for wetlands, however, officials will have to
show, among other things, that they are striking a balance
between human demands for water and those of the natural
environment.



Riverside Press tntervrise iu-ic-3Ji

Jim Sartoris of the U.S. Bureau of Reclamation sifts
through samples taken from the mud in the south nursery

Carla Conti-Bender / The Press-Enterpris

at the Eastern Municipal Water District. Specimens wi
be studied to see how the wetland can be best used.

Bulrush root of wetlands experimentl

By Mark Henry
The Press-Enterprise

. HEMET
A papyrus-like plant once used in con-

structing a basket for the baby Moses. as
told in the Bible, is at the root of a wetlands
experiment designed to improve water
qualily and create a refuge for wildlife.

Water quality experts say the plant,
called bulrush, is growing beyond all
expectations in a nursery at the Hemet-San
Jacinto Regional Water Reclamation facil-
ity on Sanderson Avenue in Hemet. If the
bulrush continues to grow and spread
across two half-acre areas, the plant will
be transplanted by next spring into a 20-30
acre marshland at the reclamation facility,
said Project Coordinator Christie Moon
Crother.

Two species of hard-stem bulrush have
reached a height of 6 to 8 feet and are
spreading rapidly from where they were
originally planted in July, she said.

“It's growing like a weed — thev're
growing great,” Crother said.

The joint experiment by the Eastern

Municipal Water District and the U.S.

Niirean of Daoclamartinn ic decioned ¢ N

low-tech method of improving the quality
of wastewater that has already gone
through treatment at the reclamation facil-
ity, Crother said.

A report on the experiment said previ-
ous studies in the United States have shown
wetlands reduce the level of nutrients and
many pollutants in wastewater as it passes
through the wetlands system. The water
can be used for landscape irrigation, golf
courses and fodder and feed crops.

The four-to-five year experiment will
further evaluate the effectiveness of com-
bining traditional treatment techniques
with the marshland.

Water reclamation experts also hope the
marshland will attract wildlife, specifically
shorebirds, migratory birds and other
waterfowl, she said. The wetlands acreage
also would include public access for bird
watching, hiking and environmental stud-
ics.

The cost of the project was not available,
though it is part of a S46-million program
to improve water quality and add water
pipelines. said [Easter spokesman Peter
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STEVE THORNTON/The Californian

rl?joug Andersen pf the U.S. Bureau of Reclamation counts
l osquito larvae in the experimental treatment pond.

Water district enlists
IMother Nature in effort
glo reclaim waste water

ECOLOGY: Pilot
project uses plants
instead of chemicals

' CHUCK HARVEY/The Californian

HEMET — An Eastern
Municipal Water District
project to reclaim waste water

l with vegetation has passed its
first hurdle.

Bulrush plants are
flourishing in two half-acre
plots at Eastern’s Hemet, San
Jacinto Regional Water
Reclamation Facility. The

l plots are the first step in
raising bulrush plants for
transfertoaneartv 20 acre

marsh. There the plants will
help reclaim 1 million gallons
of reclaimed water each day.
Water will be purified to an
advanced level acceptable for
golf course irrigation,
percolation into underground
reserves and use in lakes. A
secondary goal of the project
is to halt the loss of wetlands
in the U.S. by introducing
water reclamation marshes.
“The plot is doing well.” said
Jim Sartoris, an engineer with
the U.S. Bureau of
Reclamation’s Denver office.
“It isjust thriving. We are very

Please sce WATER. .14 P

ré{

e

Jim Sartoris and Joan Thullen of the U.S. Bureau of Recla-
mation take measurements in the experimental pond.

WATER: Mother Nature put to use

Continued from Al

pleased. This has really turned
into a marsh.”

The bureau would like to
know if bulrush marshes can
reclaim water in arid areas
such as Riverside County.

So far the answerisa
resounding “yes.” Bulrush was
planted in 3-foot tall clumps
six weeks ago and have grown
to 7 feet and have started
seeding.

“They are heat tolerant,”
Sartoris said.

The plants, found in parts
of Riverside County, were
provided by private land
owners and state parks. Parks
provided the plant following
lake- and stream-clearing
operations.

If success continues with
the narrow-stemmed sedge, it
may someday replace
expensive water purification
equipment at sewage
treatment plants. On
Tuesday, Sartoris visited the
Hemet test plot with bureau
biologist and botanist Joan
Thullen and wildlife biologist

Doug Andersen.

Andersen checked the
marsh for mosquito larvae and
found 13. The goal is to
eliminate mosquitos from the
marsh and bats will probably
be brought in to do the job,
Sartoris said.

Elevated boxes will be set ur
around the marsh to provide
homes for the bats.

Sartoris said the 20-acre
marsh will be planted next
year. Secondary treated wate:
which has had solid materials
removed, enters the marsh at
one end and highly clarified
water flows out the other end

Nutrients like nitrogen anc
phosphorous are removed
from the water by the bulrusi
plants. Algae, which is not
welcome in the marsh, is kep
under control by floating
plants that choke it out.

The floating plants,
duckweed and hydrocotyl
(also known as pennywort)
also provide feed for water
fowl. Control of algae is
important, Sartoris said,
because it causes a foul taste
and odor in water.

(THE CALIFORNIAN) - Temecula
Edition

Wednesday, October 9,

1991



Wetlands
t0o make
comeback

by DAYNA STRAEHLEY

Hemet Nows staff writer

Before humans developed the
San Jacinto Valley, wetlands were
home 0 many plants and animals.

In a few years, wetlands will
again be home to plants and nests
for birds, said Christie Moon
Crother, project coordinator for
EMWD’s multipurpose wetlands
study.

Eastern Municipal Water Dis-
trict, with help for the U.S. Bureau
of Reclamation, has planted two
half-acre nurseries with hard-stem
bulrushes to study the best ways to
create marshes with reclaimed
water.

Some of the partly treated efflu-
ent from the Hemet-San Jacinto
Regional Wastewater Reclamation
Facility on Sanderson Avenue has
filled the two nursery areas where
the plants are busy feeding on the
impurities still in the water.

“That’s what the plants are eat-
ing,” Crother said Tuesday as she
watched scientists from the Bureau
of Reclamation wade through the
research ponds full of bulrushes,
collecting samples they will ana-
lyze when they get back to Denver.

The bulrushes, which she said
were small and bent over when
they were planted in early July,
now stand more than 6 feet tall and
some are more than § feet.

She said the survival rate and
growth of the transplanted bul-
rushes has far exceeded expecta-

tdons. The two varieties were cho-
sen because biologists expect they
will provide the best treatment for
the water.

Planted among the two species
of bulrushes, scirpus equius and
scirpus  Californicas, are some
dny, flowering duck weed and
marsh pennywort. Dragonflies
buzz in around, feeding on smailer
insects.

“The dragonflies were among
the first to armive after we planted.”
Crother said. “Thev started breed-

Jim Sartoris, an environmental engineer for the U.S. Bureau
of Reclamatlon, stirs up the mud found In the wetlands to

=\ gy
Statf photo by Brian L. Robson

research different types of life forms In the sediment.

ing and seem very happy here.”

By the end of this month, when
snow falls in Canada, birds migrat-
ing the Pacific Flyway will stop
here, too, she said.

The research project is the
beginning of three wetlands
EMWD pians as natural reaument
systems for reclaimed water.

*“It creates open areas and habi-
tats for wildlife,” Crother said.

Wildlife that researchers expect
will be atracted include raptors

such as eagles and hawks, native
song birds, deer and small mam-
mals.

(See WETLANDS, Page A-12)

Hemet News



WETLANDS: Proj
plants, wildl

(Continucd from Page A-1)

The first wetland, a 20- wo 30-acre
marsh behind the regional wastewa-
ter treatment plant, is expected to be
able to treat one million gatlons a day
of effluent that can be re-used for irri-
gation. District officials hope con-
suction on the wetland can begin by
July or August. '

That first demonstration wetiand
will have public access for bird
watching, hiking paths and educa-
tonal displays, said Mike Gamer of
EMWD's resource development
branch.

Crother said the area behind the
Sanderson Avenue plant is full of
migratory birds in the fall

One bird already prevalent at the
regional wastewater reclamation
facility is the Himantopus nimanto-
pus, ar black-necked stlt, a long-
legged migrant wading bird that is
black on top and white on the bottom
with pink legs. It winters in Califor-
nia. Crother said.

The second marsh will be at Little
Valley, southeast of Hemet, and the
third will be at the San Jacinto
Wildlifc Area, north of Lakeview.
The wildlife area is operzated by the
California Depantment of Fish and
Game and was designed to offset the
wetands lost when Lake Perris was
created, Crother said.

*“The district wants the public ©
know that reclaimed water is a valu-
able asset,” Gamner said as he talked
about the possibilides for passive
recreation in the future green arca.

“That’s an additional use of
(reclaimed) water providing for
green space and recreadon,” Crother
said. “In this area of California, let’s
face it, we don’t have potable water
10 use for open green space.

The wetland have “aesthetic
value,” she continued. “It's a prudent
management of resources.”

Wetlands in the United States have
been disappearing at an alarming
rate, leading President Bush to issue
astatement there should be no further
net loss, Crother said. “So if we can
consmuct new wetlands, we don't
have a net loss,” she said.

In addidon to providing green
space and wildlife habitat, wetlands
help treat water as it filters back
down to replenish groundwater
reserves. The process may also help
weat effluent namrally.

The wastewater in the research
ponds has been treated to a secondary
weatment level to remove most of the
solids and dissolved organic carbon,
Garner said. The clear-looking water

- flowing in the area still has “minqr -
"undissolved solids™ and bacteria, pri-

marily coliform bacteria, he said.
The roots of the bulrushes filter
out the bacteria and solids, and the
rest of the bacteria die in the oxy-
genated environment, he said.
“We're interested in whether a
system like this can provide tertiary
weamment,” Gamer said. Teruary
wgeatment is an advanced, or third
stage, level of treatng effluent.
“This is low-tech compared to
high-tech treamment plants,” Crother
added.
The next phase of the four- o five-
year research project, which began in

ect to return
ife to swamps

December, would be consmucgon of
six more half-acre ponds that wogld
be planed with bulrushes bewng
propagated in the first two ponc_ls.
The research ponds have inlets
from the main treamment piant where
water flows in at either end of :the
pond. After it flows around the roots
of the bulrushes, it flows back out the
other end of the rectangular pond into
a sump. From there itis pumped back

- out for agricultural uses.

“If we're capable of producing
enough water equal t0 teniary‘ eat-
ment it can be used for other unga-
ton,” Gamer said. A major customer
will be the San Jacinto Wildlife Area.

Many golf courses in the Valley
also use reclaimed water that has
been treated to the tergary level.
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APPENDIX H

PUBLICATIONS, PAPERS, AND PRESENTATIONS

Boegli, B. and Thullen, J. Eastern Municipal Water District RO Treatment/Saline
Vegetated Wetlands Pilot Study, Currents magazine, Department of the
Interior, Bureau of Reclamation, published August 1994.

Crother, C. M. Reclaiming Water With Wetlands, Civil Engineering magazine,
published July 1994,

Crother, C. M. Multipurpose Constructed Wetlands, Quarterly Meeting Western
Coalition of Western States, Tempe, Arizona, January 1993.

Crother, C. M. Groundwater Research in Little Valley, Hemet/San Jacinto
Groundwater Association Newsletter, July 1992,

Crother, C. M. Wetlands Research Facility Plant Propagation Cells, History, and
Methodology, EMWD, April 1992.

Crother, C. M., Crossman, J., and Ravishanker, P. Role of Constructed Wetlands
in Water Resources Management, presented at American Society of Civil
Engineers Annual Conference, Denver, Colorado, May 1994, and published in
conference proceedings.

Crother, C. M. and Tewksbury, J. Multipurpose Constructed Wetlands in a
Legislated Environment, 64th Annual California Water Pollution Control
Association Conference, Sacramento, California, April 1992.

Garner, Michael W. New Roles for Constructed Wetlands in Water Resources
Management, Conserve ’93, Las Vegas, Nevada, December 12-16, 1993.

Ravishanker, P., Crossman, J., Willhite, R. Ensuring an Adequate Future Water
Supply - The Eastern Municipal Water District Experience, poster
presentation, Conserve 93 sponsored by ASCE, AWRA, and AWWA Las
Vegas, Nevada, December 12-16, 1993.

Thullen, J. Designing Wetlands to Clean Wastewater, Currents magazine,
Department of the Interior, Bureau of Reclamation, March 1994.

Thullen, J. and Eberts, D. Scirpus acutus Muhl. Seed Germination Investigations,
submitted to Wetlands magazine, January 1994.



Thullen, J. and Eberts, D. Scirpus acutus Muhl. Seed Germination Investigations,
Weed Science Society of America, Denver, Colorado, February 10, 1993.

Thullen, J. and Sartoris, J. Experiences With Establishing Bulrush in Wastewater
Treatment Wetlands, American Society of Limnology and
Oceanography/Society of Wetland Scientists, Edmonton, Alberta, Canada,
June 1, 1993.

Thullen, J., Sartoris, J., Waller, G., and Tewksbury, J. Techniques and Success of
Planting a Wetlands Nursery, 11th Annual Symposium of North American
Lake Management Society, Denver, Colorado, November 13, 1991.
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Reclamation activities with the Great Plains Region
and the Eastern Colorado Projects Office have im-
proved water quality by reducing mine drainage in the
Arkansas River.
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Wetlands Research Facility
Hemet/San Jacinto Site - Update

EMWD is interested in the use of
desalting units for reclaiming brackish
groundwater for municipal and industrial use
and/or groundwater recharge. The Reverse
Osmosis (RO) /Saline Vegetated Marsh Pilot Study
will evaluate the quality of the reject stream of the
RO desalting unit, impacts of the source water on
RO technology, ability of the reject stream to
sustain saline vegetated marshes, and changes in
the reject stream characteristics as it passes
through the marshes. If the saline marshes prove
feasible, the marshes will provide an additional
use of brackish water in arid areas for
development of habitat, green belts and open
space.

Installation of the RO desalination unit
began on April 12, 1993 and continued for three
weeks through operation and shakedown testing.
Bill Boegli from the Chemical Engineering Unit,
USBR Denver Office, designed and constructed
the RO unit in Denver and supervised the
installation and testing on site.

Source water for the RO unit is being
hauled to the unit daily. It takes approximately
eleven hours for the 4,500 gallons of well water to
pass through the RO system.

The two, lined, saline marshes (20 x 80 x
2 ft. each) were planted on April 27 and 28 by a
team from the USBR Denver Office headed by
Joan Thullen with assistance from EMWD staff.
Alkali bulrush (Scirpus robustus) and creeping
spikerush (Eleocharis palustris) were harvested
from the San Jacinto Wildlife Area and
transplanted into the marshes. Pennsylvania
smartweed seeds (Polygonum pensylvanicum)
and marsh smartweed tubers (Polygonum
muhlengergii) were purchased from a wildlife
nursery in Wisconsin.  The plants are watered
with the reject stream of the RO unit. The
marshes operate in parallel.

The effluent from the saline marshes will
flow into two evaporation ponds to achieve further

salt concentration. The evaporation ponds will
operate in series. A monitoring program that
includes water quality analyses, flows,
evaporation, plant growth, and soil sediment,
planttissue, and benthic invertebrate analyses has
been developed and is underway.

The combined problems of drought and
brine disposal have lead to the suggestion that
high total dissolved solids, non-potable water be
used to sustain greenbelts. Only specific plants
are tolerant of high salt content in water and soil
and many of these may not tolerate the other
constituents in the RO reject stream. When
desalination becomes more prevalent, it will be
useful to know if the reject stream can be used
for providing irrigation for greenbelts prior to final
concentration and disposal. If the saline marshes
can be sustained by the RO reject stream, an
otherwise “disposable” source of water can
provide an additional benefit wherever brackish
aquifers are reclaimed by RO or other
technologies where brine disposal is a concern.

Above: Tom Bonnelle, USBR Denver Office, positions the
skid with the Reverse Osmosis Unit at the site where EMWD
had previously constructed the concrete pad, roof cover, and

piping.
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USBR/EMWD MULTIPURPOSE WETLANDS
RESEARCH & DEMONSTRATION STUDY

Newsletter - February 1993
EASTERN MUNICIPAL WATER DISTRICT, P.0. BOX 8300, SAN JACINTO, CA 92581-8300

Wetlands Research Facility
Hemet/San Jacinto Site - Update

Construction of the eight research cells
was completed in September 1992. The cells
were successfully planted with over 3,600 bulrush
(Scirpus californicus) clumps by a crew from
Pacific Southwest Biological Services with
supervision by George Waller. The bulrush was : :
transplanted from the adjacent North Nursery i ettt l
Cell. The first quarterly sampling in October T T
showed that the plants were actively growing with
a 100 percent survival rate. For consistency, all o —
of the nursery stock used was from the same (] % ALINE VEG.
original donor marsh. Four of the 50 by 230 foot g:g;if AREA EVAP.-P&S
cells are fully vegetated and four contain an open J ==
water area.

The first quarterly survey of the research =
cells consisted mainly of equipment installation i

N
N

OPEN WATER|
CELLS yn

e e

and working out field sampling procedures, i.e. a USBR/EMWD WETLANDS RESEARCH FACIUTY/
“shake down run® in the field. EMWD personnel . e .
ran a series of approximately one-week Hydrolab c::::{,e? ;’;"‘2"”:‘;';?, ,‘;‘:,f‘a,im?f Vocation ot tuly

data monitoring sets on selected pairs of cells,
and collected sets of water samples for laboratory
analyses once during each period. The data are
being analyzed at the Bureau of Reclamation
Denver Office by their Technical Team.
Monitoring

To date, 12 weeks of paired-cell,
inflow/outflow, hourly records of water
temperature, pH, conductivity, and dissolved
oxygen concentration and percent saturation were
obtained with Hydrolab Datasondes. The
Datasondes are placed on the inflow and outflow
of a pair of cells (one cell each with and without
an open-water area) for 5-7 days, and are
monitored in rotation. Outflow to inflow data
comparisons to date show that the water cools as
it passes through the cell; pH increases from inlet
to outlet with a more pronounced diurnal cycle at
the outlet; and dissolved oxygen increases from
nearly zero at the inlet to anywhere from 40 to
100 percent of saturation at the outlet. The
diurnal cycle parallels the pH diurnal cycle at the

Below Right: George Borlace checks flow from V-notch weir
inlet box into research cell. Flow into each cell is controlled
to approximately 7 to 8 gallons per minute. Actual flow rates
will be monitored by ultrasonic flow meters.




outlet. Conductivity is relatively uniform from hour
to hour at the outlet, but there is a definite diurnal
cycle evident at the inlet.

Water samples are collected from the pair
of cells being monitored each week. In general,
there is no sign of nutrient removal in the cells,
but this is expected as the plants are not yet
established. Limited nitrification is taking place in
the cells. Increases in turbidity from inflow to
outflow are not surprising considering algae
blooms, stirring of bottom sediments, and bank
erosion due to this winter's heavy rains. There
are no noticeable differences between the cells
with and without open-water areas at this point.

All is proceeding as planned except the
second quarterly survey was abandoned due to
the heavy rains (see accompanying photos). The
next quarterly survey is scheduled for April 1993.
If you have any questions about these activities,
please do not hesitate to call Jim Sartoris, Bureau
of Reclamation, Denver Office, (303) 231-5180.

RO Pilot

The concrete pad and shelter for the
Reverse Osmosis/Saline Vegetated Marsh Pilot
Study has been completed along with earthwork
and piping for the saline marshes and evaporation
ponds. The source water, product water, and
reject stream tanks have been installed.
Installation of the linings for the marshes and
evaporation ponds has also been delayed due to
the heavy rains. It is anticipated that the RO unit
will be delivered, weather permitting, in late March
this year.

Rain... Rain... RAIN...

Phase lll of Wetlands Study to Begin Shortly

As several phases of the Multipurpose
Wetlands Research and Demonstration Study
have been ongoing, Phase llI, Final Design, is just
getting underway.

An agreement with the Bureau of
Reclamation to begin final landscape and
wetlands design of the Hemet/San Jacinto
Regional Water Reclamation Facility (H/SJ RWRF)
demonstration site is expected to be signed
shortly. At the same time, the agreement
provides for invertebrate sampling of the research
facility at the H/SJ RWRF site, and installation of
electric service for the reverse osmosis pilot unit.
Plans are to begin construction of the H/SJ
RWRF site in early fall of this year.

The agreement also provides for Little
Valley site activities including contained pilot
wetlands research and design, demonstration
wetlands preliminary design engineering,
geotechnical investigation, preliminary  site
engineering, wetlands system design, site master
plan, and final design.

Further development for the San Jacinto
Wildlife Area/Duck Club site remains in the
planning stages.

and MORE RAIN...

The Hemet/San Jacinto area has received 27 inches of rain so far
this season (July - Feb. 19.), a considerable amount coming on
the heels of six years of drought. Photos bottom and right show
berm damage at the USBR/EMWD Wetlands Research Facility
following a Mid-January rainstorm.

For further information, contact Ms. Christie
Crother, Project Coordinator, Eastern Municipal Water

(909) 925-7676, ext. 228.
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Commissioner Beard Dedicates Wetland Project

n the July 1993 issue of

the newsletter, an
article reported early
progress in the construction
of Eastern Municipal Water
District wetlands near the
southern California cities of
Hemet and San Jacinto.
The construction is funded
through the Lower
Colorado Region’s
administration of the Small
Reclamation Projects Act
loan program.

On February 10, at a
ceremony at the Hemet/San
Jacinto Regional Water
Reclamation Facility,
Commissioner Beard dedicated
this wetland project, citing it as
“one of the bright, shining stars
of the Reclamation program.”

The 43.5-acre site focuses on
reclaimed water treatment,
waterfowl habitat enhancement
and wildlife diversity, and public
education and recreation. The
wetlands also provide an alternate
water supply for irrigating about
21,000 acres; the existing
facilities could supply only 8,340
acres.

“The Hemet/San Jacinto
project is an innovative and
unique way to use a limited water
supply,” the Commissioner said.
“It is part of a new system that
will purify a million gallons of

EMWD Project Coordinator Christie Crother, Commissioner Beard, and
EMWD Director Rodger Siems take a first-hand look at federal dollars in

action as they view wetland waterfowl.

water a day. It meets competing
water demands while creating
jobs and promoting
conservation.”

In a joint 5-year project,
Reclamation and EMWD will
examine how bulrushes and other
selected plants grown in wetlands
can improve the quality of
wastewater passing through a
marsh before it is used for
irrigation. The study will also
look at how the artificial marsh
can create habitat for waterfowl.

Reclaimed water is a vital
element in water resources
management, especially in arid
areas. Its use can minimize the
strain on existing water delivery
facilities and local water
resources. When properly

designed, operated, and
maintained, constructed
wetlands offer an attractive
alternative to other energy-
intensive treatment facilities
needed to meet water
quality standards for
reclaimed water reuse.

The site is located
along the Pacific Flyway
where waterfowl use
wetland ecosystems
extensively during
migration. The design of
these wetlands isolates the
central pond habitat from
operational activities at
inlets and public facilities and
access features are designed to

minimize disturbances to wildlife.
[Story & pictures continued on page 6.]

did it on page 4.
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EMPLOYEES IN ACTION

EMWD Wetlands Dedication

continued from page 1

The wetland design, which occupies nearly 25 acres of the
site, is quite unique. It is a three phase integrated system
consisting of five separate wetland treatment units, a combined
open water and marsh habitat area, and a final polishing
wetland. [See drawing at left.] Secondary reclaimed water
(of a quality that can be used on feed and seed crops not eaten
by humans) is distributed to five wetland treatment “arms”,
then combined in the central area to flow through the open
pond. The larger final wetlands combine all flows to remove
biological impurities produced in the open water habitat area.
The divisions within the inlet and outlet marshes allow
maintenance of separate areas without shutting down the entire
system.

“It’s a terrific example of what we at the Bureau of

Reclamation are trying to do on a national level: develop a balanced water resource policy that meets a variety of
water needs and meets them in an economical way,” said Commissioner Beard. Thanks to efforts of the Planning
and Loans Division, the Lower Colorado Region is setting the trend for future projects. x

Public Colloquium To Be Held

ithin the Bureau of Reclamation are several

unique and specialized professions in the science
and engineering fields. Over the years, this part of
the workforce has become more diverse as more
women begin working in such occupations.

To promote a greater understanding of the
challenges that face women in science-related
professions, the University of Nevada, Las Vegas,
announces a public colloquium on the subject,
“Revolution in Science? Women’s Perspectives,” to
be held on the UNLV Campus from March 21-24
beginning at 7:30 p.m. each evening. Speakers
include Professor Sandra Harding of the University of
Delaware and UCLA, Professor Sue Rossner of the
University of South Carolina, a panel of six local
health practitioners, and Carol Jo Crannell of the
NASA Goddard Space Flight Center.

Topics to be discussed include new challenges and
opportunities for women in science, gender bias in
health research, health care practices sensitive to
women’s varied needs, and the future of women in
science. All events are free and open to the public.
For more detailed information, please contact Jayne
Harkins at x190.x

""i-purchase
USBR, please brmg it to the attentlon of th
:'Property Ofﬁce at x448.
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HEMET/SAN JACINTO
DEMONSTRATION
CONSTRUCTED WETLANDS

The development plan for the
Hemet/San Jacinto Demonstration
Constructed Wetlands is in the final design
phase. The conceptual plan for the site,
shown on the inside of this newsletter, is a
three-phase integrated system of five
separate. wetlands treatment wunits, a
combined open water and marsh habitat
area, and a combined final polishing
wetland.

This undertaking is a joint effort
between the U.S. Bureau of Reclamation
and the Eastern Municipal Water District
(EMWD), and in consultation with other
government agencies, the academic
community, and environmental groups, to
evaluate and expand the use of reclaimed
water through the incorporation of wetlands
into EMWD’s water management program.
The focus of the wetlands component is the
development of design, construction and
operational criteria for constructed wetlands
to achieve multipurpose objectives. This
project will enhance the environment and
provide a cost-effective and innovative
alternative for managing water resources in
arid areas.

The site is located immediately

~adjacent to the Hemet/San Jacinto Regional

Water Reclamation Facility (H/SJ RWRF)
approximately 2 1/2 miles west of the city of
San Jacinto. The demonstration project will
consist of a 20-25 acre wetlands system,
equivalent to a 1 MGD (million gallons per
day) process unit, which can be
incorporated into the long term development
plans for the RWRF or adapted to other
suitable locations. The project is truly
multipurpose with specific water resources
management, environmental, and public
education/recreation objectives in mind.

Black-necked Stilt
Himantopus mexicanus
13 - 16 inches

An

W,

‘Y‘
3y
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extremely  long-legged
wader; black above, white
below with long neck and
needle-like bill. Pink legs trail
in flight.

Migrant,

Califomia.
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Water Resources Obijectives: The
demonstration wetlands will evaluate the
ability of a wetland system to achieve the
equivalent of tertiary treatment of secondary
treated domestic wastewater and nutrient
removal (nitrogen) as well as the removal of
low levels of metals and certain organic
materials.

Environmental and Public Education/
Recreation Objectives: located along the
Pacific Flyway, the H/SJ RWRF provides a
valuable resting area for migratory waterfowl
and shorebirds. The demonstration
wetlands is designed to provide marsh,
riparian, and upland habitat for wildlife
diversity - migratory and resident waterfowl
and shorebirds. Educational/recreational
opportunities will be provided by bird
watching points, trails, and interpretive
displays which demonstrate the value of
reclaimed water use.

Final design plans and specifications
for construction of the site facilities will be
initiated in early June. The final design work
will be accomplished by a consultant --
CH2M Hill, Santa Ana, CA. Construction
start date for this site is anticipated for mid-
October 1993.

but winters in

For further information, contact Christie Crother,
Project Coordinator, Eastern Municipal Water
District, P.O. Box 8300, San Jacinto, CA 92581-
8300 or (909) 925-7676, ext. 228.



CONCEPTUAL SITE DESIGN
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Eastern Municipal Water District P.O. Box 8300, San Jacinto, California 92581- 8300

NATIONAL, STATE, and REGIONAL
AWARDS for WETLANDS PROJECT

The Multipurpose Wetlands Research and
Demonstration Study has received the Association
of Metropolitan Sewerage Agencies (AMSA) 1994
Research and Technology Award. AMSA
represents the Nation’s largest publicly owned
wastewater treatment facilities. Member agencies
serve the majority of the sewered population in
the U.S., and collectively treat and reclaim over 14
billion gallons of wastewater each day. AMSA’s
members are environmental practitioners
dedicated to protecting and improving the quality
of the Nation’s waters.

The annual Research and Technology award is
given to an AMSA member agency which
produces a technical innovation related to
wastewater treatment or sludge utilization and
disposal. The winning research project or
technological innovation must be directly related
to basic processes of collection or treatment of
wastewater or utilization or disposal of sewage
sludge. The project must be conducted in-house,
or by a consultant under direction of the agency,
and the project must have practical application.
The awards presentation will be held on May 23,
1994, in Washington, D.C., during AMSA's
National Environmental Policy Forum and 24th
Annual Meeting.

In 1993, the project won the Inland Empire
West Resource Conservation District 1993
Conservation Partnership Award for Water Quality.
The Inland Empire West Resource Conservation
District is a self governed, non-profit local
government agency established by conservation
minded, local residents through state law. lts
purpose is to help all residents within its
boundaries conserve and develop their natural
resources through good conservation practices.

California’s Local Government Commission
Award for Innovation in Water Conservation,
Reclamation, and Management was awarded to
the Multipurpose Wetlands Research anc
Demonstration Study in November 1992.

Above: Mid-east visitors reflected in the clear water of a
research cell. Photo is upside-down. Flip over to see actual
image. See article, back page.

HEMET/SAN JACINTO SITE WIDELY VISITED

The Wetlands Research Facility and large
Multipurpose Wetlands site do not yet rival
Disneyland as Southern California’s top tourist
attraction, but local and international interest is
high just the same. The facility has been visited
by two groups from Australia, a group from
Taiwan, another from the Peoples Republic of
China, and a delegation from eleven Mid-east
countries as part of the Workshop on Appropriate
Small Community Wastewater Treatment and
Reuse Approaches for the Middle East, sponsored
by the Agency for International Development, the
US State Department, and the Environmental
Protection Agency, as part of the Middle East
Peace Process.

In addition, local schools utilize the wetlands as
an environmental science laboratory learning
about wetlands ecology, the value of reclaimed
water and its reuse, and our water supply as a
finite and precious resource.

The site is well known among local bird
watchers and is one of the locations used by the
Audubon Society for its annual Christmas Bird
Count. The area around the site is not verdant,
but the facility provides green space and habitat
appealing to both man and wildlife.



Above: A Weed Abatement/Nuisance Deterrent Alternative or
WANDA, commonly referred to as a goat.

CREATIVE SOLUTION TO WEED PROBLEM

Weed control has become a challenge at the
research facility. Weeds grow rapidly on the
banks of the pilot cells. Methods of removal
which have been tried include using a backhoe,
hand digging, and "weed whacking." Hand
removal was found to be too labor-intensive, while
the backhoe increased erosion and removed
desirable riparian plants, such as willows, which
had started to colonize naturally. Weed whacking
seemed promising initially, but the result after one
year was that old roots gained strength and the
weeds came back larger than ever.

In April, two goats were put on site in an
experiment in environmentally-friendly weed
control. If successful in controlling the weeds,
more goats may be purchased and they may
become a permanent fixture at the wetlands
during the growing season. Through persistence,
and a combination of methods - some resembling
a wild west rodeo, EMWD’s intrepid and fearless
crew consisting of Jeff Hale, Steve Shockey, and
Stella Denison, have managed to control the
goats and do battle with thistles and other weedy
giants while allowing the selective growth of quite
a few willows and natural groundcover.

CONSTRUCTION-BEGINS ON
LARGE WETLANDS

January 3, 1994 marked the beginning of
construction of the first large-scale wetlands
under this program. The Hemet/San Jacinto
Multipurpose Constructed Wetlands, located at
the northwest corner of the Hemet/San Jacinto
Regional Water Reclamation Facility, has a design
flow of 1 million gallons per day (MGD) but will be
capable of treating up to 5 MGD of secondary
reclaimed water. The basic wetlands occupies 25
acres of the 43.5 acre site.

The construction contract includes earthwork,
grading, piping, electrical installation, and a 5
MGD effluent pump station. All pumps, motors,
electrical panels, and supplies have been ordered
and received. To date, the site has been cleared,
grubbed, stripped and excavated, and about
250,000 cubic yards of fill earth have been
moved. Wet weather in February and March
caused delays. An additional 120,000 cubic yards
of earth will be moved when the site dries.
Construction will be completed, weather
permitting, by the summer 1994.

Wetlands planting will take place under a
separate contract following construction. EMWD
and USBR are in the process of finalizing the
planting plans and specifications and expect to
advertise for bids shortly. The major planting
operation will be transplanting bulrush to the
wetlands from plant propagation cells at the
USBR/EMWD Wetlands Research Facility. The
plant propagation cells will be revegetated as part
of the contract. The planting plan also calls for
four specialized planting operations: (1) Islands
seeded with watergrass; (2) A shallow emergent
plant area planted with creeping spikerush,
broadleaf water plantain, broadleaf arrowhead,
and marsh smartweed; (3) Moist soil test areas
will be seeded with wild millet, Pennsylvania
smartweed, and red saltbush; and (4) Open pond
shelves with submerged plants including sago
pondweed tubers and horned pondweed clumps.

The wetlands is a three-phase integrated
system consisting of five inlet marshes converging
into an open water pond area, followed by a
single outlet marsh. The system concept included
extensive wildlife features such as islands for
waterfowl nesting, a pond beach for shorebird
habitat, a riparian area to enhance shoreline
habitat, and moist soil test areas to act as
"seasonal wetlands.”

S Em m .
N UE S E S m EE N BN BN N W BE m m e



USBR/EMWD WETLANDS

MONITORING PROGRAM UPDATE

The USBR/EMWD Wetlands Research Facility
is located in San Jacinto, CA. The 7.8 acre facility
consists of: (1) two 0.5 acre nursery cells for
wetland plant propagation; (2) eight 50’ x 230’
research cells; and (3) a reverse osmosis (RO)
desalination unit, two saline vegetated marshes,
and two evaporation ponds.

RESEARCH CELLS

Four of the eight research cells are fully
vegetated with California bulrush and four have an
open water pond in the middle. One of the
research objectives is to measure differences in
water treatment performance between the two
types. Series | and IA of the research program
are complete and have provided a wealth of
baseline data. The period of sampling was
October 20, 1992 through November 10, 1993.

Weekly Monitoring - Paired three- and one-
phase cells were monitored in weekly rotation
throughout Series I/IA.  The typical weekly
monitoring consisted of three components:

1) Inlet and outlet water temperature, pH,
EC, and DO were recorded hourly.
2) Inlet and outlet ammonia nitrogen, nitrite

nitrogen, nitrate  nitrogen, orthophosphate
phosphorus and turbidity analyses were
performed weekly; while TKN, total phosphorus,
BOD, TSS, TOC, and total and fecal coliform
bacteria analyses were performed every third
week.

3) Two ultrasonic flowmeters were used to
record total and average daily flows.
Quarterly Monitoring - Quarterly survey

objectives were to evaluate vegetation condition
and growth, sample the macroinvertebrate
communities and document variations in water
quality conditions within and among the research
cells. The water quality component of the
quarterly surveys consisted of taking
measurements of water temperature, pH, EC, and
DO in the inlet, middle, and outlet of each cell.
Chlorophyll a concentrations were also measured
in the inlet and outlet of each cell.

The results of Series |/IA will be presented in
the Phase Il Report which is expected to be
available in June 1994.

Water Quality - The chemical data were
analyzed by Stephen Crombie of EMWD. The
data were subjected to the paired sample t-test.

Preliminary findings indicate a difference between
one- and three-phase cells in nitrogen removal.
The baseline monitoring data show that the mean
Total Nitrogen removal in the three-phase cells
was 57.7%, compared to only 11% in the fully
vegetated cells.

Microorganisms - A brief study of the
microscopic life in the research cells was
conducted by Stella Denison, EMWD. Four
Divisions - Cyanochloronta, Chlorophycophyta,
Euglenophycophyta, and Pyrrhophyta - were
found represented by ten genera. Unicellular
organisms occurred in both the one- and three-
phase cells. Colonial and filamentous organisms
were found only in the three-phase cells.

Above: Steve Shockey, EMWD Field Assistant, with
macroinvertebrate substrate habitats or "bug buckets”.

Invertebrates - Invertebrate sampling was
conducted by Doug Andersen, USBR, to establish
a baseline for species distribution. Sampling was
conducted by placing small artificial substrates on
the floor of the wetlands to which the bottom-
dwelling organisms would attach themselves and
subsequently be counted. In addition, "sweep
net" samples were taken to determine species
present in the water column. Collected organisms
were preserved for later identification. Field notes
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on the sampling techniques, which occurred in
April, July, and November 1993, were maintained
for ongoing evaluation and refinement. A total of
24 different types of invertebrates were identified;
eight of these were common to all cells. No
steady or consistent pattern in the abundance or
diversity of invertebrate species developed within
the research cells over time. To date, collected
data suggest that the invertebrate community
within the cells is undergoing either seasonal
shifts or trending toward a steady condition yet to
be attained.

Vegetation - Bulrush growth, vigor and
establishment in the research cells were
monitored by Joan Thullen, USBR. The purpose
of the study was to determine when the newly-
constructed wetland had reached a stabilization
point at which it would function much like a
natural system. Rapid growth in both new shoot
numbers and culm height was documented,
suggesting that the combination of the
Hemet/San Jacinto climate and the soil and water
constituents at the site created optimum
conditions for bulrush propagation. By November
1993 (14 months after planting), the bulrush culms
were sufficiently dense and robust, and the
research cells were then considered to be
completely vegetated and established.

Soil - Monitoring of bottom sediments has been
conducted since initial flooding of the research
cells in September 1992. Baseline sampling
indicated that all trace elements in the substrate
were well within acceptable limits. Therefore, it
was considered uniikely that the substrate would
serve as a source for any toxic constituents.
Instead, it was anticipated that the substrate
would act as a sink, potentially removing certain
constituents from the water. The data collected
indicates that most elements in the substrate have
experienced minimal change in concentration thus
far. However, arsenic and cadmium have shown
an increase.

Research in the future will focus on hydraulic
retention times, nutrient loading rates,
evapotranspiration, microbial dynamics, and
investigations on the feasibility of using wetlands-
treated reclaimed water for groundwater recharge.
A study to characterize the composition of total
organic carbon (TOC) during passage through the
wetlands will also be undertaken to evaluate
effectiveness in meeting California’s regulatory
requirement for the amount of "TOC of
wastewater origin” in reclaimed water.

Stella Denison, EMWD Water Quality Dept., leads an
enthusiastic group of students in a wetlands ecology lab.

RO /SALINE VEGETATED MARSHES

Designed, constructed, and installed by Bill
Boegli, USBR, the RO unit has been in operation
since April 1993. The focus of the pilot has been
on the feasibility of using the reject stream of the
RO desalting process in vegetated saline marshes
to reduce brine volume and provide an additional
use of brackish water in arid areas. Brine may be
able to provide the water source necessary to
sustain much-needed habitat and green beits.
Stephen Crombie, EMWD. has been the operator
and trouble-shooter on the RO unit during this
pilot study. Stella Denison has been trained by
Stephen to be the "back-up" operator for the unit.

Salt-tolerant plants were planted in the two
marshes and reject brine from the RO unit was
used to sustain the plants. The plants turned
brown during the fall and winter. This was to be
expected as many marsh plants enter into a
period of senescence during the winter months.
The plants started to turn green again with new
growth in the spring. The plants are currently
green and dense throughout both marshes.

Research is focused on the long-term ability of
the reject stream to sustain saline marshes. the
potential accumulation or concentration of toxic
materials. and bioproductivity of the marshes.

EASTERN MUNICIPAL WATER DISTRICT. ».C. Box 8300. S&n Jacinto, CA 92:81-8300



Above: Ruddy ducks in open water area of research cell.

HABITAT CREATION

More than 92 species of birds have been
identified using the ponds for resting and feeding
at the Hemet/San Jacinto Regional Water
Reclamation Facility, with a number using the site
for breeding and the rearing of young. For
example, Ruddy ducks discovered that the
research cells with open water areas provide ideal
habitat. These bright chestnut-colored ducks with
black and white head and sky-blue bill differ from
other ducks in many ways. They are deep-water
divers, feeding from the bottom even as
hatchlings, whereas other ducks begin by picking
food from the surface. For ideal habitat, Ruddy
ducks require clear, deep-water areas for feeding,
but they also need tall, dense reeds for retreat
and nesting. The three-phase research cells at
the USBR/EMWD Wetlands Research Facility
provide ideal habitat.

The H/SJ RWREF site is visited by a wide variety
of birds including numerous ducks, Canada
Geese, raptors such as Golden Eagles, hawks
and owls, numerous shorebirds, songbirds, and
herons and egrets. More exotic birds such as
Snow Geese, Bald Eagles, White-faced Ibis,
Double-crested Cormorants, and Peregrine and
Prairie falcons have been unexpected visitors.

Right: New Wetlands logo - a
black-necked stilt digitized by
Mark  Salcido, Engineering
Technician |, EMWD Water
Resource Management and
Research Department, on an
Integraph workstation.

Above: A herd (flock?) of large scrapers moves earth for the
Multipurpose Constructed Wetlands. Construction began
January 3, 1994.

Below: Stephen Crombie, Associate Chemist, EMWD Water
Quality Department, records data at the reverse
osmosis/saline vegetated marsh pilot study.
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Above: USBR Commissioner Dan Beard and EMWD General
Manager Andy Schiange tour the wetlands project following
the February 10, 1994 Dedication Ceremony.

COMMISSIONER PRAISES PROJECT

USBR Commissioner Dan Beard praised the
Hemet/San Jacinto Multipurpose Constructed
Wetlands Project at a dedication ceremony held
on February 10, 1994 at EMWD. He referred to
the project as one of the "bright, shining stars” of
the Reclamation program. Commissioner Beard
characterized the project as a "win, win, win"
solution—-reaching water supply objectives, saving
taxpayers’ money, and adhering to environmental
standards.

The Hemet/San Jacinto Multipurpose
Constructed Wetlands Project is funded by a
Small Reclamation Projects Act loan. The SRPA
loan program was created by Congress in 1956
through Public Law 84-984 to stimulate local
economies and benefit the nation through
extending, reclaiming, and recycling local water
supplies.

Commissioner Beard told the audience that the
Hemet/San Jacinto Multipurpose Wetlands
Project is an example of what the Bureau of
Reclamation is trying to do on a national level:
develop a balanced water resource policy that
meets a variety of water needs in an economical
way. He also mentioned that the Bureau of
Reclamation is ending the business-as-usual
approach with a leaner budget and more
accountability to the taxpayer.

The Hemet/San Jacinto Multipurpose
Constructed Wetlands will provide reclaimed
water treatment, waterfowl habitat enhancement
and wildlife diversity, and public education and
recreation. It will improve the water quality of the
reclaimed water supply and allow maximum
utilization of local water resources, thereby
reducing dependence on imported water.

MIDDLE EASTERN VISITORS SEE
VALUE IN CONSTRUCTED WETLANDS

As part of the Middle East Peace Process, the
Agency for International Development and the
U.S. State Department brought a group of water
resource experts from 11 governments to the U.S.
in July 1993 for a "Workshop on Appropriate
Small Community Wastewater Treatment and
Reuse Approaches for the Middle East." The
visitors were from several Arab countries, Israel,
and Russia. They spent a day at EMWD learning
about the Multipurpose Wetlands Research and
Demonstration Study as well as EMWD’s water
resources management, reclaimed water reuse,
and water harvesting programs.

Participants expressed great interest in both the
reclaimed water wetlands research cells and the
pilot reverse osmosis/saline marsh project. At a
review session the following day, the general
reaction of the participants was that constructed
wetlands are definitely an approach to consider
for the Middle East. They were seen as a way of
improving effluent quality and providing habitat
along the North African Flyway. It was also noted
that constructed wetlands would be applicable
along streams before discharge.  Potential
disadvantages that were raised were increase of
total dissolved solids, buildup of salt in soil, water
evaporation/loss, and dependency on cheap,
available land. One representative commented
that removal of salt was the number one problem
in his country. It was noted that a main reason
for wetlands is to help overcome psychological
barriers to reclaimed water use and promote
conservation of the natural environment. There
was also considerable interest in the reverse
osmosis/saline marsh project. In this project
EMWD is desalinating brackish groundwater and
using the brine to support a saline marsh
wetlands. The saline wetlands serve to
concentrate the brine, reducing the volume for
disposal, and also potentially provide additional
beneficial uses of the water for greenbelts, open
space, and habitat. it was felt that this
technology is transferrable in some situations. As
a possible application, it was suggested that
saline marshes could be used in the collection
and treatment of waste from an area where
several industries that demineralize are located.
A possible problem with the reverse osmosis
technology is the difficulty of getting spare parts
and trained technicians in some countries.

For Information Contact:
Eastern Municipal Water District
(909) 925-7676
Christie Moon Crother,

Project Coordinator, ext. 228
LeAnne Hamilton,

Project Manager, ext.525




In the midst of the 1990 California The goals of the Hemet wetland are to
drought, EMWD (Eastern Municipal improve the quality of the wastewater to
Water District), located southeast of allow its use for agricultural and landscape
Los Angeles, became interested in reusing irrigation, or for ground-water recharge,

their scarce water supplies. The progres- and to provide diverse wildlife habitat

Designing Wetlands
to Clean Wastewater__

Reclamation/Eastern Municipal Water District
Multipurpose Constructed Wetlands

JOAN S. THULLEN
Applied Sciences Branch

sive Managers and Board of Directors
decided to try constructed wetlands, a
cheap and relatively new biological tech-
nique, to clean their secondary treated
municipal wastewater and simultaneously
provide green space and wildlife habitat.

EMWD brought their idea to Reclama-
tion. Reclamation felt that a constructed
wetland research and demonstration pro-
ject would be mutually beneficial, and a
Memorandum of Understanding was
signed.

Technical teams from EMWD and Rec-
lamation created conceptual designs for
several types of wetlands. Civil engineers,
hydraulic engineers, chemical engineers,
soil scientists, a geologist, a botanist, a
landscape architect, and a wildlife biologist
worked together to move from a wetland
concept to the final design phase. Construc-
tion of the first demonstration wetland
will begin in early 1994 at EMWD’s
Hemet/San Jacinto Regional Water Recla-
mation Facility, or simply, the Hemet site.
The 45-acre site will include about 20
acres of treatment wetlands, some riparian
areas, moist soil wetland areas, native up-
land grass and coastal sage shrub areas,
and areas for public viewing, parking,
walking, picnicking, and passive recreation.

—

(particularly for migratory waterfowl and
other wetland birds) and greenbelt aes-
thetic areas in a semirural, urban setting.
The bottom line is to achieve these goals
in a more cost-efficient manner than con-
ventional water treatment methods and to
improve the San Jacinto Valley environ-
ment at the same time.

The conceptual design for the Hemet
demonstration site was developed by
studying the published literature on con-
structed wetland design and interviewing
experts in the field. The USBREMWD
Phase 1 Report (November 1991) explains
the conceptual design in detail. The design
is based on a three-phase system concept.
Each phase has a particular function and
retention time to achieve the stated objec-
tives. This three-phase system, developed
by Dr. Robert Gearheart of Humbolt State
University to treat 1 million gallons of
water a day, consists of the following
components:

I. A 10-acre treatment wetland, which
the water moves through in 5 to 10 days.

2. A 2-to 3-acre open water pond,
which the water moves through in no
longer than 2 to 3 days.

3. A 6-acre “polishing” wetland, which
the water moves through in 4 to 5 days.
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Phase 1, planted primarily with bulrush
plants, will filter out sediments and remove
nutrients and organic materials by nitrifica-
tion (bacteria converting ammonia to
nitrite and then to nitrate) and denitrifica-
tion (the addition of carbon to convert
nitrate to nitrogen gas, which will escape
from the system into the atmosphere). The
plants or'the soil sediments will also ab-
sorb additional nutrients and some metals.
Phase 2 is primarily for wildlife use, which
will degrade the water quality in some re-
spects (e.g., from feces, feathers or other
remains, sediment mixing, possible patho-
gens brought in by the wildlife, etc.). Phase
2 may also help improve the water quality
by providing oxygenation of the water for
further nitrification, additional nutrient re-
moval by the submerged plants and algae,
destruction of pathogens by the direct sun-
light, a sink for sediments or phosphorus,
and/or equalization and mixing of the
water flow. Phase 3, again planted primar-
ily with bulrush plants, will remove the
nutrients and algae which may accumulate
in the open water pond and will allow extra
time for denitrification.

The original outline of the Hemet wet-
land mimicked a natural wetland config-
uration in which several tributaries con-
verge into one to become an open water
area. However, the original outline
required some downsizing to fit all the
treatment arms into the 45-acre rectangle
which EMWD had available. The new
configuration resembles a baseball glove.
In any case, wildlife prefer a natural shape
over square comers; each wetland part can
still function as conceptualized.

To test the hydraulics of the proposed
wetland shape and the arrangement of the
wildlife features which will be built into it,
Russ Dodge of the Hydraulic Structures
Section tested the design with a table top
model in the Hydraulics Laboratory. The
model made obvious the effects of every
island or deeper water arca on the water
flow. Russ changed the inflow configura-
tions to obtain a more even flow across the

treatment arms and, with the rest of the
technical team, changed the shape and
placement of the islands and associated
deeper water holes to avoid large “dead”
areas. No exchange of air or water takes
place in dead areas, so the water becomes
stagnant, or nearly so. Stagnant areas do
not contribute to water quality improve-
ment, nor will wildlife use such areas. The
aquatic invertebrates that are eaten by
many waterfowl and aquatic birds will not
thrive, and pathogens, like Clostridium bo-
tulinum, the bacterium which releases a
toxin that causes botulism, may flourish.

This 20-acre demonstration wetland has
been designed not only to clean the water
to acceptable levels and provide wildlife
habitat, but also to provide a perfect oppor-
tunity to conduct research on all types of
constructed wetland issues. For example,
the system will be flexible enough to con-
duct studies on variations in the loading
rates, flow rates and retention times for
treatment, and determinations of ireatment
effectiveness in each wetland zone. Re-
search will also be conducted to determine
how the size, orientation, and placement of
islands affect waterflow and use by inverte-
brates and wildlife. Wildlife use and the
survivability of various wetland plant com-
munities will also be studied.