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Subject: Engineering Feasibility Study for

o
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Dear Wr, Miller:

WWH Americas, Inc. is pleased to submit the final report on Engineening Feasibility Study

for NPDLES Permit for Discharge o Lake Elsinare.

This report recommends using reclaimed water to make up for evapurative losses in Lake

Elsinure and to stabilize the loke level,

A phazed approach for in-lake trestment is

presented. Specifically, the recommendations include, in sequence:

s Qxygenation to increase dissolved axygen in bottom waters znd to substantially reduce
the release of nitrogen and phosphoms from the nutrient tich bottom sediments.

» Biomanipalation through fish harvesting and macrophyle growth 10 favor increased

population growth of Daphitia, which feed on algoe.

s Wetlands treatmnent to filter out algae during the summer and lower the nutrient level of

reclaimed water during the winter.

»  MMetal salt addition, such 15 sodium: earbonate, may be congidered as a last resart if the

above three methods show limited success,

We are pleased for this opportunity 1o be of service and be part of this challenging project,

Sincerely,

MWH AMERICAS, TNC.

Al
Ajit 8. Bhamah, PE
Frincipal-in-Charge
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EXECUTIVE SUMMARY

Need for recycled water In Lake Elsinore

Lake Elsinore ig a natural lake near Riverside California that currentty has a surface area of about
3,000 acres. Due to the semi-arid climate, rainfall and runoff are low and the water level varics
dramatically from dry fo wet yocars. Outflow occurs only during extremely wet years, and
because the lake is shallow it can dry up completely during severe droughts, as happened during
the 1930z, Even in normal water years, a five-foot elevation drop occurs in summer due to
¢vaporation. Major construction in the 1990s halved the lake's area to reduce evaporation and
moderate the lake’s water level fluctuations, but even so the lake level has varied by as much as
18 feet in the last decade. The lake edges slope pently, sa dry yoars result in extensive zones of
unsightly cxposcd lake-botfom sediment and dead vcgetation. The fluctuating lake level
prevents development of the shorgline, hinders visitor access and excludes natural methads of
lake cleanup involving the growth of rooted vegetation in shallow water. Lake Elsinore is a
emtrophic Take with regular episodes of low dissolved oxygen in summer, nuisence blooms of
blue-green algae, and occasional fish kills. Agricultural and residentia! development in the
drainage basin pravides an ample external supply of nutrients for algac growth in the laks. The
warm, shailow water provides ideal conditions to reoycle existing mutrients from the sediments
cach summer independently of winter inflows and their nutrient and scdiment inputs. The
purpose of this study is to examine options for lake level stabilization through the addition of
recycled water, and recommend alternatives for water quality enhancement.

. Btabilization of lake water level using recycled water would remove a major impairment to

beneficial uses such as boating, fishing and aesthetic enjoyment. The prosent desirable lake level
15 1240 feet above mean sca level. A more constant lake level would aleo assist other lake
management methods employed to enhance water quality. Water level stabilization can only be
achieved by the addition of new sourccs of water. In dry southern California, use of potable
quality water from welis or imperted from the Colorado or Sacramente Rivers is not allowed for
recreational lakes under most circumstances. Use of maodest additions of recycled water that
contain 1-2 mg/L of total inorganie sitrogen (TIN) or total phosphorous (TP) have recently been
shown to result in only limited increases in algae. Larger additions, as mipght ocour during
droughts, could result in significant increases in algac. With the volumes of water that would be
added to Lake Elsinore in a normat year, any small decrease in beneficial uses resuiting from the
matrients ean be more than balanced by the substantial increases in beneficial uscs due to a more
stable water level. The increase in nutiicnt loading from the larger volumes of makeup water in
dry years can also be offsct by suppressing internal loading threugh such means as oxygenation,

~ bio-manipulation, and filtration of summer algac using lakeside weflands, These three lake

management methods would require large capital investment and moderate operating costs.
However, these costs are predicted to be small in comparisen with the financial benefits tesulting
from lake level stabilization and a better fishery and recreational lake envirorment,

Previous lake studies suggested that supplemental water at an annual average volume of between
7,500 and 13,000 acre-feetyr (depending on rainfall) would stabilize the lake to a desirable
elevation level above 1240 feet. Elsinore Vallcy Municipal Water District (EVMWD)
investigated the feasibility of further stabilizing the level of Lake Elsinore using recycled water
from Casters Municipal Water District (EMWD}. A National Pollutant Discharge Elimination
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Executive Summary

syatem (NPDES) permit issued by the Regional Water Quality Control Board (RWOCB) will be
tequired for the proposed recycled water discharge into the lake. Because of the nutrients
present in the recyeled water, coginecring altematives must be identified to mitigate the impact
of tecycled water discharge. The selectad alternatives cannot cxacerbate the existing eutrophic
condition of the lake and should also take positive steps to improve the lake condition for
recrcational purposes. This project report is intended to scrve as the engineering document
required for the application of an NFDES permit that would allow the discharge of recyeled
water to Lake Elginore.

Recycled Water Sources and Delivery

The two potential recycled water sources are the EVMWD Regional Plant and the Eastern
Municipal Water District (EMWD), which could supply water via the Temescal Pipeline. The
two agencies are negotiating the amount of tertiery treated recycled water that could be used to
stabilize Lake Elsinore. As much as 15,000 acre-feet (af) of water would be needed. Other
commitments limit the supply to Laks Elsinor: to four winter months when imigation demands
are minimal. Thus the full amount of 15,000 af may not be immediately available, As the
population incrcases, however, the supply of recycled water also increascs ¢ a compiete supply
to Lake Elsinore can be considered as 2 possible future aption.

Recycied Water Quality

The desired acceptable mutrient levels in recyeled water vary with intended use.  For irrigation,
the most common use of recycled water, higher nutrient concentrations are not an issue since
most irrigated systems are also fertilized. For Lake Elsinore, higher nutrients are undeairable if
they will impair beneficial uses of the lake, The nuirient concentrations present in the makoup
water proposed for Lake Elsinore vary with the individual treatment plant, its operation, and
eiprent permit limits. For example, EMWD bas a NPDES discharge permit with a total
imorganic nitrogen (TIN) limit of 8 my/L for Temescal Creek. For Lake Elsinore, 1-2 mg/L TIN
is morg appropriate. Currently the plants that could supply makeup water do not optimize
treatinent to meet low phosphorous or nitrogen limits, since their penmits allow higher Ievels,
Current TP effluent levels at EMWI plants range from 2-8 mg/T, but the design capability for
some systems ranges down to 0.5 to 2.0 ma/L. Recent averape effluent values for the EVMWD
are 3.4 mg/L for TIN and 2.3 mg/L for TP. For both gystems, lower effluent concentrations are
achievable but at considerable cost.

Management Options

In addition to lake level stabilization, the project is also infended to enhance water quality by
Tedducing the effects of ewtrophication it & sustainable fashion. Seventeen in-lake treatment
methods and five watcrshed management methods were considered. Five alternatives were
chosen for further analysis: oxygcnation, bio-manipulation, luke surfece watsr filration by
wetlands, inflow treatment by wetlands, and nuisance flow treatment by discharpers. The
propesed alternatives will create larpe areas of emergent riparan vegetation zround the lake,
improving fish and bird habitat and the aesthetic appearance of the lakeshore. TFipally, this
project will ereate approximately 350 acres of true wettand marsh and 60 acres of stream riparian
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Executive Summary

area that will provide habitat for wildlift and inercasc the beauty of Lake Elsinote and its
gutroundings.

Lake oxygenation is proposcd as the primary alternative to prevent future fish kills and
malodors, This method will alzso reduce internal ammenia, sulfide and phosphate loadings and
reduce algac blooms. Studies in the lake and in laberatory experiments show that oxygen
demand in Lake Elsinore is very high, but not nniquely g0, An average daily delivery of 20 tons
and a maxiraum daily delivery of 46 toas of oxygen to the lake bottom will be needed for the
first few years, Oxygen demand should fall by up to two-thirds thercafier. A submerged
Downfiow Bubble Contact Oxypenation (DBCO) system localed in a lakebed well would
provide a sure method of delivering oxygen dircetly to the lake sediment, which is the site of
natrient and toxicant releases. Depending upon well-depth, the DBCO uses either a 200-hp or
100-hp submersibie pump moving 150¢ cfs {or 75 cfs) of water down a 35-foot {or 70-faot) deep
well below the lekebed, where oxypen iz added under the natura] pressure of depth. The deeper
the well, the lower the subscquent operating costs. Altemnatively, a pressurized DBCO could be
inatalled on the lakeshore or lakebed. Water supersaturated with oxygen wonld be forced
hotizontally over the lakebed and diluted by entrained low-oxygen water, as it is forced out of
jets in 8 small semi-cirenlar manifold. Oxygenation is cxpected to previde an offset for nufrients
of 12.5 tonsfyr for phosphorus and 37 tons/yr for nitrogen. Onee reversal of entrophication has
occurted with the imitial oxygenation period, the amount of oxypen nceded will decline
substantially. Oxygenstion will also provide a reduction in nuinients needed to increase water
clarity and enhance submerged plant growth in the biomanipulation plan discussed below, For
the purposes of cstimating costs, a 200-hp submersible pump is assumed, moving 150 cfs of
oxygenated water down a 35 foot well below the lakebed.

Bio-manipulation i3 an mexpensive and sustainable technique that modifies the aguatic food
chain to favar clcar algae-free water over muddy algae-rich conditions, Tt is achieved by
increasing submerged aquatic vegetation and by the natural algac-filaation capacity of large
zooplankion such as Daphria. For Lake Elsinore, necessary bio-manipulation actions are: (1)
removal of large bottom-grubbing fish such as carp, (2) zelective harvesting of fish stocks to
favor large predatory fish over small zooplankten-feeding fish, and (3) increasing submerged and
emergent vegetation. Mechanical harvesting and/or herbicides can be used to manape cxeess
submerged vepetation.  Sobmerged vegetation stabilizes the sedimentz and prevents re-
suspension, removes nitroget and phosphorus that would otherwise be used by nuisance floating
algae, traps plankionic algae, provides a daytime refuge for Daphnia from fish predation, and
incteases denitrification. Bio-manipulation requircs a more stable water level than is present
now in Lake Elsinore, and is thus an excellent match for the proposed lake leve! stabilization
plan.

Lakeside wetlands will directly filter lake surface water to remove nuisance algac in the
summer. About 8300 acre-ft per day of lake surface water will be diverted from the lake to the
wetlands located at the southeast end of the Jaks. Removal of up to 95% total nitrogen (TN) and
total phospherus {TP) can be expected during the summer period of nuisance algae blooms. The
current 35(0-acre wetland must be redesigned to improve wildlife habitat, ag il presently contains
minimal aquatic plants and the water is too deep for emergent wetland vegetation. Pumping
large volumes of water is expensive, but will be needed initially (0 reduce nutrients in the lake to
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appropriate levels. Once bio-manipulation and oxygenation are in place, wetland filtration may
become unnecessary for much of the time.

Water treatment includes treatinent of the makeup water and watershed dry weather “nuisance™
flows. Removal of TN and TP contained in the recycled water and surface runoff in the tributary
watershed can be achieved by the redesigned 350-acre wetland to incorparate a 60-acre treatment
cell. Expected pollutant offsets are 6.5 to 27.5 tong’y for TR and 263 to 291 tons TN per year,
depending on the vohmne of make-up water added and the conecntrations of mutrients present.
These positive offsets indicate that the lake will have a net reduction in that mntrient, except
during severe droughts. Nuwsance flow removal will consist of collection and treatment of
various high nitrogen and phesphorus small discharges, and will utilize EVMWD facilities,
Local nuisance flows usually contain high levels of total dissolved solids (TDS), which prosent
problems for its future reuse, therefore diversion of local surface water into sanitary sewers has
limited applicability in the Lake Elsinore Basin.

Project Costs

Makeop water costs for stabilizing the water level of Lake Elsinore depend on the source of
water and its availability, as well as regulatory restrictions on the use of potable water for non-
petable use. Costs of imported water from potable sources ranges from $0.66 to $1.2 million per
vear for normal water vears and $4 to §7.1 million per year for dry years. These high costs,
together with a State of California decree that essentially prohibits use of potable water o
supplement non-potable supplies, eliminates use of potable water to stabilize Lake Elsinorc. The
use of local recycled water reduces the cost of makeup watcr to 2 range of from $0.26
million/year to $1.46 million/vear, cxcluding any freatment needed to reduced nitropen and
phosphorus in the recycled water down to 1-2 mg/L.

Economic benefiis of lake stabilization are many, especially in an area with considerable
tourist potential that is closc to several large metropolitan areas (Riverside, San Diego and Los
Angeles). Becduse the lake dres vp completely every decade or 3o, makeup water is essential to
maintain the lake level for recreation. The economic benefit of stabilizing the lake with recycled
water at an elevation above 1240 feet was cstimated at $2.4 million per year or about $24 million
pet decade {or between total desiccations). This cost can be compared with the costs for
restoration below.

Cost of the proposed project considers capital ¢osts and operation and maintenance (O & M)
costs of both in-lake and watershed restorution projects. The fotal cost for the new recyeled
water pipcline modification, redesipmed wetlands, bio-manipulation, and lake oxygenation
systems was estimated at $21.1 million {capital cost}) with annual O & M costs of approximately
$1 million. This cost can be sompared with the annual bencfit of a stabilized lake of $2.4 million
per vear, The cost benefit mtio for O & M and direct recreational benefits of lake stabilization 1s
thus well on the positive side,
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SECTION 1
INTRODUCTION

1.t PURPOSE

Lakc Elsinorc experiences substantial water ievel variation that inhibits shoreline development
and the growth of riparian vegetation. Low water levels also can impact recreational aetivity and
exacerbate conditions causing figsh kills in the Lake. The purpose of this study is fo examing
oplions for lake. level stabilization through the addition of rvecycled water, and tecommend
altermatives for water quality enhancement.

Elsinore Valley Municipal Water District (EVMWD) initiated this smdy to investigate the
feasibility of discharging excess recycled water from Eastern Municipal Water District {ENTWD)
te Lake Elsinare as makeup water to maintain desirable lake levels. Per agreement with the Cify
of Lake Elsinore, the lakes is to be maintained at a water surface elevation of 1240 feet above sea
level when supplemental water is available. A National Pollntant Discharge Elimination System
(WPDES) permit issued by the California Regional Water Quality Control Beard, Santa Ana
Region (RWQCB) would be requiredl for the proposed recycled water discharge. Becausc of the
nutrients in the regyeled water, enginecring alternatives must be identified to mitigate the impact
of recyeled water discharge. The selected alternatives must not exacerbate the existing sutrophic
condition of the lake and should also take positive steps to improve the lake condition for
recreational purposes.  This document ¢valuates the alternatives available to mitigate the impact
of reeyeled water and serves as the “engineering document™ required for the application of an
NEDES permit that would allow the discharge of recyeled water to Lake Elsinore.

1.2 PROJECT BACKGROUND

Lake Elsinore is a natural lake that, under historical conditions, varied in size from over 6,004
acrcs in very wet years to 8 dry plays in drought years. To moderate these extreme swings in the
lake’s area, a levee was constructed across the lake to limit its surface area to about 3,000 acres.
An improved outlet system was built at the same time to prevent flooding, since the lake's ability
to sfore floods was also decreased. Lake Fleinore i3 8 terminal [ake, a patural sink with no
outflow except during extremely wet yoars, when it drains to Temescal Wash., At an clovation
af approximately 1240 feet, the lake now encompasses 3,000 surface acres and 14 miles of
shoreline. Lake levels and watcr quality vary widely with precipitation in the tributary
watershed. Given good water guality conditions, Lake Elginore provides an array of water
recrcation opporunities.  Previous lake studies suggested that supplemental water of up to
15,000 acte-feet por year (AFY) would be needed for lake stabilization in order to maintain the
lake within a desirable elevation range.

Naturalty Entrophic Lake. Luake Elsinore ts 2 moderately large lake located in a very large
dratnage bagin ity semi-arid conditions between Riverzside and San Diege. The lake is technically
eutrophic in that it cxhibits the following characteristics:

« Large aipae blooms (¢chlorophyll-a = 50 pg/L} and common presence of blue-green algae
{cyanobacteria), io this case cspecially Microcystis,
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Section 1 - Introduction

= Large seasonal and duatly swings in concentrations of disselved oxygen. Anoxic (zero
oxygen) values have been recorded in most summumers in deeper water.

¢ Low water clarity; Secchi disc values less than one meter of depth are cormmeon,
High concentrations of inorganic nitrogen
High concentrations of total phospharous

In addition, the following are typical characteristics of eutrophic lakes that are also commeoen to
Lake Elsinore:

s Shallow water that does not show pemmanent thermal stratification in summer (technically a
polyruictic or many-rixing lake), This allows nutrients released from the sediments to be
tepidly carricd to the algae growing at the lake sorface.

# High ratio of watcrshed to lake surfacc arga (greater than 100 indicates potential eutrophy).
Lake Elsinore has a ratic of 167 {500,480 to 3,000 acres).

*  Very warmn dry conditions that provide maxirmum sunlight and favorable water tcmpemturcs
for bluc-green and other algae growth

« Warm wafer that shows daily or short-lived thermat stratification allowing total oxypen
depletion in the lake botfom water and sediments even thought the lake frequently mixes top-
to-batiom.

= Highly variable depth, including total dry out that eliminates shoreling vegetation that could
modify planktonic algae blooms,

From the characteristics staved above, it follows that Lake Elsinore is likely to be ewtrophic, even
in the absence of buman influences. Use of simple regression models such as the Vollenweider
madel that compare annual mrtrient loading with zome funetion of mean depth also shows that
Lake Elsinare is Likely to be ¢utrophic. Similarly, the Carlson lndex shows a similar entrophic
statc.  Howcever, these two models have limited applicability as they were developed for
temperate zene, seasonally stratified lakes. Since Lake Elsinore is probably natorally entrophic,
restoration to ite natural state may nat gerve the needs of the cwrrent lake users. A main factor in
the cutrophication of Lake Elsinorc is that sufficient nutrients exist in the lake to support the
growth of large amounts of algas. The decay of algae creates an imbalance between the oxypen
demand from decaying algae and the ability of the lake to provide sufficient oxygen. For lake
users, this wounld hot be aesthetically pleasing, and may posc public health risks during body
contact or ingestion of lake watcr,

Fish Kills. Lake Elsinore has experienced severdl fish kills aver the last decade. Table 1-1

ghowse statistics ﬂn!nx}rgen conditions, oxygen demand and lake volume as related to fish kille for
Lake Elsinore in the period 1960-96,

Some lake experts |have related fish kills to low lake levels and/ar the cellapse of algae blooms.
Both these conditions can cesult in figsh Kills, but furthcr examination of the more recent data
indicates that the :Zinl}? correlation fo fish kill is the scason {i.e. high summer, July-August, see
Tabie 1-1). During mid sumrner, the lake is at its warmest and most likely fo show temporary
thermal seratification. Measurements in Lake Elsinore and other very productive shallow lakes
show that, in anly %1 few days, thermal steatification can completely deplete disselved oxygen in
the bottom water, Y'ﬁ'ncc one can conclude that fish kills are a threat any time teroporary thermal
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stratification occurs. The rosulting mixing would bring anexic, ammeonia- and sulfide-rich water
to the surface with no refupe for the fish. Lake Elsinore has a high pH of around 8, so ammonia
and hydrogen sulfide conld be toxic. However, shallow water iz not deairable for most beneficial
uscs in Lake Elsinore, so stabilization of the lake level would be & benefit even if the deeper
water did not always prevent fieh kills.

Table 1-1
Lake Elsincre Fish Kill Summary
Initial  Fimal Oxygen Approximate Mass Basod Fish
Date D DO  Twuraticn Demand Lake Onygen Demand Kill
{mp/L)y (mgfl} {days) (mg/L/d} ¥ olume (B}
(308 m%

TulyiAug 1990 & L il 0.0 35 4 X
March 1991 T 1] k11 n.23 35 Bl
TulyiAug 1991 9 I 100 0.0 35 3z
Feb 1492 14 9 30 0.7 94 16
March 1592 8 i 30 0.0 124 13
July/Aug 1992 6.3 p ol 0.8 112 &0 X
MariApr 1994 16 8 45 0.8 L I8
Tundlul/Aug 1994 2.5 23 g L1] L.o7 1oz 71
May 1995 14.5 fi 30 0.28 115 32
JunzJuly 1995 9 3 n oz 111 T8 X
Juns 1994 3 & 30 .15 93 12

{Data summarized from Montgomery Watson Lake Blsinorc NPDES Pormit Foasibility Study,
December 1997, Figures A-3, A-4 and A-5)

Lake Elsinore Management Project/Basin Modification. Constructed between 19EE and
19935, the Lake Elsinore Management Project/Bazin Modification was a $40 million project
fundcd mainly by the US Burcau of Eeclamation (USBR}. The project consisted of an earthen
levee to reduce the lake's surface area (from about 6,000 acres to approximately 3,000 acres) in
order to reduce evaporation. This project also includes an operations island for accessing three
wells intended for domestic supply purposcs and lakc supplementation, riparian habitat and
wetlands mitigation areas; a lake-type inlet that divers flows from the San Jacinto River into the
lake; and an overflow weir to manage flood waters during storm events.

Amn area of about 350 acres in the back basin at the historic terminus of the San JTacinto River was
dedicated as a wetiand to provide environmental mifigarion for this comstruction, but it is
currently foo deep and deveid of vegetation to function a5 a wetland. This area and the entire
castern edge of the lake are currently undeveloped.

Tributary Drainape. Lakc Elsinore is the terminal lake of the San Jacinto River Watershed in
westcrn Riverside County.  The 500,480-acre drainage basin includes the Canyon Lalke
reservair, with & surface arca of approximately 10,000 acre-ft. Canvon Lake imtercepts most of
the nomal renoff and heavy sediments from upstream. Lake Elginore receives infows from the
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.Sectian 1 - Intraduction

San Jacinte River only when Canyon Lake spills, or during 2 major storm event. Lake Elsinore
alse teceives direct runoft from the simall adjacent watershed.

Lake Level Stabilization, Lake Elsinore has an annual water deficit of about 7,500 acre-feet,
with a 4 1/2-foot elevation drop, in normal yvears and a deficit of about 15,000 acre-feet in dry
years. Lake level stabilization can be achieved by the addition of 2 volume of water equal to
each year’s water deficit. The expected range of watcr clevation is four foot (1245 101249 fect
above mean sea levol),

Water level stabilization can only be achieved by the addition of new water from external
sources, such as pumped groundwater ot recyeled watcr. In a watcr-short area like southern
California, usc of potable quality proomdwater for lake makeup is noi the best sohrtion.
Nonetheless, the use of recycled water that contains nutrients also has its limitations beeanse the
lake i3 already eutrophic. However, the additional nutrient loading couid be offset by nuirient
reductions i other sources, thus mintmizing the increase or even reducing lake eutrophication.

1.3 REGULATORY REQUIREMENTS

With respect to water quality, the RWQCB has established water quality abjootives to protect
designated beneficial uses of Lake Llsinote {body contact and non-body contact recreation,
warm water aquatic habifaf, and wildlifc habitat). Based on water quality analyvses performed by
the US Environmental Protection Agency (EPA) in the early 1970s, Lake Elsinore was
recognized as a eutrophic lake.

EWQCE iz currently in the process of developing standards for Total Maximum Daily Loads
{T8ADLz) for nutrients in Lake Elsinore. The outcome of the TMDL process will impact the
discharges o Lake Elsinore, A copy of the staff report on the problem statement for TMDL for
rtrients in Lake Elsinore is attached (Appendix A) for reference. The project team held two
meetings with the RWQCB staff during the course of this projeet to provide project updates and
to receive input.

1.4 ORGANIZATION OF REPORT
The main body of the report includes the following sections:
Section 1 — Introduction
Section 2 — Recyeled Water and San Jacinte River Flow Charactonistics
21 Feeoveled Water Sources and Quantities
2.2 Recvcled Water Nutrient Data
2.3 San Jacmto River Flow Characieristics
Scction 3 - Recycled Water Conveyance Aliernatives

31 Altemative No. 1 - Delivery via Cottonwood Creek and San Facinto River
3.2 Alremative No. 2 - New Pipeline from Terminus of Temescal Pipeline
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Seciinn 1 - Introduction

il s

33 Alternative No. 3 - New Turnout in Temescal Pipeline near Lake Inlet
34 Altematives Evaination

Scction 4 — Lake Elsinore Sediment-Water Interface Studics
4.1 Summary of Previous Studies
4.2 Summer 2000 Sampling Program

Seoction 5 — Lake Elsinore Enhancement Alternatives
5.1 General

52  Watershed Management Methods

53 Sclection of In-Lake Treatment Methods

54 Biomanipuiation

5.5 Fizsh Managecment

Section & — Lake Aeration and Oxygenation Systems
6.1 General

6.2 Aerafion System

6.3 speece Well Oxygenation System

Hh.4 Pumped Storage Tailrace Oxygenation System
6.5  Recommendations

Section 7 — Wetlands Treatment
7.1 General

7.2 Existing Wetlands

7.3  Proposed Modifications

Section 8 — Project Offsets

8.1 The Meed for Difsets

B.2  Phosphorus Offsets through Treatment
B.3  Nitrogen Offsets through Treatment
84  Lake Level Stabilization Credits

8.5  (Other Credits

Section 9 — Cost Analyses

8.1 Cost of Makenp Water Supplies

22  Economic Benefits of Using Recyeled Water for Lake Level Stabilization

9.3 Costs of the Proposed Recycled Water Supply and Lake Management Techmiques
9.4  Balance between Costs and Benefits of the Project
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SECTION 2
RECYCLED WATER AND SAN JACINTO
RIVER FLOW CHARACTERISTICS

Lake Elsinore receives mflows from the San Jacinte River only when water i3 released from
Canyon Lake Dam or spills over during major storm events. To relisbly maintain stable lake
water levels in Lake Elsinore, new water must be added from extetnal sources, such as local
groundwater, surface water from Canyon Lake, purchased imported water, or recycled water.
For this report, reeyeled water is defined as Title 22 water and can be nzed in California for any
beneficial purpose except for direct drinking water supply. Up to 15,000 acre-ft per year (affyr)
ol water may be required to malce up for cvaporative losses in Lake Elsinore.

This section describes the potential recycled water sources, their quantitiez and quatity.
Characteristics of the baseline San lacinto River flows are also discussed.

2.1 RECYCLED WATER SOURCES AND QUANTITIES

Twe potential recycled water sources for this project are the Eastern Municipal Water District
(EMWD) recycled water conveyed through the Temescal Pipeline and the EVMWD Regional
Plant. The 1997 Lake Elsinore NPDES Permit Feasibility Study by Montgomery Watson
presented a technical evalustion utilizing recycled water from both sources.

2.1.1 EMWD

Table 2-1 summarizes EMWD's water recycling facilitics, treatment processes, capacifies and
average flows in million gallons per day (mgd).

"

Table 2-1
EMWD Water Racycling Facilities
Recycling Level of Treatment Binlogical Capacity Flow
Facility Treatment Frocess {mgd) {mgd)

Moreno Valley RWRE*
Old Plant Secondary Conventional E 2
Mew Plant Tertiary Bardeopho R E
Perris ¥alley RWRF
Old Plant Secondary Conventional 3 0
New Flant Tertiary Bardenpha 8 8
Suo City RWRF Tertiary Conventional 2 q
Hemet/San Jacinto RWRF Secondary Conventional 11 7
Temeculn Valley RWREF Tethiary A20 (BNR)" 1 7

" RWRF = Regional Water Reclamation Facility " BNR = Bioloyical nutrient remaovai

1.2 EVMWD
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Section 2 ~ Recycled Water!San Jacinto River Flow Characteristics

EVMWD's Regional Plant currently produces approximately 4 mgd of tentiary efftuent treated to
mcet Title 22 requitements, In aceordance with previous environmental analysis (Final EIR for
the Regional Wastewater Reclamation Plant Expansion, Tannary 1992}, a minimum of 0.5 mgd
of the effluent must be discharged to Temescal Creek to maintain downstream wetland and
riparian habitat. Flows ueed for lake make-up water and other recycling cfforts would come
frotn effluent prodoced in excess of this volume, WNote, the Regional Plant is currently being
expanded from 4.0 to 8.0 mgd - construction is anticipated to be completed in fall 2002

EVMWD cutered mto an agresment with EMWD in 199] to purchase excess recyclied [water
from the EMWD system for lake augmentation. The agreement provides for:

o  Sale of 5,000 to 30,000 acre-ft per year of surplus recycled water;
=  Base purchase price of $33 per acre-ft using a Consumer Price Index (CPI)-based fornmyla for
adjusiment;

Delivery from December 21 through March 21 in any given year;
An optien to purchase and extend deliveries when available;
Water quality assurances to meet basin standards and health regulations for body contac
Right fo refuse delivery should water fail to meet water quality standands;
20-year agreement with a five year nofification for non-renewal; and
EVMWD 1is to obtain an NPDES permit for discharge into Lake Elsinore.

CET

EMWD's recycled water would be deliverad to Lake Elsinore via the Temescal Pipeline, which
wag originally constructed to allow disposal of EMWD's excess flow from all its treatment
plants to Temescal Creek, downstream of the lake. Thus, only tertiary treated efftuent will be
conveyed in this “outfall” pipeline. During the preparation of this study, Mike Gartier of EMWD
indicated that effluent from the Moreno Valley RWRF, the Perris Valley RWRF and the
Temeoula Valley RWRFE would constitute the mix of recycled water fo be deliversd to Lake
Elsinore. Mr. Gamer further indicated that EMWIY efflucnt is 100 pereent reused in sumimet
within the EMWD service area. The availability of excess flow in winter monoths s still wnder
negotiation between the two agencies. For the pupose of facility sizing and mutrient loading
calculations, it ig assumed that 15,000 acre-ft per year of EMWD recycled wafer will be
delivered to Lake Elsinore to offset annual evaporative losses. EMWD's reeveled water sales
and disposal quantities between 1970 and 19992 are shown on Figure 2-1 for reference.
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Section 2 — Recycled Water/San Jacinto River Flow Characteristics

Figure 2-1
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22 RECYCLED WATER NUTRIENT DATA
2.21 EMWD

Nutricnt data were obtained from EMWD for the Morene Valley RWRF, the Permis Valley
RWRF and the Temecula Valley RWRF for the period botwoeen January 1997 and August 2000
{Appendix B). These data are summarized in Table 2-2 below, Total dissolved solids (TDS)
concentrations are alse listed for reference.

Table 2-2
Perris Valley RWRF
Effiluant Nutriants Analyses
{4/13/97 to BI7/00)
NH;-N NN NO:-N TIN Ortho TP TDS
(mg/L) PO,-P

No. of Data 336 41 43 19 3 6 L8
Minimum 0.1 0.01 0.41 0.2 1.2 0.3 425
Mdaximum A.0 d.6 4.8 4.6 1.7 2.8 a00
Average 0.2 0.4 0.91 0.2 1.5 0.3 302
MH Paga 2-1



Section 2 — Recycled Water/San .Jacinto River Flow Characteristics

Table 2-2 {Continued)
Temecula Valiey RWRF

Effluent Nutrients Analyses
{1/1/97 to 8/8/00)
NH,-N NOG-N NO5-N TINM Ortho " TDS
{mg/L) PO,-P
Nao. of Data 04 257 366 43 1 o 137
Minimum 6.l <001 0.01 2.1 2.6 38 545
Maxinmm 0.2 14.0 16.0 16.0 2.6 4.3 962
Average 0.2 < 6.3 7.00 6.5 2.6 4.4 674

Table 2-2 {Coniinued)
Moreno Valley RWRF
Effluent Nutrients Analyses
{1/14/97 to B/B/00}

NH.N NOzN NOsN _TIN  Orthe TP __ TDS
(mg/L) PO,-P
Mo, of Data 510 233 207 43 434 & 42
Minimom 0.1 0.0 0.0 .1 0.1 0.2 349
Maximum 19.0 7.8 150 199 6.5 3[.7 800
Average 3.6 2.7 4.10 7.3 1.7 2.0 437

EMWD presently has an NPDES discharge permit with a total inorganic nitrogen (TINY limit of
& mg/L for disposal of its recycled effluent into Temescal Creek. Since no total phospheorous
(TP} limit is currently in place, only sporadic data were collected at the treatment plants. In
addition, the fteatment plants were not operated under the nutrient removal mode when data were
collected. Mr. Gamer indicated that EMWI would not provide additional phesphorus removal
above current remaoval rates unless compensated for this effort, since phosphorus removal is not
required in EMWD’s discharge permit. Table 2-3 lists the performance of EMWD's water
recycling facilities versus their design capabilities when mnning in the nutrient removal mode.
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Seaction 2 — Recycled Water/San Jacinto River Flow Characteristics

Table 2-3
EMWD Water Recycling Facilities
Potential Nutrient Removal Levels
{Information Provided by EMWD, 2000}

Recycling Currently Operating Mode (mg/L) — Thesipm Capability (rog/L)

Eaciliby TIN TP TIN TP
Moreno Valley RWRF
Qld Plant 14 ! NA Na
New Plamt 2 2 1 05
Perris Valley RWRF
Old Plant 14 e Na NA
New Plant 2 2 1 0.5
Sun City RWRF 14 8 NA WA
Hemet/San Jacinto RWRF 14 8 NA NA
Temecula Vallcy RWRF 3 G 1 |

As indicated in Table 2-3, currently some of the EMWD plants ¢an achieve 0.5 mg/L TP, which
would be satisfactory for discharge into Lake Elsinore without additional treatment. Both
Moreno Valley RWRF and Porris Valley RWRF would be able to achicve the 0.5 mg/L TP limit
when plant operation is optimized for nutrlent removal. In any case, the recycled water quality
objectives need to be affordable and agreeable to EMWD, EVMWD, and RWQUR,

2.2.2 EYMWD
Recent nutrient data were also colleeted for EVMWIFs Regional Water Reclamation Flant

between Fanuary 1997 and July 2000 (Appendix C). Table 2-4 sumrnarizes the data.

Table 2-4
EVMWD Regional Water Reclamation Plant
Effluent Nutrients Summary (ma/L}

{1197 ta 700}
NH.-N Ns-N TIN Ortho PO-P TP
No. of Data 26 46 43 q 38
Minimum .1 14 1.6 0.39 0.12
Maxituin 2.9 21 21 il 11
Average 1.1 4.9 3.4 1.6 2.3

2.3 SAN JACINTO RIVER FLOW CHARACTERISTICS

To compare the reeycled water quality against the baseline San Jacinto River flows that cnter
Lake Elsinote, a full spectrum of flow and water quality data have been obtained from Riverside
County Flood Control and Water Conservation District (RCFCWCD) (Appendix D). Samples
were collected at RCFCD Station 827, located near the Lake Elsinore inlet on the northeast side
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Section 2 — Recycled Water/San Jacinto River Flow Characteristics

of the lake. Approximately 80 percent of inflows to Lake Elsinore are contributed by flows in
the San Jacinto River dewnstream of Canyon Lake. Canyon Lake only overflows inte Lake
Elsinore (via San Jacinte River) when the elevation of Canyon Lake exceeds the spillway level
of 1381.76 feet MSL. Runoff to Canyon Lake comes from as far away as the urban arcas of
Hemet, San Jacinto, Perrisy, and Moreno Valiey., Table 2-5 presenis a summary of selected
pararngters for Ban Jacinto River water.

Tabfe 2-5
Water Quality Data — Selectaed Parameters
San Jacinte River Upstream of Lake Elsinore (RCFCD Station 827)
{Grah samples collected quarterly betwean 9/8/34 and 4/20/99)

NH;- NO»- NOy- Org-N TN TKN TIN Org-P Ortho TP TDF TDS Flow
(mgiL) N N N PO, {cfs)

Mo, of 24 25 25 23 25 ) G T 7 25 15 23 24
Satnples

Minimum =01 =0l .3 o1 0.2 0.2 04 005 003 =003 005 314 Q
tlaximim 6.8 0.3 rT i3 83 1.2 69 15 2 27 0e2 280 a0
Averuge n4z2 011 085 (RO 2.2 1.25 175 Qna  D6e2 056 0,32 03z 13.5

Source: Riverside County, 2000

Approximatcly one quarter of the river flow dafa shown in Tablc 2-5 were collected during wet
weather conditions. They do not rcpresent storm flows as measured by integrating sarnples
collected over a complete hydrograph. Specificaliy, large amounts of particulate nitrogen and
phosphoms are probably transperted in the few hours of the highest water flow but wers not
specifically sampled for in the data presented m Table 2-5. Thus hugh nutrient measurements did
not necessartly correspond to high flows in the nver. The mutrient inputs could be contributed by
sources other than rainfall-induced flows within the tributary watershed, by crosion or other
unknown sources. For example, there are numerous dairies in the San Jacinto watcrshed as well
as housing developments and dirt roads.

24 SUMMARY

According to the data presented in the tebles above, the design capability ranges for TIN, TP and
TDS in effluent from each of the three EMWD recycled facilities are comparable to the average
water quality of the San Jacinto River as defined in Table 2-5. Addition of truc stormn water
values would greatly incrcase TN, TP and possibly TDP concentrations. Thus it appears that the
propused source of recycled water containg low encugh nutrient concentrations to be a viable
option far consideration as make up water for evaporative losses in Lake Elsinore,

In the highly variable inflow regime of Lake Elsinore, a single storm can bring in very large
amounits of nuttients.  Following wet El Nino years, for cxample, lake nutfents and watcr
elevation may peak and then slowly decline. In many lakes, winter inflows improve water
quality since the itial high notrient “first flusk™ is wushed through the lake and dewnstream.
Such flood events do not benefit Lake Elsinore m this fashion. The lack of an ontflow in mast
yoars und consequent retention of the first flush tends to make Lake Elsinore motre eutrophic than
would be expected from a simple nutricnt-to-algac model.
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SECTION 3
RECYCLED WATER
CONVEYANCE ALTERNATIVES

The Temescal Pipeline was constructed to allow disposal of excess recycled water from
EMWD’s treatment facilitics to the Temescal Wash in wet years and months with low recycled
watcr demand. It also provides a convenient means for the delivery of EMWD's recyeled water
to Lake Elsinore. After leaving EMWD's Sun City RWRF, the 54-inch diameter Tetnescal
Pipeline penerally follows the Railroad Canyon Road, tums nonthwest after crossing the
Interstate freeway 1-15, continues alonp Casine Drive, Flint Strect, Riley Strect, Collier Avenue,
and terminates at an energy dissipation facility scuth of Minthom Strest (see Figure 3-1). The
terminus location is also known as “Wasson Sill,” a high point located at the confluence of the
Wasson Canyon channel and the Tetnescal Wash north of Lake Elsinore, The Waszon Canyon
channel currently serves as the outflow channel for Lake Elsinore when lake level rises above
1255 ft above mean sea level (MSL}.

Constructed in 1996, the energy dissipation facility was desipned 1o reduce the pressure head of
recyoled water delivered from EMWD’s Sun City reclaimad water pump station at a hydraulic
grade line (HGL) of 1583 ft in order to discharge to the Temescal Wash at 1262 ft MSL. A
moforized sleeve valve was installed to dissipate the energy for flows up to 36 mgd
Dechlorination was also planned at this facility for effluent disposal. However, the
dechlorination function has been rclocated to the Sun City reclaimed water pump station, which
was designed to handle 20 mg/L of residual chlorine at 20 mgd capacity.

EVMWI's 1994 levee project modified the lake inlet, and it now diverts the last mile of San
Jacinto River water directly to the lake. The histeric San Jacinto River channel continues and
cnds at an existing wetland located at the southeast comer of Lake Elsinore. Tt is tocommended
that the reeycled water be delivered directly to the historic river channel south of the lake inlet so
that water can be further treated af the wetlands before lake discharge (the aspect of wetlands
treatment is addressed in Scctions 5 and 7). However, the river channel south of the lake inlet
would need to be modified to accommodate the flow (addrcsscd in Section 7). The river channel
would also need to be lined to retard subsurface percolation due to a groundwarer depression (the
*Sedeo Cone™} within the middle portions of the chamnel.

Three alternatives have been identified and evaluated for the delivery of EMWD's recyeled
water fo lake inlet for lake augmentation, as deseribed m the following sections.  All three
alternatives are shown on Figurs 3-1.

31 ALTERNATIVE NO. 1 - DELIVERY VIA COTTONWOOD CREEK AND SAN
JACINTO RIVER

The concept of Altemative No. 1 employs natoral means to dissipate the high pressurc of the
recycled water in the Tomescal Pipeline. A 54-inch-diameter pipeline would be constructed
along the Cottonwood Canyon Road located near the cast end of the City of Lake Elsinorc south
of Canyon Lake, to convey the recycled water uphill to Cottonwood Creek, 3 tributary of San
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Section 3 — Recycled Water Conveyance Alternatives

Jacioto River. A 54-inch flow isolation valve would need o be installed downstream in the main
Temescal Pipeline.

Since Cottonwood Canyon Road generally follows the alignment of Cottonwood Creek, the
length of pipeline required should correlate closely to the topography of the crock in order to
rinimize the impact on the creek. Approximately 8000 feet of pipeline are assumed at this
time. Recycled water would be released from the pipeline, travel down the creek to the river,
and eventually reach the lake inlet in its natural way.

3.2 ALTERNATIVE NO. 2 - NEW PIPELINE FROM TERMINUS OF TEMESCAL
PIPELINE

Altcrnative Ne. 2 takes advantage of the existing energy dissipation facility at Waseon Sill. The
Wasson Canyon channel cannot be used to convey the recyeled water directly to Lake Glsinore at
the current nutrient levels, unless permitted by the RWQCB. With Aliernative No. 2, recycled
water would be re-directed back to the lake inlet from the existing energy dissipation facility.
There are a number of altemative routes for the new pipeline; the final aligrument will depend on
the results of a utility search. For the pompose of developing construction costs, 20,000 feet of
54-inch-diameter pipe are assumed.

3.3 ALTERNATIVE NO. 3 - NEW TURNOUT IN TEMESCAL PIPELINE NEAR
LAKE INLET

Alternstive No. 3 is infended to shorten the required length of new pipeline. A new turnout in
the Temescal Pipeline near the intersection of Railroad Canyon Road and Casino Drive would
allow a vory short connection between the turnout and lake/river channel discharge.
Approximately 2,700 feef of 54-inch-diameter pipeline would be required if the recycled water is
to be delivered dirgefly to the river channel south of lake inlet.

34 ALTERNATIVES EVALUATION

The three altematives wore evaluated on a cost basiz. Implementation issues for each slternative
were also identified. Table 3-1 summarizes the evaluation. Costs of iterms ¢ommon to all
alterniatives, such as river channel lining and lakc inlet modifications, were not included in the
comparison.  Since the differcnce in anoual cperation and maititenance costs among, these
altemnatives is insignificant, it will not impact the selection of altematives.

Although Alternative No. 1 appears to have a reasonahle construction cost, many implementation
issues also need to be addresscd. First, it would involve discharging a large quantity of water
mto ‘the ¢reck/river during winter months.  Second, part of this discharge would percolate
through the Tiver channel bed and not reach the luke unless the channcl is lined, a potentially
expensive remedy.  Last, the Water Quality Control Plan {Basin Plan) administered by the
RWQCEB imposes a total dissclved solids (TDS) Limit of 450 mg/L for Reach 1 of the San
Tacinto River (Lake Elsinore to Canyon Lake). The effluent TDS cxceeds this figure.
Alternative No. | would not likely be approved by the regulators unless mitigation is provided.
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Section 3 — Recycled Water Conveyance Alternatives

Tabls 3-1
EMWD Recycled Water Conveyance
Alternatives Evaluation

Recyeled Water

Alterngtive No. 1 Alternative No, X Alternative No. 3

Delivery via New Pipeline from  New Turnout in

Delivery Alternative Cottonweod Creek! Terminus of Temescal Pipeline

San Jacinto River Tewmescal Pipeline  Near Lake Inlet

Additicnal 54° Pipeline R,000 lin ft 20,000 Lin ft 2,700 Hin fi
Tnstallation Cost ™" $2,400,000 $6,000,000 $R10,000
54" Flow Isolation Valve At tlow diversion Not required At flow diversion
Installation Cost ‘! $30,000 None £30,000
Energy Dissipation Facility @ Mot required Already in placc Near river crossing
Tnstallation Cost ™ None None $ 1,200,000
Total Installation Cost $2,430,000 $6,000,000 52,050,000
TDS Offser Required; may need to Mot required Not requircd
purchase dezaltar
Capadity
Other Tssues Pending RWQCB  New pipeline in
approval; water loss  utility-congested
in ¢reck/miver; public sireets
acceptance issue
Motes:

(1) Qrder-of-tnagnitude construction cost estimates are for companson purposes only; admintstraiion,
enginesring, contingency, ete. arc not included.

(2} EMWD provides dechlorination for 20 mgd of flow at Sun Cily RWRF. Additional dechlorination is
required fur flows beyond 20 med,

(3) Inflated originsl construction cost cbtained from EMWD; including site work, block building,
emergency gencrator, and molorized sleeve valve, '

{4) Duoes not include costs of river channel lining, which is comnon to all and estimated at $1.3 millipn.

Alternative No. 2 is the most expensive opfien duc to the length of new pipeling to re-direct the
water back to the lake iplet. Finding a suitable alignment for this large diameter pipeline may

also be difficult.

Alternative Nov, 3 appears to be the simplest and least expensive option to bring the recvelod
water to Lake Elsinore and is therefore the recommended alternative for this project.

MWH
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SECTION 4

LAKE ELSINORE SEDIMENT-WATER
INTERFACE & NUTRIENT ADDITION
STUDIES

Mumerous water quality studies have been performed on Lake Elsinors, each with a sliphtly
different objective. This project intends to identify and address the mitigation of additional
nutrient impacts on the lake resulting from the addition of regycled water to replace lake
evaporative losses.  In order to dovelop lake cnhancoment measures, additional data were
required to better understand various components of oxyeen demands in both the water column
and sediments of the lake, as well as to quantify these demands for freatment facility sizing,

Thiz scetion summarizes findings of previous studies pertinent to nuttient impacts, and the
results of this study's field sampling program conducted from July to September, 2000, The
complete Lake Elsinore Sediment-Water Interface Study report is aftached {Appendix E}.

41 SUMMARY OF PREVIOUS STUDIES |

Several previous stadies addressed the current issucs of convern for this project.  Of particular
interest are the following,

1. Lake Elsinore Water Quality Monitoring Program Black & Voatch, 1996.

Results of lake water quality monitoring between May 19935 and July 1996 were presented.
Phytoplankton enumeration, sediment testing, dissolved oxygen measurements, and various
water quality parametars wete includead.

The Black and Veatch study repeorted that very low dissolved oxygen (DO) concentrarions
occurred in summer. The low DO was likely to cause release of soluble bio-available phosphate
from the sedirments to the water columm, where it could stimmlate algal growth, In addition, the
same low DO levels were likaly to cause the release of toxic ammeonia and hydrogen salfida,

2. Lake Elsinore NPDES Permit Feasibility Study, Final Phasc | Technical Report
Montpomery Watson, 1997,

Thiz smdy investigated and modeled the hydrology and water guality of the lake and the
potential effects of recycled water addition under variens scenarios. Analyses of phosphorus
release from lake sediment were performed as part of the study.

The 1957 Montgomery Watson study determined that infernal notrient loading and recycling
between bottom sediments and the water column is the dominant seurse of phosphorus in the
lake, cspocially in dry vears. Because Lake Elsinore seidom averflows, nutrfents accumulate in
the lake and in the bottom sediments. The report slso sugpested that nutrient impacts from added
recycled water would be insignificant at concentration levels of 4,5 mg/L nifrogen and 2.0 mg/L
phosphorus.
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Section 4 — Lake Elsinore Sediment-Water interface Studies

3, Laboratory and Litmnoessm-seale Evaluations of Restormtion Alternatives for Lake
Elsinere. Michael A. Anderson, University of Califormia, Riverside, December 2000,

This study cvaluatcd the impacts of twoe potcntial water gquality improvement technigques:
aeration and metal salt additions. The experiments were conducted in the fall of 2000. The
laboratory microcosm study showed that addition of phosphate in the range of 0.1-0.3 my/L
stimulated fall (Octobet) algal growth, whilc mirate and ammonia addiion did not. Nutnent flux
measurement from lake sediments were carmed out in the laboratory under low DO conditions,
DO was shown to produce large amounts of algae-stirnulating phosphate and also the fish
foxicant ammeonia in lake-sediment cxperiments in the laboratory. These experiments showed
rates of releases of phosphate and ammeoenia compatible with the levels reported for the sununer
of the sumec year (Appendix E) and used for offset calculations (Section 8). The addifion of
alum, calcinm and aeration (air containing the usual 21% of oxygen) all resulted in reduction of
phosphate. Alum was most successful (~ 100246), caleium less so (65%) and asration reduced
prhosphate by 35% under these conditions. Alum was predicted te “completcly shut down
internal leading of P, at least in the short term.™  Alum, caloium and seration did net reduce
ammonia, af least under the conditions of these short-term laboratory experiments.

In the in-lake limpocosms study, wastewater in a 2001 dilution (lake: wastewatet) was used in
fixed columns that extended into the lake sediments, The 28:1 ratio approximated the
concentrations expected in the reclaitned wastowater after dilution in the lake. The tests were
carricd out over 30 days, but results were preatly affected by algae growth on the walls of the
linmocosms after 10 to 12 days. In this early period, & small stimulation from 12:1 recycled.
water was found on phytoplankton ag shown by chlarophyll @ pigment increases. Since this was
nol replicated, it was not confirmed whether the chanpes were real or due fo randor chance,
Since the changes found were always in the zame direction {inercasing), i is likely that true, if
small stimulation occurred.

Nutrients and wastewater inercased algal growth in field enclosures (limpnocosms). W astewater
combined with asration showed the same results ag wastewater and alum or calcium. Recyeled
wastewater used to stabilize the water Jevels in Lake Elsinors were calculated to be about one-
quarter of the infernal toading of phosphate from the anoxic sediments in normal years and morc
than ane-quarter in drought years.

Three of the results from the UCR study are important for the restoration of Lake Elginore. First,
fhere was a dramatic improvement in water gquality in the limnocesms after 10-12 days.
Profssor Anderson comments on the increased clarity, "It does underscore the benefits of a
macrophyte and attached algae-based ecosystern as cotmparcd to the phytoplankton-based system
presently in the lake.” Thus, Dr. Anderson’s comments fully support the bio-manipulation
restoration technique recommended in this Teport.  Biomanipulation uses a macrephytc-based
attached algae murient and turbidity-hased approach prometed by submerged vegetation,

The secomd significant findimg was the apparent difference in nutrient response from the lake
gummer laboratory bicassays. The rapid depletion in nitrate in the limnocosms, but the
floctuating phosphate suggests nittogen limitation. This finding is contrary to the laboratory
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smdies that showed phosphate limitation. It would thus be wise to pursue both nitrogen and
phosphorus reductions for Lake Elsinore.

Third, ne differences were reported in the benefits to water clarity or chlorophyll from the

addition of alwm, alum plus calcium, or aeration, when measuring the effects of 201 recyeled

water. These findings again contrast with the differences (100, 65 and 35%) found in the lcss

realistic taboratory studies. These data have been taken into account in caleulating effects of
proposed treattments and offsets in this report.  Most significant in the context of offsets

discussed-in this document, an internal loading rate of phosphate of about 23,000 kg PAyT was

gstimated from the UCR study's prelimminary data.

4. Comments on Caleium Addition as an Almal Treatment Systermn for Lake Elsinore.
William T, Berry, Cusick, Washington, 1905,

A series of comments and reports conclude that “Purting Ca'' into Lake Elsinore will compeound
the problem.” Reduction and/or climination of the source of the ortho-P (phosphate} were
suggestod as ways to comect the problems at Elsinere. By analogy, Professor Berry also
excluded other in-lake phosphate chemical treatments, such az alum or PhoslocE.

5, Report on the advisability of adding alum to cure eutrophication problems in Lake
Elsinoie. G, Denmis Cooke, Kent State University, Ohic. Summer 2001,

Dr. Cooke is a leading expert on lake restoration and has studied alum applicaticns in many
lakes. He concluded that alum should not be added to Lake Elsinore and ochoed Profiesgor

Berry’s comments that P-sources shonld be reduced in licu of using alum chemical sequestering
of zoluble P

6. Imicrnal Leading and Nutrient Cycling in Lske Elsinore. Michael A. Anderson,
University of California, Riverside. Aungust 2001,

This report expanded the fall 2000 UCE. repert (see item #3) and measured nutrient flux from the
sediments, nutrent loading from field monitoring, sedimentation and particle-bound nutrient
deposition. Sandy sediments were found in shallow (< 4 m deep) water, transitional sediments
at 4-6 m depth, and finc organic sediments in water 6-7 m degp. The fine organic sediment was
found to cover about 50% of the lakebed. Thus the area of organic and transitional sediments
that would release ammonia and phosphate is about 66% of the lakebed, as assumed in the
calenlations made in this report in Appendix E and Section 5. Both ammonia and phosphate
were released from the scdiments over a ranpe of tempersture and oxypen conditions, Less
phosphate was released under oxygenated conditions but reteases still oceurred. It should be
noted that the degree of ancxia was not recorded, so greater releases of phosphate may occur in
field conditions. A strong scasonal (as well as spatial} component was found for nutrient
releases from the sediments with highest releases in the summer {_phﬂﬂphﬂlf: = 12 mgfm¥id,
ammonia = 101 mg/m®/d) and lowest releases in the winter (P = 26 mg/m’/d, N = 7 mg/m¥d}.

Suspended sediments, as weil as nutrient releases from botfomn scdiment, were found to
contnbute to internal loading. The degree of bio-gvailability of the suspended sediments was
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congidercd lower than the soluble sediment nutrient releases. Suspended sediment had a similar
composition to bottom sediment and deposifion rates ranged botween 19 g,-’mz.l’d at 3 m depth to
about B0 g/m2/d on the lake bed. Mo clear seasonal or apatial trends were found, as might be
gxpected in a warm-elimate shallow lake. A lake nutrient budget was developed for the dry year
of 20071 and showed low external loading (0.63 tons P, 5.3 fons N), high internal sediment
releases (33 toms P, 197 tons N), and even higher, though less biv-available sediment re-
suspension (51 tong P, 270 tons N).

A mathematic BATHTUB medel was used to “predict limited increases in ... (algae) with
modest additions of recyeled water, although large additions were predicted to have a more
sigmificant effect.™ Air and alum additions were predicted to have a similar level of rcduction in
algae (27 and 32% respectively)., The teport concluded that “control of internal and, in wet
yvears, external sources of nuirients in conjunetion with lake level stabilization is necessary
befare: significant improvements in water quality can be achieved.”

The overall ratio of N:P for inflow and internal scleases was 6:1, or 5.6 if sediment re-suspension
is included. This wownld indicate nitrogen limitation overall. Since most of the parficulate
phosphate but only a fraction of the particulate nifrogen is bic-available, nitrogen limitation is
confirmed for the overall lake budget. However, the dominance of the non-nitrogen fixing and
ammonia favoring blue-green alga Microcysfis indicates that nutrient limitation in the ¢lassic
sense 1s not an applicable concept in Lake Elsinore at this time.,

An important conclugion can be reached from Professor Anderson's findings in thig dry year
with lintle inflow. The conclusion is that, even with complete TMDL control in the watershed,
the lakc will continue to be entrophic and have nuisance conditions such as algae blooms and
occasional fish kills. Eventually, 2 camplete TMDL control of nutrients might reverse the lake’s
trophic state.  Currently, inflow of nutricnts scrves to periodically replenish the nuiticnt pool.
The importance of an effective in-lake progess to reduce mtemal loading of bio-available
phosphate and ammonia is evident from the findings of this UCR study.

42 SUMMER 2000 SAMPLING PROGRAM

Field monitoritg and scdiment core experiments wers ¢onducted in Lake Elsinore during the
surnrer of 2000, The goal of this work was to evaluate the magnitude and dynamics of various
components of oxygen demand in tho lake, and to examine the effects of oxygen on nutrient
dynamics at the sediment-water interface,

Thermal stratification was observed in July and early August and surface water was
supersaturated with dissolved oxygen (DO) as a result of phytoplankton activity, Below 2
meters depth, DO tended to decline with increasing depth. Tn late August and September, the
water column was isothormal and undersaturated with DO, Relative to saturation, the lake
exhibited a DO deficit of approximately 400 tons oxygen. Soluble reactive phosphorous (SRE)
and nitrate were never deteeted in the lake. Ammenia was detected in July and carly August in
water below 2 meters at a concentration of 50-200 mivregrams (ug)-N/L. In late August and
September, atnmonia was detected throughout the water eolamn at ahout 300 po-N/L. Theugh
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SRP was not detected in bottom-water, a number of tield observations suggest that the sediment-
water interface was reduced (anoxic) and was a source of internal autrient loading to the lake.

The oxygen demand of lake water was measured at 0.4-0.5 mpgT/day in July and 0.58-0.9
mgLiday in August, Sediment oxvgen demand (SOOI in July, August and September
experimental chambers averaged 1.56, 1.34 and 0.51 grams per meter squared per day
{g/m?/day). Mixing at the sediment-water interface increased SOD at two of the three sites by
30-70 percent. Based on these experimental data, summertime oxygen demand in Lake Elsinore
i3 approxirnately 80 tons/day. Much of this demand is satisfied by natural re-aeration from the
atmosphere and from phytoplankton DO production.  An analysis of eleven historical DO
depletion episodes yielded DO consumption rates ranging from 3-32 tons/day with a median of ¢
tong/day.

Nutrient release experimeants showod that oxygenated conditions inhibited or reversed sediment
release of SRP and ammonia. Anoxic SRP and anmumonia release rates ranged from 7.7-26.6 mg-
P/m%/day and 41-119 mp-N/m/day, Relcasc rates showed no spatial variability, but did show &
sigificant degline between sampling dates. Estimated monthly internal loeding of nutrients for
Tuly through September ranged from 3,500 to 5,800 kg-P and 16,300 to 26,000 kg-N.

Based on the results of the summmer 2000 sampling program, the following has been
recommended:

1) An aeration system should be installed in Lake Elsinorc. Such a system would result in a
number of water quality benefits.

2} An oxygonation system sized for 27 US tons/day should be used to inhibit fish kills. This
includes a baseline delivery rate of 20 tong/day that would satisfy 90 percent of hisforical DO
depletion episodes occwrming befween 1990 and 1996, Tt also includes an additional 7.5
tens/day to compensste for potential induced oxygen demand. Either a mixing system or an
oxygenation systemt should be considered.

3) Additionally, an oxygenation system sized for 46 tons/day should be used to inhibit excessive
internnl nutrient loading. Te meet this higher demand, a submerged oxygen-water contact
chamber with 2 horizontal diffuser is recommended,

4) A value of 24.5 US tons-P per year can be used as an estimate for the infernal loading offset
that could be achieved via agration. The offsets are further disenssed in Section 8.

Dr. Michacl Anderson of UC Riverside has rccently performed other lake studies for the
EWQCB, including the internal loading of P and the maximum nutrient input from recycled
water to the lake without impairing beneficial nses. This project tcam coordinated with Dr.
Anderson duning the preparation of the study, The comprchensive recent work of Dr. Anderson
is in broad agreement with the limited studics reported here. In particular, the UCR study's
December 2000 estimate of intcrnal [oading is in agreement with the value shown in #4.
Howewer, this value may vary from year to year and in his second report he increases this value
to about 33 tons/y, of which at least 27% {9 tons) would be inhibiled by acration or oxygenation.
Impravements in technique could increase this value. These findings concerning the need for
lake stabilization and the modest increase in lake algae (predictod by a mathcmatic model) from
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the typical recyeled wastewater additions are in line with the findings and suggestions in this
Teport.

Because Dr. Anderson carricd out both field and laboratery tests aimed at assisting selection of
restoration teehniques, a more balanced view of the likely effectivencss of alum and acration {or
oxygenation) ¢can be gained. It secms most probable that the higher sediment phosphate releases
it summer, that eccur prier to Dr. Anderson’s 2000 stdy, saturate the aguatic ecosystem.
Ammotia releases in the summer probably saturate the nitrogen component of the nutrient load
as well. Because the tnain algae species in Lake Elsingre can stors many generations worth of P
as granules inside the cells, P-limitation, as measured by Dr. Anderson, must be quite strong,
However, there was ample P available from the sediments in summer and fall 2000, Passibly,
Dn. Anderson’s laboratory microcosms contained rapidly growing algae, or those that had been
isolated from deeper P-rich watcr by temporary thermal stratification. In contrast, the in-lake
limnocosms  studies would automatically sample a larper, and perhaps less stratified,
phytoplankton population sinee they were in shallow water nearer the lake edge.
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SECTION 5
LAKE ELSINORE
ENHANCEMENT ALTERNATIVES

51 GENERAL

As stated in Section 1, Lake Elsinore is enfrophic and experiences blue-green algae blooms
resuiting in low dissolved oxygen levels, oceagional summer fish kills and malodors. These
conditions and their probakle causes addressed by lake management for Lake Elsinore are shown
in Table 5-1 below.

Table 5-1
Current Problems in Lake Elsinore
Problem to be Probable Cause Other Possible Canses
Addressed
Figh kills Entire water solumn mixing fallowing temporary nuid- Law winds, very low
summer thermal steati fieation {low dissobved oxygen, watar lavels, algae
foxic ammeonia, toxic hydrogen sulfide) bloom and die-off
Larpge water level | Insufficient yearly inflow, 5 teet of evaporation each Gently sloping shallow
Auetiations SUIITICT ake bed exacerbatoa
effect
Malaodors Anoxia (no oxygen) on lake bed, hydrogen sulfide Dread fish, algae
Algae Excessive nuinents from watershed and anoxic lake bed | Shallew Take mixes
in pummer {internal loading nutricnts from sediments
High internal Anoxia on lake bed, sediment re-suspension from wind
nutrient ivading action
Mo lakeshore Desicoalion of lakeshore vogetation due to large water Hard subsirate, wave
vegetation level fluctuation, carp grub up sediments & plant roots | action
{ernergeml or of submergent plants, phytoplankton shade underwater
eubmerpgent) planls

The mcthods available for solving the problems iisted in Table 5-1 arc best divided into two
categories: watershed management and in-lake trcatment. This evaluation addresses five
watershed management methods and seventeen in-lake treatment methods, whick are described
in the following sections,

3.2 WATERSHED MANAGEMENT METHODS

All lakes are direct]y impacted by their watersheds. Lake Elsinore’s watershed encompasses a
dircet drainage area of 46 square miles, plus wet weather overflows from Canvon Lake, which
has a drainage area of 780 square miles. Runoff transports the nutrients (particulatly
phesphorus) to Lake Elsinore via the San Jacinte River that are the cansc of the lake’s nuisance
algac blooms. Five watershed management methods typically used to reduce pollutant input to
the lake are discussed and evalhated below for the Lake Elsinore drainage basin.

Treat sewage. Tertiary treatmient is currently provided for most of the wastewater collected by
sewer systems in the developed areas in and around the city of Lake Elsinore. No sewage
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treatment plant effluent is currently discharped info Lake Elsinore or its tributary streams,
Treated sewage is either recycled or discharged info Temescal Creck downsiream of Lake
Elsinore,

Divert mon-point sewage. Non-point, diffuse sources of sewage are penerally from septic tank
leachfields around the lakeshore. If they are sited on large plots of land, septic tanks are
acceptable methods of reatment for the oxygen-demanding components of sewage. However,
septic gystems are ineffective for nutrient removal of all waste components, even if there arc
sufficient frees in the vicinity of the leachfields to remove soluble nitrate. In winter, trees do not
assirmlats much watcr from the ground, which can contribute to soluble nutriests flowing to
local groundwater and eventuatly to the lake. One method fo reduce diffuse septic tank pollution
is to intercept septic tank dizeharges and connect them dircetly to 2 sower system.  This method
is applicable for some of the unsewered residential complexes near the lake.

Decresse landscape and agricaltural fertilizer input. The other main diffuse sourse of
nutricnts in most drainapges is “nuisance flows™ from landscaping imigation and nmoff from
farms. Tn the Lake Elsinore watershed, nuisance flows de exist and could be collceted by the
ganitary sewer system and treated. The wvolune of these flows and their effect on the lake
nutrient budpet are tnknow.

In the dry climate of Lake Elsinore, runoff from agricalture is likely to oceur only in winter
season rain storms, Although occasional, such flow can contaln high amounts of mtrients and
pathogenic wastes. There are several dairics and other agricultural operations in the vast Lake
Elsinore watershed. It is recommended that confrol of agriculftural and other diffuse nutrient
sourced be mainly directed through RWQCB's engoing TMDL proccss. EVMWD is also
preparing an update to the San Jacinto River Basin Watershed Sanitary Survey, which will
examine these “non-point” pollution seurces and remediations.

Restrict entry of storm runoff and/or runoff sediment. Runoff that carries soil sediment
contains nutrients at ruch higher concentrations than even euirophic lake waters. The removal
of storm runoff sediments is important since they contain sarbed matrients that are released when
the sediment patticle contacts the lower notrient setting of the lake, In addition, once in the kke,
arganic sediment particles can be decomposed by bactenia, releasing nufrients in summer and
adding to the lake’s internal nutnent loading.

Typically, Best Management Practices (BMPs) are used to vontrol sediment losses. Contour
plowing, improvcd road grading, and enforcement of munoff control measures during
¢onstruction are examples of non-structural BMPs commeonly used. Constructed detention ponds
and wetlands to hold wrban and agriculturs]l runoff are examples of structural BMPs. Tt is
recommended that BMPs be also considered in the TMDL process not directly dealt with in the
management of Lake Elsinore.

Use of wetlands as “biological filters.”  Wetlands in wet or dry conditions have proven
cifoetive ut removing sediment and soluble nutricots as well as heavy metals, organics, posticides
and pathogens.  However, a detention time of one to four weeks is needed for seluble numrient
removal. Only a few hours are needed for sediment removal in wetlands, 1t is recommended
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that wetlands be employed in the drainzge basin where possible. The existing 350-acre lakeside
wetlands eould be reconfipured to serve this role. Wetlands treatment is further discuszed in the
subsequent sections of this report.

53 SELECTION OF IN-LAKE TREATMENT METHODS
Scventeen in-fake treatment methods were considered for lake management, as listed below.

A. Physlcal Methods

Common and widely applicable methods
Dredging and disposal of lake-battom sediment

Water level drawdown and water level fluctuation
Destratification and lake mixing

Mactophyte (water weed) harvesting

Wetland algac filters (off-line wetlands)

S

Minor or restricted methods

6. Algac (phytoplankton} harvesting

7. Brlective withdrawal of hypelisrnion water
8. Dilufion/flushing

9. Beditnent sealing (fabric liners, bamers)

B. Chemical Methods

11). Herbtcides {for algae or macrophytes)

11. Oxygenation or acration

12, Shading (dyes)

|3. Sediment sealing (chemieal; alum, Phosloe for POy binding or calcium carbonate)

C. Blologlcal Methods

Direct
14. Pathogens of algac or macroplhiytes (virug, bacteriophages, bacteria)
15. *Grazers™ on algae or macrophytes (grass carp, Tilapia, beetles)
14. Mutricnt harvesting

Indirect

17. Bio-manipulation (“top-dewn™ controls of the aguatic food chain to faver algae-filtering
Daphnia (water flea)). Includes harvesting excoss small fish and bottom-grubbing carp.

The applicability of the ahove methods for Lake Elsinore is summarized in Table 5-2.
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Table 5-2
Applicability Review of In-Lake Methods for Lake Elsinore
Na. Method Applicability for Lalke Elsinore Use
1 |Dredging Too coatly for a large take where over 200 foct muost be rerhoved Ma
1 |Water level Anctustion Stable lake level will improve shoreline for humang and eiparian & Yioa
submersed vegetation. Addition of recycled water is Jeasible from
local sources. Mutients added can be offset with cxypenation,
wetlangs and at-plant frestment. 1s needed for blo-mandpulation,
3 |Destratification and lake |[Possible method using atr mixing to toove oxygenatod surface water Mo
mixing to anoxic sediments. Will require most cocrgy when problems are
warde. Mot shown to worlc in wanm climates
4 |Macrophyte (water weed) [No weeds at present, thechanics] harvesting may be needed along Maybe
harvesting with herbicides in enhanced lake for inshore swimmingboating
areas, Combine with bio-manipolation
5 |Wetlaod algae filters (off- |Geod method for direet mmoval of algac using redesigned 250 acres | Yes
line wetlands) of current lakebed “'wetlands™. High pumping cost, sweecssful in
tests in Flovida. DHecontinue afier bio-manipulation
& |Algae (phyteplunkien) Cost is high unless algae are harvested and s0ld as high priced health|  No
harvesting food o food dye. Possble usc with Oregon firme.
T |Seleciive withdrawal of Mo spure water to lose, would require a large siphon from the decper No
hypolimnion water lake W autled
8 |Dilotiontiflushing Mo spare or clean water available in large amounts Na
9 |Sediment sealing (fabric  Lake too Targe for theas methods. Could be used for weed control | Limited
liners, barriers) alongside docks, swim arear
10 (Herbicides (for algac or  (Will be neaded ta shape the expected vepetation growth following Yeg
macruphytes) biomanipulation. Combine with harvesting?
11 |Oxygenatlon or aeration  (Main method to prevent fsh kill, odors, internal nutrient loading, Yes
(xygenation only feasiblc method in Elsinors duc to huge pipe runs
nocded for agration in very shallow wetcr, Reduce after bin-rsnip,
12 |Shading {dyes) Lake toa [arge, dye lagts only a few months, No
13 (Sediment sealing (alum, |Lake very large for there methods, high cost, reserve for limited use MNo
Phoslors or caleinm if aerutipn/oxygenation is not fufly effective for BO,, Not
carbonate) recammended for Elsinore; increases toxicity and pH. Recent
cxperimenits show wlum can be replaced with oxygenation,
14 |Pathogens of algae or Ineffective for blus-green algae due 1o resiktance buildup. None No
macrophyies known for mecrophyies
15 (Fish grazers an algae or  {Not applicable, lake needs more aubmerged macrophytes, tiot Less No
macrophyies :
16 |Nutrient barvesting from  [Many small fish and large carp will be harvested as pant of the bio- ek
fish or other hioia manipulation process, N and P removal expected to be sinall relative
to inflows, Combine with bioc-mamipulatdon
17 |Bio-manipulation blain sustainable method to remowve nuisance alpae, tie up nutrients, Yes
reduce sediment re-sysprnsion
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For Lake Elsinore, the three chosen methods for lake enhancement are:

= A5 Wetlands filiration
«  B11 Dceper water oxygenation
* (17 Bio-manipuiation

The application of oxygenation/aeration and wetlands treatment for Lake Elsinore requires morg
site-specific development and therefore will be addressed separately in Sections 6 and 7. Bio-
mantpulation is a relatively new method, which has had some significant successcs in Europe,
and i discussed in detail balow.

3.4  BIO-MANIPULATION

Bio-manipulation, as its name suggests, is a lake management tochnigue that relies on altering
the lake’s biology in order to change the water quality. Bio-manipulation hag had some great
success in shallow lakes in Europe, and research in the US has indicated that it could bc
suecessful here as well. Bio-manipulation for use in Lake Elsinore has several components,

¢ Increase in submerged plants in the shallow panis of the lake
s Inecrease in the effectiveness of algae-filtering zooplankten
Balance between plankton-cating and fish-eating fish stocks
Removal of bottorm grubbing fish

Initial large reduction in nutrient loads to the lake

The role of the plants is the overall key. First, the plant roots stabilize the sediments and reduce
int¢rnal loading via sediment re-suspension. The shelter from the waves provided by the
underwater stems and leaves also prevents sediment re-suspension. Second, the calm water
between the stems is unfavorable to planktonic aigae, which quickly sink, and die or are eaten
thus increasing wafer clarity in the open water. Third, the dense underwater vegetation provides
a duytime refuge for the small zooptankton that eat algae during the night when they venture out
into the open water (most fish feed by sight and cannot see algac in the night).

Enhancing the nuisance algac-grazing patential of the zooplankter, Daphnia.

|
The theoretical concept of bio-manipulation has a main component that involves matipulating
the lake ecosystern so that large zooplunkton that filter larpe amounts of water and foed on algae
are favorcd over small zooplankton that filter much less water. Large zooplankton are a favorite
food for small fish, so reducing the excessive numbers of small fish usually found in eutrophic
lakes is one method of bio-manipulation,

Instead of curing cutrophication by removing nutrients or killing the alpae with chemical
Poisons, bio-manipulation uses changes in the upper part of the food web. This concept has been
formalized in a modem ecological hypothesis, the “Top-down, Bottom-up™ hypothesis, as shown
halow,
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BOTTOM UP HYPOTHESIS

Mutrients — Algae — Lawer water clarity — Problems

TOP DOWN HYPOTHESIS

Big fish eat small fish
Small fish eat big zooplankton
Big zoeplankton cat more phytoplankion
* Phytoplankton reduction is a desirable goal

Lo i N -

The method was first attempted by simply adding large fish. The method worked in small lakes,
but over-fishing, pellution and inability t¢ control small fish populations limited the method in
large iakes. The approach used by Europeans in large shallow lakcs was the more practical
method of removing small fish directly using nets. In the early stages of bio-manipulation,
netting of fish had to be done quite frequently, as often as every two weeks, Less frequent
nctting is needed once the gencral fish population in stabilized. 1f any large fish or any desirable
native or rare figh are netted, they are put back into the lake.

Large bottom grubbing fish, such as the introduced Enropean carp, may inhibit bio-maniputation
for two reasons. First, they disturb the sediments so that it is difficult for aquatic plants to
germinate and grow. Second, carp caf sediments and pass algas nutrients into the water more
quickly than native fish. Fishponds with carp are usnally green with suspended algae and have
few aquatic plants. The opposite is preferred for Lake Elginore. It is proposed that, along with
the regelar summer netting of small trash fish, that large carp be eliminated as much as possible.

Modem shaliow lake limnolegy indicates that there are two stable states for shallow lakes, Onc
is an algae-filled furbid lake such as Lake Elsinore, the other is a clear water lake with about 40
percent of its shallow edge waters filled with aquatic vegetation. At the cutrophic state, addifion
of nutrients to a shallow lake ¢auses overgrowth of aquatic plants and eventual death, The lake
is then stable as a eutrophic lake.

For a ¢leat water marsh, reduction of nutrients or removal of algae by increasing zoaplankton
grazing rosults in an increase in large zooplankton, especially Daphaia, and re-growth of aquatic
plants. Note that nufricnt reduction alone will not achieve clear water (e.g., Lake Sammarnish
upstreamn from Lake Washington, Seattle). Tnstead of hoping that natural large fish will cat
sufficient smali fish to allow for 2 Daphria population explosion, it iz possible to assist nature by
removing some of the excess smaller fish. The results of removing small fish in a large shallow
lake in Europe include:

. Increases in Secchi depth,
. Increases in Daphnia,
. Increases in littoral (shoreline) aquatic vegetation,
. Decicases in blue-green algae scums, and
. Best water qualily acsthetics since 1920,
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5.5 CURRENT FISH MANAGEMENT IN LAKE ELSINORE

Bio-manipulation requires baluncing the ratio of fish that eat zooplankton {planktivores) and
those that wat other fish {piscivores). Generally most sport fishing leans towards piscivores, so
bio-manipulation should be easily compatible with typical fish management in inkes. Current
fish stocking and other fish management practices arc discussed below.

Lake Elsinore is the largest natural freshwater lake in southern California. Because the lake is
shallow, nutrient enriched, and located in an arca with ample sunshine, it is very productive
biclogically. Representative species found in this warm water fishery include largemouth bass,
bluegill, bullhcad, carp, channel catfish, crappie, and threadfin shad. In order to have a more
comprehensive understanding of how to bic-manipulate the lake, Mr. Pat Kilroy, lake manager
for the city of Lake Elsinorc, provided the following information on ewrrent fish stocking
practices at Lake Elsinore in 2 memerandum dated September 26, 2000 (suc Appendix F).

Lake Elsinore’s water quality has not always been favorable to support a sport fishery. Due to
the periodic low oxygen levels cansed by excess nutrients and alpae, carp arc the predominant
apecics of large fish in Leke Elsinore throughout the year, With rcasonably good water guality
in the lake for the past five years, it has been reported that the sport fishery has significantly
improved, especially the size and number of catfish and crappie. However, this contenttion was
based en a few photographs and anecdotal information, with no fish population survey or creel
counts. The city of Lake Elsinore and the California Department of Fish & Game (CDFG) bave
taken advantage of this good water quality in performing some minor fishery enhancement work
and the initiation of a fish stocking program. There are unconfirmed reports that Lake Elsinore
had not been stocked with fish for at least 15 years prior to 2001, CDFG has included Lake
Elzinore it its “Put n' Take™ Trout Fishery Progrem in an attemnpt to expand fishing opportunitics
for the general public, particularly during the winter months when the lake has high oxygen
levels from the surface to the bottom waters. Table 5-3 presents the stocking details of the 2000
fish stocking program.

Table 5-3
2000 Lake Elslnore Fish Stocking Program
Tatal Size Range
Type of Fish Stocking Date {(pounds or (pounds or inches)
or Time Period numbger)

Rainbow Tront Feb, 2000 5,000 tbs. 1-6 1bs.
{scheduled trout stocking} Nov-Dec, 2000 6,230 lba. 0.5-6 Ibs.
Charmel Catfish March-Tuly 2000 8,550 1bs. 1-3 Ibs,
Largernouth Bass fingerlings Junc 2000 3,600 fish Z-inch

Note: “Just-4-Kids™ Fishing Derby held in June, 2000,
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SECTION 6
LAKE AERATION AND
OXYGENATION SYSTEMS

6.1 GENERAL

Daily or short-lived thermal stratification exists in Lake Eisinorc that allows fotal oxygen
depletion in the lake bottom water and sediments, despite frcquent top-to-bottom mining of the
lake. Since the lake is not permanently stratified In summer, nutrients released from the
sediments are rapidly carried to the lake surface, which acceleratcs algas growth. Other
compounds such as hydrogen sulfide and ammonia can also be released at low dissolved oxyeen
(DO) levels, which have the potential to cause fish kills.

As deseribed in Section 4.2 of this report, an oxygenation rate of 27 tons per day to the lake
battam water is recommended to inhibit fish kGlls in Lake Elsinere. This includes a baseline
delivery rate of 20 tons/day that would satisfy 90 percent of historical DO depletion episodes
occurring between 1990 and 1996, and an additional 7 tons per day to compensatc for potential
induced oxygen demend. However, if the goal is to inhibit internal nutricnt loading, a much
larger delivery capacity of 46 fons per day oxygen may be nceded to assure that a well-
oxygenated sediment-water interface is maintained. For the purpose of this project, an acration/
oxygenation zystem will be sized at a capacity of 20 tons oxygen delivery per day, Expansion to
the theoretical limit of 46 tons per day in order to meet the oxygen demands in the water column
as well as the sediments is possible, but unlikely to be needed once the entire package of four in-
lake and two watcrshed management systems are jn place. Thus a professional judgrnent was
made to limit the system capacity to 20 tons since some undersaturation of oxXygen can be
tolerated without producing fish kills. A similar professional. judgment was made for the
aeration/mixing schemc where the most extreme stratification will not be fully overcome on the
hottest days.

Various mcthods of oxygenation, acration and other modes of lake mixing are available to
replace oxygen in eutrophic lakes where oxygen is depleted in deep water and sediments by
decaying algac. The main advantage of acration/oxygenation is that hydrogen sulfide production
ig inhibited and internal loading of phosphate and ammaonia from the sediments is eliminatcd.

Five major methods including standard aeration, propeller mixing, diffused Mobley-TVA
oxygen bubblers, Canning Pump (on-shore oxygenation) and a modified Speece Cone (Speece
Well) system have been considered for this study. These methods were discussed and evaluated
in a workshep on August 15, 2000. Results of the workshop and the logic behind the selections
are summarized in Appendix G. In general those methods that worked best under conditionz of
temporary stratification (i.e. pre-cursor to fish kills) and had a horzontal distribution of
oxygenated wafer over the sediments were favored over those that warked best in well mixed
conditions, which have ne danger of fish kifls.

From the workshop, two methods were sclected for further cvaluation: preéaure OX ygenation
with a Speeec Well and some form of aeration/lake mixing, The Spesce Well system contains
some untested design segments, but these were considered to be small disadvantages since the
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main ¢concept had been used in other lakes. The standard aeration method while too cumbersome
and costly has a long track record. The two selectod methods are discussed in detail below.

6.2 AERATION SYSTEM

Simple aeration is the most widely used mcthod of lake management. but the technigue mixes
the lake, often with unwantcd consequences. For permanently strafified lakes, hypalimnetic
acration ot oXygenation is preferred. Current methods of sinple acration employ various kinds
of mechanical devices, which range from cnclosed airlift pump towers, to miles of perforated
hase, to sophisticated underwater mixing systems. Ounly those methods applicable to shallaw,
traditionally unstratified lakes such as Lake Elsinore were considered. These techniques range
from adding compressed air to a submerged pipe with holes along part of the length, to complex
arrays of submerped air/water diffusers.

The main advantages of shallow lake acration are:

* Aeration is non toxic '

* Simple constuction for small lakes (air compressor, pipes, diffiusers)
»  Givea rapid results for reduction of fish kills

» Should reduce internal loading of phosphate and ammonia

» [mproves fishing for warm water species

The main disadvantages of shallow water acration are:

* Large amount of piping and thus costly for large lakes

* [arge air compressors are neisy and undesirable around peaceful lakes (noisc reduction is
availabie for approximately the cost of the compressors).

= System is subjeet to disturbance by boat anchors and fishing lines

« Aerated water motion is imparted in the vertical plane, not the desired horizontal plane

*  Works worst under temporarily stratified conditions when fisk kills are most likely

= Higher risk of increascd trbidity through sediment resuspension

Mest aeration schemes are designed either to add oxygen from the aeration bubblcs to the deeper
anoxic water, or to mix axygen-rich surface water down into the deeper water. Lake Elsinore’s
surface wafer is supcrsaturated with oxygen during the day, due to photosynthesizing algae:,
whereas, the bottom waters are often devoid of oxveen. Through aeration, the lake water eould
be vertically mixed and its oxygen content could be more uniformly re-distributed from top to
battom.

In shallow lakes, there is not enough contact time for the rising air bubbles to transfer oxygen
into the water. A working guide for the optimum-depth for bubbles to come to equilibrium with
water 15 104 feer; 30 feet is about the minimum depth. This is because the air bubbles rise guite
quickly and it takes time for the oxypen transfor to ocour. A 2-mm bubble will rise af 22 em/fzee
in calm water, which means that even with 50 feet (15 m) of depth the bubble will risc to the
surface in about one minute, The effective depth of anoxic or low-oxygen water is the measurc
that is of importance in the oxygen adsorption, not the total lake depth necessarily. Tn Lake
Elsinore this dopth is generally only 5-110 feet, although it may be as much as 15-20 feet in Jow
wind conditions. Thus, air bubbles will only have about 10 scconds of transfer tite to oxygenate
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Section b6 — Lake hgrﬁatinn and Oxygenation Systems

Lake Elsinore. Thereforz, due to the shallow dopth of the anoxic zone, lake mixing or
destratification is the preferred asration option for Lake Elsinore.

Canventional compressed atr systems. These are available commercially (e.g. Aguarius
Systems, Florida) and typically require either a flat lake bottom or one pipe to each diffuser. The
concepl 18 similar to the acraton basins of a wastewater treatment plant. I one diffiser iy
installed higher than another, air will flow to the shallower one that has lower pressure resistance
for discharge of air flow. Figure 6-1A provides a conceptual layout of this conventional aeration
system,

Alr could be suppiicd from compressors at one central location or several locations along the
lakeshore, The total capacity of compressors needed is about 5,200 sefm (4,400 m*/hr), which
may have to be further retined during design. For complete destrutification of a 23 feet (7 m}
deep lake the horizontal diameter of the primary miXing cell would be about 300 feet or 14 times
the lake depth (scc Figure ¢-2), Thus diffusers should be located on 300-foot centers, which
reguires 000 individual diffusers for the entire 3,000 acre lake. Using 1,000 diffusers in Lake
Elsinore would mean an enormous length of pipe (about 750,000 feet). In addition, the air
distribution piping and diffusers are buoyant in water therefore would reguire extensive
anchoring. The conceptual layout shown on Fipure 6-1A considers a modified air piping
arrangement that would utilize comimon headers to serve diffusers placed at the same depths in
arder to shorten the required pipe lengths and better balance air distribution.

The air pipes and anchors are subject to distrbance by boat anchors and fishing lines. Diffusers
would also need to be serviced or Teplaced on a regular basis. The type of diffuser needs to be
carefully selected o minimize clogging and maintenance effort.

The City of Lake Elsinore’s Lake Operattons Division has also independently investigated the
lake ucration issve in order to improve the watcer quality and enhance beneficial uses of the lake.
The effort was documented in a draft report titled “Aeration System for Lake Elsinore™, which is
attached (Appendix H) for reference.

Self-balancing compressed air systems. These systems would evercome the disadvantage of
the conventional aeration system by providing self-balancing and more than one diffuser placed
on one pipcline, even if there is a difference in clevation between the ends of the pipe. Such
systems are now available as an option 10 a corventicnal system. However, self-balancing
systems are proprietary at this time.

Different sized holes can be used in the air supply pipe to balance airflow distribution. Howevir,
the concept is not Teally applicable with diffusers. The key to the success of a self-balancing
aeration system is a control device to regulate airflows coming out from each diffuser {i.c.
balaneirg air distribution in pipe). Because mare diffuscrs can be placed on the same header, the
length of pipcs could be significantly reduced to less than 20 percent of pipes required for the
conventiona) systcm, depending on the lake confipuration. As a result, the required compressor
size and power consumption would also be reduced. A conccptual layout of a self-balancing
acration system is shown on Figure 6-1B (for reference only).
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Section 6 — Lake Aeration and Oxygenation Systams

The estimated total compressor capacity would be about 215 hp with 5,200 scfm of airflow
supplied by eight compressors at four lakeshore locations. In addition, self-sinking hydraulic
hoses made of wirc-wound rubber could also be used for air distribution without anchoring. It
should be neted that this system needs to be further defined, if this type of system is selected.

6.3 SPEECE WELL OXYGENATION S5YSTEM

Oxygenation works by adding pure oxygen directly to those parts of the lake where dissolved
oxygen in the water is low or absent. In general, purc oxygenation is thearetically superior to
aeration as it is five times more efficient, sincc air contains only 20 pereent oxygen.

The main advantages of oxyyenation are:

* Non toxic, solves problem of oxygen deficiency directly

*  Very simple system, liquid oxygen generates its own pressure as it evaporatcs

» Less neisc generated (no noise if ligquid oxygen system is used)

*  Oxygenated water can be pushed horizontally over the sediments, exactly wherte it is needed.
Motion is from water pump and natural lake motion.

*  Works best under temporary stratification when pre-curser conditions for fish kills are most
likely

=  (ives rapid results in terms of suppression of nutrient releases and climinates phosphate,
ammeonia internal loading

* Has been shown to reduce algae in large lakes

= Improves fishing for warm water and cool water species.

The man disadvantages of ox ygenation are:

+ Liquid oxygen (LOX) would have to be shipped and stored on site unless pressurc-swing
adsorption technology is used.

* Speece Cone systems (but not Mobley-TVA bubble diffusers) require a larpe-sizc
submersible pump.

» Some underwater construction is needed for the Spoecce Well, the submersible pump and
water distribution manifold in the deep water zone.

Because Lake Elsinore is predominantly shallow, simply bubbling oxygen into the lake bottom
via diffusers would be ineffeetive. Most of the oxygen would rise through the water so rapidly
that little is dissolved in thc water and the remaining pure oxygen would be lost to the
atmosphere. Some method of refaining the bubbles or climinating the need for bubbles is
required. Most other shallow lakes {and rivers) are oxygenated by pumping a side-stream of
water and providing counter-flow contact of oxyeen and the side-strcam in a closed vessc! hefore
the water is returned to the lake. This mothod, orginally used in the 1960s and ealled side-
slTeam pumping, was a success in somc of the Tennessce Valley Authority (TVA) tailwaters
from large warm rescrvoirs. The “Thames Bubbler”, a mobile barge-based system capable of
delivering up to 30 tons of oxygen per day, was used in the Thames River, England. A similar
system is planned for the Swan River in Australia. Advances for the method recently heve been
use of Venrturi mixers [Canning River, see Horne, 1998) and wells or holes in the river bank.
These methods have been successtul and the information has been used to size a system for Lake
Elsinore,
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The oxygenation system configuration that is well-suited for Lake Elsinore is & combination of
the Specee Cone and the recent TVA riverside sttcam pumping methods. Deep lakes water is
pumped to the “cone” to contact with oxygen (supplied from the shoreline by a feeder pipe)
within the structure.  Oxygen gas is introduced part way down the cone and released. The
counter-flow system (water flows down, oxygen gas flows up} diszolves the oxygen cfficiently
with minimal wasting. In previcus installations, the cone is eitiated at the bottom of the water
column to take advantape of the pressure at a depth of about 90 feet. Ninety feet depth is
equivalent to three atnospheres pressure and thus much more oxygen can be packed into the
water. Less water needs to be pumped and the nergy costs arc reduced.

The modification for Lake Elsinore, the Speece Well, consists of a standard Specee Cone placed
in a deep well excavated in the lakebed. Lake Elsinore is very shallow so a conventional Speece
Cone would only have a pressure head of 2/3 of an atmosphere. To obtain sufficient depth to
supersatiurate the egrrier water with dissolved oxygen the Cone would be situated at the basc of a
35 feet decp “well” on the lake bed in the deepest part of the lake (altcmnate is 70 feet). The well
would be about 16 feet in diameter. The approximatc location of the Speece Well is shown on
Figure 6-3. Therc would be only one installation on shore for the Speece Well oxygenation
system, The Speece Cane would be assembled on shore, barged/floated to the deepest point and
instatled. Because of the depth of well, the walls of the well would have to be reinforced,
Temporary dewatening of the immediate area may also be required to install the Speece well.

Pure gascous oxygen flows under its own pressurc from a lakeside storage or on-site generation
facility is delivered in a small size {estimated to be 1-inch-diameter) pipe to the Speece Cone
mixing chamber. An electric-powered submersible pump sized at 150 ft'fsec (or 75 ft'/sec if the
well ig 70 feet deep) on the lakebed immediately adjacont to the deep well circulates water from
near the lakebed to the Speece Cone. Figures 6-4 and 6-5 provide a preliminary, cenceptual
layout of the Speece Well oxygenation system. The estimated pump size is 200 hp and could be
reduced to 100 hp if deeper well is considered. After mixing, the water with supersaturated
disselved oxygen would flow fe a manifold on the lakcbed where it exits horizontally. The high
Oxygen concentrations are immediately reduced by at least ten fold as the manifold jot entrains
adjacent low-oxygen water as it exits. Approximately 3,000 feet of oxygen supply pipes and
power supply cables are required to support the operation of the Speece Well oxygenation
System,

Oxygen muat cither be purchased as liquid oxygen (LOX), storcd in twe 13,000-gallon vertical
tanks, or generated on site using a pressure-swing absorption (PSA) or a vacuum pressurc swing
adsorption (VPSA) device. The on-sitc PSA or VPSA generation of oxyzen would net siimitiate
storage of backup LOX but would eliminate delivery of LOX. An evaporatar about 20 feet high
would be required for the LOX system. Following the evaporator, the guseous oxygen will pass
through a control manifold which containg temperature and pressure control valves. A typical
LOX tank installation is shown on Figure 6-6, The LOX facilities need to be secored to prevent
vandalism, The PSA/VPSA device will require a permanent sound proofed shed approximately
20 feet by 40 feet, and a 3-phase power supply. The VPSA system can produce oxyvgen from 25
petcent to greater than 35 percent purity, However, a backup LOX storage mnk would still be
recommended,
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Section 6 — Lake éer:,atlnn and Oxygenation Systems

Both the LOX and the VPSA/PSA equipment are available on a lease basis provided that
concrete foundation, telephone [ine, power, lighting, and security enclosures are furnished. The
minimum lease agreement would be 3-5 years for the LOX systom and as long as 15 vears for
the VPSA/PSA systetn. Leasing 15 a common practice in the LOX industry. It has the advantage
that capital costs arc reduced and maintenance is performed by the tank supplicr, but has the
disadvantage that some of the facilities may not be accessibie to the lake operations staff.
Leasing terms may alzo nob be optimal bocansc the leases are normally paired with long-term
LOX purchasc agreemenis.

If the oxygen supply equipment is to be purchased, the LOX system would cast approximately
$600,000 less than the VPSA system. This difference is just about the estimated annual
operating cost for the LOX system. Operating cost for the VPSA system 1s about one third of the
LOX system based on preliminary information furnished by the venders. Becanse the actual
usage of oxygen and required duration of lake oxygenation may vary from aszsumptions made by
this study, final selection of the oxypen supply system is pending a more detailed life-cost
analysis.

An outlet manifold for the outflowing watcr from the Speece Cone would be needed on the
lakebed. The expected size ig about 16 inches in diameter and 50 to 150 feet long (size and
shape yet to be determined) with 2 inch hales every foot (this may also be medified). The
manifold would sit about 3 feet above the lakebed (oxact height still to be determined), Note that
sizing of the Spesce Well oxygenation system would need to be verified during design if this
system is chosgn.

64 PUMPED STORAGE TAILRACE OXYGENATION SYSTEM

EVMWD 15 currently investigating a 500 megawatt high-head pumped storage project located in
the Cleveland National Forest south of Lake Elsinore that would use Lake Flsinore as the lower
reserveir.  The upper reservoir would be created in either Morrell Canyon or Decker Canyon.
Water from Lake Elsinore would be pumped uphill by reversible furbines and stored in the upper
resetvelr at night when electricity is less expensive that at daytime rates. Then, during daylight
hours when electricity demand increases, the stored water would be released downhill back into
the lake to drive the reversiblc turbines and generate power to sell when electricity rates are
higher. A maximum of 18 inches of daily lake level variance would be expected with this type
of project.

If the pumped storage project was to be implemented, the lake enhanccment project would
benefit from the low-cest electric power and some shared facilities, especially the
acration/oxygenation system. A side-stroam type of oxygenation system could be developed to
couple with the pumped storage project. Oxygen could be injeeted in the water coming out of
the turbines and retum to the lake vsing the project’s piping netwark. This potential oxygenation
alternative carmet be fully devcloped at this time, because details of the pumped storage project
are not vet finalized.
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6.5 RECOMMENDATIONS

Based on the analysis performed above, it appears that the Speece Well oxygenation system 15 4
preferred option for a shallow lake like Lake Elainare, begause much less subsurface facilities
are involved. In addition, the Spesce Well oxygenation system has the advantape of delivering
hiphly oxygenated water directly into the decpest part of the lake water-sediment interface.
Section ¥ of this report provides a preliminary cost analysis of the aeration/oxygenation system,
which shows that oxyzenation is the cost effective altemative and is therefore recornmended.

Theoretically, Lake Elsinore cxpericnces low oxygen levels for about 120 days per vear, between
rriid-June to mid-October. However, it is recommended that a system be designed to allow an
avernge daily delivery of 20 tons of oxygen to the lake bottom far the first few years.

Subsgequent oxypen demand should decrcasce by up to two-thirds of the inital deliverv/demand
rate,

MiH Paga 8-7



SECTION 7
WETLANDS TREATMENT

7.1 GENERAL

Natural or constructcd wetlands have becorfic-inercasingly popular in the United States for the
treatment of municipal wastewater, industrial process water, stormwater, and agricultural runeff.
They can previde both an enhanced aquatic wildiife habitat and a natural water purificstion
pracess. A well planned and designed wetland ecosystem will aot only rethove a variety of
poliutants from the water, but may also provide visual, ¢cological, cultural and recreational
benefits.  Of particular interest for this project is a wetland’s sediment and nutrient-sink
capabhilities, attributes that have been demonstrated from decades of data collected at various
wefland sysfems. Wetlands are herc defined as shallow water areas (0.5 to 2.0 feet deep)
ovcupied primarily by emergent and submergent plants such as reeds, bulrush, cattail, pondweed,
and water lilies. The key mechanisms that make water quality improvemeant possible in wetlands
inclide:

Uptake {and harvesting) of emergent ptants
Subsurtace bactetial nitrification and denitrifization
Serecning/filtration of particulates

Sedimentation (accelerated if coagulants are added)

Wetlands treatmentplays multiple roles for this projest.  Four fiers of treatment function are
intended for wetlands treatment, including the following:

=  Recyeled water “polishing.” Iln order fo achicve one of this project’s goals, an NPDESR
permit for discharging reeyeled water to Lake Elsinore for lake angmentation, nutrient levels
in the recyeled water may have to be reduced. Wetlands will remeve total nitrogen (TN) and
total phosphotus (TF) from the recycled water that is defiversd in fhe winfer months before it
iz introduced to the lake. The 500-acre freatment wetland at Prads Basin, in Riverside
County, has provided data for calculation of remeval of TN and TP.

=  Alsae rcmoval. Wetlands can directty filter diverted lake surface water to remove nuisancs
algae and other large particulate detritus in the lake that causes problems in the summer.
Eatrophication studies in the very large Lake Apopka in Florida, using a wetland of a sirnilar
gize to the one pfl‘opnsed for Lake Elsinore, removed mare than 94 percent of the TN and TP
in an cxperimental full-scale performance test.  Additional credits may be claimed by this
project for the & cement of lake watcr quality,

s  Nuisance flow treatment. High levels of nuimente contained in the nuisance flows {(e.g.
irrigation and achuItural runafis) that eventually drain into Lake Elsinore will increase the
nutrient budgel of the lake, Removing TN and TP from the nuisance flows would also be
beneficial to this project.

* Regulatory compliance. The existing wetland at Lake Elsinore is currently nol in
compliance withiﬂle conditions catablished by the US Army Corps of Engineers (ACOE) for
the mitigation ofjthe levee project deseribed earlier in Section 1.2, Measures must be taken
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to achieve permit compliance. Wetlands crested by this project can alsc be designed to meet
ACOQE’s mitigation requirements.

Advantages of weflands
o Wetlands are fully compatible with all other wges including wildlife, recreation, education,
and acsthotic cmjoyment.
Almost all of the nuisance algae are directly removed from the lake water in summer,
Systern i3 self-maintaining {cxecept for water conveyance).
(Juite a simple process and has been tested in large lakes.
Mo toxicants added. '
Works in conjunction with alf lakes.
Will remove soluble nutrients as well as sediment if hydraulic residence tme: i5 long enough
_ and temperature is greater than 15°C.
Wetlands can be constructed where ¢onvenient,
Will increase values of properties near wetlands.

' Disadvantages of wetlands

= Need to move large volumes of water (but can use solar, wind or othetr sources of powct).
Water must be pumped in or ouf of the wetlands, depending on the design and the biological,
metabolic activity in the wetland species.

=  Some of the algae removed in summer will die and the nutrients eventually recycled back to
the Jake (probably in fall or winter), unless harvested or removed,

s Need to acquire considerable acreage of land for wetland construction, unless using the
existing wetlands arca 18 utilized.

7.2 EXISTING WETLANDS

Ag described earlier, a 350-acre wetland was constmeted in the Back Baszin at the historic
terminus of the San Jacinte River southeast of Lake Elsinore in (991, to mitigate the impact of
leves construction that reduccd the lake's surface area in order fo reduce evaporation. The
location of the existing wetland is shown on Figure 3-1. While the primary purpose was to
provide habitat for migratory waterfowl, under appropriate water level conditions it can also
funiction as shallow fish habitat linked to the main body of the lakc by a 48-inch-diameter
conduit through the levee. Other facilities were also constructed as part of the Lake Elsinors
Managemeant Project. The facilities are owned and operated by EVMWD. EVMWD entered
into an agreement with the City of Lake Elsinore to maintain the wetlands, which includes
periodic debris removal, replanting and inspection. The US Burean of Reclamaticn {(USBR),
which provided primary funding fotr construction and transferred ownership 0 EVMWD in
1997, maintains an interest in the facility. The wetland hag tn meet environmental assessment
conditions as well as special conditions estahlished in the 404 Permit issued by Army Comps of
Engincer: (ACOE) and the 1601 Permit issued by the California Department of Fish and Game
(CDFG). A summary of environmental commitment and mitigation requirements for the
cxisting wetlands are provided in Appendix I
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The existing wetland consisis of over 200 acres of water and three islands totaling over 100
acres. The botfom of the wetlands and top of the berm are af efevations of 1233 and 1248 feet
MBSL, respectively. Water level in the wetlands is to be maiotained betwoen clovation 12490 and
1243, providing a water depth of up to- 10 feet. EVMWD has installed a water surface elevation
marker as well as automatic water surface elevation sensors to monitor the water levels in the
wetlands. When lake water or natarally occurring runoff is insufficient o maintain the water
surface in this operational range, makenp water would be required. A wet well was constructed
at the west end of the wetlands near the main levee to allow a pump installation in order to lower
flood watcr [evels after flooding periods. No pumps have been installed at this time,

The riparian habitat arca, alsa known as the low flow channel, was established in the existing
San Jacinto River bod downstream of the levee. This portion of the mitigafion area was
criginally envisioned as a flow-through system whereby 3 ofs of water would make its way
through a narrow low flow channel in the riverbed inte the wetlands, thereby maintaining the
wetland water level. Howcever, a lake inlet system was constructed fo redirect and convey the
nonmnal flows from the last mile of the San Jacinto River info the lake main body as part of the
criginal Lake Elsinore Management Project. This restricts the availability of normal river water
to flow to the wetlands., River water will only flow over the weir info the back basin during
storm events,

EVMWD installed water ponding check structires adjacent te the wetlands to allow inundation
of the entire width of the riverbed downstream of the levee. A pipeline was also constructed to
supply makcup water to the riparian habitat from the Cereal Strest wells on the northern edge of
the wetlands. However, since the Cereal Stroct wells produce groundwater with very good
quality they are corrently used 1o mect EVMWD's potable water demands. Because no other
suitable makeup supplies have been available, the low flow channel hag been dry. EVMWD
currently pumps lake water directly into the wetlands to maintain the water levels using
temporary equipment. It should be noted also that water conveyed through the low flow channel
will be partiatly lost to percolation causcd by a groundwater depression {the “Sedeo Cone™}
within the middle portion of the channel. EYMWD has plans to line this channel.

7.3 PROPOSED MODIFICATIONS

Although consttucted wetlands can be located where convenient, the cxisting wetland site
appears to be most feasible for this project at this time, unless other properties at moare
advantagecus location in the Back Basin can be scquired. For the purpose of this study, it is
assumed that the existing wetlands will be redesigned to meet the project goals as well as the
mitigation requirements cstablished by ACCE for leves construction. The redesigned wetlands
will serve a dual purpose of mitigation and treatment.

The current wetland is too deep and devoid of aquatic plants and therefore has mininmem warter
polishing capability and limited wildlife habitat value, A preliminary layout of the redesigned
wetlands is shown on Figure 7-1. The mudificd systom, starting from the water supply scheme,
ie described in detail below,
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- Section 7 — Wetlands Treatment

The recycled water will be conveyed in a pipeline directly to the low flow channel (ie. the
last mile of historic San Jacinto River channel} during the winter months. However, the weir
stcpure at the entrance to the low flow channe] on the south side of lake inlet levee needs to
be modified or rebuiit to allow lake surface water to enter the channel and reach the wetlands
for algae filtration during the surnmer months. Although the operating level of the lake is to
be maintained at 1240 feet MSL, the goal is to stabilize the lake level and maintain a
minimum water surface level at 1245 fect afier recycled water becomes available for lake
sugmentation. Provided that the lake water elevation is above 1245 feet, no additional
pomping would be required to direct the lake surface water to the east end of lake inlet
channel where the low flow channel begins.

The low flow chanttel must be lowered and lined to allow conveyance of recycled water in
the winter monthe (and lake surface water in summer months) to the wetlands for treatment.
The channel needs to be re-graded to accommedate delivery of up to 15,000 acre-fi of
recycled water in a 4-month peried (about 40 megd), and sbout 300 acre-ft/day (260 med) of
algae-rich lake surfacc water im the summer. The summer flow estimate is based on
circulating the entire photic (lighted} zone of the lake within 10 to 14 days. The actual
volume of the photic Zone is dependent on the lake water quality and may therefore vary.
Suitahle liming material such as pneumatically-applicd concrete can be used to rotard
subsurface percolation within the channel fo minimize water loss and proteet the quality of
underlying groundwater.

With & more regular water supply to the wetlands, approximately 60 acres of riparian habitat
can be egtablished along the low flow channe), to gain additional wildlife and water treattnent
credits, This could translate to 600 lhs/year permanent removal of phosphorus based on |
g/m’/yr removal, 1,500 lbs/yr scasonal storage of phosphorus, and 2 tons of nitrate removal
based on 50 mg/m*/day, within a 4-month period,

Concepts similar to the original design were used in the redesign in order to minimize
required modification work to the existing wetlands. The perimeter berms of the existing
wetlands will remain unchanged. Shaliow marsh areas (0.5 to 2.0 feet deep) as well as open
water zones (6 foct deep) will be provided as shown on Figure 7-1. Five wetland cells are
planncd for this project with plug flaw through the entire system. Deep trenches around the
two middle cells protect wildlife against predators. The decper zones and islands within the
two middle cells are provided for waterfowl] to take off and land. The other deeper areas arc
provided to keep the cmergent vegetation elear of the water collection points within each cell
and to keep water flowing through the system. The adoption of & ruliiple-cell system allows
for periodic drawdown of individual cells, which is required for maintenance and interruption
of vector {mosguite and midge) larvae development, '

Moctal salts (e.g. ferric chloride, ferric sulfate, calcium carbonate) or Phosloc® can be added
in the first wetland ccll at low concentrations (2 to 10 mg/L, pending bench or pilot tests) to
enhance and accclcrate phosphorus remeval from the incoming flows through precipitation,
coagulation and settling. However, technieal experts retained by the Lake Elsinore-San
Jacinto Watcrshed Authority believe that the best option wouid be the use of calcium
carbonate becausc of the high pH of the lake water.
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Buased on preliminary caleulations, the existing wetland bottom elevation of 1233 feet can be
tnaintained for the deep zones in the redesigned wetlands, in order to minimize the requircd
earthwork, The existing islands would havec to be excavated to create decp zones and
shallow marsh areas. Except for the top 6 inches, excavated material will be used ta filf up
other areas and create berms between cells, The required additional material can be hauled
from the low flow channel, which needs to be lowered fo allow lake water ta circulate back
through the wetlands. The goal is to balance the carthwork within the Back Basin so that ne
additional fill material is required.

With the redesign proposed above, the water surface elevation in the wetlands would be at
about 1240 foct. However, addifional calculations using actual topographic information
would be needed to confirm this numbcr. The filtered lake surface water may have to be
pumped back to the lake, if the water surface ¢levation exceeds 1240 fect For planning
purpoges, three 80 mgd and one 40 mgd constant speed propeller purnps are assumed, each
pump with 20 feet of total dynamic head {TDH). These pumps would also be able to managc
the recycled water flows in the winter, The total pump power reguired is abont 1,200 hp. A
wet well with a 3-minute detention time at the maximum flow rate would alse be required.
When bio-manipulation takes held, the iarger zooplankton should filter larger volumes of
lake watcr and reduce the volume of water necessary to be recirculated through the wetland.
The purnps will discharge treated flow back to the lake via a 96-inch-diameter pipe. The
length and exact location of discharge in lake van be determined at a later date,

Since wetlands alse provide recreational and educational opportunities, 8 vigitor center near
the redesigned wetlands could also be incotporated. Studies efsewhere (e.g. Arcats, CA)
have tshown that the economic benefit to providing pood public access and education in
wetlands ¢an exceed the valuc of the treatment wetlands themsclves, Similar visitor systems
have proven successful at San Jucinto Wetland (IRWD, Orange County, CA) and are planned
at the Prade Wetlands (QCWD, Riverside County, CA).

CDFG requires that the initial plantings at the original wetfands be full density on 10-foot
conters under the Lake Elsinore Management Pﬂ}]-ﬂﬂ[ Planting at 3-foot centers would speed
the project and reduce costs for weed remaval in the first few years. CDFG will again be
consulted f‘-:;-lr the planting scheme of the mdﬁlgnad wetlands,
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SECTION 8
PROJECT OFFSETS

8.1 THE NEED FOR OFFSETS

As the problems of low water in summer 2001 have shown yef again, Lake Elsinore needs a
more stable lake elevation if it is to become a popuiar destination for visitors and a desirable
location for permanent lakeside dweHers. Tn addition, 8 more stable water level is essential for
the submerged vepetation that forms the basis of the long-term lake management strategy of bio-
manipulation. Finaily, the desirable emergent riparian growth at the lake edges also requires a
fairly stable water elevation. A good method to mederate the current water level fluctoations
would be to add new water in winter from other sources than the natural drainage.

It is impossible to add water to a lake withont adding at lzast some mutrients, and Leke Elsinore
already has an excess of nutricnts.  In the Elsinare Valley the only reasonable source of large
quantitics of water is reeycled wastowater, but this source has more nutrients than some other
sources. As defailed in other sections of this report, the amount of bio-available nitrogen and
phasphorus can be reduced though treatment down to about 1-2 mg/l..  Since Lake Elsinore
alrcady has an execss of nutrients, the incrcase praduced by the addition of a few thousand acre-
feet of recycled makeup water has been experimentally demonstrated to make litfle difference to
the irophic state of the lake. It is unlikely that any further degradation in the lakc could be
detected, and a more likely result is an improvement in the lake's beneficial uses. The lack of
significant effect of moderate amounts of freated recycled water on the lake's trophic state is
supported by two recent and substantial experimental studies (Montgomery Watson 1997,
Anderson 20017,

Monetheless, the Total Maxinmum Daily Load {TMDL) for Lake Elsinore requires a reduction in
nufrient loading, even if beneficial use i3 not further impaired.  Fot this lake, the best solution
appears to be to offsct the amtrients added in the makeup water by reducing nutrients elsewhere.
In concept, the putrient offsct is an equal or greater amount of nutrients over those added by the
recycled water. Offsets for nitrogen and phosphorus are needed since both these clements can be
lirniting in Lake Eisinore. In additon, if bio-manipulation is successful, nitrogen limitation is
likely to become the norm in Lake Elginore, partially duc to denitrificatton among the stable
zediments near the plant roots.

The main problem with the offsets is that a simple one-to-onc swap dees oot seem appropriate.
The reason for adding makeup water is to stabilize the lake level. If a one-to-one swap for
nutrients added is made, no credit is given for the improvement in water quality due to the more
stable water level. Presently there iz no credit swap available between water level stability and
added nutrients. However, this kind of eredit exchange must be developed in arid regions where
other solutions ate napplicable.

During project meetings with the RWOQCE, Gerry Thibeault, Executive Officer of the Santa
Region RWQCB, indicated that changing the management objectives of Lake Elsinore to allow
recycled water discharge may be well justificd {c.g. to support social/economic growth, gain
maximum benefits) but could alse be a lengthy process. He suggested that ofther measures be
pursued, to maximize the potential nutrient offsets for nurrionts added with recycled water.

MWH Page 81



Section 8 — Project Offsets

These measores may include bio-manipulation, dry weather flow diversion in the watcrshed,

treating lake water at wetlands, and other means, which have been discussed in the previous
sections.

This section prescnts nutrient offsets that are quantifiable and identifics other potential offsets
that are not quantifiable as a result of implementing various lake enhancement measures.

8.2 PHOSPHORUS OFFSETS THROUGH TREATMENT

Table 8-1A presents the offsct values for phosphorus added in the recycied water when 7,500
acre-ft of flow are supplied to Lake Elsinore in the winter months, Table 8-1B presents the
offset values for the most critical situation where 15,000 acre-ft per vear are supplied, when no
natural flows reach the lake. The phosphorus loading will be reduced proportionately to flow
reductions for all but the internal load suppression, which will be similar for all years, Af a flow
of 15,000 acre-ft for four winter months, and with 1 mg/L phosphorus i the eoyeled water, the
loading to Lake Elsinore will be 18.5 tonsfyr. At 2 mg/L. phosphorous concentration, the loading
will be 37 fons por year, Since the maximum phosphorus retention rate would be exceeded, all
additions arc considered (winter, summer). The prediction for summer removal has been
lowered to prevent over-estimation of annual phozphors retention.

Table 8-1A
Phosphorus Offsets with
7,500 acre-ft Recycled Water Addition to Lake Elslnore
(All units shown in tonsiyr)

Time Winter | Summer | Metal Sal¢ Internal Tatal Total | Phosphorus
Period |Wefland' |Wetland'| Treatment | Loading | Offset | Loading | Remaval
Weilend® | Suppression’ :
[-5 yrs® 7 7 13.5 12,5 A0+ | 185 1.5
1-5 ys~ 7 7 4,5 12.5 M+ | 93 21.7
>§yrs™| 1 1 135 12.5 28+ | 1B.5 9.5
>S5yt 1 1 4.5 12.5 19+ | 9.3 9.7
Zee footnates under Table B-18.
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Table 8-1B
Phosphorus Dffsets with
15,000 acre-fi Recycled Water Addltion to Lake Elsinore
{All units shown in tons/yr)

Time Winter | Summer | Mefal Salt Internal Tatal Tikal | Phosphorus
Pertod |Wetland' | Wetland' | Treutment | Loading | Offset | Loading | Removal
Wetland® Supprminn3

1-5 yrs© 7 7 135 12.5 A+ | 37 3.0
1-5 yrs’ 7 7 4.5 2.5 31+ | 185 12.5
=Sy ] 1 13.5 12,5 284 | 37 -9.0
>5yre] 1 1 4.5 12.5 19+ | 183 0.5

1 Wetlands of 350 scres will be the reeonfipured wetland now in existonce as a shellow lake axtension of Lake
Elsinere, The wetlands wiil be designed o opiimize shorebied and vegetation-loving birds. In four winter months
regyeled water #1 L5000 acre-ft per winter will be passed through and in four sunemer months about 300 acre-
fday will be pumped throoph to remove algae (surmner lake TP s taken 25 650 og/L from historical datw). Initial
P-tetention rates besed on empinical date from Prade Wetlands in Riverside County during October-December
period when 13-1R mp P m-2 w1 was recorded (mewn of 15 myg P m-2 -1 i used hers and pre-rated for 4
motithe). .

2 Assumes inflow of 2 mgL TP reduced to 0.5 mg/L (z = 3 feet, HRT = 3 daya, 30% af inflow treated with alum
or ferric, possibly with palymers. Bstimated decrsase in wetlund Bfe Factor of two), [ phosphorus is supplicd at 1
'L, ceduchon will be 4.5 tona.

3 Bascd on empirical results for chambers conaining Lake Elsinore sediments m summer 2000, literafure rovicws
(pee Beute] metho 14 Septerber 2000, similar cxperiments in 21l 2000 and swmmer fall 2001 by Dr. Anderwom
(5ev Tevicw in section 4), and consideration of calculations o mass loeding by Pat Kilroy (e Nov, 1997),
Arca of anoxic sediment iz taken as 2000 acres, for six months. Repently, D Anderson has cetimated from
laboratory studies that 33 tons of phosphate arc releaszed fram the sediments and 274 or 9 tons wauld he
suppressed by oxypenation. The mean suppression For all the woatld®k Jakes for eetation/oxygenation 15 50% or 15
tons and values up to 93% have been recorded. The degree of anoxia (Redox potennial] of the sediments in Dr,
Anderson’s laboratory enclosures was not recorded to it is not clear @6 the results are tully gquantitstively
applicable to Lake Elsingre. A mesting between Dr. Anderson, Dr. Buctel, Wr. Kilroy and Profezsor Haorne in
Madison Wisconsin it was agreed that an offset of 12.5 tons'y was the best current number for o phosphorous
offect for an acrated or oxygenated laks.

4 Assumes that 1pflow will be 2 m/L TP.

& Assumcs that inflow witl be 1 mg/L TP

& Rates preater than 3 years based on 2 mg P m-2 y-1 or twice the long torm mtes of Richardson for US wetandg,
Girealer retention based on designed wetlands of higher productively end thus greater long term storage petential
than US sverage which includes natueal wetlands of all kinds.

A scdiment-soluble reactive phosphorus (SRP) release rafe of 16.8 rg/m*/day was found by Dr.
Beutel and used for his estimate of the oifset in intcenal phosphorus loading that could be
achieved by an oxygenation systemn. This is the avernge of the July, August and adjusted
Septernber toleasc rates multiplied by a factor of 0.95 to account for minor phosphorus releases
observed under oxic conditiong, and assuming an anoxXic surface area of 2,000 acres yields a
monthly refease of 4,100 kg (4.5 tomg)-P.  Anoxia at the sediment-water inferface likely oceurs
for six months during the summer and fall. Thus, Dr. Beutel's cetimate of the intemal loading
offset that could be achieved in the lake is estimatod at approximately 25,000 kg-P (27 tons) per
ycar. This value is identical with the orginal estimate of Dr. Anderson but substantially less
than the estimate of several hundred tons made earlicr (with oo laboratory data) by Me. Kilroy.
The second estimate made by Dr. Anderson was 33 fonsfyr. At a meeting between Dr.
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Anderson, Dr. Buoetel, Mr. Kilroy and Professor Horne in Madison Wisconsin in November
2001, the latest resulty were reviewed. It was unanimously agreed that an offsct of 12.5 tons IYy
was the best estimate for a phosphorous offset for an acrated or oxygenated Lake Elsinore. The
P offset number af 12.5 tona per year has therefore been incorporated into Tables 8-1A-B.

8.3 NITROGEN OFFSETS THROUGH TREATMENT

The offsets for nitrogen can be caleulated in a similar fashion to that used for nitrogen. Table 8-
2A presents the offsets for nifrogen added in the recycled waker when 7,500 acre-ft of flow is
supplied to Lake Elsinore in the wintcr months. Table 8-2B presents the offset values for the
most critical sitnation where 15006 acre-ft per year are supplied to the lake when no natural
flows reach the lake. The nitrogen leading will be reduced proportionately fo flow decreases for
all but thc internal foad suppression, which will be similar for all vears. At a flow of 15,000
acre-ft for four winter months and with 1 mg/I. nitrogen in the recycled water the loading to
Lake Elsinore will be 18.5 tons/yr. At 2 mg/L nitrogen concentration, the loading will be 37 tons
per year. Unlike phosphorus removal, the maximum known rate of nitrogen remowval for
wetlands 18 not excecded during additions of various summer and winter removal rates.

Table 8-2A
Nitrogen Offeets with
7,500 acre-ft Recycled Water Addltlon to Lake Elsinore
{All units shown in tonsfyr}

Time Winter | Summer | Metal Salt laternal Tutul Tatal Nitrogen
Period |Wetland' |Wetland' | Treatment | Loading Offset | Loading | Remoral
Wetland® Sunpmusiun’

1-5yrs’ | ~10 | 245 8 75 338+ | 18.5 320
1-5yrs” | 15 245 8 75 343+ | 9.3 334
>S5y | 15 245 177 75 352+ | 18.5 334
>Syrs 0| 29 245 17 75 66+ | §.3 357

See footnotes under Table &-1H.

Table B-2B
Nitrogen Dffsets with
15,000 acre-ft Recycled Watar Addition to Lake Elsinore
{All units shown in tons/yr)

Time Winter | Summer | Metal Sale Internal Tatal Total Mitragen
Perlod |Wetland' | Wetland' | Treatment Loading Offset | Loading | Removal
Wetlapd® | Suppression’
I-5yrs’ | ~10 | 245 8 75 338+ { 37 301
-5y’ | 15 245 8 73 343+ | 185 327
=5 }-‘rﬁ“'ﬁ 15 245 17° T3 352+ 37 315
=5 ys™t | 729 243 17" 75 3664 | 185 348
4
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1 Wetlands of 350 weres will be the reformed wetland now in cxistence as a shallow lake extension of Lake
Elsimore. The wetlands will be designed to optimize shorebind and vegotation-loving birds. In four winter months
recycled water 8t 15,000 acre-ft per winter will be passed through and in four summer months shout 300 zcrc-
ft/day will be pumped through to remove algae {summer Take TN is laken as 2,077 we/L from historicsl data (but
gae Tahle 8.3 for aliernate valued), Algo syvomes 50% reeycle that may not oceur since thete is capagity in the
wetlands bo derutrify all the addod-N. TN removal rates hased on tests on similar-sized wetlands a1 Lake Apopla,
Florida. Drenitrification rates based on eenpisical date from Prado and RWD Wettands in Riverside & Oranpe
Caunties.

1 Based ot eapecied removal of inorganic N (supplied ak nitrate ar arumenia) in lake water using a lovw rate based
on Prado and IRWD wetlands of SU mgN/m*d. Assumes winter nitrogen inflow of 2 mp/L. niteate and artirhonia

3 Based primurily on empirical rosulee for chambers containing Lake Elginore sediments in semmier 2000,
litcrature reviews (see Beutel memo 14 Septernber 2000) and consideration of catculations on mass loading by Pat
Kilroy {memo Navy, 1997}, Arca of anoxic sediment is taken as 200 agres, Tar gix months,

4 Aszumes that inflow will be 2 ma/T. nitrate,

5 Assumes that winter nitrngen inflow will be | ma/L nifrate and ammoniza

& Rates of deniti{ication in the summer will be greater after 5 years dus (o the aceumulation of plant litter.

Total nitrogen (TN} as alpae will be almost completely retained by the wetlands acting as a
physical filter. Unlike phosphorus, where roeyeling and subsequent release to the lake of a
majority of the originally e¢taingd TP is possible, most of the retained TN should never reach the
lake. Because of the highly dynamic nature of nitrogen cveling at the sediment-water interface,
it is not as straight-forward to directly estimate the decrease in nitrogen internal loading that
would be achieved as a result of oxygenation. Experimentzl results suggest that in the wetlands,
sediment nitrogen release would shift from ammonia to nifrate, a nitrogen species that 1s non-
toxic to fish. Total sediment nitrogen release is expected to decrease since nitrate is susceptible
to denitrification. TN recyeling is less than TP and there is sufficient denitrification capacity in
the wetlands to denitrify all the TN removed., Any recycled TN will be transformed to ammonia
then to nitrate and then retnoved as nifrogen pas. However, conservative assumptions have been
made assuming that the TIN removal process will only range from 33 to 50 percent.

Table B-3 shows the TN removal rafes based on different recycle rates. Various assumptions
based on 1990 and mere recent TN data and assumptions ot recycling rates of algas (TN}
removed in wetlands were used.

Table 8-3
Nitrogen Removal through Wetlands Flitratlon in Summer for Lake Elsinore
(Al units in tons}

Flow Passcd through TN = 6000 ug/L TN =2077 up/L TN =2477 ug/L
Wellands in Summer | 50% Recycle Rate 50% Recyele Rate 67% Rerycie Rate
400 acre-ft/day 700 245 204
B0 acre-ft/day 350 123 102

8.4 LAKE LEVEL STABILIZATION CREDITS

As mentioned above, there is no divect credit for water level stabilization and nutrients added,
For Lake Elsinore and ideal way fo manage water levels for biomanipulation and people would
be so that the extreme varation (+35 feet to dry lake) in Lake Elsinore is reduesd to +- 2.5 feet
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{5 foot range) or preferably +f- 1.25 feat (2.5 foot range). However, since there 13 five foct of

" evaporation sach summer and watcr is only available in winfer, a five-foot range is the best that

can be expected with cument recycled water inputs.  Currently, recycled water can be added to
make up the lake volume lost to evaporation as lorp as the addsd nutrients can be offsct by other
means. Maintaining a stable lake level will have the following advantaycs, which should also be
considered az credits for this project:

= Recreation is improved, docks are casicr to uge, and cxtensive mud flats do not form in
summer. Pecpie prefer a stable lake level.

» Shereline emergent and submefgent vegetation can grow (but needs to be controlled in high
usc areas). Stable level makes lake aasthetically more pleasing and natural.

o  Suspended sedirments arc roduced as submerped and cmergent plants stabilize the soil and
reduce the stirring action of the waves,

+ Bio-manipulation is enhanced since the submerged plants provide daylight refuges for the
zooplankion including Daphria and alse juvenile sport fish. In tum Daphaiz ecat algae

during the night. :

The guantification of lake level stabilization credits has not previously been attempted. In
principle the benefits of lake stabilization can be converted to dollar values. The cost to remave
nitrogen from a range of 6 to & mg/T. down to 4 mg/l. and phosphorus from 4 to 2.5 mg/L can
also be estimated, The balance between the two can provide a basis for credit offsets. The value
of 4 mg/L. for total nitrogen and 2.5 mg/L for total phosphorous are nsed as targets because this
[evel of treatment can be accomplished on a consistent baaiz through biclogical nutrient Temoval
technology.

84 OTHER CREDITS

Although not easily guantifiable, diversion and treatment of nuisance flows should also be
deemed as credits for this project. Nuisance flow removal will consist of diverting these flows
from storm drainfopen drain to sanitary sewer fo wastewater treatment facilities {if colicetable)
or freating these flows dircctly at the wetlands (camied by nmoff).
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SECTION 9
COST ANALYSES

This section presents estimates of makeup water, potential cost benefits to the lake, and costs of
lake management. Construction and operation/maintenance {O&M) costs are associated with
the incorporation of various lake cnhancement measurcs that would allew recyeled water
discharge to Lake Blginore for lake level stabilization,

9.1 COST OF MAKEUP WATER SUPPLIES

The need for makcup water for Lake Elsinorc could be met by potentially potable water from
wells, as is the case for many small (20-100 acre shallow lakes in southern California. Other
sources are imported drinking water from the Metropolitan Warer District of Seuthem California
(MWD that supplies muech of the Los Angeles rogion.  Howewer, the State of Californiz has
decreed that potable water can only be used to replenish potable waters souress.  Tn droughts,
when the situation is most critical in Lake Elsinore, drinking water is in great demand in
Scuthern Califormia that imports watcrs from both Colorade River to the east and the Sacramento
River to the north.  Non-potable well water is a possible makeup source but several possible
wells contain high levels of nufriemts er salts.  Thus reclaimed municipal effluents is a good
potential source of makeup water in termg of volume as long as the nutrients present do not
affect other beneficial uses of the lake. Balancing the supply are the costs (Table 9-1).

Costs for non-recycled water in the region (Table 9-1} vary from 3125/4af (Jocal wells) and
$266/af (MWD agricultural grade) te $475/af (treated MWD Colorado River). Local wells are
unlikecly to produce an adequate supply g0 the annmual! costs for makeup water are $4 to $7.1
millien {15,060 af) and $0.66 to £1.2 million {2 500 afyr). The 2 300 af volume iz based on the
likely amount of available recyeled water in the early years. Rccycled water costs are $106/af
giving a cost of 1.6 million for droughts and $0.26 million in most years. Recycled water is the
only viable option based on the volumes needed, legal considerations op the most appropriate
use of drinking water supplies, economics and beneficial use considerations,

Table 9-1
Costs of Various Water Supplles to Lake Elsinore
Including Potable and Reclaimed Sources (1999 dollars)
{Source, EVNWD, May 3, 2000}

Waier source Dollar cost per | Annusl dollar cests | Annual dellar costs
acre-took for 2,500 afiyr for 15,000 afiyr
Local wells’ > 125 »312,500 1,875,000
MWD agricultural grade 264 665,000 3,990,000
Tninterrupted MWD supply 350 6235, 000 5,250,000
Treated MWD water 475 1,187 500 7,125,000
Reelaimed water, municipal supply 10& 265,000 1,560,000

! Costs for local wells were oot adjusted for the recent approximate doubling in eleefricity needed tor

DUmMpIng,
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The economic advantape of using a reclaimed supply is obvious from Table 9-1. The current
population in the arca is 85,000 and 15 cstimated to rise to 173,000 by 2020 due to the
attractivencss of the area for retiress. Thus the strain on local and 1mported potable water
supplies would make unavailable even the costly sources listed in Table 9-1. The amount of
reclaimed water would, however rise with the popuiation (Fig. 2) and the amount available to fill
the lake in winter would not be threatened by other reuse needs.

9.2 ECDN.DMIC BENEFITS OF USING RECYCLED WATER FOR LAKE LEVEL
STABILIZATION

Without makeup water Lake Elsinore could dry up completely once every 10 to 20 years with
average rainfall distribution. In the 1990s the two El Nino years provided an above normal water
supply. The lake was expected ta dey up m 1991 but latc rains resulted in an inflow of 18,000 af
of water from the San Jacinto River. This unusual inflow raised the lake level over 6 feet.

The cost of a desiccated lake fo local busincsscs has been estimated at $20 million (Lake
Elzinore Management Authority, 1993). Assuming a dry lake on average every ten years the
cost benefit from a stebilized lake is $2 million per vear,

Assuming the costs of a varable lake elevation are propertional te the costs for complete
desiceation a value of the water in the lake to local businesses is ahout 800,000 per foot
agsumning that the lake is full ac 1255 feet elevation {maximum depth ~ 25 feet). The desirable
level for recreation has been established at 1240-1249 feet so that cost benefit can only be
claimed for water clevation stabilization below 1248 feet  With a dry lake every 10 years, the
lake elevation will be below 1249 feet about half of the titne resulting in a dollar loss of $3.3
millien (5 x $800,000) or $400,000/y over five years.

The economic benefit of lake stabilizaticn between 1240 and 1243 feet can thus be summed as
$23.3 million per decade or about $2.4 millionfy. This cost benefit can be compared with the
one-time construction costs of the proposed restoration (~ 12 million) and O & M costs of about
$1 million including pumping of lake and makenp water (see below),

9.3 COSTS OF THE FRGPDEED RECYCLED WATER SUPPLY AND LAKE
MANAGEMENT TECHNIQUES

The prabable construction and O&M costs of various componcnts required to bring recycled
water from EMWD fo Lake Risinore are summanized below. The three sclected in-lake
managernent schemes are shown in Table $-2 and some contenders that were eliminated from
final consideration are shown for comparison it Table 9-3, Thesc costs are based on infortmation
presented in the previous sections of this report. Present worth of the project is also included
based on a 20-year duration and § pereont intcrest rate.  Key assumptions are algo listed in the
tablc for clarification. The presented estimates are “reconnaissance level” opinion of probable
costs which are expected to have an aceuracy of +30 percent to -30 percent.
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As shown in Table 9-2, the present worth of the oxygenation system is scveral million dellars
less than the aeration system. Thus, oxygenation is the recommended altemative.

Table 9-2

L.ake Elsinore Enhancement Praeliminary Cost Estimates

Three Recommended In-lake and Two Watershed Techniques

Facility Description

Capital
LCost

Annual O&M | Present

Cost

Warth

A Recycled Waiter Conveyance

54" pipe 1o lake inlet; flow isolation valve;
new energy dissipation facility; leke
mletweir structure modification; low flow
(river} channel excavation and haul; channel
lining

533 M

20k

$IAM

B Redesigned Wetlands

Earth work, flow distnbution structures;
weillands and littoral plantiog, metal salt
feed facility; 260 mpd constant specd
propeller pumps operating at 40 mgd for 4
winter monthes and 260 mgd for 4 summer
months; pump  wet  well; electrical £
conlrel; visitor center;, system maintenance

FLIM

$400 k ¥
{$186% on power)

s M

C | Bio-manipulation
Fish netting

$100 k

530k

D |Oxygenation System (SDOC)

Liguid oxygen storage and [eed facility,
walled, fceding 20 tons/day oxvygen for 8
months per vearV; 16-inch-diameter Speece
well, 35 foct below lake bottom; 200 hp
submersible pump; 54" pump suction pipes;
Speece conc and base; outlet manifald,
anchored oxygen supply and clcctrical cable
fromn lake shore to lake bottom; LOX
consumpion; system mainicoance

$17m

$570 kP
($452k on LOX,
595k on power)

E | Aeration Systcm (Conventional)

B-650 scfim, 22 bars compressars with
acoustic enclosures, fenced, opetaling at
80% desipn flow for 8 months per year ™,
clectrical & confrol;, anchored air beaders 1o
lake central location; anchored 600,000 LF
air distribution lices and 1000 diffuscrs
thronphout the lake; system maintenance

S1L.1M

$3s0% @
($146k on power,

po

FI80k an

maintenance of air
lines}

§1414 M

Total Cost with Oxygenation System
[AAB-HCHTY

F1z22m

$1.02 M

219 M

Total Cost with Aeration System

(A+BA+CHE)

J2I.6 M

08 M

52919 M

{1} Present worth is caloulated basad on a 20-year duration and 8% interest rate.
{2y Costwill be subslantially lowered when biomanipulation is in place.

BVWH
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{3) O&M cost expeeted to deeline by 50 to 10%4 after the first 3-5 years of operation.
{4} 8 months of operation is the likely maximum, once the initial fow algal blooms, time of

actual aperation in 3-5 years could be as little as 4 months,
{5) Present worth is calenlated based on a 20-year duration and 8% interesl rate.

(&) Cost will be substanfially lowered when biomanipulation is in place.

(71 O&M cost expeeled to decline by 58 to T0% after the first 3-5 years of operation.
{8) & months of operation is the likely maximum, once the initial few algal blooms, time of
actual operation in 3-5 years could be as little as 4 months,

- Table 9-3

-Lake Elsinore Enhancement: Preliminary Cost Estimates for

In-lake Management Options Not Recommended for Reasons of Cost and

Efflclency

Presented for Comparison

| Facility Description - Capital | Annual O&M | Present
| . Cost Cost Worth !
T |Caleium Carbonate additon i
Calcium carbonate addition to 2,000 acres of| $3.0M One-time capilal' | $3.0 M

P-releasing organic sediments.  Onc-time
application, barges and lakeside storage and
delivery system.

Cost

94 BALANCE BETWEEN COSTS AND BENEFITS OF THE PROJECT

The cost of the proposed lake stabilization project to be carricd aut in associatjon with this
NPDES permit application should consider both the capital and O & M costs of in-lake and
watershed restoration projects.  The total cost for the new recycled water pipeling rnﬂdiﬁcatiﬂn,
redesigned wetlands, biomanipulation, and lake oxygenation systetns was cstimated at $12.2
million (capital cost) with annual O & M costs of approximately $1 million (See Table 92}
The benefits are estimated at $2.4 per year, The cost-benefit ratio for O & M and direct
recreational benefits is thus 1:2.4 on the positive side. These benefits exclude any multiplier
cffect on the local economy and the public good will that may increase, for example, the cost of
lakeside property by will increase by a factar of between one and a half to three.
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..Q California Regional Water Quality Control Board

' | Santa Ana Region
Winsten H. Hlckox Interner Address: http:iimrwarswrch co goviraqend
Secratary far ITAT Mzin Sre=l, Suite 500, Riverside, Cafifoamia 9250121348
l Envrommteanr! Phene (909) 782-4130 - FAX (9) TRI-G282
Proweiian
September 26, 2000

TO: LAKE ELSINORE TOTAL MAXIMUM DAILY LOAD {TMDL; MAILING LiST

TRANSIMITTAL OF THE LAKE ELSINORE NUTRIENT TMDL PROBLEM
STATEMENT

Enclosed is a copy of the staff report for the Lake Elsinere Nutnent TMDL Problem Statement.
This staff report will be presented to the Regional Board on Qctober §, 2000 at the regularly
scheduled Regional Board Meeting, The Regionat Board meeting time and location is as follows:

DATE: ' Outaber 6, 2000
TIME: 2:00 a.m.
LOCATION: City Council Chambers, Loma Linda

25541 Barton Road
Loma Linda, Califernia

Should you have any questions regarding the staff report, please feel free to contact me at
{909 782-4493 or you may contact Cindy Li at ($09)782-4900.

Sincerely,

Heps U mjf-’}’?:i fA o

Hope A. Smythe, Chief
Planning Section, Injand Waters

enclosure

FILEHASMEMLETS ELSINORETRANS MIT.DOC

Cafiformia Environmental Protection Agency

@ Feeveled Puper
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Executive Summary

- Clean Water Act Section 303(d) requires that States identify waters that do not or

are not expected to maet the water quality standards (beneficial uses, water
quality objectives) with the implementation of téchnology-based controls. Once a
waterbody has been listed on the 303(d) list of impaired waters, states ars then
required to develop a Total Maximurn Daily Load (TMDL) for the pollutant
causing impairmant. A TMDL is defined as the sum of the individ ual waste load
allocations for point sources, load ailocatlans for nonpoint saurces and natural
background. TMODLs must also address seasonal variations and include a
margin of safaty. In 1994, the Regional Board identified Lake Elsinore as
impaired due, in part, to excessive iovels of nuirients. As 2 result of the listing,
the Regional Board has initiated the development of the Lake Eisinore nutrient
TeADL. :

This report provides an overview of the Lake Elsinore watarshed, a history of the
algal bloom and fish %ill problems of Lake Elsinore, a summary of the lake
eutrophication processes, and past studies conducted on Lake Elsinore. The
report also summarizes proposed numeric targets for the Lake Elsinore nutrient
TMDL., as well as activities to be undertaken by Regional Board staff and other
ggencigs to develop the nutrient TMDL and restore Lake Elsinore.

Regional Board staff is not proposing that any formal action by the Regional
Board on the Lake Efsinora nutrisnt TMDL be taken at this time. Thea intent of
this report 15 to provide the Board and the public with background information and
staff's initial strategy and ideas for development of the Lake Elsinare nutrient
TMDL.
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1.0 Description of Lake Eisinore and the San Jacinto River Watershed

Lake Elsinore lies 80 miles southeast of Log Angeles and 22 miles southwast of
the City of Riverside. The Lake is located within the City of Lake Elsinore in
Riverside County, and is a natural [ow point of the San Jacints River and itg
drainage basin (Figure 1). The total drafnzge basin of the San Jacinto River
watershed is approximately 782 square miles. Over 90 percant of the watershed
(735 square miles) drains first inta Railroad Canyon Reservoir {Canyon Lake).
Lake Efsinors is the terminus of the San Jacinto River watershad. The local
tributary area to Lake Elsinare, consisting of drainage from the Santa Ana
Mountaing to the west and the City of Lake Elsinore, is 47 squars miles.

1.1 Ban Jacinto River Watershed ~ Geclogical and Hydrological Features

The San Jacinto River watershed is bounded by two strike-slip fault zones, the
3an Jacinto fault zone to the northeast and the Elsinore fault zone to the
southwest (Figure 2). The San Jacinfo Vailey is among the most seismicaliy
active of the majar strike-sfip fault zones in southern Califamia, and slso the site
of rapid subsidence (20 mm per year) due to tectonic activity and groundwater
withdrawal (Morton, 1998). The rapid rate of subsidence has resulted in the
formation of a strike-slip “pull-apart basin” or graben that has develeped along
parallel fzuft strands in the fault zone. The Elsinore fault zone is also a strike-slip
fault zone and the subsidence along the fault formed Lake Elsinore.

Flow to the San Jacinte River begins in the San Jacinto Mountains. Water flows
down the San Jacinto Mountains and then northwast along the San Jadinto fault
zong. Mast of the flows from the mountain infiltrates into the ground during iow
flow years. The extremely high subsidence rate of the San Jacinto Valley along
the fault zone has resulted in a closed depression perodically filling with water to
forrn the ephemeral Mystic Lake. In very wet vears, the surface area of Mystic
Lake can expand up to 400 acres, The river makes a 90 degree tum and flows
west at the Mystic Lake. The very low river gradient westward from Mystic Lake
forms a broad fluvial plain. The River then fiows through the narrow Railroad
Canyen, Canyon Lake and exits the Perris Biack into the lower Elsinore basin
created by the Elsinore fauit zone. :

The major waterbodies and tributaries of the San Jacinte River Watarshed
include Lake Hemet, Strawberry Creek, Bautista Creek, “Mystic Lake”, Pemis
Valley Storm Drain, Salt Greek, Canyon Lake {Railroad Reservoir), and Lake
Elsinore. ' :

The San Jacinto River channel has been heavily altered by man for fiood control,
farening and water supply purposes. [n the late 19™ century, Metropolitan Water
District constructed the Colorado River Agqueduct through the San Jacinto )
Mountains to convey Colorade River water to Southern Californta_ As a result of
de-watering during aqueduct construction, a farge amount of groundwater was
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lost through the tunnel in the mountains. Eady in the 20" century, the LS. Army
Corps of Engineess and the Riverside Flood Controi and Water Conservation
District constructed a levee along the San .Jacinto River north of the City of San
Jacinto to provide ficod protection. Construction of the levee resulied in the

“accumulation of sediment in the river channel, causing the river bed to be at a

higher elgvation than the City, theraby exacerbating the flooding potential,
Farmers in the watershed have diverted flow away from its natural. path into
Mystic Lake, leaving the old river bed dry. The new siver channel bypasses the
graben basin, thus cutting off the sediment supply that would have compensatad
for the rapid subsidence. Consequently, the area of the depressicn ig axpanding.
Groundwater I the basin has also besn withdrawn for agricultural and domestic
supply purposes in the last cenury. As a result of all of the human engineering
activities to the San Jacinto River, the surface flow in the San Jacinle River has
been significantly reduced. Only in extremely wet yaars does water from the
San Jacinto River reach Canyon Lake and Lake Elsinora.

1.2 Land Use

The majority of iand in the San Jacinto basin consists of federally, state or
privately owned open space araas. Accotding to 1093 landuse data from the
Southern Californiz Association of Governments (SCAG), land use in the
watershed includes vacant land {66%), agricultural land {18%, including Confined
Animal Operations such as dairies and chicken ranches, and irrlgated cropland),
and residential landuse (9%) (Table 1). Vacantiopen spacs is being converted to
residential uses as the population in the area sxpands. The major municipalities
in the watershed include tha cities of San Jacinto, Hemet, Sun City, Perris,
Canyon Lake, Lake Elsinore and portions of Moreno Valley and Beaumont,

Tabla 1
San Jacinto Watarshed 1993 Land Use

Land Use Classiication . Acres : Total 3

: i
Vacant 304,194 i 66
Agricultural 83,157 18
Residential : 41,521 9
Military 5,745 1
Transportation & Utilities 4 867 1
Water & Flood Flain 3.668 1
Open Space and Preserve 7654 1
Commercial 2256 0.5

Data socurce; Montgomery Watson, 1988,
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1.3 Characteristics of Lake Elsinore

Lake Elsinore is a relatively shallow lake with 2 large surface area. At the current
lake outlet 51l elevation of 1,255 feet, the lake has an average depth of 24.7 feet
and & surface area of 3500 acres. Annual average precipitation in the Lake
Elsinore watershed is approximately 11.6 inches; average annual evaporative
loss is 56.2 inches {Montgomery & Watson, 1987). This excessive evaporation
loss compared to natural inflow resuits in very iow lake levels. At the extreme,
Lake Elsinore wags completely dry in the 1950s and 1960s (Figure 3).  Cnly in
extremely wet years does Lake Elsinore overflow into Temescal Creek. In the
tast century, Lake Elsinore-only overflowed five times (1919, 1981, 1983, 1993,
and 1995} causing extensive floading to the City of Lake Efsinpre.

To prevent the Lake from drying out and also to mitigate the flooding potential,
the LIS Bureau of Land Management, the U.5. Army Corps of Engineers and the
County of Riverside Flood Contrel and Water Conservation District developed the
Lake Etsinors Management Project (LEMP). Three major projects wera
implemented through the LEMP: 1) construction of a levee to separate the main
Lake from the back basin te reduce the Lake surface area and thereby prevent
significant evaporative losses; 2) realignment of tha Lake inlet channel! to bring
natural runoff from the San Jacinto River; and, 3) lowering of the Lake outiet
channel to increase gutflow to Temescal Creek when the Lake lavel exceeds an
elevation of 1,255 feel. The LEMP also called for the introduction of
suppiemental makeup water to maintain Lake levels at an adopted aperation
range of 1,240 1o 1,249 feel. Highlighis of the LEMP are shown in Figure 4.

1.4 Lake Elsinore Beneficial Uses and Water Quality Objectives

The beneficial uses of Lake Elsinore as identified in the 1955 Water Quality
Contral Plan for the Santa Ana River Basin {Basin Plan) ara as follows:

«  Warm Frestwater Aquatic Habitat — (WARM)
+ Body Contact Recreation ~ {REC1)

Non Body Contact Recreation — {REC2}
Wildlifs Habitat - (WILD)

The Basin Plan specifies both numeric and narrative water guality objectives for
Lake Elsinore that relate to nutrient impairment, These cbjectives are as
follows:

= Total Inorganic Nitrogen {TIN} — 1.5 mgt.!

'TIN is the sum of nitrale, nitrite and ammania forms of n"rlmgen. The TIN water quality chjective
was astablished based on the TIN historical average in the lake prict to 1975. Given the
autrophicatian problems in Lake E'singre, Regional Bowrd staff belleves lhis valua may need 1g
be rawvigad. '
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« Algae --\Waste discharges shail not contribute to excessive algal growth in
' reseiving waters,

e Un-ionized Ammonium-N (UIA) - 0.822 mgil

» Dissoived Oxygen — the dissghved dxygen content of surface waters shail
not be depressed below & mg/L for waters designated
_ WARM
« pH-851t086.5

The Basin Plan does not specify a phosphorus water quality objective for Lake
Elsinore. As will be discussed further, phosphorus concentrations greatly affact
algae growth in Lake Elsinore and, therefore, it may be appropriate for the
Regional Board to ¢onsider developing a phosphanss objective for the {ake.

2.0 Eutrophication of Lake Elsinors - Background and Historical Data

The f-::l!amng section discusses the eutrophlcation processes in lakés, and
summarires the past studias on Lake Els:lnure water quality.

2.1 The Eutrophication Processes

Eutrophication of a waterbady is a process in which nutrient enrichment occurs,
and phyteplankton production is high. Eutrophication of a lake due to natural
processes (filled in by sediments, accurmnulaton of organic matter) may take
thousands of years (US £PA, 1880). However, human-induced autrophication
can occcur when nutrisnts from urban runoff, fartilizers and organic matter from
animal wastes are discharged to a laks.

There are three stages in the trophic continuum of lake eutrophication:
oligotrophy, mesotraphy, and eutrophy. An aligotrophic lake has low nutrient
cancentrations, and low biclogic productivity. Consequentty, the water is very
clear, Mesotrophy is the first stage of lake moving toward a eutrophic condition.
Nutrient concentrations and biological productivily begin to increage. An
eutrophic lake typically has high nutrient concentrations and high algal
preductivity. i contains an undesirable abundance of plant growth, particuiarly,
phytoplankton (frea floating microscopic algas), perinhyton (attached algae), and
macrophytes {large aguatic plants). if the nutrient levels and algal productivity of
a lake are higher than exists for a eutrophic lake, the lake is considered
hypereutrophic.

The two most common nutrients are phosphorus and nitregen. Figura 5 depicts
the phosphorus cycle in a lake system. Phospherus {in the form of phosphate)
¢an be carmied into a lake by river inflow sither as tha soluble reactive form or
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beund to sediments. The scluble form of phosphorus can be taken up directy by .
algae and is then converted to organic phasphorus.- Orgznic phosphorus can
either move up through the food chain until it is removed by fish or birds, or, as
e algae dig, the organic phosphonss settles into the sediment and partially

binds to calcium and iron ions to form phosphate minerais over time. The
calcium bound phosphate is refatively stable and will remain permanently bound
to calcium. Gn the other hand, the phosphate bound to iron remains in the
sediment only if there is sufficient dissolved oxygen prasent (oxic conditions).
Under anoxic conditions (low dissolved oxygen), the iron will be reduced to the
soluble form, resulting in the release of phesphorus back into the water column.,

Another important process In the phosphorus eycle oceurs in alkaiine {high pH)
lakes such as Lake Elsinore. In an alkaline |zke, the co-precipitation of
phosphate with calcium occurs. When the concentrations of phosphate and
calcium ions exceed their solubility, a mineral, hydroxyapatite, will precipitate aut,
in addition, phosphate ions can be adsorbed by calcite particles and be removed
from the water celumn.  The high alkalinity of Lake Elsinore provides a seH-
¢leansing mechanism for the {ake. '

The nitrogen cycle in a lake system is more complex than the phosphorus gycle
in that thers are more forms of nitrogen. Nitrogen gas and ammonia gas, the
soluble nitrogen forms of nitrate, nitrite, and amménium, and arganic nitrogen are
all present in a lake system. The nitrogen cycle, as depicted in Figure 6, consists
of nitrogen fixation, ammonification, nitrification, and denitrification.

Al four of these processes oocur in Lake Elstnora. Nitrogen fixation in a.lake
system occurs when certain Hlue-green algaf species, such as Anabasna and
Nodufana, fix nitrogen from the atrmosphere. Under anoxic conditions, the

organic nifrogen bound in detrital organic matter goes through minaratization to

produce ammoniurm. Ammanium can be readily taken up by algas or, under
alkaline {high pH) condiifons, tha ammonia gas and ammoniurn ion egquiibrium is
shiftad to produce ammenia gas (un-ionized ammonla). At high encugh
concentrations, un-ionized ammonia is toxic te fish. Nitrification is the process by
which bacteria oxidize ammonium to nitrate in the presence of axygen. In the
denitrification process, sediment bacteria convert nitrate ions into nitrogen gas
that is then released to air. This process occurs in the sediment/water column
interface under anoxic conditions.

The ratio of total nitrogen (TN} to tatal phosphorus {TP) has been used to
estimate which of the two nutrients is the liméting factor for algal growth. ifthe
TN/TF ratio is greater than 10, phosphorus Is considsred the limiting nutrient. If
the TN/TF ratio ig less than 10, nitragen is then the limiting nutrient. In other
wordsg, the factor that is in short supply relative to the needs of aigae will limit the
growth of those plants. Therefore, control measures can be developed to
address the limiting nuirisnt. In the case of Lake Elsinote, the limiting nutrient
changes through time (see Section 3.3). Therefore, both nutients need to be
controlled. : :



Lake Elsinore Nutrient TMDL Problem Staterent  Page?

2.2  Lake Eisinare Eutrophic Survey by US EPA (1975)

In 1975, US EPA conductsd a eutrophic survey among 24 |akes and reservoirs in
the western United States, including -Lake Elsinore. The study placed Lake
Elsinore into the hyperautrophic state dus to hlgh levels of chlorophyif &2, total
phosphorus, total nitrogen, and low Secchi depth? readlngs These resuits are
summarized in Table 4,

As part of the EPA study, an effort was made to determine whethar the limiting
nutrient was nitrogen or phosphorus, The study consisted of using an algal
growth test {assay) on the aigae Sefenastrum capricornutum. Results indicated
that at that time, nitrogen was the limiting nutrient (US EFPA, 1578). A survey of
phytoplankicon indicated a dominance of flagellate-green, blue-green algae and
diatoms, The abundance of the aigal cells increased the turbidity of the water
coiumn. The presence of the blue-green algas suggested that nitrogen fixation
was a process for the blue-green algae to utilize nitregen directly from the
atmospherea.

Table 4 EPA EUTROPHIC SURVEY {1975) RESULTS OF

LAKE ELSINORE
Sampling [Chlorophyll @ [TOT-F {mgiL} [Orho-F fingrg-N [SECCHI |
Date ___|{ugL}) _ltmgiL) [tmg} K
10775 52 0.515| 0254 0.079 03
617375 41.0] 0.469] 0086 0123 0.2
11713175 117.7 0366 0046] 0.241 03
Moan 7057 945 013 018 0.27

2.3 Black & Veatch Studles (Clean Lakas Study and Lake Elsinora Water
Quality Monitoring Program) (1992-1997)

In 1993, the Santa Ana Watershed Project Authority (SAWPA) was awarded a _

Clean Water Act Section 314 grant (Cizan Lakes Study) to conduct a water

quality study of Lake Elsinore. The consuiting firm of Black & Vaaich was

retainad by SAWPA to ¢onduct the study. As a follow-up to the LEMP, Black &
Veatch conducted 2 water quality monitaring program under the contract with the
then Lake Elsinore Management Authority (LEMA) from 1994 through 1997. The
results and findings of the two studies were reported in Biack & Veatch {1894,
1396). The resulis and findings of the nutrient and algae analyses are

. summarized he!lnw

uhlnrnphy{l a is 2 measure of the algaa biomass
? seechi depth is a measure of the slarity of water. The greater the secchi depth, the greatar tha
water clarify.
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Dissolfved Oxygen

The average dissolved oxygen concentrations for the Lake Elsinore stations
{measured at the top, middle and bottom of the water column) from March
1884 to June 1988 are shown in Figure 7. Dissolved oxygen concentrations
in Lake Elsinore varied both seasonally and vertically. The high dissolved
oxygen at the surface suggested that algae pholosynthesis was
supersaturating the water with dissolved oxygen most of tha time. Extremely
low dissolved axygen near the bottam during the summier time indicates that
there was a high cxygen demand from the sediment. in addition, during the
two-week period in September 1985, approximately 10 tons of fish died as a
result of oxygen depietion. At that time, the dissolved oxygen concentrations
at the top, middis and bottam were all below 5 mg/L.

Secohi Disk Depth

Secchi Disk depth is an indicator for water clanty, High secchi readings
indicate clear, less turbid water. Low depth readings indicate muddy, turbid
watar that is often caused by tha presence of abundant algal cells. Secchi
depth has baen used as ane of the eutrophication indices. Secchi depth in
Lake Elsinore was measurad biwaekly from March 1894 through June 1896
{Figure 8}, In March 1924 the water in Lake Eisinore had a Secchi depth of
130 inches. By July 1994 the Secchi depth had dropped o approximately 20
inches. The Secchi depth remained stable through o the end of the
monitaring pregram, ranging from 17 to 35 mches (0.4 to 0.9m), which is
vary low,

Phosphorus and Nitrogen

Total phosphon:s inciudes orthophosphate and organic phosphorus.

" Orthophosphats |5 the soluble reactive form that algae can take up diractly

from the water column, When the sample includes a significant amount of
algal cells, the organic phosphemns is primarily the phosphorus content of the
slgal cells. '

The phosphorus data from 1992 through 1997 are shown in Figurs 8. Prior
to Janvary 1893, orthephesphate concentrations in Lake Elsincre were
beiow the detection limit. In Januvary of 1993, Canyon Lake overflowed. This
overflow greatly altered the phosphorus concentrations in Lake Elsingre.
After the Caryon Lake cverflow, hoth orthophosphate and total phesphorus
increased dramatically; orthophosphate increased from non-detect to 0.5
mgiL., and total phosphorous increased from 0.5 mgil to 1.2 tmg/L. The
increasa in phosphorus mores than likely came from tha San Janlntu River as
Canyon Lake overflowed,
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» Both forms of phosphorus decreased from 1994 through 1997, By the
summer of 1897, the total phosphorus concentration was approximataly 0.2
mgfL, and the orthaphosphorus was below the detection limit, This decrease
may be explained by the settling of the algal particles and the mineral
precipitation of phosphate to the Iske sediment. .

All of the forms of nitrogen were analyzed in ihe Clean Lakes Study and the
follow-up monitoring; nitrate nitrite, ammanium, and total kjeldah! nitrogen®.

+ As shown in Figure 10, in Lake Elsinore, the mafor form of nitrogen exists as

arganic nitrogen. Priar to the Canyon Lake overllow in January 1893, the
total kjeldahl nitrogen concentration was as high as 13 mg/L. After the
overflaw, both parameters dropped dramatically to 2 mg/L. Thera was an
increase in total kjeldahi nitregen concentration (mostly the organic nitrogen)
in Gotober 1993, up fo 6 mgil, pessibly due to an alga! bipom. Thers is no
data for total kjeldahi nitrogen concantrations in 1954; analyses resumed in
1985 and the total kjeldahi nitrogen concantrations remained stable from
1995 through 1987 at approximately 3 mgrlL.

As discussed previously, an evaluation of the ratio of total nitrogen (TN} to
total phosphorus (TP} can be used to determine whether tha limiting nutrient
fs nitrogen or phasphonus, Once the limiting nutrient is ientified, specific
confrol measures targetad at that nutrient can be identified and impiemented.
A plot of the ratio of total nitrogen te total phosphorus from 1992 to 1997 in
Lake Elsinore is shown in Figure 11, Phospharus was the limiting nutrient
fram 1992 to the 1993 before the overfiow of Canyon Lake, After Canyon
Lake overfiowed, nitrogen became the limiting nutrient in Lake Elsinora.
There was no data collected during 1884, From 1985 to 1997, the
phosphorus became the limiting nutrient once again. It is apparent from
evaluation of the'data during both wet and dry conditions, that both nitrogen
and phasphorus are critical nutrients with regards to algal growth in Lake
Elsinore. Secause the fimiting nutrient can vary depending on the hydrologic
conditions, it is necessary that the TMDL address both nutriants, '

Chiorophyll a

Chiorophyli a is an indicator for algal biorasa. It is also an important
indicator for eutrophication status. in generat, a lake with an average
chlarophyll 3 concentration over 20 ugll is considered eutrophic (US EPA,
2000, : :

Chlorophylt a concentrations in Lake Elsinore are shown in Figure 12. In
Cctober 1993, chiorophyll a8 concentrations were as kigh as 950 ugfL. This
also coincides with high organic nitrogen ¢ongentrations (see Figure 11).

* Total kjalgahl nikcogen is the sum of organic nitrogen and gmmenium nitrogen; total nitragen is
the sum af ammonium, nitrate, nitrkle and arganic forrms of nitrogen, talal inorganic nittegen
axcludas the arganic forms of nitrogan.
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From 1985 101997, chlorophyll a concentrations did display a seasonal
variation; during July to Novembéf &dicsntrations ranged from 100 ugfl. to
624 ug/L, and during December to May, chlorophyl! a cancentrations ranged
from non-detect to 85 ug/l. The low winter/spring chlorophyi! a
concantrations are likely correlated with reduced temperature and light
conditions which fimit algal growih.

Trophic State Index {TS1) was developed by Carson {1877) to determine and
to classify lakes based on the levels of eutrophication. '

TSI = 30.6 +9.81%In (chloraphyll a)

Most of the ofigotrophic lakes measured had a TS! betow 40, mesotrophic
lakes had TS| between 35 and 45, while most autrophic lakes had TSI
greater than 45, Based upon the 1093-1937 data, the TSI values for Lake
Elsincre ranged from 33 to 93 {Table 5) - clearly eutrophic.

Algal Taxonomy

Taxenomic evaluations of zlgae species were performed on samples
collected in September and Qctober 1893, then monthly from May 15585 to
July 1896. The dominant species of algae in Lake Elsinore are blue-green
aigae, Oscilfatoria and Anabaena. Diatoms, and flagellate-green algae were
alsc abundant. The cell counts ranged from a high of 77,417 cells per mL on
July 10, 1996 to a low of 126 cellz per mL on December 12, 1985. The
abundance of the phytoplankionic algae is the cause of low Secchi depth
readings in Lake Elsinore; the algal cells absorh, scatter, and disperse the
light from passing thiough tha water column, making the lake water pitch
dark 2-3 fest balow the surface. '
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3.0 Lake Elsinore Nutrient TMDL - Foblem Statement/Numeric Targets

Tha most distinct water quality problem of Lake Elsinors is hypereutraphication.
The hypereutrophic conditlon means that the lake is enriched with nutrients
tphosphorus and nitrogen}, resulting in high elgal productivity, mostly planktonic
algae As shown in Table 2, there have begn rapnrts of algal bivoms and fish kills

.in Lake Elsinore since the 1830s (EDAW tnc., 1974, The cause cited for the
fish kills was the depletion of oxygen in the water column. Algae respiration and
decay uses the dissclved oxygen in water column; excessive oxygen depletion
adversely affects other aguatic biota, including fish. The decay of dead algae
and fish also produces offensive odors and an unsightly lakeshore, adversely
affecting use of the Lake for recreafional pusposes. In addition, the massive
amount of algal celis causas high turbidity in the lake, making the water an
unirviting murky green color at timas.

Comparing the fish kill record to rainfall and lake lavels, the fish kilis seem to
coincide with either very shallow lake levels or flooding. This indicates that lake
levels and inpuls of nutrients to the Lake during vary wet conditions are both
important factors that affect the health of Lake Elsinore.

As a resuit of the history of fish kills and algae blooms in Lake Elsinora, in 19594,
the Regional Board placed Lake Elsinore on the Clean Water Act Saction 303(d)
list of impaired waterbodies. For any waterbody listed as impaired, federal law
requires that 2 total maximum daily [oad {TMDL) be established to address the
impairment,.

Pursuant fo the federal TMDL requirements, quantifiable and meaasurable
numeric targets that will ensure compliance with water quality standards
(beneficial uses and water quality objectives) must be established in the TMDL
(US EPA, 1988). For Lake Elsinore, the warm freshwater aguatic habitat
(WARM) and body and non- body centact recreation (REC1 and REC2) ars the
beneficial uses that are impaired by the nutrient input. The TMDL and its
numeric fargets must be structured to assure protection of the WARM and RECH
and REC2 beneficial uses and attainment of the nutrient related water quality
objectives specified in the Basin Plan (see Section 1.4). Regional Board staff
believes that the WARM beneficial use is the most sansitive with respect to
nutrients and that If the TMDL ensures protection of the WARM beneficial use,
then the recreation beneficial uses will ba protectad as well,

* It is posaible that addifional fish kills cccurrad that are nat shown on the Table 2. What iz
tabuiated reflects the fish kil records that were available to Regions Board staff,
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Tabie 4

Fish Kill Record In Lake Elsinore

Year Description
1933 Fish Kills and algalbloom in April, reported by State Bureau of
Sanitary Engineering _
1940 Fish kills reported by State Bureau of Fish Conservation
547 Fish Kiiis reported by State Uepariment of F1sh and Game
1948 "Aug. 31-Sept. 2 300-500 tors of carp” reporied by State
| Cepartment of Fish and Game :
1850 “There are na fish in the Lake" reported by Riverside County Health
Department
1866 "An Extensive die-off of fish™ reparted by State Department of Fish
and Game
1972 “During the last Week of August, and continued through
September, tons of fish ware buried or taken o the dump, mostly
thread-fin shad” - reporied by State Department of Fish and Game
1881 “120 thousands tons of fish Killed by algae” - reported by The
Press Enterprise
1992 "August 17, 12.15 tons fish kil — reporied by The Press Enterprise
1993 "More than 100,000 tons of fish died” - Black & Vealch
1895 'In Septernber, 10 tons of fish killed, shad, biuegil” - reporied by
E The Press Enterprise :
1996 “In Auguat srnalier fish die-off” — by The Press Enterprise
1897 "Qn April, 7 tens of shad died of mq,rgen depletion” - reported by
The Prass Enterprise
1998 200 tons Fish kill reported by Press Enterprise
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As described below, staff proposes at s time that numertic targets for
dissolved oxygen, chiorophyll a and tetal inorganic nitrogen be included in the
Laks Elsinare nutrient TMDL. Staff believes that if these numerlc targets are mat,
-then the water quality standards of Lake Elsinore witl be achiovad, Staff would
alsa fike to emphasize that this is staff's initial 2ssessment of appropriate numeric
targets for the Lake Elsinore nutrient TMDL. With additional data that are- to be
collected in the next year, staff may propose additiana! numenn targets Or revise
those discussed hers.

Dissoivad nygan

As praviously stated, the Basin Plan specifies a dissolved oxygan narrative
water quality objsctive of!

The dissofved oxygen content of surface waters shall not be depressed
befow 5
mg/l for waters designated as WARM.

The_prcp-nsed Lake Elsinora nutrient TMDL numeric target for dissolved
oxygen is as follows:

« monthly average dissolved axygen (meaasured biweekly during summer-
fall, and munthly during winter-spring} ba greater that & ma/L at the
hypnhmnet:c zone, when the jake stratifies; and

« Avergge dissolvad oxygen over depth should be no iess than 5 mag/l when
“the lake is well mixed from fop to botiom.

it could be argued that some fish species in Lake Elsinore could survive at
lower levels of dissolved oxygen, such as camp and shad, However, the Lake
has been stocked with other , more sensitive species of fish as well,
Furthermare, it is evident from the fish kill record that dissolvad oxygen
ievels nded to be maintained al, & mg/L or greater in order to prevent fish

kills, Ao, Hoe
Chlorophyil a

Cumently, there are insufficient data to determine the chiorophyll a
concentration that would result in no excessive algal blooms in Lake
Eisinore. For an interim goal, staff proposes that the numeric target for
chiorophyll a be as follows:

» maan chicrophyll a concentrations shall be no greater than 40 ug/L during
the growth season (July through November), /
5/1'4: 2 ,‘fy ,ﬁ? iy )

2 ff:j?/.:f

® Tha lower, colder watar zone in a stratified lake.
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As more data become avaitable that aflow a better refationship between
chioraphyll a concantrations and algal biooms to be developed, the numaric
target will be re-evaiuated.

ool F
Total Innrganfc N;‘trogen for ROV

As previously stated, the Basin Plan specifies a total incrganic nitogen
abjective for Lake Efsinare of” g/L,} Staff is proposing that this objective
also serve as a numeric targal. As noted eartier in this report {footnote 1,
Section 1.4}, this objective may need to be reviged in the futere. it is
revised, then the nurneric target in the TMDL would ba ravised accordingly.

4.0 Other Management Activities In Laks Elsinore and tha San Jacinto
Watershed

It is important to note that TMDL developmant by the Regional Board is only one
of the MANY efforts to restore the beneficial uses of Lake Elsinore. Federal,
state, local governments and the general public have been working to pool funds
and o evaluate vanous lake management alternatives for a number of years.

LS EPA has granted the City of Lake Elsinors $475,000 for Lake rastoration, and
the US Army Corps of Enginesrs is conducting a reconnaigsance study of the
San Jacinto Watershed, (n March 1098, the voters of Californiz passed
Proposition 13. One of the provisions in the bond was an award of $415,000,000
for restoration of Lake Eisinore and the San Jacinte River Watershed, A Joint
Powers Agency (JPA) was formed to manage and plan for Lake and watershed
restoration activities using these funds. The members of the JPA include the City
of Lake Efsinore, the City of Canyon Lake, SAWPA, the County of Riverside, and
Elsinore Valley MWD. Under the supervision of the JPA Board, a Technical
Advisory Commiftee (TAC) was farmed from the JFA member agencies.
Regional Board staff have been active padicipants at the JPA TAC since the
TMDL related activities are directly related to tha Laks and watershed restoration
activities.

Ameng possibie Lake management altematives, several are being considered by
the JPA for Laka Elsinore restoration, including alum treatment, metal satt
addition, treatment wetland construction, biomanipuiation and supplement water

supply to the Lake, A summary of each managament altemative is provided
balow,

Alum treatrnent

-Alum treatment consists of the addition of sluminum suifate {alum) 1o the lake

water. Alum combines with the phosphate |ons in the water column and
precipitates on the lake bottom. If an appropriate dosage of alum is added, the
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soluble phosphate ions wili be remaved fiom the water columin, The precipitate
forms a thin layer on tha top of the lake sedifient acting as a basrier to prevent
the release of phosphate o the water column under anoxic canditions. However,
there are limitations on the long-term bensfits of afum tréatment, When a new
source of phasphate is introduced, or-the existing sourca of phosphate in the
watershed is not controiled, the alum layers will be buried undemeath the new
lake sediment that is rich in phosphate and thus, the effect of the alum treatment
fs lost. The success of alum treatment on other lakes demanstrates that if the
other sources of phosphate are not controlled, alum treatment loses 70% of its
affectiveness in five years, and 100% of its effectivenass in seven YRars
(Robertson D.M., 2000, oral presantation).

Metal Salt Aﬁdfﬁan

Other metal saits, such as caicium chlorlde, can be added to lake water, much in
the same manner as in alum trealment. Phoaphate will combine with the calcium
ions and precipitate 1o the lake bottom, The difference batween alum treatmant
and metal sait addition s the stoichiematric ratio and the impact on water pH.

~ Calcium is an alkaline metal and jts addition rzises the pH of the water. Tha

addition of Alum will lowers the pH of the Lake.
Treatment Wetland Canstruction

Treatment wetlands, such as Prado wetland in Riverside County and San
Joaguin Marsh in Orange County, have been effactive in ramoving nitrate,
particuiarly during the summer. Wetlands are able to reduca nitrate
eancentrations from up to 10 mg/L (inflow) to as low as 2 mafl. (cuthow) (Railly,
Home and Miller, 2000). Tha removal of phosphate by wetland is less affective,
and, at times can even be problematic, Qverall, total phosphate is removad as
part of the sediment being trapped in wetland, but over a long perod of time,
soluble phosphorus can be released from the wetland via mechanisms simifar to
the way fake sediments release phosphonis under anoxie conditions. Research
by scientists at Duke University in the Everglades has shown that the addition of
a low dose of chemicals, such as metals, can enhance the phosphate removal
rate by wetlande {Bachant, P., oral communication).

Biomanipufation

Dus to the nypereutrophic conditions of Lake Elsinare, the biologic community
has shifted to species that could adapt or survive under the harsh eanditions.
For example. the fish community is dominated by shad, & bottom scavangsr that
can tolerate low dissolved oxygen conditions. Shad heavily grazes an
zoopiankton such as Daphnia that dwell on the lake-bottom, A prefiminary algal
survey conducted by UC Riverside this summer showed that the number of
Zooplankten on Lake Elsinore lake bottom is about one-hundredth to one-
thousandth of that of Lake Perris in the same watershed. |n a heaithy -
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.ecosystem, one of the important functions of zoapiankton is to graze on the algae
(Phytoplankton) and thus, significant algal blooms are prevented.
Biomanipulation, consisting of one of two approachas, aims to alter thig
unhgealthy cyele. ' :

The first approach, termed “bottom-up™, begins with implamentation of changes
at the battom of the food chain — the phytoplankton. in this case, control of
phytoplankton is achieved by reducing the amount nutrisnts requirad for algal
growth. Examples of the "bottorn-up® approach include alum treatment and

- wetlands treatment.

The second approach, termed “tap-down”, as its hame suggests, begins at the
top of the food chain (big fish and humans). Big fish such as caffish and bass
are stocked in a lake to graze on smaller fish such as shad. By fishing, humans
can help reduce the smaller fish populations as well. The reduction in small Fsh
aliows the zooplanktcn population to recover and increass. As the zooplankton

population increases, the grazing of the phytaplankion also increases, thereby

reducing the presence of algas.

Supplement Water Sdppl'y to Lake Elsinore

- Lake Elsinore can lose approximately 4.5 feet of water, or 14,000 acre-fast of

water dus to evaporation in a year. In many years, there is insufficient water
coming from the watershed to compensate for the loss (see Figure 3). As 3
result, Lake Elsinore can become gry such as aceurred during the 1950 and
1960z, Despite the existence of agreements going back to 1927 {Tilky
agreement), there has been no effort to maintain the water level at 1240 feat as
proposad by the agrasment. In 1867, the State Parks and Resrsation District
(Department} installed three deep wells to pump groundwatar io provide
supplemental water to fake. Aftar the State relinguished its ownership of Lake
Elsinore o the City of Lake Elsinore in 1992, the three walls were handad over ta
the Elsinore Valley MWD, The source of supplemental water to the Lake has
been uncertain ever since. In order o restore and maintain the beneficial uses of
Lake Elsinore, it is critical to maintain a stable water lavel. Regional Board staff
believes that without maintaining a stable water leval, implementation of any of
the restoration alternatives being considered would be futite,

The citizens of Elsincre Valley formed a Task Farce to explore the sources of
supplemental water supply, including the use of recycled water. The Task Force
committes members include citizens of City of Lake Elsinore, City of Lake
Elsincre officials, Elsinore Valiey MWD Board members, and Regiona: Board
staff. In 1997, a white paper was prepared by the Task Force avaluating the
recycled water altemative. The use of recycied water as 2 source of
supplementat water supply for the Lake was agreed upon by all members as long
as the foilowing conditions are met:
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Total phosphorus not exceed 0.2 mg/l, and that nitrogen and phosphorus
erifarfa for recycled walar not exceed minimum background nutrient

fevels that naturally oceur in the fake. (The Recycled Water Task Farce,
1997} : _ '

Currently, Elsinore Valley MWD is in the process of conducting a study to
evaluate the feasibility of using of recycled water as a supplemental water supply
for Laka Elsinore. Regional Board staff have been working very closely with
Elsincra Valley MWD, the City of Lake Elsinare and their consultants in
evaluating potential water guality impacts from using recycled water in Lake
Elsinore. :

Limnocosm-Scale Evaluations of Restoration Alternatives for Lake Elsinore

n order to evaiuate tha effectiveness of the various altematives for Lzke Elsinare
restoration, tha JPA contracted with LIC Riverside's Dr. Michael Andarson to
conduct both limnocosm experiments in the Lake and special laboralory studies:.
A seres of 10 limnacosm tanks have been constructed and placed in the western
portion of |_ake Elsinpre. The impacts of aeration, metal salt addition,
bicmanipulation, and recycled water addition on watar quality in Lake Elsinore
are being studied in the limnocosms. Monitoring is being conducted to msasure
nutrient levels and algal response when aeration, alurm treatment, metal salt
addition and recycled water addition are applied to the timnocosms. In the

. laboratory studies, nutnent release from intact sediment cores following aeration,

atum treatment, calcium oxide treatment, or combined alumfecalcium oxide .
additions will be compared with nutrient reteases from untreated sediment cores.
Laboratory studias consisting of the addition of saluticns of known nitrogen,
phosphorus arkl recycled water o Lake Elsinore water column samples 1o
quantify the algal response to extemat nutrient input to the lake. These types of
assessments are critical to providing an evaluation of the most feasible and
viable solutions to addressing the impairment of Lake Elsinora,

5.0 Reglional Board Planned Activities for TMDL Deﬁln;&ment

Regicnal Board staff initiated the Lake Elsinore nutrient TMOL development
process in the fall of 1989, As shown in Tabie 6, development of the TMDL will
continue through 2003. One of the first steps in developing the TMDL is to
determine all of the nuirient sources and the nutrisnt foads associated with each
source. |n an effort to abtain the source and kading information, Repional Board
staff obtained monltoring data from various agencies in the Lake Elsincre
watershed. Unfortunately, nutrient sources were not quantified in any of the
reposts or data reviewed. Again, thess data are critical for TMDL development.
Therefore, Regional Board staff, in coordination with watarshed stakehoiders,
has deveioped and is in the process of implamienting an exiensive watershed-
wide manitoring program.  To develop the monitoring program, Board staff
evaluated the watershed to determine potentlal inputs to Lake Eisinore. Potentlal
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nutrient inputs to Lake Elsinore were identified to be San Jacinta River betow the
Canyon Lake Darm, Cottonwood Creek, local area stomn drains, groundwater,
internal sediment nutrient loading, septic systems around Lake Elsinore and
atmospharic daposition. Bécause Lake Elsinore is alsg affectad by the San .
Jacinto River upstream of Canyon Lake during heavy runoff periods. Regional
Board staff is also evaluating potential nutrient sources to Canyon .ake that
include confined animal facflities (including dairies, non dairy sites such as duck
ranches and chicken ranches, sites where manura is disposed to iand but not for
the purpose of growing crops, and crop land located within the dairy property for
the purpose of growing ¢rops), urban uses (including residential, commercial and
industrial), irfigated agriculture, imported water, and open space’. The JPA is
assisting the Regional Board in the monitoring program by providing funding
suppont. :
Monitering began this summer and will continue though next summerifall. Once
nutrient sources have been identified and quantified, the proposag TMOL and
allocations for all scurces will be developsd. The propoged TMOL will also
include an implementation program and a monitering program for TMDL
compliance evaluation. Board staff anticipates provid ing an additional status
report to the Regional Board in the summer of 2000 and bringing a proposed
Lake Elsinore nutrient TMDI. for Regionat Board consideration in 2003/2004.

In addition to the monitoring activities, in January 2000, Regional Board staff

-convaned a technical TMDL workgroup to assist staff in the development of tha

nuirient TMOL. The workgroup inciudes representative from the city of Lake
Elsinore and other watershed municipalities, Riverside County Flood Controf and
Water Conservation District, the County of Riverside, Elsinora Valley MWE,
SAWPRA, Eastern MWD, San Jacinto Resaurce Canservation District, dairy
industry representatives (Milk Praducers Council and Westem Dalryrnen
Association), The Farm Bureau and the public. The workgroup has been
mstrumentai in assisting Regionai Board staff in the development of the TMDL
monitoring program and hag also provided input on the praposed numeric
targets. Regional Board staff will cortinue to meet with and solicit input from the

 TMDL workgroup on & regular basis throughout the TMOL devefopment process.,

Finally, as previously mentioned, Board staff is an active parlicipant on the JPA
Technical Advisory Committee and the Task Force 2000, Staff beliaves that it is
important to coordinate tha TMOL davelopment activities with the activities of
other agencies in the watershed because some or all of the lake restoration
altematives being considered may be included in the implementation plan of the
nutriant TMDL.

U Like Lake Elsingre, Canyen Lake is also listed as impaired due to nutriants, Muaitoring of the San
Jacinto River watershed upstream of Canyan Lake for SUTIENL S0URTLS 1 alse necessary for development
of the Canyon Lake nutrient TMEL.
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Figure 1, Map of the San Jacinto Watershed
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Figure 2. Santa Ana 30" x 60' quadrangie map shawing geologic and geomorphic features In the area



Figure 3. Lake Eilsinore Elevation 19712-1990
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Pala Source: Riverside County Flood Control and Waler Conservalion District
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Figure 4. Lake Elsinore Management Project highlights
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Figure 6. Nitrogeh cycles in a lake ecasystem [ffom Horne and Goldman, 1994}
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Figure 7. Bissolved Oxygen Concentrations In Lake Elsinore {1994-199G}
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Figure B. Lake Elsinore Secchi Depth (1994-1996)
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Figure 9. Lake Elsincre Phnsphﬂrus' Concentrations {1992-1397)
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Figure 10. TKN, Ammonium-N, Nitrate-N Concentrations
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Figure 11. Lake Eisinore Totzal Nitrogen/Total Phosphorus Ratlo (1992-1957)

T Loz

r LBIEAY

- L6/0E
LTl
- 9B/EZILL
- DEELA

F SEEIL

T 9BIETIS

i L
- BB

- SEEZE
- GE/EEL
r SEEES
- GBI
- SRR
REPE
- e
- PESERSL

- PEIEZSE

- PEEEE
- PEIETSL
- EBEE/L |
- E6rEE/E
+ EB/EZA
__T EGIEE/E
- SBELR

- EHELSL

25
20 -
15 -

- TRETIH

]

rSEEZEL

Paie

Ciala Source: Black Veateh [1006) Lake Efsinore Watar Qualily Momiloring Program



Figure 12. Algae Biomass, Chl-a {ugfl)
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APPENDIX B

Eastern MWD
Recycled Water
Nutrients Data



Data

1114197
2111197
Y5197
31197
311/97
4/8/97
5/1/97
5/8/97
516/97
5897
511167
5113497
397
5H5/97
5/18/97
BI0AST7
BINGT
B{27/87
5/29/47
61497
613107

- B/5/07
4B/97
BHD/AT
61097
6/11/97
BH2MT
BH5/7
BH7IST
BANY?
B/22/37
/2497
BI2B7
B/29/97
71497
748197
71897
Ti8ra7
7097
THIOT
71597

[ ANCT

NH,-N
01
02

01
2.9

1
(.1
1.3
0.1
0.1
3
0.1

0.1

0.1
5.1
52
1.4

2
0.9
31
&
3.3
5.4

5
3.9

21
4.3
1.8

1
3.2
22
0.5
0.1
0.1
4.7
37
0.8
01
22
1.4
0.2

Mareno Valley RWRF Effluent
Mutrients Analysis

NO-MN  NO.N

0.1
0.1

01

g.1

0.1

0.1

0.1

48
78

6.1

72

5
4.1
6.3
49
33
54
£.1

7
1.5
3.2
RS
2.3
28
2.3
1.4
2.2
1.6
1.7
1.8

25

2
24
3.4
2.3

3
27
2.8
2.8
2.4
19
28
29
1%
27
3.2

Page 1 of 13

TIN

48
78

9

8.3

5.8

66

6.5

Ortho FDq'F

1.3
15
18
11
1.5

1.7

14

1.9

24
2.2
1.8
3.3
26
28
25

2.4

1.8

18
&
4.8
47
3.1
29
1.3

0.5
1.5
1.4
0.8
14

L

P

708

800
560

580

390

460

440

460
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Date
7120007
7122097
7/24/97
712747
7/20/97
7/31/a7

BGT
B/5/07
87/97
810/97
8/12/37
BI12197
8/14/97
8/17/a7
R/21/97
B124/87
B/26137
828157
sl
0/4/97
9/7/97
0/9/97
0107
811197
Y1197
9/14/97
/16197
4/18/a7
8/21/97
9/23/37
0/25/97
9/28/97
990497
10T
10/5/97
10/7/87
10/9/87
10A2/57
10H4/87
10/14/67
10M16/97
10/21/97

NH,-N
13
0.1
0.1
0.1
1.1
0.1
2.1
Q.1
12

Woreno Valley RWRF Effluent
Nutrients Analysis

NO-N

4 -

14
11
17
10
8.1
0
a1
0.4
2.6
1
24
5.3
9.3

75
4.4
5.8

2.7
0.2
01
0.1
1.2
Q.1
0.1
1.7

18
45
92
5.9
6.4

0.1

0.1

0.01

NO-N TN

35
28
2.2
2.8
32

3
4.1
3.1
2.3
2.1

1

1
0.6
3.2
25
17
6.7
4.2
148
28
241
14
0.8

0.9
1.6
)

1
24
3.2
3
27
54
3.7
6.3
8,2
B6
4
46
18
4
32

Poge 2 of 13

15

5.8

Ortho PO-P

1.3
04
0.6
1.3
0.9
0.8
0.7
{1
1.2
05

19

41
2.6
1.5
0.2
0.7
15
¢
1.1
13

2

2.7
1.2
0.5
0.5
g1
2.1

07

i.2
1.3
2.6

3
41
4.5
3.5

44
27
3

P

TDS

40

370



Date

10/23/97
10264597
10/28/97
10/30/97
1172497
11/4/97
11/6087
1179/37
HH17
111207
A7
11/16/97
11718797
11/20/57
11/23157
11/25/97
11730/97
12i2/87
12/4fa7
1217797
12/9/47
1218197
12/11/47
12A1/57

12H4/97

1216/497

- 12118197

12/21/97
12/23/97
1212897
12/30/97
1/4/98
1/6/98
1/8/98
111/98
11398
1413/08
1/15/08
1/18/98
1/20/98
1/22/98
1/25/08

Morano Vailey RWRF Etfluent
Nutrients Analysis

NM,N  NOsN  NO,N

1.1
0.7
0.1
0.1
0.1
05
0.1
08
0.1
04
0.4
0.2

Y
0.1
¢.1
0.1
0.1
0.9
0.1
0.1
0.1
D1

Q1
0.1
0.1
0.1
0.1

01 .

0.3
4.2
33

23

02
06
. 1.8
1.5
1.2
1.5
14
0.7
24

001

0.01

0.0

48
538
59
6.4
45
4.6
74
6.6
4.5
58
54
3.3
3.2
34
31
3.2
28
35
28
6.8
7.3
T3

10
8.2
5.3
18
&5

B
3
2B
38
7.5

10
78
7.3
83
82
75
7.6
8.6

8

Page 3 ol 13

TIN

6.3

73

9.2

Ortho PO,-P

3.3
1.7
.7
2.7
24

3
39
4.9
27

25
1.8
1.8

2
1.4
16
0.4
03
1.3

2

2.3

24

2
21
2.8
2.1
23
13
24
2.2
2.8
A8
2.2

2.5
2.9
28

27

27
- 23

P

TDS

381

539

470



Date

1/27/98
1/29/98
2798
2/3/58
215798
2/8/98
2110098
210/98
2112/98
2N7H8
2/19/98
2/22/38
22498
2/26/98
3/1/08

343198

3/5/98

3808
31098
1088
1198
312/98
3/16/98
IMV/GE
19/98
H22/88
326/35
328/58
331/98

42/38

4/5/58

4/7/88

440/08
412/98
414798
4/14/98
4/16/98
4/18/38
421138
4/23/08
426/H8
Af28/90

Morano Valley RWRF Effluent
Nutrients Analysis

NHsN NO-N  NO,N

45
3.0
3.1

41
4.5
7.8
7.5
77
£.0

12
12
12
14
17
9.2
8.1
9.2
58
74
6.1

1.7
55
25

8
7.3
5.5
5.1
13
0.9
18
44
a4
7.1

§
4.2
47
5.5
78
0.9
i)
B9

0.01

a.01

0.01

1.7
87
59
5.4
5.7
45
4.5
36
4.2
S 2
28
2.9
0.8
1.1
2
1.2
-
g4
5.2
5.3

8
27
5.5
2.4
1.8
1.5
2.1
1.6
14
3.1
7.5
&.8
6.7
78
87
75
2.1
7.8

8.5
19

Poge dof 13

TIN

12

13

14

Ortha PO,-P
26

3

2

21

19

16

1.7
12
16

Y7
3.7

1.1
0.3
2.1

2.6

24
16
2.2
2.5
2.1
22
18
04
0.1

09

24
23

22
1.3
1.7
2.6

P

TDS

425

420

807



Date

430198
5/3/28
5/5/38
&/7/98

5/10/98

512198

5{12/9B

5114/9B
5H7/5B

5/19/08

521198

Bf26/98

B28/08

5/31/98
£i/2/98
B/d/36
6/7/08
6/2/28
6/9/98

EH11/8

6/11/68

6/14/98

B/16/98

618798

6/21/98

6/23/28

B/25{98

- 6/28/98

H/30/58
75/98
7i7i88

TH2M08

4198
7114/98
7/16/58
7415798
Fi2 1108
712398
7/26/98
f/28/98
7/30/98

Biof08

NH,-N
8
8.2
8.4
5.2
8.8
8.4
7.9
49
75
956
78
87
9
BB
12
14
10
9.2
13

19
9.8
.37
8
2
8.7
9.6
12
10
13
9.8
g
8.4
9.7
3.2
62
12
64
12
14
48
4.2

Morenc Valley RWRF Effluent
Hutrisnts Analysis

NC.-N

0.01

0.01

0.01

NQ;-N
7.1
78

B
12
10
1
12
12

8

4.4
£.8
57
8.1
10
4
(.5
73
6.6
7.3

9.4
5.7
13
3.4
3.3
48
6.8
42
1.3
3.0
g
5.8
5.3
4
4.7
6.2
24
a8
06
0.4
6.3
il

Poge Gof 13

TiN

19

16

14

Otthe PO,-P
' 19
14
14

1.2

16

2.1
1.9
1.8
18
14
19
17
1.6
1.3

1B
17

1.5

1.7
1.8
2.2
248
34
3.1
26

18

3.8
27
2.4
2.4
18
28

Ll

TDS

425



Dats

Bla/a8

B8/6/98

8/9/98
8/11/08
8/11/98
8/13/98
&As/o8
8/18/38
B204O8
B/23/98
B/25/98
B/27/98
8/30/08

8/1/98

9/3/98 .

Oi5/08

9/8/90
g atier)
941 5/68
9/15/08
9f17/08
90/98

9r22/98 -

gr24/a8
812788
9/20/58

10f1/98

10/4/28

10/6/28

10/6/28
10/11/25
10/13/08
10113/98
101598
10f18/98
H0/20098
10/22/98
10/25/38
10/27/58

10/29/98

1171788
11/3/98

Nutrients Analysls
MHysN  NO-N  HOsN TIN
1.5 T4
29 2.5
3.5 3
2.3 (.01 1.7 b
25 23
o 3.8 1.7
8.7 24
B 24
3.1 41
25 3.3
0.3 4.7
0.1 g4
oA a1
0.1 8.6
a4 5.5
1.6 0.5 4.4 2.5
0.1 51
0.1 82
0.1 8.5
01 4.2
v 9.5
01 12
0.1 14
0.3 15
1.8 12
1.2 8.6
) 49
27 18
4.5 17
5.6 1.8
8.4 1.3
f 0.1 1.5 10
72 1.1 :
7.8 0.8
6.5 0.8
9.2 0.5
13 0.5
2.0 1.3
1 0.9
71 1.8
2 1.2
7.5 1.5
Poge & af 13

Moreno Valley RWRF Efflusnt

Ottho PO,-P

a7
2.6
31

3.6
2.1

4

A
2.6
2
22
24
2
2
17

23
o8
a4
2.1
15
26
26
24
26

D

22
0.8
0.4

1

28

22
3.3
1.3
1.2

2
0.3
1.6
1.4
g8

05

P

TBS

368

418

370



Date

11/5/98
11/6/98
11110498
t112/58
11/15/98
11/17/08
11/19/58
11722138
11/24/98
11/28/98
121198
12{3/98
12/6/58
12/7/98
12/8/58
12/10/28
121138
121588
12/17/8
12/20/98

12{22/98 .

12/27/98
12/29/98
1/3/99
1/6/99
17{58
1/10/%9
1/12/89
1/12/89
1714199
1/17/38
1/19/98
142189
1/26/99
1/28/99
21145
2/398
2/5/8%
2/8/93
2/5/98
2A10/93
21298

NH,-N
39
6.5
6.1
44
5
24
2.5
3.3
3.8
95
9.5
85
78
7.2
78
23
6.9
B
8.1
8.2
9.4
0
13

19

18
12
2.6
3.7
12
9.8
8.3
78
10
5.7
&1
3.1
36
g
0.2
0.2
0.2
44

Mareno Valley RWRF Effluant
Nutrients Analysis

NO,N  NOgN

0.01

0.05

0.01

4.3
4,9
2.1
1.6
1.1
5.9

4.3
2.3
2
37
1.6
21
18
25
1.6
16
17
16
1.9
2.1
1.7
2B
26
14
0.8

i
1.2
1.1
0.6
0.4
0.4
0.8
0.8
14
12
2.1
29
1.7
2.7
3.9
3.6

0.01

Pode ¥ of 13

TIN

8.1

9.4

51

1.8

Orho PO,P

0.1
0.5

0.5
- 1.5
0.8
0.5
0.7
1.2
0.4
0.5
0.4
0.6

06
1.5
5.7
a3
4.3
14

07

07
2
08
08
0.4
29

18
1.1
1.1
0.5
0.3
0.3

1.5
0,1

0.1
1.1

TP .

DS

360

65

285



Date

217199
2/19/88

2/92198

2/24/39
2/26i93

311./99

3
-3/5/99

3i8/89

3/9/88
310499
312453
315/99
3f17/88
3/19/98
322/99
3/24/98
3/26/99

3290

3/31/99
4/2/99
4/5/39
417199
A5G

4112198

413198

4/14/99

416199

4/15/99

4/21/99

4/23/99

4/26/99

428980

4/30/99
§15/09
5/5/09
B/7/99

51439

511729

51 2199

51 4/93

5A17/0G

NH,-N
2.2
a5
15
2.2

2
15
24

4.8

1.5

4
B.3
2.9

45

. 2.5
2

6
4.5
4

3
7.4
7.2
av
47
6.1
4.4
47
34
6.8
5.4
8.8
7.8
0.4
B9
10
7
5.1
4.5
BB
Fi
B2
7
39

Mareno Valley AWRF Effluent
Nutrients Analysis

. Hﬂz;ﬂ
53
5.8
3.5
4.4
3.3
25
13
1.9
27

2

18

34
26
a5
1.8
4.4
27
3.3
4.1
1.8
29

3
3.5
43
43
3.8
38
18
3.2
2.3
&y

3
28
a2
386

4
3.7
2
2.7
21
26
4.7

NOgN

0.01

0.0+

0.0

Poge &of 13

TIN

8.4

87

Oriho PO,-P

1.7
18
18
1.5
23
2.8
15
17
29

19
23
27
0.6
16
1.1
g
1.7
29
19
14
2.2
1.5
18
25

1.5

2
2.8
1.8
14
15
12
21
4.3
2.1

1.9 .

2.1

17
1.2
1.8

P

TDS

385

380

410



Data

5/15/28
5/21/8%
5/24/98
5/26/39
5/28/98
Bi2139
6/4/39
87199
6/8/3%
6/9/83
611/39
6/14/99
6/16/49
6/18/30
G23/00
6/25/93
6/26/93
6/30/89
7/2/39
7709
7/8/29
/1249
7M3/98
7114/89
7116/88
719493
7i21/3
712393
Fi26/99

T/2B/99

7/30/99
H/ED
Biafag
8508
B/2/9%

A10/39

8/11/99

B2/

813789

8/16/99

6/18/99

8/19/98

Morena Vailoy RWRF Effluent
Nutrients &halysis

NHo-N  NOsN  NOgN

54
8.4
9.8
8.5
5.1
8
25
0.2
18
0.2
0.2
1.3
3
0.2
28
1.2
1.4
2.4
5.5
57
1.2
14
78
13
6.3
12
D.2
3.7
0.8
2
0.2
1
0.6
0.6
3.3
Q.2
0.2

0.2

0.2

g.2

35
2.4
24
1.1
09
18
3.8
2.3
1.4
22
4.3
3.8
33
3.2
2.7
33
39
24
3%
15
i
1.2
0.8
04
0.5
0.5
0.6
3.1
2.8
2.5
4.8
3.8
3.6
3.5
4.7
3.9
3.6

3.3
38
34

01

0.1

.01

Popa 9ol 13

TIN

2.4

3.4

Otthe POP

1.8
18
1.1
0.1
0.3
0.6
0.1
035

0.2
04
04
0.4
0.1
0.2
0.33
04
0.96
03
08
0.4
0.2

4
12
2.7
0.3
0.3

1
0.4
04
1.2
0.7
0.8
24

D.B
2.8

3.4
18

TP

28

DS

440

425

415



Date

Bf20/99
B/23/98
Bi2a/939
8/26/99
8/27/9%
830789
8/31/59
811/99
4/2/39
8/7/a8
9/2/99
999
9/12/92
8/13/99
9/14/39
9/15/99
8/16/99
8/19/99
9/21/98
WE3/98
9/26/29
9/28/9¢
10/3/98
10/5/39
10,7792
1010/9
10/11/39
10/12/59
10f14/99
10/17/98
10/15/99
10/24/93
10/26/99
10/28/99
10/31/88
1172199
1114159
11729
11/8/99
11/8/99
1111/9%

11!14!99_

NHyN  NOysN  NOgN

0.2
0.2
1.5

1
0.5
0.2

D2
02

2
0.2
1.8
0.2

0.2
02

d

4
0.2
02
g2
0.2
0.2
0.2
oA
B2
(.2
0.2

-

1.7
0.2
02
0.5
0.2
0.2
0.2
02
0.2
02
0.2

Marena Valley RWRF Effiuant
Nutrisnts Analysis

3.5
1.8
3.8

4.4
3.9
4.3

7.2
28

2.3
31
1.3

2

3
2.1

1
12
1.9
1.9

i
1.8
3.2
2.4
1.1
19
25
28
2.5

i
3.1

4
28
3.1
3B
26
28
24

4
4.5

TIN
.1 3.2
0.1 .1
0.0 25
Page 10 of 13

Ortho PO,-P

2.1
3.3
1.3

1.4
0.4
0.8

2
1

2.8
15

13

13
0.8
12
1.3
18
08
1.4
0.5
1.7
1.5

0.7
1.3
28
2.2

3
2.1
3.4
3.2
1.8
1.8
1.1

0.8
1
1.9

P

0.2

1.5

1.4

a7

D5

370

400

435



Date

11416138
1118789
11/21/98
11125198
11/28/95
11/530/98
12/2/89
12/5/99
127439
12/6/99
1212/9%
1211398
12{12/98
12/116/99
1211988
12/21/89
12/26/99
12/28/99
211100

- 2300
215400
27100
2/8/00
210/00
2113100
21500
217100
212200
/24100
227100
2/28100
32100
3/5/00
3700
Hs/00
¥12/00
31300
314100
1600
319700
FH21/00
-3/23/00

NH, N
0.2
0.2
1
0.2
0.2
0.2
0.2
0.2
0.2
.2
0.2
0.2
0.2
0.5
1.4
0.5
.5
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.z
14
2.
6.8
8.8
8.2
8.7
6.9
6.8
1.8
22
25
5.5
4.5

0.2

Moreno Valley RWRF Effluent
Nutrients Analysis
NO»sN HNO.M TIN  OrhoPD,P
4.4 1.8
6.1 23
4.2 a5
38 18
2.1 0.3
28 0.8
4.3 1.3
3 G.G

1.4 6.4
249 28
32 14
23 0ot 2.3

24 1
21 1.8
1.2 1
16 0.3
1.3 0.6
2.3 0.2
47 1.9
G.h 2.9
6.2 3.6
4.8 0.01 48
BB
i8 3.5
5.2 22 .
4.3 14
3.3 1
27 0.6
28 0.8
22 (8
2.1 0.8
27 1.1
25 0.6
20 a7
2.4 0.7
24 0.2
2.1 (HRy| 4.3
24 0.2
1.6

Pogc i1 af 13

52

ne

TP

TDE

435

535

480



Date

32600
3/25/00
3/30/00
4/2100
4/4/00
4/5/00
4/9/00

410000

411/00
4/13/00
4417/00
411800
420100
423100
4/25/00
427100
4/30/00

2H2/00

54/00

5700

5/8/00

Si/00
5/11/00
514C0
51 &G0
5/18/00
521100
52300
5i25/00
GIKIELLY

61400

B/4/00

B/6100)

68100
B11/00
6/ 2400
6/13/00
A1 500
B/1B/00
8/20/00
22100
6/25/00

Moreno Valley RWRF Effluent

Wutrients Analysls
NH-N NO-N HNOsK TN
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.1 1.5 0.1 1.4
0.2
0.2
0.2 5
0.0 7.3
0.2 6.2
0.2 3.3
0.2 28
0.2 3,3
0.2 5.2
0.5 4.2
0.2 2.8
0.2 4.5
3.5 15 . 00t 5
9.2 0.7
0.2 3.2
0.2 35
0.2 3
0.2 21
0.2 2
0.2 18
0.2 4.2
D2 39
0.2 5.4
0.2
B2
25
0.2
0.4 4.7 0.1 4.7
0.2 '
0.2
0.2
0.2
0.2
0.2
Pexge 12 of 35

Ortho PO-F

1.3
1.8

1.3
1.3
15
1.5
1.4
1.6
18

2.3
0.2
1.1
1.4
0.7
0.5
.25

1.2 -

1.8
21

TP

D8

410

450

450



Morenc Valley RWRF Effluent
Nutrients Analysis

Date NH-N  NO,N NCyN TN OrthoPQ-P TP  TDS

§/27/00 0.2

6/29/00 0.2 3 0.43

712100 02 23 0.3

7i4/00 1 17 0.69

7600 0.2 1.5 0.2

700 (.2 1.4 0.5

7H0/00 0.2 18 0.01 1.8 430

711480 0.2 27 0.3

7H3/00 0.2 2.3 0.4

7HEI00 0.2 25 04

7H&/00 02 24 12

7120400 0.2 28 039

7103400 0.2 4.3 13

7125400 0.2 3.1 17

7/27/00 0.2 3.2 17

7/30/00 0.2 3.8 0.7

8/1/00 0.2 a5 2.1

8/3/00 0.2

81600 0.2 34 11

BIT/00 0.2 3.6 0.01 3.6

8/B/00 0.2 5.9 16
No. of Data 510 033 297 43 434 8 42
Minimum 01 001 .01 1.1 0.1 02 349
Maximum 19 7.4 15.00 19 6.5 37 200
Average 3.6 2.7 4.1 1.3 1.7 2.0 437

Foge 13 of 13




Date
Q1401 /97
DIee T
03 o2
Q1/05/97
Ot /0697
01/07/97
01 /08/97
01709497
01712/97
01/13/%7
D1/14/97
01/14/97
01 15/97
07 16597
/1967
01420767
01421 /%7
01/22/57
01/23/97
Q} /2497
01/27/97
01 /287
01/28/57
/2957
Q1730797
Q2/02/07
Oz /0307
Q2/04/97
02/05/97
02 05/97
0R/05/97
0R/05/97.
02/05/97
02/06/97
02/08,97
02410497
02411497
02/11/597
[0l R L=
D2/ 507
00417457
0018107
02/19/67

NH,-N
0.1

41
0.1
Q.1
o1
0.1
01
R
0.1
0.1
.1
0.1
01
o1
o1
0.1
.1
0.1
0.1
0.1

Q.1
g1
0.1
0.1
0.1
01

0.1
0.1
01
a4
.1
0.1
0.1
0.1
0.1
0.1
0.1

Temecuia ‘."Hl_f?‘!r I-:I'WHF Effluant
Nutrients Analysis

MO-N NOsN TIN OrthoPOf TP

4.3

1.3 -

6.8

0.1 7.8

79

!

{1 23

43 -

5.8

6.3

78

5.4

Prages 1 of 24

TDS

B64

600

g10

715
733

734

GED



Dste
02/20/97
02/23/97
02/24/97
02/25/97
02/25/97
0272697
02/2797
03/02/97
03/03/97
03/04/97
03/05,/57
03/05/97
0340557
03/06%7
03/09/97
03/ 10447
03/11/97
03/11/97
O3/ 12097
03/13/57
03716457
03/17497
03/18/57
03719457
03/20/67
0323597
03/28/97
QG25,/97
03/25/97
03/26/97
O3/27 /97
CEf30/97
03/31/97
O4/01 /97
04/02/97
04/02/97
04/02/97
04/03/67
04/06/07
04/07 /97
04/08/97
Q470897
04/00/97

NH,-N
0.1
02
0.1

01
0.1
0.1
0.1
Q.1
Q1

0.1
0.1
041
0.1
2.1
&1
1

Q1

0.2
0
0.1
04
01
01

1

01
a1
o1
0.1
a1
0.1

01
g1
0.3
0.1
.1
0.1
0.1

<

Temecula Valley RWRF Eifluant
Nutrients Analysis

NOyN NO-N TIN  OrthoPO.P

g.4
6.6

5
75
6.7

7.3

11
0.1 £8 59
6.2

8.3
59

8.5

6.6
6.3

8.2
34

6.8

i2
2.9

01 q 4.1
52

Foge 20l 24

TP

DS

650

470
703

720

B2
709

560



Date
04/10/57
04,1397
04,/14/97
0d/15/97
Q4/16/37
Q41717
20,27
D297
Q4722107
04423197
04724157
042757
04,2857
D/ 2 a7
D4/29/57
O f 207
05401 /67
05/04/57
05/05/57
DS/05/57
DS/06/57
DB07 ST
Q&07 87
O5/07 157
O5/08/57
05411457
QEN2E?
Q812397
05/13/%7
05714757
DEAEHOF

DEAEMFT -

DS/ 19477
QS 20/97
QE21197
Cof22/97
D3/26/597
Cu3/27197

QST 97

05 /28/97
LS/29/97
D07 {97
D&02/97

NH,N

0.1
0.2
0.1
0.1
0.1
0.1
0.1
21
0.2
Q.1
0.3
0.1
0.1

0.1
0.1
0.1
01
0.1

0.1

0.1
.1
o1
0.3
6.2
01
01
0.1
0.1
g1
0.3
a.1
0.1
0.1

0.5
2.1
0.1
2.1
.1

Temecula Yalley RWRF Efflusnt

Nutrients Analysis

NO:-N  NOgN  TIN

0.1

8
4.1

4.7

5.4
g.1

58

7.9
71

5
83

13
9.1

8.1

7.5

5.3 5.4

f.1

1.3
52

4.8

5.8
5.6

.4

Poge 3 of 24

Ortha PD.;-P

TP

TDS

620

710

670

620 .



Date

06/03/97
06/04/97
/DA o7
06/04/97
UAB/05/97
06/08/97
08/09/97
06/10/57
06/10/97
06/11/57
Co/12/97
U6/15/97
06/ T&/7
06/17/57
08,/18/97
0B/19797
06/22/97
06/23/97
06/24/97
(62497
06/25/97
O 26 19T
06129157
06730197
07701 197
07/02/97
07/02/97
07402/97

D7 /06/97

D7/07497
07,/08/67
070857
Q709,57
DFPAQMT
07 Nae7
07714797
07/15/97
07716497
07717 /67
07 F 20497
07721 /57
07/22/%7
07/23/67

NH;-N
(.1

{1
ai
0.1
0.1
o1
0.1
0.1
0.1
01
5.8
01
2.9
0.1
Q.1
0.1

¢
2.1
0.1
0.1
6.1
0.1

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
2.1
8.1

Temecula Valley RWRF Efffueht

Hutrients Analysis

NO-M NO-N¥ TIN OrthoPQO-FP TP  TDS

01

0.1

4.9
727
761
3.4
3.3
4.4

54
4.1

8.1

5.7

2.5 ' 880

B.1

36

1.6
758
765

4.7

5.6 57 640
6.5

6.4

7.6
55

2.5

P 4 af 24



-

Date
07424797
0727 /97
D7/28/97
DTF20497
07729497
07450197
G7731/97
08/03/97
08/0457
08/05/07
OB/06/07
OBA07 107
08710797
0811797
OB/ 12/97
QB/12/57
08/ 1597
08/14/97
DEA7 157
QBF 18197
Q8719197
0B/20/97
O8#21 /97
OEf24597
OB/2597
OBf26/97
08/2697
OB/27 167
OBf28/G7
05701797
05702157
0%/03/97
Q%3757
Cer0aye?
C5/04/57
0%/07 /%7
0010897
OO0 /97
O%/0R /57
R 1057
O 117
OE 4057
08715197

NH,-N
01
0.1
0.1

0.1
0.1
0.1
0.1
0.1
0.1
R
0.1

01

01
g1
o1
0.1
o
C.
.1
¢
a1
01
0.1
0.1

01
a1
01
0.1
01

041
0.1
0.1
0.1
0.1
0.1
0.1
0.3
0.1
01

Temecula Valley RWRF Effluent
Nutrlents Analysls

NOsN  NOgN

78
5.3

47
5

8.1
5.4

57

7.2
5.5

0.1 6.2
45

4.6
54

7.7

51
g8

E .

6.2

6.8

7.1

5.8
5.2

- 0.1 5.8

7

i3

TN  OfhoPOF TP TDS

630

63 830

740

854
811

6 T30

Fage & of 24
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Date
O2/10/97
027547
OR8e7
OR21 197

- ORE2H9T

Q23457
O 24497
09/26/97
O /2697
Q02007
Q30557

0930167

10401 /97
10/01 /97
1G/01 /197
10702197
1070697
10/06/97
10/07 /%7
10408177
10/09/%7
1012/97
1013/97
1014497
10/14/97
Y0NGFT
10/14/97
101287
10520057

10421497

1022 7
10423197
10/26/%7
1042797
10/28/57
10/28/97
10420497
10/30/97
11/02/97
11/03/97
11/04/97
11/05/57
11/05/97

NH,N
0.1
0.1
0.1

0.1
I
01
0.1
0.1
&1

0.1

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
8
0.6
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

01

0.1

0.1
0.1
0.1
0.1
0.2
0.1

[

<

Tametula Valley RWRF Efflusnt

Hutrients Analysis

NO,N NGN TIN OrthoFC-PF TP  TD§

0.01

0.01

87

6.6
B

7.1

T4
5.3

45 606
56
808
713

6.2
5.6

54

52 8 545
64 -

i3
6.2

59
5.5

&3 GlE
§.2

7.7
€6

853
952

Poge 6 of 4



Temecula Yatley RWHF Eftluent
- Nutrients Analysis

. .
. o

Date HH;—H HOxN HNOsN TIN Ortha POy-P TP TDES
1105497 0.1
1105697 0.1 74
11709457 0.1 6.9
[AFARFL 01 i
1111297 01 < o 7.2 72 G20
11{12/%7 0.3
1A3/57 g2 75
11716487 02 54
VP97 0.1
M8 KT 01 7.7
T19e7 0.1 699
TE/20 %7 2. 7.8
117237567 0.1 b6
11/24/97 o1l
11125057 55 880
1125097 01 77
11730/97 0.1 g2
12000197 0.1
12/02497 o8 62
12/03/97 8
12/04/97 1.1 72
12/07/97 0.1 74
12006757 a1
12/05/%97 0.1 < 0.Mm 8.5 5.5 635
12409177 0.1 4.5
12087 6.1
12411597 oA 7.2
12414/97 0.1 8.6
O 12N89T 0
12016/97 0.1 5.4
YT SeT 720
1217707 650
12/17 537 aJ.1
12/18/27 01 52
12721097 0.1 70
editietion TR
12/23/97 0.1 ]
12{28/97 {31 8.9
12{29/97 0,1
12/30/97 8.8 611
12730437 0.1 58
0008 g g3
AL TR 0.1
Poge 7 ol 24
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Datle

01/06/98
01/07 /98
01/07/98
(/07 /98
01/08/98
01711/98
01/12/98
D1/13/98
01/13/98
01/14/98
01/15/98
01/18/98
01/19/98
01/20/98
01/21/98
/22498
01/25/98
01/26/98

"0 27595

071/27 %8

- 0128728

D1/29/%8
02071496
02/02/58
00308
02/04,/28
02404708
02/05/%8
02/08/96
02/09/98
02410498
02410498
02711798
02111798
O212/98
02/16,/95
0217498
02718475
D2/ 19/95
/22 08
O3 /23495
02/24,/98
02724495

NH,-N
0.1

1
0.1
(.1
0.1
0.1
oA
0.1
0.1
01
0
1
01
0.1
01.
01

g1
o1
a1

o4

0.1
0.1

0.1
0.1
{1
g1
01

Q.1
01
01
0.1
01
01
0.1
01

23

L

Temecula Yatley RWRF Effluent

Hutrients Analysis

NOyN NO;-N TIN

0.01

0.01

8.1

92
B.4

69 7
74

9.6
75

12

12
15

11
8.3

14
11

13

18
11

2.8

14
10

15
11

9.8
47

Poge 8 of 24

Ortho PO,P

™

TDS

700
660

680

650
g30

635

g24



Date

D2f25/98
Qzf26/98
03701798
Q298
Q33508
03/04/%8
03/04/98
03/04/98
Q3/05/08
U3f08/08
0370928
310528
0371028
0311948
oan12/98
03418498
I_:ZIEuf 14408
03417 /75
Q318798
03/19/76
Q322495
03423/98
U3£24/08
0224495
03/25¢98

LB/260/90

O3/20 08
03/30/98
033158
Q4407 /28
0401778
C4/01 /58
(02 /58
4/05/98
Q4/04/98
04107 /98
04,/087/98
04 0 28
04/12/98
Q413758
O/ 14/98
04/14/08
D4/15/98

NH,-N
0.1
0.1
0.3

0.1
0.3

0.1
0.1
0.1
0.1
1
0.1
0.1
0.1
Q.1
0.1
0.1
0.1
01
01
0.1
0.2
0.1
{1
g1
0.1
a1
0.1

0.1
0.1
0.1
02
01

0.1
0.3
0.1
01
0.1
04

Temecula Valley RWRF Effluent
Nutrients Analysis

NO-N  NOgN

0.

0.01

12
95

78

1
1

8.7 8.7
2.5

11
8.7

12

12
13

10 10
9.4

9.7
10

1

12
10

8.9

12
B.1

10 it
10

Foge @ ar 24

TIN

Ortho PO,-P TP TDS

700
670

§79

28 700

70
£90

820



Date

0471498
04/ 19498
O 2098
G721 98
DAy 22408
04723458
Q4736198
D4/27 /58
0428158
28708
/2998
Ga/30/98
Q03798
0/04778
U5/05/95
050698
05/06/98
05706198
0507 /98
D5/ 10/98
05411798

- 065/12/98

05/13/5B8
05/14/9B
05717 /5
051898
05/19/95
05/ 1298

Da3720/48

05721498
U5/25/98
05/24/93
05/26/99
QL2798
05/28/%3
05431/98
05401 /58
Qo020
LOf03GE
(DG %8
0a4/05 /98
O/04/98
D&A07 /28

NH,N

a1
Q1
0.2
0.1
0.1
0.1
01
0.1

g1
0.2
0.1
0.1
o1
01

0.1
0.1
.1
0.1
¢
0.1
0.1
a1
01

0.1
0.1
0.1
0.1

01
01
Q.1
0.1
0.1
-0

.1
0.5
.1

Temecula Valley RWRF Efffught

Q.01

Nutrlents Analysis
HO-N  NQ.-N

11
82 -

8.8

6.3
7.8

8.1
6.8

7.7

5B

6.9 8.3
13
7.8
g4
12

8.3
7.7

8.5
11

8.8

12
8

Mo i0af 24

TIN

Qrtho PC,-P TP TS

€71

670
830

685

670

&7
630



Date
DhH/0B/8
O/ 0% /95
06/02/38
410048
05711793
06/ 14708
06/ 15/05
DG/ 1698
Oad 17198
Caf18/98
Daf21e8
Q& f22/08
{a/23/08
Qafadrmes
& /25808
06,2858
Q&/29/58
Q&30/98
06/ 30,68
07 /01 /58
OF j02/%8
07 102458
Q7 /05798

Q7/05/98

07/0798
07 /08/98
07,/09/98
0712498
07/13/98
07/14/98
07414498
07/15/98
07/156/98
07/16/98
07 120/98
07421198
07/22/98
07 /23/78
07 126/%8
0727798
07 /25/98
07/28/%8

(OF 2998

- HH-H

01
01
oA
0.2
0.1
0.1
0.1
0.1
0.1
0.1
2
0.1
01
Q.1
g1
0.1
Q.1

Dz
0.2

.1
0.2
G.1
0.1
(HR
.1
.1
0.1
a1
01
01
01
01
01
01
0.8
0.1
0.1

041
0.1

Lo

<

Temecula Valley RWRF Efflusht
Nutrients Analysis

NO:-N  NO;N

0.01

.01

8.9
10

11
8.7

8.5

6.3

6.7

5.2
6.9

9.3

6.8

7.8
5.2

6.4
B.7

8
4.9

1.5

8.5
5.8

7
8.5

TIN  OrthoPO,P TP  TDS

8% 685

733

710
700

6.5 BG3

679

Page 11 af 24



Date
07 f30,08
06/02/%4
08/03/98
0B/0d,98
OB/05/08
OB/05/28
DB/DB/E
08/05/98
08/05/%8
Q8/09/78
Qa/ 10495
DB/11458
0B/11,/96

- OBf12498

Da;/13¢28
OG/1&/78
DB/17 red
DE/18e8
D& /19798
08/720/98
0823798
Das24/98
082598
QB/25/98
08/26/%0
OB/27 /28
08/30/28
DEF371 /98
QA0 {2
QA02/98
090z en
0?/02/98
0703798

Op/07 /98

Ow/08/98
0205 /96
0/O7 75
O 10/98
QX TE/PE
Q91408
Q9148
Q914108
0901758

NHeN

0.3
0.1
0.1
0.1

0.1

0.1
0.1
0.1
0.1
0.1
0.1
0.1
01
0.1
0.1
0.1
0.8
01
01

o1
o1
6.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.1
0.1
1|
.1
0.2
0.1
0.1
0.1

<

Temecula Valley RWRF Efflusit

Nutrients Analysis

NOAN NOSN TN

0.1

0.0

56
8.7

g2

8.2
7.3

B.3 6.3
7.5

8.8
7.8

7.8

87

5.4
6.9

6.8 b8

7.8

1
Fage 12 of 23

Ortha PC,-P

TP

TDS

680
890
700

880

681

680

740
730

630



Date
OR/20/58
0F121/58
CRHZZ/98

92398

09/24/98
00127195
0942898
UR/29/98
09/29/98
09/30/98
10701498
10/04/98
10/06/98
10/06498
10/07/98
10407493
10/07498
10/08/95
10/11/98
10/12/58

10713498

10413458
10415458
10/15/G8
10/18/%8
FOA19/%8
10/20/98
1021 /98
1022158
10/25/98
10724/98
10727138
10/29/98
11101798
11/02/%8
1103708
110498
11/05/98
F1/OBO8
Y6898
171098
11/11/98
NN208

KH,N
0.1
0.1
0.1
0.1
0.1
0.1
13

01
0.1
0.1
g1
0.1
a1

a1
o7
0.1
a1
a1
2.1
H
o1
01
o1
a1
01
0.t
th
a1

0.1
0.1
01
01
o1
0.1
0.1
0.1
0.1
0.1
0.1

<

Temecula Vallay RWRF Elf luent
Nutrients Analysis

NOyAN NOpN TIN OrthoPOgP TP TDS

01

0.G1

87

ik

12
11

7.6
9.4

11
10

8.9

13
1.5

44
9

13
9.1

Ba

9.9
&

5.8
8.8
B.7
B8

11
8.9

8.1

11

678

665
695

9.8 €00

630

8.1 580

Page 12 of 24



Temeeula Valley RWRF Effluent

Nutrienis Anaiysis

Date NHeN  NG-N HO,N TN OrhoPOsP TP  TDS
11/15/98 1.2 6.6 '
11/145/96 G.1
14/17/98 0.1 7.8
11/ 18498 (18]
11119498 0.1 8.3
F1/22498 0.1 7
11/23/98 0.1
11/24/93 6.9 630
11724768 0.1 6.9
11126158 0.4 4.1
11/30/58 A
12701 /68 01 4
12/02/98 0.4
12/03/98 0.1 B
12f0&M8 0.i 7
12/07/98 0.2
12/07 /98 B2 < 000 49 51 685
12/08/98 0.1 .78
12/02/98 0.1
12/10/98 0.1 8.9
12/13/98 51 7.2
12/14/78 a1
12/15/98 0.1 8.7
124 14/98 61
12717498 0.1 6.4
12f20/98 .1 4.7
12/21 /98 0.1
12/22/08 a5 ' 865
12522198 a1 ) '
12/23/08 0.1
12424/98 ' B55
12/2498 505
1242708 0.1 5.
12/28/98 0.1
122998 0.1 AR
12730498 0.1
01 /0350 0.1 4.4
1/04/59 0.1
0 fOB/95 .1 &1
01 /O6/97 575
01/06/99 . 510
01,06/ /5% 01
01 fOF /9% oA 8.5
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Date
o1 #1059
D11 HRY
Q1/12/%
01/12/5¢
01713459
Q114,99
QT 99
01 18460
Q11% 99
g1 Asme
1720499
O1/210/5%
01/246/9%
0172775%
O1/28/0%
02 /049
O /0459
{22/06/00
Q07400
2 {0800
Q2/0%¢00
OE10/00
021300
02114400
02114400
0215400
021600
0214500
0217000
0Z/21/00
D2f2on
Q2423400
Q242400
Q2727100
Q2728500
02722400
230130
03 02 00
Q340500
030600
D307 00
008,00
D3 f0%/00

NHy-N
{1
04
04
0.1
0.1
0.1
.1
.1

Q.1
0.1
01
0.1
0.1
o1

0.2
0.2
0.2
02
02
0z
02

02

0.2
0.2
0.2
0.2
0.2
02
0.2
0.2
0.2
02
0.2
0.2
0.2
02
0.2
0.2

o

Temacula Valisy RWAF Effluent

Nulrients Analysis

NOyN NO;N TN

AL

5.8

48 -

6.5

7.5
7.2

8.8
6.4
28
8.8

14
74

5.4

12
B.2

92

8.2

5.1

48 52

6.3

7.2

47
6.2

76
8.1

7.9

0.01 4.8

Page 14 of 24

Crtho PQ,-P

TP

TDS

- 640

885

BBO
880

&80

Ba0



Date

Q3A1Z,00
03/13/00
Q& 13400
O3/ 14400
03/15/00
03/ 16400
0312400
03720000
05720400
QFF21400
O3f22/00
032300
Q320G
2727 /00
83/28/00
O3f2%/00
03£30/00

04/02/00

Q47300
G400
5405700

- DAsOSI00

04/0%/00
04/10/00
0441100
04/12/00
04/13/00
04/15/50

D4/17¢00

4,13 /00
04/18/00

T /Y00
~ 04/20/00

(230D
04,724,700
04/25,/00
O/ 26/00
04/27/00
04430400
Q540100
05/02/00
05/03/000
Q5/04/00

MHy-N
0.2
0.2
01
0.2
0.2
0.2
.2

0.z
g2
0.2
0.2
0.2
02
07
0.2
05
0.2
02
0.3
02
a1
0.2
0.2
0.2
0.2
0.2

.2
.2
2
0.2
0.2
0.2
0.2
0.2
0.2
.2
02
02
.2

Temecula Yallsy RWRF EFfffuent

Nutrlents Analysls

HO-N NOsH TIN

43

4.6
6.1

5.4

3.9

5.3

5.7

41
6.6

8.4
4.7

Ry

8.8
4.7

5.4

7

0. 4.5
01 5.3
Poge 16 o7 24

Ortha PO, P TP

TDS

670

650

GF



Temecula Valley RWRF Effluent

Nutrients Analysis

Date NHyN NCN NOsMN TIN  Ortho PO,-P ™ DS
05/D7/00 0.2 8.7
08/08/00 0.2 B.8 &.01 8.8 890
05/02/00 0.2 74
0510400 0.2
0510400 G0
DS T/00 0.2 a2z
05414400 02 54
05/ 15/00 0.2
05/ 15400 g.E 850
Q5/14/00 0.2 63
0% 17,00 29
081800 02 71
Us/21/00 0.2 149
Gss2200 n.2
0523700 02 6.4
CSr24700 0.2
05725100 0.2 8.1
Q5729700 0.2
05/30/00 0z 5
05/31/00 0.2
Q0000 0.2 7.2
(35/04/00 0.2
DS/05/00 0.2
06,/06/00 02
/07 /00 02
(/08700 25
0&411/00 0.2
06412400 02
06/12/00 01 43 0.1 45 ' 680
Q613,00 0.2 73
Q6/14/00 n.e 7
0615400 0.2
04/ 18/00 6.2 5.4
06/¥9/00 a2
C5/19400 4.2 700
06/20/00 0.2 b.o
0842100 0z
06,2200 0.2 4.9
06425400 0.2 4.5
Ue/26/00 0.2 5.9
05727 /00 0.2
06/28/00 0o
Ob28/00 0.2 £.4

Mage 17 of 24



Temeculz Valiey RWRF Effluent

Nutrients Analysis
Date NH;-N HO-N" NO-H TIH  Orthe POsP TP oS
07/02/00 0.2 78
07 /04,00 0.2 v
a7 /a5/00 Q2
07 104/00 0.2 7.6
07/0%,/00 02 7.8
07/10/00 0.2 :
07/10/00 0.2 7.1 0.0 7.1 630
FF11400 0.2 7ie
07412400 2 -
07413700 0.2 7
07/ 156400 0.2 6
D770 0.2
07{17/00 : 6.5 660
07/18/00 6.3
7 /19400 0.2 '
B ¢20,00 0.2 8.5
07 f235400 Q.2 6.3
Q7 /24400 0.2
07 /28400 02 . 68
- Q72600 0.2 :
07 27 100 02 5.6
07 /30400 0.2 4.8
07431/00 1
OB/01/00 0.2 5.2
CBA0Z/00 0.2
GB /03100 0.2
CB /0500 05 5.2
G807 00 0.2 4.5 .01 48
{08/08/D0 0.2 56
03/26,99 0.2 8.8
. Q3/25/9% 0.2 8.7
033079 0.2
03/31/9% 0.2 7.8
04/01/99 0.2
04/02/99 02 10
/05199 0.2 5.7
D4/D6/99 02
04707 /99 0.2 55
04 OB/ 50 0.2
| DAsOR/D 0.2 5.4
Oud/ 1299 0.2 74
D/ 13/59 0.2 8.2 0.01 8.3 560
04714/ 0.2 9.6
Page 186124



Date
041599
Qaf 16/99
0471909
04120159
Q442079

Qasaiog -

Q22499
04/23500
D/ 297
D27y
04,2893
Q4201
O/ 3097
Ch/03/99
Qo099
DESY

O&f0sMT

05/07 /9%
Q5110457
05/11/09
Qa1 12090
05134589
05/13/59
05/14/99
C&f17 /9%
G5/18/99
(5/18/99
Q1209
(5720799
0&/21 /99
06/247%
06/25/%9
05/26/9%
Q5/2775%¢
052800
D5/01799
06/02759
Q40279

O0o/04,9% .

06137 o
D&/00 9%
0505 190
06410498

NH N
0.2
02
g2
{r2

0.2
02
0.2
0.2
02
0.2
0z
0.2
0.2
0.2
0z
02
02
0.2
0.2
D2

0.2
0.2
0.2
0.2
0.2
02
0.2
0.2
Q.2
0.2
0.2
0.2
0.2
02
0.2
0.2

0.1
0.2

Temecula Valley RWRF Effluent

Hutrienis Analyeis

NON HOsN TIN  OrthoPQO,P TP TDS

B4
7.2

54
6.6

94
8.1

96
7.8

88.

5.9
6.1
73

75

57

6.1
6.1

8.7
8.8

8.1

1

8.3

8.3

655
.04 6.1 650
645
B35

01 83 | 850
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Date
06/ 11/99
06/ 14/59
06/15/92
06415799
06/ 16/59
D&/17/00
06/ 18/5%
06/21/60
G f22 055
06/23/99
D6/24/9
06/25/59
06/2B/99
06/29/99
06/30/97
07/01/59
O7F fo2 o0
07 /0659
07 /0799
07/08/99
07 /09199
07/12/99
0771359
07/14/95
07/15/99
07/16/99
07/19/59
07/20/7%
07/21/9%
07/21/9%
0722799
07/23/99

07 /2692

Q7427 /99
Q7 12899
U7 £29499
¥FRIe e
QaAZITy
0BADGOG
08/04/00
0&/05/%%
O8/06/77
0a/0nion

NH,-N
0.2
0.2
0.2
C.1
0.2
1.3
0.2
g.2
0.2
02
02
02
0.2

0.2
0.2
0.2
0.2
0.2
0.2
0.2
g2
{2
0.2
Q.2
.2
02
0.2
0.2
0.2

02
0.2
0.2
0.2
0.2
02
02
gz
0.2
0.2
0.2
0.2
0.2

Temecula Valley RWRF Effluent

Nutrlenis Ahalysis

NC-N NOyN  TIN

g3
6.1

6.6
6.3

6.5
4.8

6.2

64
5.4

b2
7.3
38
55
3.3
4
4.7

38
44

8.4
8.4

82
5.7

4.8

4.8
7.0

8.3

10
10

o1 b6
(.1 4
Fage 2 af 24

Ortho PO,-P

TP TDS

700

615

570



Date

0810/5%
0B/ 11/5%
08412/3%
08/12/9%
081399
0&714/%9
08717199
Q871759
DBS18/9%
08715750
0B/20/59
0B/ 239
08/24/59
08/ 2599
08/ 26,/09
0827199
08,3049
DB/37)76
D&/31 /59
09/07 /%9
0F e i
05 /085
Q907 179
O%/0B/99
0%/09/50
D325
0%/ 13/50
0%/ 14409
0% 15465
DRy 14459
OB/ 159455
0/20/57
09/21/99
0%/21 755
0R/22/99
09423559
OF/26/9%
Q)27 /50
OR /2855
0%/ 25490
0%/30/99
10/03/99
1004759

NH-N
Q.2
0.2
0.2

0.2
0.z
0.2

0.2
02
0.2
0.2
0.2
02
0.2
0.2
0.2
0.2
0.2
02
0.2
0.2
02
0.2
02
0.2
0.1
0.2
02
8.2
0.2
0.2

0.2
0.2
02
0.2
0.2
0.2

- 02

0z
0.2
0.2

Temesula Valley RWRF Efflugnt

Nutrients Analysis

BO-N NOsN TIN  OrhePQP TP

10
11

11
a7

7.1
72

7.5
6.3

15

6.6
BA

5.7

88
6.3
5.2
7.8

8.5
6.4

6.2
T2

B.8
4.7

7.1

5.6
5.6

0.01 LLL

3.8

3.9

3.9

42

0.1 5.2

4.3

R

Poige 21 of 24

TDS
650

fid5

620



Date

10/05/49
10/06/6%
10707 /5%
10£10/9%
10/81,99
10712497
10/13/99
10/14/99
10417/9%
10/18/9¢
107159400
1019499
1020/
10/21/9¢
16/24/50
10/25,9¢
/2699
10427 /9%
I 2B/97
10/31/99
11/01 /9%
11/62/69
11/03/5%
11/04/6%
11/07/00
11 /08 /55
11705 Qe
11 9%
114,00
11/15/99
11£16/99
1171699
1117499
1118799

/2179

11/22/59
THI2A99
111289
[T
11/30/99
12/00 99
12/02/09
12/05/08

NH,-N
6.2
0.2
0.2
02
0.1
62
0.2
02
0.2
0.2

0.2
02
0.2
0.2
0.2
0.2
0.2
0.2
0.2

02

02
0.2
02
0.2
0.2
0.2
g2
0.2
0.2

02
02
02
02
0.2
0.2
0.2
0.2
0.2
02
02
3.2

Temecula Valley RWRF Effluent

54
8.3
5.6
4.4
56

8.2
77

6.8
79

8.7
8.5

G4

10
4.5

7.6

10

78

6.3
6.6
9.3
5.1

5.5
6.6

B.5
6.8

g

4.5

6.7

4.4
5.2

Nuttfents Analysis
NG.-N  NO--M

0.1

Q.M

TN

44

6.3

Fage 22 of 24

Ortho POSP

TR 'TDS

620

BBO



Date

12{Q6/9%
12/07/9%
12/0850
12/07/9%
12012199
12/13/9%
1271499
12{1545%
12016499
12719/9%
12/ 9%
12720/9%
12721/9%
12722599
12125659
1227199
12/26/57
12420497
D201 /9%
Q2
0270397
02/04/99
02/05/9%

02/043/9% .

0Z/06/9%
D2/0%/9%
Q21099
o219
02/12/9%
02/15/99
02/15/99
02/17/99
e 1897
219739
02/22/9%
02/23/99
224,59
02/ 2559
O 26/9%
0370199
03/02/9%
QIfOIS0
Q30450

NHN
0.2
0.2
0.2
0.2
2
0.2
0.2
0.2 -
0.2
0.2
0.2

02
0.2
g.2
0.6
07
0.2
0.2
g.2
0.2
0.2
0.2
0.2
02
02
0.2
0.1
0.2
g.2
0.2
0.2
0.2
0.2
2
0.2
02
0.2
Q.2
g2
0.2
0.2
0.2

Temacula Valley RWRF Effjuent

Nuirients Analysis

NO;-H  NOsN TIN

8.8

8.3
6.8
6.4
7.3

7.4

2.2

52

59

3.5

4.6

7.3

6

g4
B.7.

8.7
7.7

10

7.4
5.8

82
6.6

7.1

74
€5

€.8

001 . 64

.0t 6.7
Poge 23 of 24

Ottho PO,-P

P

T0S

640

720



Temecula Valley RWRF Efffuent

Hutrients Analysis

Date NH,-N NOyN NOsN TIN OrihaPQsP TP D5
03/05/9% 0.2 11
03/08/9% 0.2 V.7
0305/ 0.2
D3/00/9% 0.2 6.8 0.01 6.7 640
03/ 10/9% Q.2 8
03/ 11 /9% 0.2
Q32 0.2 12
031519 02 6.8
o3y 16!."'-}“;' 02
0G4/ 0.2 7.6 0.01 630
O 17 o 0z 11
03/18/95 0.2
03/ 19499 0.2 10
O3/22/9% 0.2 11
G323 /00 0.2
O4/24/99 0.2 6.8
03/25/99 0.2 '
Mo, of Data 804 257 366 45 1 5 137
" |Mintrmum 01 < 001 001 2.1 2.8 38 545
Maximum i) 14.0 16 10 2B 4.3 o962
Average 0.2 < £.8 7.1 8.5 26 40 &7

Foge 24 0f 24




~ Date
0di1 397
O4r Yy
{d/20097
04/24/97
0427187
0a/01/87
(50157
0s/08f97
gsM11ay
QBM13Ma7
0515197
05/18/97
05/22/57
052047
DEO1 T
DB/05/87
06/08/97
08AGAY
0EA1/97
06297
Iy
0619797
DEf22av
06/28/97
06/20/97
OTI08IGT
07/08/97
O07110/57
0711387
071797
07/20/97
07/24/97
07/27/07
07/31/07
08/03/97
DB/O7/O7
OBMGe7
OB/ 2/97
0614197
081787

Perris Yalley RYVRF Effluent

Kutriants Analysis

NH-N NO-N NO~N TIN OnhoPO-P TP

0.1
0.7
0.1
a1
2.1
0.1
0.1
Q.1
0.2
0.1
0.1
o1
0.4
0.1
0.1
0.1
4.6
Q.1

0.3
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Q.1

0.1

0b

g1

0.8

1.3

0

21

Poge 1of 10

DS



ﬁate
Ca21/av
Q824197
08/28197

. 08/04/97

09/07/97
09/09/57
094147
09/11/57
U9/14/97
DB18/57
00/25/97
(928/37
1002197
10/05/97
10/09/97
1071297
10/14/97
101 6/97
10/19/97
10/23/87
10f26/97
10730497
11/02/97
11/06/97
11/09/97
1112197
1113/97
11167
1112097
11/23/37
11/30/97
1204497
12007497
12106/97
12/11/97
121197
1211497

1E2M697

12{21/97
12/28/97

Perris Valley RWRF Effluent

Mutrients Analysis

NH, N NO,-N NO.N TN

(W1
0.1
o1
0.1
0.
D.1
0.1
01
a1
0.1
0.1
01
0.1
0.1
0.1
0.1
0.7
0.1
0.1
0.1
0.2
0.7
0.1
0.1
01
0.3
0.2
01
0.7
Gl
0.1
0.1
0.1

O
0.1
0.1
0.1
Q.1

0.1

0.01

.01

Q.01

4.1

2.1

2]

2.5

Poge 2o 10

Orthe PO,-P

TP

DS



i " -

- . =

Diato
(1/04/98

- {11/08/98

01411728
01/13/98
01/15/08
01/18/08
01/22/58
01/20/98
02/01/38
02405198
02/08/38
O2/10/98
g2/12/98
02118/98
(02/22/98
02/26/98
03/01/38
0305798
(03/05/98
{03/08/98
0310/98

- 0311/98

03M12/98
03112/98

- 03M13/98

(3/15/48
03/16/88
G3/17/98
(3/18/85
0319/98
{03/19/58
03/20/98
03/22/498
(03/23/98
03/24/98
03/25/98
03/26/88
03/26/08
03/27/08
03/25/08

NH,-N
0.1
0.1
Q.1
01
B.1
0.1
0.1
Q.1
a1
0.1
0.1
0.4
0.1
0.1
0.1
Q.1
0.3
05
0.1
0.1
01
0.5

0.1
0.5
a.1
0.4
0.4

0.4
a1

a1
1.3

0.2
1

ol

Perris Valley RWAF Effluend
Mutrients Analysls

MO,N NOyN TIN OrthoPQP - TP

.01 1.6

(.01 2

001 1.2

0.02 A4 1.7
Paned ot 10

TRS



- T .

mE EE EE .

- Pate

03/30/98
03/31/98
033/08
04/01/38
0402748
04/02/28
04C3/56
04/05/38
0440658

p4f07/98 -

04/08/58
(4/03/98
(14110798
{(412/38
04/t4/98
(04116/98
04/19/58
0d/21/98
04/21/98
0d/22/98
04/23/98
04/23/98

- 04/24/08

{4/26/28
04/27/98
04/30/65
05/03/98
05/07/98
0510/98
05/12/98
05/14/85
051708
05f21/98
DE/28/08
05/31/48
06/04/98
0B/O798
(B/0BAS8
061148
061 1/48

Perria Valloy RWRF Effluent

Nutrients Analysis

NHeN NOsN NOyN TN  OrthoPO,P

.1

0.1
0,1

0.3

0.4
0.2
0.2

Q.4
0.1
0.1
0.1
0.3
0.5

06
o

0.1

01

02

a1
0.7
Q.1
0.1
0.1
01
0.1
0.1
0.1
0.3
Q.1

g

0.42

0.01

0.01

Q.7

1.5 1.2

1.7

0.6

0.7

Poxes 4 of 10

TDS



Date

06/14/98
06/18/93
06/21/38
0B/25/98
(6/28/98
0//05/98
07/09/38
07112/98
O7{14/98
07116/
U7 119/98
07/23/98
07/26/98
07/30/98
08/02/98
06/06/98
08/08/58
08/11/88
08/13/98
08/16/38
08/20/98
08/2.3/98

08/27/98 -

08/30/98
09/03/38
03/08/20
00A17/98
09r20/98
08/24/98
0R/27/98
10/04/58
10/08/98
10711798
10/13/98
10/15/48
1018/28
1072258
10/25/98
10720198
11/01/98

NHeN NOpN NORN TN

0.1
0.1
Q.1
0.1
01
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.7
(.1
0.1
a1
.1
Q.1
0.1
a1
01
0.1
01
0]
0.1
0.1
0.7
0.1
0.1
0.1
0.1
0.1
0.1
D1
Q.1
0.1
0.1
0.1

a1

Q1

Perris Valley RWRF Effiuent

Q.01

0.01

0.0

0.1

MNutriérits Andlysis

Ortho PO,-P

0.8

Q.5

1.7

Fage Zof 10

P

TDS



Date

11/08/98
11/08/98
11/10/98
11A2/98
11/15/98
11/19/08
11120/98
1112978
1210398
12106/08
12/07/98
1210/08
1213/98
12/20/58
12/27/08
11/0/90
Q140780
01/09/00
01/10/00
01113400
01/16i00
01/20/00
01/23/00
01/27/00
013000
02/03/00
02406400
02/07/00
02A 000
02/13/00
D2A7/00
02/24/00
02/27/00
03402/00
B3H05/00
03/09/00
0312100
03/13/00
03/16/00
0318/00

Perris Valley AWAF Effluent

Nugrierits Anhalysis

NH, N NOsN NOjN TN

0.1
0.1
0.1
(BN
0.1
0.1
0.1
07
0.1
0.1
.1
Q.1
0.1
0.1
0.1
0,1
0.}
D.2
D.2
0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2
02

0.2
0.2
0.2
02
0.2
0.2
02
0.2
0.1
0.2
0.2

0.01

0.01.

0.1

0.8

0.5

Q.01 0.2

4 001 0.4

0.6

0.1 0.&

Page & of 10

Ortho POP

P

DS .

575

40

530



Date

{3/23/00
03f30/00
04/02/00
(4/08/00
040900
041000
04H 00
04/16/00
Q4/20/00
04/23/00
04/27/00
04/30400
05/04/00
507100
0B/08/00
05/11/00
0514/00
{05/18/00
05/21/00
05/25/00
06/01/00
060400
06/08/00
06/11/00
0R/12400
06/15/00
08/18/30
0B/22/00
06/25/00
06/29/00
07402400
O706/00
07/108/00
FHO/00
0712400
116100
D7 2000
{23400
87427400
O7/30i00

Perris Valley RWRF Effluent
Nutrlents Analysls

NHeN NOyN NOZN TN

.2
0.2
0.2
0.2
0.2
Q.1
0.2
0.2
Q2
0.2
0.2
02
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.6
02
01
0.2
0.3
02
0.2
0.2
0.2
0.2
0.2
0.2
02
0.2
0.2
0.2
0.2
6.2

.3 0.1 0.3

0.6 Q.01 0.6

0.2 a7 0.2

c3 00l 0.3

Poge 7 of 10

Ortho P‘D.,-F

TP

- TDS

450

470

AS0

800



Daie

(08/03/00
{0B8/0G/00
08/07/00
03/26199
03/29/99
04/02/39
04/05/59

04/08/9%

(412195
04/14/93
04/16/83
04/18/89
04/23/99
0426/99
04/30/3%
05/02/59
05/07/89
05/10/39
05/11/89
05/14/2%
05M17/93
{05i21/98
05124199
05/29/99
(8/04/39
QE/08/39
06/11/99
(614790
(6118/99
06/21/93
06/28/09
07/02/99
07/09/39
07/12/99
07/13/09
O7/16/2¢
0719/94
O7iz3/ag
07/26/99
O7/30/98

Perrig Valley RYWRAF Effluent

Nutrienia Analysis

NHeM MOsN NOsN TN OrthaPO-P TP

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
Q.2
0.2
0.2
0.2
0.2
0.2
0.2
0.1
0.2
0.2
a.2
0.2
0.2

0z

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.3

0.3

1.1

G4

04

00T 03
00i 04
001 1]
0.1 . Gd
001 04
FogeBef 10

D5

430

450

510

475



Date
0B/E2/99
08106199
08/09/08
0810199
08/42/99
08/13/99
08/15/09
08/19/99
08120499
08/23/39
08/26/99
08/27/99
08/30/99
09/01/9

0anz/es

00899
oefoa/es
0812/95

03/13/08 -

09/15/99
02/16/98
(9/19/99
019/23/99
00/26/98
08/30/98
10/05/96
10/07/99
1040/00
10111/99
1017/99
10/24/98
10/28/99
10/31/99
11/04/99

11707/98

11/06/99
11A11/98
11/14/98
11/18/99
11421/95

Perris Valkey RWRF Effluent
Nulrienis Analysis

MHeN NOsN NOsN TIN  Ortho POP

0.2
0.2
0.2
0.2

0.2
0.2

02
02

0.2

0.2

0.2

c.2
0.2
0.1

0.2
0.2
0.2
D.2
0.2
0.2
0.2
0.2
01
{2
Q0.2
0.2
02
0.2
0.2
0.2
0.2

02

0.2
0.2

4.6 0.0 4.6

0.2 0.1 0.2

Q7 o1 07

1.1 001 1.1

Popge @ of 10

TP

28

0.3

0.3

0.5

0.4 |

0.5

TDS

500

520

470

425



Parris Valley RWRE Effluent

Nutrienig Analysls

Date NH-N NO-N NO-N TN OrhoPCsP TP TCS
11726199
12/02/93 0.2
12105195 0.2
12/09/98 2.2
121299
1211398 0.2 4 0 1.4 495
1216/99
12/15/49 0.2
12/26/89 0.2
02/01/99 0.2
{2105/9% 0.2
~02i08/9g 0.2 :
02A8/99 0.2 12 00 1.2 560
(2H 2499 0.2
021 5/99 0.2
0222499 0.2
02/26/99 0.2
03/01/69 D.2
03/05/5% D2
03/08/59 0.2
03/08/93 0.2 1.2 0M 1.2 &00
0312/98 0.2
03/15/99 0.2
03/19/99 0.2
(03/2299 02
Ne. of Data 356 41 43 19 3 5 18
Minimum o .01 0.01 0.2 1.2 0.3 425
Maximum 60 4B 48 46 1.7 28 600
Average 0.2 04 081 0.8 1.5 0.8 502
Prosgres 10 0f 10



APPENDIX C

Elsinore Valley MWD
Recycled Water
Nutrients Data



EVMWD )
Heginnal Water Reclamation Plant
Nutrienis Analysls

Ortho-P | Total | NHy-N | NO;-N: TIN | TKN

Month (mg/L} | {(mg/L) | (mg/L) | (mg/L} | (mg/L} | (mgl/L)

Jan-gv7 a1 0.2 23 2.5

Fab-87 2 ) 28 ae

Mar-g7 24 24 8.3 1

Apr-a7y 11 WD 1.7 2.2

May-97 1.9 (R 27 3.1

Jun-gf 1.2 HD 1.6 1.8

Jul-87 2.6 1.2 3.7 341

Aug-57 0.6 MWD 4.8 B2

Sep-8¢ 0.43 MND 2.6 2.6

Oct-87 0.32 WD 4.4 L2

Now-97 1.3 2.4 28 29

Dac-o7 1.5 1.1 58 7.

Jan-58 0.62 ND 3 3.6

Fab-88 0.35 02 3 32 .

Mar-88 ND 0.5 3.1 35

03704/98 1.4 ai 3.7 15

03Mms/e3 14 agz 36 1.8

CA0B/ 98 2 3.3 34 1.5

Apr-08 ' 019 0.5 5.3 5.5

May-98 012 0.8 2 25

Jun-98 (] 1.3 22 29

Jul-28 .85 KO | a

Alg-95 .82 0.8 1.4 1.8

Sep-98 17 MD L35 5.2

Cot-98 11 . 2.5 6.8 7.3

MNov-08 0.95 WD &3 -G8

Doc-28 1.7 MD 2.5 5.2

Jan-9% a2z ML 21 21

Fab-a% a3 WD 17 17

Mar-Bg 34 08 .8 7.8

Apr-99 7.1 0.1 8.2 8.3

May-88 3.6 MDD 12 iz

Jun-99 3 1.5 75 B.4

Jui-28 3.3 1.9 4 4.5

ALg-98 24 1.7 25 28

Sep-88 1.8 a2 4.5 4.6

Cel-89 14 ND 3.3 a.5

MWov-88 25 &2 a5 3.8

Dec-99 15 ML 3.8 4.1

Jan-00 11 2 4.7 4.9

Feb-00 1.9 a1 4.1 4.5

iar-00 1.4 ML 2.7 248

Apr-00 25 2 28 3.5

May-00 2.9 1.4 25 3.1

Jun-C 2.6 1.8 3.6 4.2

Jui-GD 2.6 ] 56 =h=)
No. of Data g 38 26 46 43 3
Minimum 0.39 012 |7 0610_| 146 T 180 | 150
Masximurm 310 | 1100 | 3980 | 21.00 | 21.06 | 1.60
Average 1.61 2.83 .09 4.90 5.44 1.53
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APPENDIX D

San Jacinto River
(at Lake Elsinore)
Water Quality Summary



Water Quality Dala
San Jacinto River North of Lake Elslnare
(Riversida County Flood Control Dept. Statlon 327)

Sample | Lavel Dlgcharga Amblent  Alkalinity NH4-N Arsanic Barium HCO3  Bewon Cadmium Cakium TOC
Date {ft) {cfe) Temp (F)  {mgil) {mgiL} {mgiL) (mgh) (mgi) (mgiL) (mgll)  @mgf) {mgl) |
g/g/94 | 0.00 0.50 280 &80 0.02 0.20 37 02 < 000 12100 120
12121784 | 0.00 0.25 290 410 < 0M < D10 354 02 <« 0010 161.00 55
15195 | 0.00 0 128 < 010 < 0.0 AL 156 0l <« Qe 88.00 15.0
w7195 | 0.00 o - 85 « 010 <« 00 < . 010 118 01« 0o 41.00 7.9
322195 | 5.08 300 140 020 < QM 0.10 174 02 o«  Omo 34.00 150
62195 | 028 5 160 820 <« 0.M 0.1 195 Q.1 = 0010 72.00 120
o2ras 224 0.5 280 010 =« am 030 342 0.2 = Q.03 152,00 4.0
12112795 | 234 0.5 280 <« 010 < 001 -« 010 342 02 < 0D 151.00 3.7
1425/06 | 2.38 20 < 010 :
2A14E 287 10.0 160 030 =« 0.0 L [ L0} 190 2.2 < 0.0 54.00 9.3
313195 29 .75 .
44195 2.34 0.50 ' 280 310 = .M = 0.1 340 0.2 - 0.M0 14000 4.5
gEma8 | 225 0.20 200 < 010 < 0.0 010 350 0.2 < 00D 15000 100
9/17/96 | ©25 0.75 290 = QA0 = 0.0 0.10 350 03 <« 00D 14000 150
117226 | 000 0 a8 .20 0.0 .30 120 01 e 00 &4.00 17.0
12406 | 2.23 0.50 330 T 020 < 0071 010 400 03 =« 0010 160.00 36
318497 2.33 10 280 < {10 < 0.01 Py Q.10 240 02 < 0010 130.00 31
&10/97 | o.o0 0.25 320 010 <« DM 0.40 350 g3 <« 0010 150,00 3.4
9/2397 | 0.00 0 - 060 < 0.01 Q.10 380 02 <« 000 1000~ 96
1/8/98 .50 1.0 d00 = 010 L 0.0 = Q.1q 3a0 0.2 S 0.0 180,00 LW i
4/21/08 | oo 0 270 < 010 < 00 0.10 330 02 = 000 130.00 6.2
6/10/98 | D.00 0 200 = 010 0.04 (.08 350 0.2 <« 0002 140.00 77
g/23/08 | 025 0.45 70 340 0,10 0.01 0.10 a0 03 <= 0002 170.00 3.7
12/29/08 53 S00 < {10 0.1 0.id 270 D2 < 0.002 150.00 24
4420/99 1.0 77 250 < 010 0.01 Q.12 310 0.2 < 0002 120.00 30
No, 25 24 - 3 23 24 23 23 23 23 23 23 23
Min. Q.00 0 83 a5 < G = 007 = 0.08 118 Q.1 w 0.00: 34 2.9
Max. | 506 300 77 340° 68 002 0.3 410 0.3 0.01 170 17
A g. 1.21 135 ar 250 .42 a.m .11 303 21 0.01 123 7.8

Fage 1



Water Guality Data
San Jacinto River North of Lake Elsinore
{Alverside County Flood Cenlrol Dept. Station §27)

Edectro
Sp. Sp. Detargent Chemical : Tolal
Sample C03 Chioride Chromium . Conductance - Conductance Copper {MBA)} Balance Fluorfde Hardness
Date (mgL) {mglL) {mg/L} Color Fleld {uS/em) - Lab {uS/em) {gyfL) img/L} {rvafl) (mgfl)  magll}
o84 | = 3 230 < .02 50 1450 1520 = 00 < Q.05 0.08 DH O 489
122994 | = 3 G - .02 15 1616 1880 = a.m i =024 0.5 Gib
17595 | = 3 200 = 0,02 an 1300 < oM 0.13 Q.10 0.3 341
a7es | < | B85 < 0.02 g1 Bt <  0.m 007 - -0.40 0.2 149
amens | <« a &1 < 0.02 75 522 SE0 < 0m 0.05 0.09 0.3 123
82185 | = 4 43 < 0.0 30 654 G20 < 001 - LRI -0.28 0.3 222
21285 | « 3 240 = 002 25 1820 1650 = o0 0.06 0.62 0.5 584
1212/95 | = 2 300 < 0.0 t5 1810 1760 < oo 011 -0.93 0.% 578
1125/ . '
221095 | < a 180 = 0.02 a5 1110 = 0.0t 0.07 . -0.22 0.3 330
3M13/9¢ ' : 1290
446 | < 3 2560 = Doz 20 1430 1680 < 0.0t = 0.05 -0.51 0.5 550
BGSE j« 3 280 < .02 25 1530 1840 = 0.01 0.1% - s 0.5 560
8M7MaE | < 3 260 < 0.02 20 1500 1630 - oM 0.05 -0.25 0.5 850
1122886 | < 3 32 0.5 40 30 007 S 0.05 280 Q.4 250
12496 | < 3 340 < .02 15 1540 2000 = a.01 - .05 -1.03 0.8 650
31997 | = 3 250 < n.oz 20 1460 1670 = o.m 0.14 -1.18 0.6 SO0
81087 | < 3 280 < 0.02 20 1550 1750 < .0Mm - 0.05 0. 06 590
/2397 8 1560 < o.o2 d5 13440 1310 < .01 0.09 0.37 a7 430
B8 | = 3 280 < 0.0z 25 1960 2000 < o < 0.5 - 0.05% 0.6 B30
2198 | < 3 230 S 002 29 1530 1500 < 0.0 < 0.05 < 005 0.4 00
BMOGEE |« % 250 < 0.02 20 1580 1520 < om < 005 < 0.05 0.3 550
92308 | < 3 300 = .02 20 1870 1750 = 0.01 0.14 0.06 0.5 BE0
12/29/98 | « 3 240} = Q.02 19 1780 17dd) < 0.0t 0.07 110 0.4 S80
42088 | « 3 240 < tne - 15 b4 1480 < 0.0t 0.08 o 0.01 0.3 480
Ng, 23 23 23 23 15 24 23 23 23 23 23
Min. = K] 32 = .02 15 1.55 90 = o « 0.05 -1.14 0.2 123
Max. k] 340 0.05 an 1960 2000 0.07 015 2.8 0.7 860
Avg. 33 218 0.2 28 1437 1432 0.01 nog 0.05 8.45 474
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Water Quality Data
San Jacinto Rivet North of Lake Elsinare
(Riveralde County Flood Contro!l Dept. Station 827)

Petroleum : Crganic  Total

Sample Hydrocarbons Hydroxide Lead Magnesium Mercury Mickel NO3-N - MO2-M. MNitrogen WNWitrogen TKH
Date {mgil) {mgyL) {mrgfl.} (maiL) {mgyrL} {mgL) {mgyl.) (mglL) (mg/} (mg/L}) (mg/lL)
ae0d | « 1 < a < 001 40 < 0.001 01 < 01 1.4 B3 8.2
1242194 | = 1 = a = 001 51 < 0001 12 < 01 3.3 1.6 0.4
1585 | < 1 < a < 0o 28 = 0.0 08 < i1 32 3.8 4.2
7es |« 1 = a < 0om 11 < 0.0 04 < 04 1.2 1.6 1.2
225 | = 1 < 3 < 00 g < 0.0 04 <« D1 1.1 1.7 1.3
Bf21/85 | < 1 < a < 0.Mm 10 «  0.0M : 05 <« 0.t ek 16 1.1
51285 | « 1 < 2 < 0om 49 < 0.0M « 02 < 0 0.1 02 02
132485 | < 1 < a < 00 48 < 00M <« 001 13 <« 01 04 17 0.4
1/25/% 18 0.1 2.2 0.5
27196 | < 1 z | = 001 24 < 00 <« 002 08 < Q.1 0.8 1.5 1.0
LIRS : . 08 <« 04 18 0.9
4495 | < i < 3 « 0 48 < 00M <« 002 18 <« 01 0.y 25 oe .
BiEas | < 1 - 3 = 0 a7 « 00M <« .0.02 08 = a9 0.9 i8 0:9
ori7ee | < 1 = 3 = 00t 45 < 0001 <« Qg2 03 = D4 0.8 1.1 05
11722196 | = 1 < 3 0.04 22 = 000 .03 21 03 3.3 &0 4.5
1214196 | < 1 < 3 < Q.01 58 « 0001 <« 002 08 = Q. 0.4 15 06
3/19/97 | < i “ 3 < oM a1 < RO < 002 11 <« 01 0.4 15 04 |
81097 | < i = 3 < Q.01 51 <« DO0M <« 002 02 = 04 0.4. a7 0.8
0387 | < i = 3 < 0. Js = 0001 <« 002 < 02 < 01 1.5 a2 21
B8R | < 1 . 3 < Qi a5 < 0.001 s 0.02 1.4 P Q.1 .5 2.0 0.6
4121198 | < i < 3 < O 41 < 0001 < 002 14 <« 0Oi 0.4 1.8 05
6HO98 | « 1 < 3 < 0.0 45 <« 0001 < op2 08 <« 01 06 15 0.4
of23/08 | « 1 - 3 <« 0 55 < Q00 < 0Dq2 0B < 01 1 K 1.3 05
12/29/58 | « i < a < 0 48 < DO0t = po2 13 < Odi 0.3 16 05
420199 | -« 1 < a = 00 42 = RO <« 002 27 = 01 0.5 3.2 0.3
No. 23 23 23 23 23 - 25 a5 23 25 25
Min. | < 9 = a « 00 g < 00005 < 0.0 0.1 <« 0 0.1 0.2 0.2
Max. 1 3 .03 58 0.001 0.03 27 0.3 33 84 B2
Avg. 9 3 0 40 0.000% 0.02 0.95 0.11 0.89 2.2 1.25
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Water Quality Data
San Jacinto Rlver North of Lake Elsinore

(Riverside County Flood Control Dept. Station 8273

Unlonlzed Oil & oo - Oxygen Qrganle Ortho
Samplz | TIN Ammonia - QOdar Graaso BOD COn field Saturation Phenaols Fhosphorus  Phosphorus
Date | {mgfl]  M@mgi) {TON) {mgfL) (ma/ly  (mg/l) (mgl} {%) {mgfi.) {rngiL) {mg/L)
9/8/04 B9 0340 < 1 = 1 8 45 508 [t 0.03 (.05 220
12/81/94 1.3 Q.002 < 1 2 5 15 8.4 14 0 a.0s Q.45
1505 0.6 = Q.010 3 1 1 19 85 015 ¢is 0.50
C U B 04 = .010 o 1 1 7 &0 003 (.05 0.20
3225 | 0.8 0.014 < 1 < 1 8 70 7.47 20 0.04 0.05 0.60
6/21/95 0.7 0.026 - 1 5 8 10 B.15 73 oz .05 0.a5
91295 < 1 € 1 5 30 5.80 (313 Q.02 .05 035
121285 = 1 < 1 5 < 10 855 82 L 0.01
1/25/06
221508 ] 1 = 1 L 20 < 0.7
3f13/s
4825 < 1 = 1 5 12 10.10 104 . 001
GG L 1 K| a 20 .35 62 < a0
Bi17o8 < 1 = 1 5 a0 7.75 a2 = 00
220G < 1 - 1 11 TE 0.02
12/4/86 < 1 = 1 A 12 10.85 29 < '0m
M 9T = 1 3 ] « 10 BEY 102 0.0
BA DT P 1 < 1 5 12 a.02 72 0.01
q9/2397 T 1 4 13 47 .35 5 0.02
1/8/08 < 1 < 1 L] 45 a8.50 i - 0.2
472198 - 1 2 1 L] 22 738 83 < .02
8110/58 < 1 - 1 i3 28 628 102 = 002
42308 < i = 1 L] 28 < ooz
12/20/08 = 1 4 5] 19 B8.30 & 0.0z
Af20/08 < 1 < 1 11 < 10 £15 < 002
MNo. a 6 23 23 25 23 113 16 23 7 7
Min. 0.4 Q.02 < 1 < 1 b < 10 G35 & D.01 Q.05 Q.05
Max. B.O 0.34 B 5 19 a5 1085 104 0.15 015 22
Avy, 1.75% 007 1 1.65 7.5 a0 T 75 0.0 0.05 .62
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Yiater Quafity Data
San Jacinto River North of Lake Elzlnere
{Riversida Couniy Flood Control Dept. Station 827)

Textal Total
Total Dissclved Insoluble - Radox Total _
Sample Phosphorus Phosphorns  Phosphorus Potagsium  Potentlal  Salinity BSalenium Silver Sodium Solids TDS
Date mgiL}  (mgh) (mgl) (mgl)  (mV)  (ppY) (mgl)  {mgf) (mgl) (mgl) {(mgl)
ECED 270 ~ 3 < 001 =< 001 156 1020
12/21/94 045 4 235 < 0. < 0.0 152 1140 1170
1/5/05 .85 14 = o1 - < .01 188 A0
arFfas 0.35 (= < .01 < .0 38 320
FiE2iag 0.75 12 185 = a1 < .01 63 ars
B21/85 | = 005 2 165 < .01 < .M 34 380
81295 .50 3] - o.01 < LECY 34 1060
12412/95 0.45 042 < D05 4 = 0.0t < .01 144 102
1/25/96G 0.33 0.38 = 0.5
2795 0.4@ [LRcY | nis 5 ey 0.0 < 0% az 730 540
41396 0.33 (Y | 002
44106 0.37 0.34 < .05 3 “ a.m < .M 130 1100 1040
[Thsld 0.43 .40 < 0.05 4 < .0 = Q.01 140 1200 1080
91796 0.33 .28 0.09 4 < am < 0. 140 1140 1104)
1152286 2.30 062 t.70 14 < a. < 0. M 2100 210
12/2/38 028 Q.25 = Q.05 4 - o.m € 0.01 180 1410 1260
af1g4a7 0.29 0.27 - 0.05 3 < o.M < .01 140 100 1060
BT097 045 0.44 P .05 3 < oo . < 0.1 140 1300 1160
872397 .54 034 Q.20 4 < .01 < 0.01 110 30 g&50
1/8/08 {1 005 007 3 0.0 = .01 150 1370 1280
/21,498 .35 043 < .05 4 0.0 < 0.1 120 1210 1150
G/10/95 (.08 0.07 w 0.4 3 A - 001 120 1120 230
/2398 0.80 ) 043 Q17 3 & < . 150 1420 1178
12/0:88 .30 024 0.ov7 R ¢ < 0.1 140 1170 1108
420590 026 026 = 0.05 3 .07 0.1 - 0.6 130 1140 1000
MNo. 25 18 18 23 a 1 23 23 23 18 3
Min. |« 0.05 0.05 < 0.02 3 155 CF < 0005 < DM 31 730 310
Max. a7z n.a2 1.7 14 235 0.07 0013 0.01 180 2100 1280
Avg, 056G .32 015 .43 45 Q.07 0.1 0.1 119 1224 g3z
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Water Quality Data
San Jacinto Rlver Morth of Laka Elsinore
(Riverside Ceunty Flood Control Dept. Statlon 827)

Total Tolal  Turbidity .
Sample TSE Sulfate Temp Temp Anlons Catlons field Turhidity - Zine pH= pH- Wat
Date (mg/l] (mg/l) (DegC) (DegF} {(mefl) {mefl) (NTU) Ilab (NTU) imafl} fleld lab  Weather
2884 55 250 24.3 16,93 1701 23.0 0.04 799 B ]
128194 10 220 K1) 19.23 19 0.4 < Q.4 2N B i
1/6/95 240 170 e 1183 234.0 0.03 B 1
3785 130 &7 517 4.77 2.0 0.1 B 1
&/2&f95 20 41 17.2 542 551 B1 £3.0 = B 843 E a
&21/95 20 85 204 6.26 5.00 28 200 <= Q0m 543 ] a
2/12/95 20 230 21.7 17.03 17 65 15 T < 081 843 L] a
12/12/35 ] 220 12,6 16.84 17491 1 1.4 < 0m g89g B o
25,96 1
221196 qg 130 187 10.85 51.0 -0 7 1
313/86 56.00 16.0 : 1
4{4/96 g 210 155 744 16.92 15 5.2 = 0N 798 8 0
6/6/90 K 220 20.8 1778 17.27 18 150 < 041 B.14 i1 ¥
TG | = 5 200 - 221 17.37 17.08 3 1.7 <« 0 8.24 g 0
1122195 1700 38 3.86 665 61.0 17 LS 1
1244/06 | < & 270 28 21.75 20.72 7 < O 8.09 i} D
X7 | = 5 210 183 17.18 16.00 2 2.4 002 818 B Q
BAOE? | = 5 210 23.0 18.80 17.89 16 11 = 775 | o
22397 . 100 130 285 13.21 13.58 2 f4.0 002 7.2 8 0
18498 | < A 260 8.5 10.45 18.35 14 2.2 < {0 7.60 B a
421798 3 170 23.2 15.52 15.28 4 130 <« 001 7.81 8 0
610/88 | = 5 190 18.4 1676  16.40 & 8.5 = 00 7.BQ 8 0
WIILE |« 5 200 182 18.48 1955 3 4.0 = oM 769 A
1228038 | < 5 180 mnz 16.79 17.89 1 1.0 < 0 8.08 8
4120/9 = 150 15.7 15.98 1542 4 190 001 .79 B
HNo, 23 23 19 ] 23 23 18 24 23 18 24 Pt
Min. < 5 a8 LERr) 58 3.86 477 1 0.4 < 0 T8 74 Qg
Max, 1700 270 2B.5 56 2175 20,72 a1 234 0.7 8.9 8.3 T
Avg. - 107 178 17.8 56 14.9 14.8 132 26.0 .02 B.10 7.98 027
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SUMMARY

Study Goals
Field monttoring and sediment core experiments were conducted on Lake
Elsinere during the summer of 2000. The goal of the study was to evaluate the
magnitude and dynamics of various components of oxygen demand in the lake, and to
examine the effects of oxygen on nutrient dynamics at the sedlment—water interface.

Tield Monitoring :

. Thermal stratification was cbservad in July and early August and surface water
was supersafurated with dissolved oxygen (DO) as a resuit of phytoplankton activity.
DO below 2 m tended to decline with increasing depth. In late August and September
the water column was isothermal and undersaturated with DO. Relative to saturation,
the lake exhibiled a DO deficit of approximately 400 t. Scluble reactive phosphorous
(SRP) and nitrate were never detected in the lake. Ammonia was detected it July and

early August in water below 2 m (50-200 pg-N/LY. In late August and September

ammoenia was detected throughout the water cohamn (=300 pg-N/L}). Though SRI” was
tot detected in bottom-water, a number of field observations suggest that the sediment-
water interface was reduced and was a source of internal nutrient loading to the lake.

Oxygen Demand

Waler oxygen demand was 0.4-05 mg/L/d in July and 0.8-09 mg/L/d in
August. Sediment oxygen demand (50D} in July, August and September experimental
chambers averaged 1.56, 1.34 and 0.51 g/m?/d. Mixing at the sediment-water interface
increased S5O0 at two of the three sites by 30-70%. Based on this experimental data,
summertime oxygen demand in Lake Elsinore is 80 t/d. Much of this demand is made
up by natural reaeration from the atmosphere and from phytoplankton DO production.
An analysis of eleven historical DO depletion episades yielded DO consumption rates
ranging from 3-32 t/d with median of 9 t/d.

Mutrient Relaase Experiments

MNutrient release experiments showed that oxygenated conditions inhibited or reversed
sediment release of SRP and ammonia. Anoxic SRP and ammonia release rates ranged
from 7.7-26.6 mg-"/m?/d and 41-119 mg-N/m*/d. Release rates showed no spatial
variability, but did show a significant decline between sampling dates. Estimated
monthly internal loading of nutrierts for July thrdugh September ranged from 3,500 to
5800 kg-P and 16,300 to 26,000 kg-MN.

Recommendations :

Based on the results of this study I recommend the following: 1} An aeration
system should be installed in Lake Elsinore. Such a system would result in a number of
water quality benefits. 2} An oxygen delivery rate of 27.5 t/d should be used to inhibit
tish kills. Either a mixing system or an oxygenation system should be adequate. 3) An
oxygen delivery rate of 46 t/d should be used to inhibit internal nutrient loading. To
meet this higher demand, a submerged oxygen-water contact chamber with a
horizontal diffuser should be employed. 4) A value of 25,000 kg-P per year should be
used a3 an estimate for the internal loading offset that could be achisved via aeration.
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METHODS

Field Monitoring

Nutrients, dissolved oxygen (DO} and lemperature were monitored at Lake
Elsinore on July 7, August 3, August 29 and September. 22, 2000. DO and temperature
were monitored using a Hydrolab meter and probe at the North, Mid and South

‘Stations. Nutrient profile samples were collected at the deepest station (North).

Nutrient samples were collected every 2 m in depth using a 1.5 L ¥Van Dorn sampling
bottle. Water samples were filtered through prewashed (.45 pm filters once back in the
laboratory, then frozen for later analysis, Deep-water samples were collected on July 7
and August 29 from all stations to measure water oxygen demand. Figure 1 shows the
location of the three sampling stations.

Core CoHection

Cm July 7, August 2% and September 22, 2000, two sediment cores were collected
at each station, one for SOLY experimentation and the cother for nutrient release
mcubations. Cores were initially collected using a 15 by 15 cm Eckman dredge. Once at
the lake surface, a 5-7 cm thick sediment core with 100-200 ml of overlying watar was
sub-sampled from the dredge into a specially designed cylindrical Plexiglas chamber
(Figure 2). To collect the sediment-water interface sample, the chamber top was slowly
pushed down into the water and sediment captured in the dredge. A cap and gasket
were then mated with the bottom of the chamber by hand while the chamber was still
in the sediment. The capped chamber was then pulled out of the dredge, rinsed off,
and bolted onto a round Plexiglas base. The water tght charnbers were gently flooded
with bottom water and carefully transported to the laboratory.

Water Oxygen Demand

To measure water oxygen demand (WD), deep-water samples were incubated
in BOD bottles in the dark at i sitit temperature (24°C for July and 27°C for August)
and DO was monitored with time. Incubations induded a composite of water from 4
and & m deep at the North and Mid stations and water from 4 m deep at the South
statior.. July incubations were performed in triplicate while August incubations were
performed in duplicate. WOD (mg/L/d) was calculated as the linear best-fit of DO
VeTsus time. '

Sediment Chygen Demand

Unmixed sediment oxygen demand (SOD) was measurad in chambets from all
stations on all three dates when cores were collected. Chambers were topped off with
de-ionized water to avoid gas exchange with the headspace and DO in water overlying
sediment was measured with time using a YSI meter/probe. Chambers collected in
fuly and August were incubated in the dark at iz sifu temperature (24°C for July and
27°C for Augusl). September chambers were incubated at room temperature (21°C)
which was slightly cooler than in sitit temperature (24°C). Water. from each chamber
was also incubated in BOD bottles and DO consumption was measured. SOD was
calculated as the total-chamber DO depletion rate minus the chamber water DO

~ depletion rate. Both depletion rates were malculated as the linear best-fit of DO versus
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time yielding units of mg/L/d. 50D was converted to a flux (g/mZ/d} by multiplying
by the volume of chamber water and dividing by the chamber surface area (71.3 cm2).

After the unmixed 50D experiment, mixed SOD was measured in July and
August chambers. Moderate water current at the sediment-water interface was
achieved via a recirculating peristaltic pump that drew water out the top of the
chamber and discharged it out a small nozzle 2-3 cm above the sediment-water
interface. Velocity out of the discharge nozzle was 4-5 cm/s. No sediment was
resuspended during fhe experiment. The mixing experiment was performed to
estimate induced oxygen demand as a result of aeration system operation. Induced
oxygen demand is the increase in SOD generally observed with increased mixing at the
sediment-water interface. Mixing tends to decrease the diffusional boundary layer at
the sediment-water interface, thereby increasing the flux of oxygen from overlying
water into the sediment

There were some minor difficulties with the September 50D experiment.
Chamber water DO consumption data was misplaced. So, based on earlier experiments
a DO consumption rate of 10% of the fotal chamber DO consumpton rate was used to
calculate September SOD. In addition, September SO was incubated below in sifu
termperature. 30D was adjusted from 21 to 24°C using the formula: (SOD),, = {SOD).,
8 ™™, where 0 equals 1.065 (Veenstra and Nolen, Wat. Res., 25:351-354, 1991). This
yields an increase in SOD by a factor of 1.208.

Nutrient Release Rates - -

Chambers were incubated with 1 L of water overlaying the sediments and 100-
200 ml of headspace. Chambers were aerated for 8-12 days,\then turned anoxic for 8-12
days by bubbling chambers with nitrogen. July and August chambers were reaerated
for 6-10 days, Gas injection rates were around § ml/min. This maintained a gently
mixed water column while never resuspending sediment. [ intended to incubate the
September charmbers with gas containing 10% oxygen and the remainder nitrogen to
examine the effect of low DO conditions on sediment nutrient release. Unfortunately
the gas tank containing this gas mixture was accidentally emptied during a previous
experiment, and this incubation phase could not be performed.

The incubations were semi-batch n nature. Samples of 60-200 ml were
withdrawn with a syringe out of the gas inlet port every 2-3 days. Synthetic make-up
waler consisting of de-ionized water and appropriate salts (1,000 mg/L TDS and pH of
2.0} was used lo maintain a constant chamber water volume. Make-up water was
added to chambers through the water sampling peort. During sampling in anoxic
chambers, positive pressure was maintained in the headspace with nitrogen gas to
avoid oxygen contamination. In addition, make-up water added to the anoxic
chambers was deoxygenated by bubbling it with nitrogen gas prior to injection into the
chambers.

Overlaying chamber water was monitored for ammonda, niteate, SRP and
Oxidation Reduction Potential (ORP). Nutrient samples were filtered through
prewashed (.45 pm filters once back in the laboratory, then frozen for later analysis.
Nutrient release rates (mg/m?/d) were calculated as the lLinear best-fit of the
accumulated nutrient mass versus hme multiplied by the chamber water volume and
divided by the surface area of the chamber, ORF of chamber water was measured with
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a permanently installed hand-made electrode and a Corning calomel reference
alectrode brought into contact with chamber water at the time of sampling. The twa
electrades were connected to 2 Backman Expandomatic 55-2 voltmeter, and a reading
was recorded after 5-10 minutes. Standard ORP was measured in ZoBell's solution and
ORP values were calculated relative to the standard hydrogen electrode using the
equation in Standard Methods. 20 was also monitored during aerated phases using a
YS] meter and probe. Sulfide concentration was monitored in the July chambers.
Samples were preserved with zine acetate and NaOF.  During the August and
September incubations sulfide was qualitatively menitored by smelling water samples,

Analytical Wet Chemistry

Standard colorimetric analytical methods were uwsed Lo measure ammoniz
{phenate method), nitrate {cadmium reduction} and SRP (ascorhic acid method).
Absorbence was measured at the appropriate wavelength on a Bausch and Lomb
Spectronic 21 spectrophotometer using a cuvet with a path-length of 1 em. Detectien
limits for ammonia, nitrate and SRP were 30 ug/L. Sulfide was measured using the
icdometric methed, and the method had a detection limit of 0.5 mg/L. In this shudy
non-detect samples are reported as one-half of their detection limit.
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RESULTS.

Lake Water Quality
Figures 3 and 4 show summertime temperature and DO profiles in Lake

Elsinore. Slight thermal stratification was observed in the upper 1-2 m of the water
column in July and August with surface waters 1-2°C warmer than underlying water.
Water temperatures increased from arcund 25 to 28°C between July and early August,
then decreased to around 24°C in September. July and early August surface water was
supersaturated with DO, prasumably the resuit of infense phytaplankton productivity.
Below 1-2 m, July DO ranged from 7-8 mg/L while early Angust DO ranged from 2-6
mg/L. Late August and September XD was below saturation throughout the water
column and ranged from 3-6 mg/L.

Ammonia, nitrate and SRP were monitored in Lake Elsinore at the North Station,
the deepest of the three stations. Only ammenia was detected in the water column
(Figure 5). In July and early August low levels of ammonia (50-100 pg-N/L} were
detected in bottom water. In late August and September, ammonia was around 300 jg-
N/L throughout the water column.

Lake Oxygen Demand '

Oxypen demarnd s made up of two components: water oxygen demand {WDD]
and sediment oxvgen demand {SOD). WOD is exerted in. the water column by
respiring pelagic organisms such as bacteria, phytoplankton, and zooplankton. S0OD is
the oxygen demand exerted by microorganisms conswming organic matter that has
settled to the sediment-water interface. S0 also includes the demand exerted by the
oxidation of reduced compounds (sulfide, methane, ferrous iron} diffusing from
underlying sediments.

WOD was measured in bottom water sarnples (4-6 m deep) collected in July and
early August. July WOD ranged from 0.46-0.53 mg/L/d and August WOD ranged
from (80-0.94 mg/L/d. SOD data is summarized in Figure 6. Unmixed SOD showed
no consistent spatial pattern, but $OD was significantly lower in September than in July
and August. July, August and September urunixed 50D ranged from 1.47-1.65, 0.92-
1.80, and 0.34-0.70 g/m?/d, respectively. Note that mixing enhanced 50D in Mid and
South sediments in both July and August by 30-70%.

Sediment Nutrient Release Dynamics

Figures 7 A, B and C show resuits of nutrient release incubations for July, August
and September. For the most part, the three sets of incubations responded similarly to
experimental rnanipulation. Results are discussed by phase below, then nutrient
release rates are reviewed in detail.

Uxic Phase

During the aeration phase, DX levels ranged from 6-% mg;" L and ORF remained
around 400-500 mV. August and September chambers initially had depressed ORP, but
ORP increased as oxygenated conditions were established. SRP showed low to
moderate increases and generally ranged from 100-600 pg-F/L. Amunenia and nitrate
were much more dynamic. [n July and August chambers ammonia initially increased
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to 4-6 mg-N/L then decreased to non-detect. The ammonia decrease was coupled with
an increase in nitrate. In September chambers ammonia declined from 3-5 mg/L to
nori-detect, and nitrate steadily increased from non-detect to around 1 mg/L. During
the aeration phase sulfide was not detected accept initially in August chambers.

Anoxic Phase

With the onset of anoxic conditions ORP dropped rapidly in all chambers and
remained below 0 mV throughout the anoxic phase. ORF in September chambers was
slower to respond to anoxia then July and August chambers. SRP and ammonia
immediately began to accumulate in chamber water while nitrate decreased rapidly.
SRP concentrations increased from 100-600 to 500-1,200 ug-P/L, and ammonia levels
increased from non-detect to 2-5 mg-N/L. SRP and ammonia levels were higher in the
july and Augtist chambers compared to the September chambers. Sulfide odor was
detected in all chambers, and total sulfide ranged from 410 mg/L in July chambers.
Puring the anoxic phase, most chambers developed a white biomat at the sediment-
water interface.

Reagration Phase
July and August chambers were reaerated after the anoxic phase. QRP

rebounded immediately to around 400 mV and DO levels ranged from 67 mg/L. SRP
decreased then stabilized at around 400 pg-P/L in the July chambers and 700 pg-P/L in

- the August chambers. Ammonia levels dropped dramatically from 3-7 mg-N/L to non-

detect in a few days with a corresponding increase in nitrate. Note that nitrate in
August chambers, which had a longer reaeration phase, tended to decrease after the
initial increase. Sulfide was no longer detected, and the white biomat vanished with

" .the onset of oxygenated conditions.

Release Rates

" Note that Figures 7 A, B and C show concentration and do not account for
dilubion as a result of chamber water sampling. These figures tend to visually de-
emphasize nutrient accurnulation while enhancing uptake. A cearer picture of
sediment nutrient dynamics can be determined by examining cumulative nutrient mass
with time. Curnulative mass ia the current mass contained in chamber water plus mass
removed during previous water sampling. Based on the slope of these curves,
sediment release rates can be determined.

Figure 8 shaws cumulative mass of nutrients with time for a single experimental
chamber. Under oxic conditions SRP shows a low linear release of 1.72 mg-P/mé/d.
Under anoxic conditions the release increases to 24.5 mg-P/m®/d. Reaeration leads toa
linear uptake at a rale of 8.34 mg-P/m’/d. Oxic ammenia and nitrate release is more
dynamic and less linear in nature than 5RP. But under anoxic conditions ammonia is
released continuously at 105 mg-N/m’/d, while nitrate is rapidly depleted at —37.2 mg-
P/m’/d. Reaeration results.in shift in these dynarnics with an ammonia uptake and
nitrate release of approximately the same magnitude (30-90 mg-N/m*/d). Release rates
for all chambers are summarized in Table 1.

Figure 9 summarizes oxic versus anoxic release rates of SRF, the primary
rwtrient of concern in this study. SRP release rates showed little spatal variability.
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Rates were similar at all sites on each sampling date. Temporal variability was
substantial with SRP release rates decreasing significantly between sampling dates.
July, August and September rates of SRP release under anoxic conditions ranged from
21.1-26.6, 16.9-18.0, and 7.7-10.2 mg-P/m?/d, respectively. MNote that release rates for
August are approximately 20% lower than in situ levels since experimental cores weare
mecubated under a slightly cocler temperature than in sifu condilions. -
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e Phasze Anoxic Phase Reaeration Phasze
Farameter Mot Mid  Sout MWorth  Wlid  Sout MNort  Mid  Sout
h h " h h h
July Chambers
ORF,. mV 4490 460 A0 200 -3} -310 320 410 370
SR release 1.69 1.72 123 8.6 245 211 - -f3 0 101
(0.39) (035 (0.99) (0.96)  [099) {Q.04) (0.3 (D.B%
Ammonia +.- +,- - m 105 116 B2 878 <987
release {0.98) {100y (LOOY (0607 (0.F8F (083
Mibrate release 0,+ D0,+ 0Q,+ -50.5 372 -850 746 FR4 AT
(103 (077} (093 (085 (03 (093
Salfide release { n o - 129 20 185 0 ] Q
(0.90) {0521 {0.96)
Aupist Chambers
ORP, mV S0 A0 4710 -305 -1500 -2 430 430 ¥
SRF velease 454 +  Bda 1a.9 174 150 - 212 -39
{096} (0.B4) 09 096 {097 (LB (0.90)
Arnronia +,- +,- +,- i19 918 77 -1l08  -754 -
release (1.0 (098 (080 08 (1.0m
Mitrate rejease O,+,- 0,+,-0,%,- =679  --MF -115 *, - +,- +,-
_ [LERCC T PR YR {1 R
Sulfide odar at beginning of yes Yes a5 10 na ng
incubabon
Seplember Chambers
ORF. mV 450 460 430 -240 =329 =310 Mid NM  NM
SRP velease .57 + 0.10 7.08 297 0.9 MNvi WM NM
(0.75) (0.50} 0Bl  (0.98) (0.80) :
Ammonia 40 -+, - 4, ARG 40.7 105 B NB NM
release . (0,95} (087} (085 (085
Mitrate release 214 32 2B Z7e =37 =272 MM NK NM
(0.821  (0.57) {057 e {075 (087
Sulfide odar no ne ng Yes yes yes NWM MM NM

Table 1- Summary of Lake Elsinore Experimental Chambers. Reparted ORP is at end of phase,
All release rates are in mg /m’/d. Value in parentheses {s ©° of linear fit of telease rate. “+
represents a release while “-“ represent an uptake. These symbols are used for phase where the
respanse of a parameter was variable {e.g. a release followed by an uptake) or was not linear {r
less than (.}
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DISCUSS]IOQIN

Lake Water Quality

The goal of the field monitoring was to determine if sediment was releasing SRP
to overlaying water. This is a relatively easy task in deep, stratified lake whete released
nulrients accurnulate within a relatively isclated hypolitnnion. However, in shallow,
polymictic lakes it is difficult since released nutrients may be intermittently mixed into
the entire water column, resulting in dilution and facilitating algal uptake. In Lake
Elsinore, SRP did not accumulate in bottom water. This suggests that DO in overlaying
water was high enough to maintain an oxidized sediment-water interface that acted as
a barrier to the release of reduced iron and SR, Sulfide odor was never detected in
bottom water samples, which further suggests that the sediment-water interface was
not highly reduced. However, as explained above, the lack of an observed
accumulation of SRP in bottom water does not necessarily mean that sediment was not
releasing SRP. A number of lines of evidence suggest the contrary.

Unlike SRP, ammonia was detected in bottom water in July and ear]}' August
indicating that the sediment-water interface was reduced and was releasing nutrients to
overlying water. In late August and September ammonia was detected throughout the
water column, further suggesting that anoxic sediments were a source of internal
nutrient loading. The fact that no nitrate was detected implies that there is little oxygen
penetration into the sediments since this would stimulate nitrification, the oxic
biclogical conversion of ammonia to nitrate, and would resull is a nilrate flux out of the
sediments. Recall that in all chamber experiments, under okxic conditions ammenia
rapidly decreased with a concurrent increasze in nitrate.

Observations during core collection alse indicate that the sediment-water
interface was reduced, and thus a source of infernal nutrient loading During core
cellection, sediments appeared dark and highly cdorous indicating reduced conditions.
In addition, in some samples a white, web-iike biomat was observed at the sediment-
water interface. This mat is likely Beggintoa sp., a microaerophillic (low oxygen loving)
bacleria that nlilizes sulfide as its electron donor and oxygen as its electron acceptor. 1t
is common in freshwater and marine sediments. The presence of Beggiston indicates
that the sedirment-water interface iz only slightly oxygenated, with sulfide diffusing
upwards o the sediment-water interface. Thus, oxygen penetration into the sediments
15 low or non-existent, conditione that favor SRE release. In conclusion, while no SEIP
was observed in deep water, field cbservations suggest that the sediment-water
interface in Lake Elsinore is reduced and that sediment is releasing SEP and ammonia
to cverlaying water. Once released to overlayirg water, the nutrients appear fo bl:.'
diluted into the water column-and/or are taken up by phytoplankion,

Lake Oxygen Demand

WOLD vatues measured in July (0.5 mg/L/d} and Awgust (-0.9 mg/L/d) are
lower than those determined in earlier water quality studies {Lake Elsinore NFDES
Permit Feasibility Study, December 1997, Appendix F). Average May through October
WOD, based on BOTJ, data, in 1993, 1995 and 1996 were 1.9, 2.6 and 1.2 mg/L/d. It is
possible that these earlier WOD values were measured in surface samples that induded
high amounts of respiring phytoplankton, thereby elevating oxygen demand. it is also
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possible that the limited monitoring i this 3tudy missed peak WOD episodes that may
occur after the crash of large phytoplankton blooms. The 50D values measured during
this study ((.34-1.8 g/m?/d) arc similar to those measured in other shallow, warm lakes
(1.6 g/m2/d in Lake Apopka, Florida; 1.54.7 g/m?/d in five Southwestern U.5, lakes).

This experimental oxygen demand data can be used to estimate the overali
oxygen demand in Lake Elsinore. Assuming a water colurnn depth of 5 m, a WOD of
1.0 g/L/d can be converied to an aerial oxygen demand of 5.0 g/m?/d. Adding a SOD
of 1.5 g/m?/d yields a total oxygen demand of 65 g/m?/d. Multiplying by an
approximate lake surface area of 3,000 acres (12.1 million m?) yields a daily oxygen
demand of around 80 metric t/d. Much of this demand must be made up by reaeration
from the atmosphere and from phytoplankten oxygen production.  If noe natural
reaeration of Lake Elsinore was taking piace and assuming a starting IO concentration
of 8 mg /L and a DO demand of 80 1/4d, the lake would ge anoxic in about ene week.

Historical Oxygen Demand
Table 2 summarizes DO depleton episodes based on previous water quality
studies (Lake Elsinore NFDES Permit Feasibility Study, December 1997, Figures A-3, A-

" 4 and A-5). Multiplying the concentration-based oxygen demand by the volume of the

lake, we can estimate the mass based oxygen demand for each episode. Oxygen
demand for the eleven episodes ranged over an order of magnitude from 3.2 to 32 t/d.
The median oxygen demand was 9 t/d. The fact that the cbserved oxygen demands are
muech lower than the estimated total gxygen (80 t/d) confirms that much of the oxygen
demand in Lazke Elsinore is made up via natural reaeration.

Patterns of oxygen demand and reaeration can be examined using field data
cellected during this study. In July and early August the upper 2 me of water were
supersaturated with oxygen while underlying water was under-saturated. Relative to
DO saturation, the upper 2 m of Lake Elsinore contained a surplus 30 t of oxygen as a
resuit of reaeration via the atmosphere and/or phytoplankton productivity, However,
the remainder of the water column had a deficit of 140 t. This deficit increased to
around 400 t in late August and September when the entire water column was under-
saturated by approximately 4 mg/L of DO.

Note from Table 2 that fish kills do not correlate with peak oxygén demand
episedes or with lake volume, Instead, they correlate with season, all oeturring in mid
o late summer. One explanation for this seasonal relationship is thal the lake
temporarily stratifies during calm summer periods. This isolates bottom water from
reaeration in a number of ways. It is no longer in contact with the atmesphere so gains

- o oxygen from this potential source. Since the photic zene is only 1-2 meters, botbom -

water also gains little TXO from phytoplankton aclivity.  Finally, DO produced by
phytoplankton in surface water does not mix down infto bottom water due to thermal
stratification. Warm summer temperatures also stimulates respiring organisins in the
sediments and water column leading to high oxygen depletion rates. I suspect that a
lack of reaeration coupled with high rates of oxygen consumption results in bottom-

_ water anoxia and subsequent fish kills.

11
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Mass
Approx. Bazed
© " Inidal  Final Oxygen Lake COnvgen
[k ] DO Bwration Demand Volume Drernanc Fish
Drate {mp/L) {mgtL) (days) {mg/L/d} {1 mY {tyd) Eill
July/ Aug 1990 3 0 EQ 0.10 35 34 X
March 1991 7 0 30 0.23 35 g1
Tuly/ Aug 1991 9 i 100 000 35 3.2
Feb 1592 14 4 30 017 ] 16
March 1992 9 G 30 0.1 ~ 12a 13
]ul}-‘;"ﬁug 1592 8.5 2 &l - .08 112 G0 X
Mat / Apr 1994 16 8 45 (.18 izl 13
Tunflul/ Aug 1994 85 i5 ) 007 102 71
May 1855 14.5 6 w0 0.8 115 32
June,July 1535 2 3 %0 g7 11 74 X
Jume 1504 G 5 a0 .15 o3 12

Table 2 - Historical DO declines in Lake Elsinore.

Sediment Nuirient Release Dynamircs

Experimental results {rom this study predict that maintenance of a well-
oxygenated sediment-water interface in Lake Elsinore will dearcase the release of
nutrients from sediment to overlaying water; and decrease the potential for sediment
release of compounds toxic to lake biota. In all expetimental chamber incubations, SRP
and anvmonia release was significantly lower under oxic versus anoxic conditions. In
addition, reaeration after the anoxic phase slowed or reversed the release of SRP and
ammonia. During the oxic phase and during reaeration ammonia was converted to
nitrate. This is beneficial in two ways. Firstly, nitrate is much less toxic to aquatic
organisms than ammonia, especially since the high pH of the lake favors the formation
of highly toxic un-ionized ammonia. Secondly, nitrate unlike ammonia may undergo
denitrification to nitrogen gas in deeper anoxic sediments, thereby being permanently
removed from the lake ecosystem and unavailable to stimulate phytoplankion growth,
Denitrification was responsible for the decline in nitrate observed at the tail end of the
oxic and reaeration phases in August chamber incubations. Finally, sulfide, a highly
toxic compound, was never detected in any well-oxygenated chamber,

SRT' release rates measured in this study (7.7-26.6 mg-P/m?/d) are similar to
thost from other studies. A literature review of data from hypereutrophic lakes
worldwide found that anoxic sediment P release rates ranged from 10 to 40 mg-P/m?/d
and averaged around 20 mg-P/m?/d (Niirmmberg, Limnol. Oceanogr., 29:111-124, 1988).
Ammonia fluxes in this study (40.7-119 mg-N/m?/d) are somewhat higher than the few
published studies that have examined this phenomena.

The release rates measured in this study can be used tv estimate the magnitude
of internal nutrient loading in Lake Elsinore, and the subsequent decrease in loading as
a result of in-lake management strategies. For example, assuming an anoxic surface
area of 2000 acres (8.09 million m?) and average anoxic relcase rates measured in

- experimental chambers, internal loading in Lake Elsinore was 5,800 kg-F and 26,000 kg-

N in july, 5000 kg-I* and 23,500 kg-N in Auvgust, and 3,500 ke-F and 16,300 kg-N in
12
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September. August flux rates were adjusted by a factor of 1.2 to account for the lower
experimental versus in sifu temperature. These estimates are a bit lower than monthly

I loading estimated from a mass balance developed for Lake Elsinore based on water

quality data for 1995 and 1996 (Beutel, October 17, 2000 memo to Montgomery Watson).
That study calculated monthly fluxes generally ranging from 4,000 to 13,000 kg-P.
Estimating the magnitude of anmtal infernal loading is mare difficult since it requires
knowledge of the extent and duration of anoxia at the sediment-water interfaca.

13



Lake Elsinore Sediment-Water Interface Stud'}r
Marc Beutel, Fh.T3.
Owbober 2000

RECOMMENDATIONS

The goal of this study was to evaiuate the magnitude and dynamics of various
components of oxygen demand in the lake, and tc examine the effects of oxygen on
nutrient dynamies at the sediment-water interface. Based on this study I offer the
following engineering recommendations.

Project Impiementation

I recommend that an aeration system be instalied in Lake Elsinore. Experimental
results indicate that maintenanoce of an oxygenated water column and sedirnent-water
interface will result in a number of water quality benefits. These benefits include:
decreasing the potential for fish kills, decreasing the potential for sediment release of
toxic sulfide, converting sediment release of nitrogen from toxic ammonia to nitrate,
promoting nitrogen loss from the lake by enhancing denitrification, and decreasing
internal loading of phosphorus.

Systemn Design Capacity: Fish Kills

If the goal of the aeration system is primarily to inhibit fish kills, a delivery rate
of 27.5 t/d is recommended. This includes a base delivery rate of 20 t/d that would
satisfy 90% of historical T depletion episodes occurring between 1990 and 1996. Ii
also includes an addibonal 7.5 t/d to compensate for potential induced oxygen
demand. Recall that mixing increased SOD by an average factor of 1.5 in Mid and
South chambers, and. SO0 accounts for roughly 25% of the total oxygen demand in the
lake. Thus estimated oxygen demand due to increased mixing is 20 t/d multiplied by
25% (the 50D component of overall oxygen demand) multiplied by 1.5. A properly
designed mixing system using compressed air or a pure oxygenation systemn using a
submerged contact chamber or a diffuser nefwork could adequately supply this
dernard.

System Design Capacity: Internal Nutrient Loading

If the goal of the aeration system is to inhibit internal nutrient loading, a larger
delivery capacity may be needed to assure that a well-oxygenated sediment-water
interface is maintained. The system must be adequately sized and designed to not only
meet water column oxygen demand, but sediment oxygen demand as well. Assume a
summertime episode in which the lake stratifies and bottom-water receives no natural
reagration. The aeration system will need o meet 2 WOD of 0.94 mg/L/d (peak
August experimental value) and a 80D of 1.95 g/m’/d (uly average of mixed SQD).

- Assuming a water column depth beiow the thermocline of 4 m and a surface area of

2,000 acres, the resulting oxygen demand is approximately 46 L/d. 1 suggest that this
value be used as an upper limit for the design capacity of an aeration system with the
goal of inhibiting internal loading.

The most appropriate aeration system to meet the management goal of reducing
internal loading is a submerged oxygen-water contact chamber coupled with horizontal
distibubon of highly oxygenated water across the sediment-water interface.
Compared to mixing via compressed air or Dx}rgenahon wia dithrsers, this system has

14
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the advantage of delivering” highly oxygéndted water direcily to the sediment-water
mierface.

Internal Nuirient Offsets

I recommend using a sediment SRP release rate of 16.8 mg/m?/d to estimate the
offset in internal P loading that could be achieved by an oxygenation system. This is
the average of the July, August and adjusted September release rates multiplied by a
factor of 0.95 to account for minor P releases observed under oxic conditions.
Assuming an anoxic surface area of 2000 acres yields a monthly release of 4,100 kg-P.
Anoxia at the sediment-water interface likely occurs around six meonths during the
surnmer and fall. Thus, [ estimate the mternal loading offset that could be achieved in
the fake at approximately 250300 kg-F per year.

Because of the highly dynamic nature of nitrogen cycling at the sediment-water
interface, it is not possible to directly estimate the decrease in nitrogen internal loading
that would be achieved as a result of oxygenation. However, experimental results
suggest that sediment nitrogen release would shift from ammonia to nitrate, a non-toxic
nitrogen species. Total sediment nitrogen release is expected to decrease since nitrate is
susceptible to denitrification. '

15
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sach phase starting with the final data point in the prasvious phase and ending
efher at the end of the phase or when the concentration reaches zera,
Relecsa rate B fhen calculated by dividad this siope by the sufoce ared of the
charnizer (71.3 squars o). Whera rates wers variable (a.g., ammanio and
nitrate In the oxle phawe) of nan-inaar over fhe Treatmeant phase, release rates
ward ot coloulahed, Instend. ieletsss are reponsd qualitatively (sea Table 2
Qs postive (43 or negative ). For exompls, the owic omrmonla phase shown
hare was reparfed o5 "+, -". arsleose fclowed by on uptcke,
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CITY OF LAKE ELSINORE

MEMORANDLM
TO: Gloria Lai-Bluml, Montgomery-Watson
FROM: Pal Kilroy, Lake Operations Mamager
DATE: September 26, 2000

SUBIECT:  Lake Elsinore Fish Stocking Program

Lake Elsincre is classified as a warmwater fishery with the following representative
species. .

Largemouth Bass

Bluegll

Buliheads {(Brown & Black)

Carp (Wild, Common, Leather & Mirror)

Channei Catfish

Crappie (White & Black)

Threadfin Shad

As you are probably already awarc, Lake Eisinore’s water quality has not always been
favorable in gupporting a Sport Pishery. Howcever, the Lake's water quality has been
reasonable for the past {1ve years, with no significant die-off of Spoit Fish since 1895, The
Lake's Sport Fishery has significantly improved daring this period of good waler quality,
especially the size and number of Catfish & Crappie. Only a few photographs and
anecdotal informaticn supports this contention, with no fish population survey or cresl
counts performed by the City or CDF&G.

The City of Lake Elsinore and the California Department of Fish & Game have taken
advantage of this good water quality by performing some minor fishery enhancement work
and the initiation of a Fish Stocking Program. Unconfirmed reports stete that Lake
Eleinore had not baen stocked with lish for at least I5-years prior to this year,

Lake Elsinore’s best water quality occurs during ithe winter months, from November o
March. During this time period the Lake has high oxygen levels from the surface 10 the
bottom waters. Therefors, COF&G has included Lake Elsiore in it"s “Put n® Take” Trout
Hishery Program in an atternpt to expand fishing opportunities for the general pubiic.

As you requested, the following information about this year’s Fish Stecking Program is
provided bBelow.

Total Size Range
Type of Fish Stecking Date or | {pounds or | (poends or
_ Time Period number} inches)
Rambow Trout _ Feb., 2000 3,000 lhs. 1-6 ibs.
{scheduled trout stocking) | Now-Dec, 2000 ,230 ihs. 0.5-6 ibs,
Chante] Catfish March-July 2000 8,330 lbs. 1-3 Ibs.
Largemouth Basgs fingerlings . June 2000 3,600 fish Z-inch |

. Note; “Just 4-Kids” Fishing Derby held in Tune, 2000,
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APPENDIX G

Evaluation of
Aeration/Oxygenation
Methods for Lake Elsinore

August 15, 2000
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LAKE ELSINORE
AERATION/OXYGENATION SYSTEM EVALIATION
A surumary of the August 15, 2000 workshop discussion

System Evaluation Criteria

+ Prevent fish kill

+ Causes: low winds, low water level

¢ Goals: lower HaS, lower NHs (NH,OH), deliver Qs to sediments
and water column

+ Prevent smell/odor (HaS and others}

+ Reduce algae (inhibit POy release) — does the systemn deliver
oxygenaled water to scdiment-water interface 7

+ Agsist bicmani pulation

+ Compatible with recreation

Canning Pump
o
Flaw
Pomp Y v

Syztern Requirements

Comtact chamber

Orcyrgen sowrce (100 mg/L. O, 20
tonfday)

Yenturi/U tube {30 ft deep) on shore
at pround level for oxygen contact
3-ft or larger diameter pipe at 10 cfs
Pump {100 bp +) '

Pipe anchors

Advantages

More efficient in wosst conditions
than air

et soiulion oxyeEen (o anoxic
water

(inod results in larpe deep stratified
lakes

Good repults in shailow water
80%+ Oy transfer efficiency

Oz ygen-rich waler comes out
horizomatly over sediment

Less pipes required than airfTVA
Eysiems
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TVA-Mobley Bubbler

Dittfuser Asray

01 (Goaker Hozc)

- e e

V

\
A\
A\l

Syitem Requircments

Diffuser amray (soaker hosc)

Oxygen source (liguid or compressed)
Approx. 5 miles or pipes (@E70/1)
Pipe anchors '

L

LIIRREIRRTT R L]

Advanlages

Meore efficient in worst conditions
than afe

- Direct solution oxygen to anoxic

watat

Good results in large deep stratified
lakes :

No pump or compressor required

Disadvantages

Only 50% Os transter cfficiency
Cost $200,000 per year for oxygen
Oxygen goes up, not sideways or
down '

Incomplele oxidation at anodic zones
between arrays

Lotz of pipes required {diameter
gimaltler than the air system)
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Compressed Air

Adr
Compressur

Svystem Requirements

300-3000 cfm (1o be further
caleulated) air compressors at 9.2
mfmin/km®

Approx. 4 miles or pipes

Pipe anchors

Advantapes

Used widely in lakes -
Oxygzen source not required

-

* W o -

Drisadvantaves

Litile quantity data available

Less than 10% Os transfer efficiency
Inveme comelation of efficiency and
need (demand)

Mixed record of success in other
lakes

Sediment resuspension

Low potenihial for entire lake
gediments

Hard to maintain good DO (=6 mg/L)
Niise abaterment needed

Low flexibility of operation

Mitrogen Narcosis (140% saturation)
Large compressors {with redundancy)
reguired

T.ots of laree diameter pipes needed



D. Propeller Mixer

System Requirerments

+ Propellers {cones off}
# Anchors
+ Floating platforms

* &

L

Disadvantages

Negative impact on recreation
System needs to be isolated

Low feasibility; inverse correlatinn nf
efficiency associated with water
buoyancy

Suafety concerns

Can increase algae

Little data from other lakes
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Speece Sump

{MNote: details of this mncépt_ his been revised, see report}

Electrica E"-..

"\

Systern Requiraments

10-Tt deep 107x [ sump {contact
chamber) below Jake bottom

200 hp submersible pomp
Electrical cable (1 mile}

Oxypgen supply

2-imeh diameter oxygen supply pipe
{1 mile)

Nozzlee {1")

Pipe anchars

Shom Mozzle
ClutpLes

Submermsible
Pump

Advantages

E5% O teansler efficiency {50 ppm)
Na large pipe/fmanifold required
No compressor required

Dizadvantages
Submarine construction, open

excavation
Nezed contact chamber
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APPENDIX H

Draft Report

Aeration System for Lake Elsinore
by

City of Lake Elsinore
Lake Operations Division

August, 2000



City of Lake Elsinore W%"
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AERATION SYSTEM for LAKE ELSINORE
by
Lake Operations Division
{Aungust, 2004)

Overview:

Lake Elsinore’s dissolved oxygen level {s oflen depressed below natural levels due
to excess aleae. Both living and decaying zlgae can lower the dissolved oxvzen Jevel.
During dayiigit hours, living algae produce more oxygen than they nesd for metabolism
and dlspel the surplus oxygen to the water. This results in the sunlit surface waters
being much higher in oxygen than normal. However, at night oxygen productian will
cease, but algal respiration still continues to consume oxygen. So at night, when farge
algae blooms begin to utilize the oxygen dissolved n the surounding waier, they can
significantly depress the Lake's overail oxygen tevel

In contrast to living algae, decaying algae passively iower the oxygen level in the
water. Algae contain less than one-percent phosphorus on a dry weight basis,
Therefore, ane-pound of phosphorus can create 135-pounds of algae. A Theoretical
Oxygen Demand (ThOD} for one-pound of algae shows that 1.7-pounds of oxygen is
needed to decompose the algae back to carbon dioxide and niwate. Consequently, the
atzae created by just 1-pound of phosphorus requires a total of 230-pounds of oxygen to
decompose. Therefore, an accumulation of orzanic matter on the bottom, in the form of
dead algal cells, can exert a tremendous bie-chemical oxygen demand (BGD) on the
Lake.

Depressed oxygen levels can negatively affect the aquauc ecosysiem in several
ways. [ow oxvgen levels in the hypolimnion slows down the decomposition of dead
algae by changing conditions from the rapid “aerobic” 1o the slower “anoxic” form.
This slow down of microbial processing facilitates the aceumulation of organic matter
on the Lake-bottom. Low oxygen levels in the hypolimnion restricts access for
zooplankton to the bottom. Beneficial zooplankton that feed on living and decavimg
algae often take shelter in the bottom waters, [f the bottom waters are not accessible,
then the number of beneficial zooplankton will soon fall. The zooplankton become easy
prey for small fish when suspended against the sunlt surface waters. What's more, low
oxygen levels just exacerbate the problem of sediment release of phosphorus. This
Jeads to a vicigus cycle that revolves around low oxygen levels, sediment phosphorus
release and aigae bicoms. Finally, the most visible affect of low oxygen levels are the
massiva fish kills that peniodically oceur on Lake Elsinore.

Lake-wide aeration presents a paradox for simultaneously limiting mitrogen and
phosphorus. True, phosphorus reiease from the sediment walt be substantially reduced

- by oxygenalion of the bottern waters. This was successtully demonstrated by the “Tar

Testing” conducted on Lake Elsinore’s sediment by the consulting firm of
Montgomery-Watsorn { 1987). On the other hand, nitrate-nitrogen removal requires
waters that are almost devoid of oxygen. Under low oxygen conditions (0.3 mal),
bacteria that normally use elemental oxygen during metabolism wall switch 1o pulling
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oxygen off the nitrate molecule and release nitrogen gas as a byproduct. This process is
called denitrification and s the main pathway by which nitrogen is removed from the
Lake. S0, can the Lake be oxygenated by an aeration system to prevent sediment
release of phosphorus, while still carrying-on “ancxic™ nitrate-nitrogen removal through
the process of denifrification?

The answet 1o the abave questicn is a conditional .. YES! It is posstble to carry-on
both aerobic and anaerobic respiration in the same system. This is now quite common
place in the Wastewater Treatment field through the use of facultative ponds and basins.

secific design and operation criteria have been established for these engineered
facultative systemns. The Wastewater Treatment Industry now has a cookie-cutter
approach in building and operating this type of system, which is very different from the
unigue systems of natural lakes.

Each lake is different and the parameters that affect the quantity & distribution of
oxygen, as well as nutrients are always inflwe, This makes it impossible for anyane fo
design a set-system that will always produce the desired results. Therefore, operational
flexibility will need to be designed into Lake Elsinore’s aeration system to cope with the
frequent changes. Furthermore, on-going monitoring and analysis, with the imtent to
develop a set of operational criteria will need to occur, - Operational adjustments to the
syster would be fairly simple, just a matter of turning air-blowers or valves either “on

S or off.

Three zones are needed in the Lake to support the fishery, to control sediment
phosphorus release and to promete nitrate-nitrogen removal. The aerobic zone wilt be a
large and highly oxygenated area needed to support & warmwater fishery. This aerobic’
zone will extend from 2bout 3-feet off the bottom {o the surface, as well as the in-shore
areas that are iess than 3-feet deep. Warmwater {ish require a minimum average oxyvgen
ievel of 3-4 ppmm, but many fish can enter water lower in oxygen for brief periods of
time. The oxyeen levels will gradually increase while moving closer o the surface,
with the mid-depth to the surface being [00% oxygen saturated. A fransitionel zone, in

- which oxygen ranges from 0.2 to 3.0 ppm, will sporadically eccur in the bottom 3-feet

of the Lake. From the bottom to about ! -foot off the bottom will be an anoxic zong
(<0.1 ppm O4} that will also occur scattered throughout the Lake. The “transitionat™
and “anoxic” zones wifl frequently overlap.

These anoxic micro-zones are needed for the removal of nitrate-mtrogen, although
there is some concern about phosphorus release from the sediment in these anoxic areas.
To quell this concern there is 8 multiple approach in controlling phasphorus rejease
from the sediment. Much of the liable phosphorus will be bound to gluminum through a
metal salt addition. The aluminum-phesphorus bond does not breal under anoxic
conditions, like the iron-P bond. Escaped phosphorus will be bound continueusly by
deposition of calcite through the enhancement of high calcium waters. Reducing
conditions that cause sediment phosphorus release will be limited through artificial
cireulation. Competition for phosphorus between algae and bacteria will increase as the
steady-state bacterial population is elevated through suspension of bacteria by artificial
circulation, similar to the activated sludge process ofa POTW. Additional competition



for phosphorus will come from the planting of aguatic vegetation. Finally, the presents
of nitrate alone is known to prevent the reducing conditions that cause sediment
phospherus release. :

Lake Elsinore experiences low oxygen levels for about 120-days per year, betwsen
mid-Tune to mid-October, Therefore the artificial circulation system would only need 1o
e run from 3 to 6 months per year. When to turn on the system and how much of the
system to activate at one time would be based on several factors. Some of the factors
that would need to be considered are the need for nitregen removal by denitrification,
the need to maintain a beneficial thermal siratification and the need to prevent Lake-
wide tow dissolved oxygen levels. For instance, in 1998 there was 2 major inflow of
cold watar and nutrients, followed by the slow onset of summer, When hot summer
tetnperatures did finally arrive, they rapidly heated the surface waters of the Lake. This
rapid warming resulted in a thermal stratification of 13°F between the surface and |
bottom waters. Water testing results during this time period showed that the bottom
waters contained 3-times the Qrtho-P and 17-fimes the inorgame nitrogen levels than
the surface waters. Low nutrients in the surface waters, especially nitrogen, resulted in
a low algae population throughout the summer and no summer fish kills. Apparently,
the large temperature difference acted 25 a barrier for the migration of nutrients from the
botiom fo surface. Under this uniesual circumstance, it may not be wise to turn on an
artificial eirculation system that would bring-up nitrogen from the bettem to the aigae ar
the sunlit surface.

Liranologists that have studied Lake Elsinore generally agree that an aeration system
neads to be insialled. However, the type of seration system is currentily under
evaluation. This paper is intended to refine the discussion for the best type of acration
svstem for Lake Elsinore and to provide some preliminary engingering details fora
Diffused Aeration/Araficial Circulation System.

Lake Aeration Operating Criteria:

Sate operation for the general public,

Compatible with the recreational uses of the Lake.

Prevention of significant fish kills due to low dissolved oxygen levels.
Function under varahle water levels (3ASE 1240 10 1,2337).
{(ost-effective delivery of oxygen to the bottomn waters (3i1bs of {1 transferred).
Function under intermittent use.

Ability to tum on/off acration zenes for anoxic removal of nitrate through
cenitrification.

8. Low Maintenance Costs (labor & parts),

9. Low Operating Costs {glectric &/or pure 0xygen purchase}.

1D. No disturbance of seditnent.

11. Eow noise level,

12. (T Maintain thermal stratification under rare occurtence (7)

e B i e
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(zeneral Analysis of “Stratmix™ Lake Aeration/Artificial Circuiation System:

Lake Elsinare’s surface water is supersaturated with oxygen during the day,
where as the botiom waters are often devoid of oxygen. This dichatomy is due to the
production of oxygen near the sunlit surface by photosynthesizing zlgae and the use of
oxygen on the bottom of the Lake by bacteria that process the dead aigae. If the high
oxygen in the surface water were regularly re-distributed to the bottom, then oxygen
demanding organic matter would not accurnulate on the bottom and all the benefits off
an wal! exygenated Lake would be attained.

The mechanical addition of oxygen to water is termed “Aeration”™ and 1s
commonly used in the Wastewater Treatment [ndustry. But a Lake is much different
from a Wastewater Aeration Basin. Again, the main problem ont Lake Elsinore is re-
distribution of oxygen, not necessarily addition of oxygen. This re-disribution can be
accomplished by transforming a diffused aeration system mnto highly efficient water
pump. By so doing. it is possible to vertically mix the low oxygen bottorn waters with
the high oxygen surface waters in a cost-effactive manner. A difinsed aeration system
uses land-based air blowers to send comprassed air through pipe and tubing distributed
on the bottom of the Lake. A diffuser at the end of the tubing allows the release of tiny

- bubblas. As the air-bubbles rise they entrain water in an upward current, thereby

vertically mixing the bottom and surface waters. This process is termed “Artificial
Circulation” and it has proven to be very economical in bring oxygen w the bottom
waters of shallow, eutrophic lakes.

According to the scientific literature, airflow of 1.3-5CFM (Standard Cuabic Feet
per Minute) per surface acre is required to maintain oxygen levels in lakes (Lorenzen &
Fast, 1577). Therefore, Lake Elsinore would require about 4,300-SCFM of air to aerate
the main Lake-basin of approximately 3,000 surface acres. (riven the fluctuating water
levels (MSL 1,240.1,253), this would require air blower(s) in the range of 300-
hoesepower at 80% efficiency that produces about 15-20 scfm per hp. According to the
Vendor's literature, a diffused aeration/artificial cireulation system can move about
5,000 gpm per horsepower. Therefore a properiy sized system wouid completely
turnover Lake Elsinore in about 2 week.

The Stratmix Diffused Aeration System fits well into the congept of agration and
artificial circulation by combining both high oxygen ransfer rates and moderate vertical
mixing rates. In addition, the “Dura-Disc” diffuser uses flexible membrane technology
that aflows the diffuser to be seif-cieaning. The Dwra-Tisc diffuser is also ideal for
intermittent use without clogging of the diffuser, because the slits in the membrane are
normally closed when no alr-pressure is applied. This is very different from the typical
ceramic dome diffusers used in Wastewater Aeration Basins. When air is shut-off to a
ceramic dome diffuser both water and smalt particles flood into the diffuser and
ultimately cause clogging. '

[r. Claude Boyd of Aubum University has verified the performance of the
Stratamix Svstem for Aquaculture and has produced the following data,
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Sirataniix Aeration Data

Parametar Value
Standard Aeration Efficiency [SRE) @ 14-ft depth 10.4.1bs Oathpehr
& 4.0-SCTM/diffuser,
Standard Oxygen Transfer Efficiency {30TE) 28.7% of the oxygen ¢omained in

the air tragsferred into the water.

Correction Factor for SAE under actual operating

conditions for Lake D.0. & temperature. - X
Actual Aeration Efficiency under Lake condittons
@ 5-ppm O; & 83°F 4.2-lhs 0vvhp-hr

By combining Dr. Boyd's Stratamix data of 4-cfm per diffuser with Lorenzen & Fast’s rule of
thumb for adequate lake mixing of .3 cfim per surface acre, then Lake Elsinore would require

about 1,000-Stratamix units laid-out in a prid over the 3,000 surface-acre main Lake-basin,
Pounds of Oxygen added to the Lake by direct Stratamixz Aeration
« Estimated Pounds of Oxygzn Transferred per Day:
(4.2-{bs Osthp-tir){ 300-hpX24-hrs/day) = 30,240 pounds oxygen per day
» Estimated Electnical Cost per Day:
{300-Hp)K 0. 746-Kw/Hp){$0.075 K w-hr){24-hrs} = 5403 per day
= Estimated Electrical Cost per Month:
(83403/day)30.4-days/month) = $12,251 per month
» . Estimated Electrical Cost per -Months:
{$12,251/moath){&months) = 573,306 per 6-months
» Estimated Cost per Pound of Oxygen Transferred to the Water:

(S403/day) + (30,240 pounds nx:,rgeﬂ’da}r) = $0.0133 per pound of oxygen



Pounds of Ox transfe to 1 ttom-wate by Stratamiz Circ_uiatiun

Given:

" Mid-depth to surface-water average D.0./24-hrs = 3 ppm
Bottom-water to mid-depth average D.O /24-hrs = 4 ppm

Average Luke Depth = 14-feet

Approximate Lake Volume = 40,000 acre-feet

Approximate Lake turnover time by Stratamix Circulation = 7-days

= ¥ R R

Estimated Pounds of Oxygen in Surface-water (7-14 feet):

(8 ppm}(20,000 acre-feetj{l?? pounds/ppm/actt) = 435,200 pounds of oxygen
Estimated Pounds of Oxygen in Bottom-water {0-7 feet):

(4 ppm]{?ﬂ,.ﬂﬂ[} agre-feet)(2.72 pounds/ppm/actt) = 217,600 pounds of exygen
Estimated Total Pounds of Oxygen in the Lake (0-14 feet):

435,200 + 217,600 = 652 800 pounds of oxygen

Estimated Ppunds of Oxygen added to the bottom-waters per day:

(652,800 pounds of oxygen)+{2)-+{T-days} = 46,629 pounds of oxygen per day



APPENDIX 1

“Summaries of
Environmental Commitments
and
Mitigation Requirements
for
EVMWIY’s Existing Wetlands
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Tabite 1
Environmental Commitments

404 Permit Environmeral Special Conditions

h. Mitigatinn Monitoring Plan
Reliabie Water Supply
Datajlod Planting Schamds
\soiate Wetlands with tuffer
Shaliow Fish Hakbikat =,
Asration (ses 1801 Permit #12)
5 year maintenance and monitonsg Man
Mitigation complele prior ta Motice of Compietion
Oezed Wellands and Law figw Shanned Consenyation Easamant

8. Walering markers placemant

a0

1601 Permit Environmeittal Spacial Conditions

8. Mitigation Plan ]
a Detaiied implementation plan and sehedule to accomplish 404 Special condikion "6."

n.  [Detailed hartscape and scitscaps tar fow flow chiannel and conneclion 1a main ake
T. Document water will be available when ngcessary for low fiow. channal, wetlands 3 lake
4. Conduct an agricutural suitabllity test & measures 10 assure vegatatian wiability
11 Canfrolled access 1o wetlands & low How charnel oe consiructed by 672190
12, Maintzin Reg. Board Basin Plan D.L.in the lzke. Rapest monthly D.O. reagings Lo the Degl.
14 Montor revegetatian and provids guactary repants with follow-up migs tar § yaars
15, Estabiizn 3 & 5 year plant height stancards
16, Revegetation; 0% survival 15t year, g% cover 3nd years 100% cowvar olh year
1B Revegatatich of siripced or expossd areas
15 Bricoe or culver Daitéms not o impair watar figw
48.  Pump intakes wil be screened with 1787 or 44" sereen. depending on ke 5eason

Environmertal Aggessmart Conditions

1.2.4 lLargs purnps lower wetlards waler ahter floods: small anes lower level comtinuausly
1.3 B Vater entars weflands and maoves through a series of ponds, then to pumps and (Nt \ake
127 \Wetlands would be protecied from vehicle access Dy & 20" wida channe!

1.b1 Aguaiic plants such as cattads and ourushes planted near ponds

1.5.2 30 ac af large native trees and shrubs and 59 ac of smal native shmbs!grésses planted
£ B3 Flant size would be at least 1 galion witn 10% 5 galion or targer

1 0.4 Large glanis qot to be planted greater thar 54 fest apart

1p.5 &mal plants could be started by seeds. cutlings oF centaingr plants

1 bh.& Seed mixes should take inte accour sail character

107 EVMWOD/SAWPA tQ SEONS0C recovery orogram by reipcating plants from other wallancs
1,01 Designate an operating dgency for long t8rm maintznance of Ihe wetlangs

1.0.2 Dperating agency to conrginate with F&E and EaMY

105 Maintenanca b inchude debris removat & replanting

1o.4 Onelime swocking of small fishes 2 to 3 manths after planiings

4.0.5 Dperating agency would Sponsor & Monitacing Program 0 &nsurg proper maint&nancs

Camrawd A -y
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B, Wetlands And Riparian Habitat

WETLANDS

A wetlands was construcied in e back wasin consisTing of over 200 acres of water und thiee islands wih loal
arca of over L00 acres, While the primary purposc was o provide habitar for migratary fowl umdet
appropriats waler fevel conditions it can alse fneten as shaliow fich habitat linked to the main body of 1t
Jake by a 45" diameter conduit through the levet.

Erwvirgumernal commitnentg relaed © the Wetlgnds:

4t porirmoied wetiand - (404 comd @, b 1601 cuaed Ga.), Crer 3IW) acres of weands were songtrueied.

Kelighfe Weter xupply - (4N cund. b dHI cond 7o KA comd {adi Water level in te wetlands will B
jnaintained between clevation 240 and (143, providitg a waser depth of up 10 feer in L9396, CDFG
medified the requirement For providing “flow-through™ water to Lhe wetlands from the riparian habiat so that
water fowing in the river bed roed only 10 rech the dovwnstream end of the tiverbed. When lake water ar
narumally ocourming runoff is insuficient 1o maintain the waler surface in this eperaignal range. T ETa g e
from the the lake, EVMWD symen wells or reclaimed warer tay be gsedl  Pursuant 1o the roquess af thi
resource and regulatory agencies, the District provided 2 wetlands warer sarface elevarion marker in (=€
werlands that gan be read from the levee. The Dristrict also installed auitmatic water surface clevarion S&sors
for the wetlands and the take (o climinate the nead for maoual elevalion rzadings.

Shatlow Water Habitat Repitcement - {404 cond. bt EA cond. 2.) Subsequent tg the 04 permil. CDFG
agreed that the type, quantity, and focarian of fish serucrures for habitat will be as recommended by the CDFG.
not as specifed in the EA. Subsequent to that change. CDFG dropped the requircmeiat for fgh sorucTores.

RIPARTIAN HABITAT

The Aparian habital are also Kaow a5 vhe low Fow clianmnel. was csiablished in the axisting Sen laciag
riverbed downstream of the levee. This purtion of Lhe mitigation #ren wis crigimally smisioned 2s a flow-
thraugh systen whereby & fs of waner wonld make its way throush 2 marmers low fow chanpe] in the fvarid
into the wotlands, thereby maimaining the wotlands watef level. '

Envirormertipl copymilniedfs rcla the Ripacg abital:

Hellabie Water Suppfy - (Hil4¢ cord b {60! cond o Rl cond Lo, S eeliuhle WG supphy 15 £ss2ulil 1o
maintain @ healthy piant palete. Lake whier ar pamreally pocnerting runoff wall be usad when lake lvels &
high to maimais the habitee. To mainkin the habital when these sources arc ol available. a pipcine was
consticted 1o supply makeup witer to the riparian habital fram the Cereal Street welks an ihe nartherm 2688 of
the werlands. In 1996, COFG agrced 30 amend the requinsment for praviding "Maw-threagh™ witer oo S5e
weilands through the ripadan habiar sines 1he Disirict made additional inproveniems by Soascling wallr-
ponding check strucoures allowing inundatian of the cntire width of the riverbed, The CDFG agreed that (e
water Nowing though Lhe riparian habit nged ondy to cach and maitain a s10nding pool of walcs Bipw e
last downstream check strucmre locued adjucent to the wetlands and not be mguired to Now o the werlands.

WETL ANDS AND RIPARIAN HABITAT

Enviganiental commiluients relaled o hoth Lhe Wetlpnds and Lhe Bipanan Habitst

A deinifed mivigmtive plan - 404 cond B e 10} eanct Fa. 0. The Fidal Miligaon Plun was completed

and disiriputed 10 all involved ageecies ou July 3§, 1989, The plan addressed ACOE. CDEG. and FWE-
comments and cequircrents for desian and aperations and mainienance of the wetlands.

A alurifed paminy sofemee - f004 Cuamed B PR comd, fa. G 0 wongd LA The piaming palans was
estahlished in the Final Mitigation Plan. Bulrushes from ponds at anather EXVAMWD facisry ware Lran spdanngd
e the wellands, Although ser platiings were plauned, 1 successiul pallete af “volunteas™ plints & clooed
in the urca. A% o restell, the resoutes agencies were satishicd wilh e ¢xastioe vegotatien sulletts and cenarag,
ard 1 lddisicnnl plaings were requined. '
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Revegatativn stondards and monitaring - (464 sk .0 1601 cond. 6. 6b., 14 I5., 16) The performarcs
criteria and Teports were defined in (he permits and agreements. “The feSOUTCE agemcices are salistled with the
success of indigenons specics in the weilands, The resauree agencies also recomnize that this is largely dus 1o
EVMWE¥s tamarisk contral program, 2 mulfi-year effort of selestive manusl cotting and basal bark injection,
mow in ils thind yeart :
Agricuttaral Suiabifity Tesis - (160! cond. 8] SAWPA conduoted soitzbility tests in July, 1990 o
smitability tests will be pecforroed by EVMWD where requested Hy the resource agensies prier to additional
plantings. .

Public dccass Conirol - (404 coned b 1601 coml !f; Ed cond lal) Public ameess by OHV's and
matorcycies to the weilzanos was restriceed by eonstracting a perimeater berm with 2:1 side slopes amund the
wetlands. Public access to the north side of the riparian torrider was restricied by kegping the riveched
inandated with water. Public access to the south side of the corridor is not restristed.

Unimpaivad Water Slow - (160 cond (9} [Astalimion of sLructires in waler arcag werc constrcted such tht
water fow wes not impatred apd assures upstream ar Jown SUFCAM passage af Ggh at all Hmes except In Kmes
of drought, or high watent when the lake leval and the wetlands water Ievel are bog disparate 1o cperAIT
hyradiczally. _ ' _
Pump Intakes - (1601 cond. 38} Pump intakes piaced in sireamAake water will be Bed with 159 ioch ar
smaller mesh screens from Mareh T through July 30, and 114 inch or sTealler meesh scregns thersafier.
Conservation Ezsemeni - (404 cond d) A comservation ersernent was granted te CDFG over the wetlands
and riparian habital

Waier Circulation - (EA cond. f.a 4 .a.4,) The riparian cormidor and the wetlamds were originally designed
as a Now-thmueh system, but was allowed to be changed with the zpproval of CDFG. A small pump may be
used 1o rengove water from the wetlands if water levels rize. Large pumps wiil lower flood water levels 1o
aormnat ievels after Aoading pertods. Instead of a series of ponds in the wetlands, the concept was changed b
be several inErConnected watsr Open ates operanng 2t the same wigter surface clevation.

Monazement Frograw - (F] gored 1.} EVMWD entered into an agreement with the City of Lake Eisinorg o
naiptan e wetlands, The mainienance includss periodic debris removal. replantngs and inspecticn. A
monitoring program will be sponsored to enswe proper mainrenance of the wetlands and ciparian corrda:
C'DFG will be ailgwed to plant fish or other aquatic species at amy Gme after notifying VMWD, Except that
o endangered ar threatencd species will be deliberatoly ranspianied ta g fake or wetlands witheut writien
permission from the Distrct,

Monitoring Program - (EA cond. |.d) EVMWE has a muiti-year contract with a Erm o mamtar the wetlands

For contredling exorics such as tmadsk in the e,



