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Beneficial Uses: MUN, AGR, GWR, REC1, REC2, WARM, WILD

Hydrologic Unit: 802.11

Total Water Body Size: 600 acres

Size Impaired: 52 acres

Extent of Impairment: Unknown at this time

Data Analyses: Independent study on East Bay indicates bottom

depth rising rapidly due to sedimentation

Potential Sources: urban runoff, non point source, agricultural runoff

Recommendation: List East Bay of Canyon Lake on 303(d) list as
impaired for REC 1, REC 2 and WARM beneficial uses

TMDL Priority: Medium

TMDL Start Date: 2008

TMDL End Date: 2011




INTERNAL LOADING AND NUTRIENT CYCLING IN CANYON LAKE

2" Quarterly Report Submitted to:
Santa Ana Regional Water Quality Control Board

Introduction

Submitted by:

Michael A. Anderson
Department of Environmental Sciences
University of California, Riverside

1/23/02

In this document | summarize activities conducted since October 15, 2001 as part of

the SARWQCB - sponsored study of internal loading and cycling of nutrients in Canyon

Lake.

Characterization of Sediments and Their Distribution

Sediment characterization within Canyon Lake was completed as reported in the 1°

Quarterly Report. A total of 23 sites were sampled and found to vary widely in their

textures and other properties, as previously summarized. Figure 1 depicts locations of

sampling sites in Canyon Lake referenced later in this document. One or two additional

sediment sampling sites will be added north of the major body of the reservoir (above

site 23) in February.
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Fig. 1. Sediment sampling sites.
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Sediments

Nutrient release from the sediments has been quantified for samples collected
September 5, 2001 and December 12, 2001. Release of SRP for the September 5 date
was discussed in the 1% Quarterly Report. The rates of internal loading of NH,-N
measured from the sediment cores collected on September 5, 2001 are summarized in
Table 1. Rates of release ranged from 24 — 62 mg/™/d, values somewhat lower than
previously found in Lake Elsinore. Shallow sites (sites 4 and 11) that were in the
epilimnion, and thus were much warmer than deeper sites, had flux rates often about
twice the rates of deeper, colder sites (e.g., sites 2 and 7) although site 8 was found to
have a higher rate than the other hypolimnetic sites (Table 1). Site 22 exhibited a great
deal of variability between the 3 replicate cores; this variability may have resulted from
the fact that this site was right at the thermocline and may have received differential

deposition of degradable particulate matter.

Table 1. NH,-N flux from 6 sites on Canyon Lake, 09/05/01

Site Depth | Temperature | DO (mg/L) NH4-N Flux
(m) (°C) (mg/m®/day)

2 9.5 13.0 0.1 24.15+7.10
4 49 26.2 2.0 39.55 + 15.31
7 11.6 13.0 0.1 21.83+10.31
8 104 13.0 0.1 45.80 + 26.60
11 3.0 27.5 7.4 34.99+5.05
22 7.0 16.0 0.1 61.99 + 73.82

Cores collected on December 12, 2001, about 2 weeks after mixing, exhibited
comparatively little variation across the sites (with the exception of site 4), and averaged
about 9 mg/m?%d SRP flux and about 30 mg/m?/d NH,-N flux (Table 2). Of particular
interest is the fact that SRP flux in the deepwater sites increased by a factor of about 2
from the September sampling when the lake was stratified, although temperature
actually remained relatively constant at these sites. It seems likely that mixing probably
delivered some fresh particulate matter to the sediments that fueled the mineralization
process. Mixing also probably catalyzed an algal bloom in the main body of the lake due
to delivery of SRP that was previously trapped below the thermocline, although
chlorophyll measurements were not made to confirm this. Ammonium-N flux values were

largely comparable to those measured in September.
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Table 2. SRP and NHs-N flux from 6 sites, 12/12/01

_ Dﬁg}" T(‘f,'g;" (ngc/)L) PO4 Flux NH4 Flux
Site {mg/m?/day) (mg/m®/day)
2 93 13 2.69 7.07 £ 05 27.57 £ 3.23
4 47 13 3 0.32 +0.09 6.16 + 1.86
7 11.4 13 3.93 10.62 +£ 0.94 40.64 + 0.68
8 10.2 12 6.2 8.52 +2.97 39.92 £ 0.56
11 2.8 10 967 900+ 374 29.45 + 6.45
22 6.8 12 10.07 9.91+5.85 2526 £+ 9.8

Sedimentation and Particulate-Bound Nutrient Deposition

Sediment traps were deployed at the core-flux sampling sites on November 27 2001,
Due to the relatively shallow location of a number of the sites, traps were placed only on
the lake bottom at sites 4, 11 and 22 Mid-water column and bottom traps were deployed
at sites 2, 7, and 8, ailthough the sample from the mid-column trap at site 8 was lost.
Sedimentation rates were generzally lower much lower than previously measured in Lake: .,
Elsinore (e.g., mid-depth rates of 1-4 g/m?/d in Canyon Lake vs. about 19 g/m?/d in Lake
Elsinore). Moreover, the properties of the trapped material differed quite substantially as
well, with much higher total carbon, total N, and total P contents of the material

recovered from Canyon lake (e.g., total C in Lake Elsinore ranged from 7-10 % in mid-

depth stations). The analyses suggest a largely algal source of particulates, as C:N and

N:P ratios in the trap material are in adequate agreement with the Redfield ratio.

Table 3. Sediment trap results, November 27, 2001.

Site Mass TotalC | Total | Total S | Total P | Inorganic | Organic
Flux (%) N (%) (%) {ug/g) P (ug/g) | P (ug/g)
{g/m2/d)
2- middle 1.16 26.3 403 1.13 -
| 2- boftom 1.45 27.4 4.68 0.44 -
4- bottom 7.36 13.4 0.61 000 | 1017 804 413
7- middle 4.16 227 3.91 047 | 7459 2526 4933
7- bottom 9.07 14.6 2.17 0.48 3691 1788 1903
8- bottom 17.77 10.2 166 | 058 2995 1470 1526
11-bottom 50.07 3.45 030 | 000 836 676 159
22-bottom 27.67 7.76 0.93 0.33 2602 1728 873

Bathymeitric Survey of Canyon Lake
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summarized in Table 4.

Table 4. Percent completion of project tasks (as of Octeber 15, 2001).

Task | Task Description | Percent Completion |
1 Project management 45 %
2 haracterization of lake sediments and delermination of 100 %
sediment distribution within the basin
3 Determination of the rate of nuirten! release from the sediments 40 %
4 Quantification of the rate of sedimentation and particulate- bound T 25%
nutrient deposition o the sediments
5 Development of nutrient budget 0%
6 Hydrodynamic simulations and surface water quality modeling 0 %
7 Prepare draft final report 0%
8 Prepare final report on findings G %
| 3 | Development and implementation of quality assurance pian 100 %
E 1
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Feoruary 17, 1298

Mr. Paul Johnson

Director of Operations

Canyon Lake Property Owners Association
22200 Canyon Club Orive

Canycn Lake, Ca. 92587

Subject: Memorandum, Calculation of Histori¢ and Currert Sediment Depths in the .
East Bay Portion of Canyon Lake
Riverside County. Califernia

Dear Paul;

As per your request, Steven C. Suitt and Associates (SCS) has performed caiculations with
regard 10 the apparent thickness ot lake bottom sediments or alluvial deposits at five Canyon
Lake-East Bay lucations (Figure 1). These calculations are bassd on approximate water
depth measurements periormed by others at the request of the Canyon Leke Property
Owners Assaciation (CLPOA) Operations Department during the Fajl of 1986 and 1997,
Persons, firms or agencies responsible for conducting the depth o water or other
measurements utilized for the SCS East Bay “sediment depth” calculations are as follows:

1) Waler depths and thickness of seciment measurements were pen‘ormed m the Cast Bay
by Action Geotechnical on December 18, 1986 (Figures 2 and 3),

2) Water depths wera rgportedly measured with a "tish finder” at the approximate'Action
Geotachnical East Bay !ocatians by a member of the Canyon Lake Froperty. Owners
Association Lake-Marina Committeg on September 26. 1997 (Figurs 4); and,

3) Canyon Lake surtace water elevatons were provided by Mr. John Rossi of the Elsinore
Valley Municipal Water Qistrict (EVMWD) for both of the ahove dates (Figure 5).

Calculations

Sased ch the abova Decamper 18, 1286 waler depihs and apparent sadiment thicknesses,
ihe September 26, 1987 water depth, and the surface water elevations as recorded by the
EYMWD in Canvon Lake SCS has preparcd three Tabies that depict the historic and
current subsurface and water depth zoncitions in the East Bay area of Canyon Laks. Table
1 presents the apparent water depth at "“minimum pool slevation® for the Fail of 1986 and
1997. Table 2 depicts the apparent increase in ailuvial sediment deposited in the East Bay
from December 1986 to September 1997 Table 3 shows the apparent overall thickness of
aliuvial sediments in the East Bay area since the re-construction of Canyon Lake in 1868.

30026 Windwarg Drive. anddy SACEPRBE - O0cbho) 2406047 - Fax (908 2445047
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, FROM & COMYOM _NKE POA OPERATIONS PHONC NO. @ 989 244 3197

Memorandum, Calculation of Histon¢ and CL{rrent Sediment Depths
Mr. Paul Johnson, CLPQA Director ot Operations
February 17, 13998

TABLE 1: Lake Bottom Elevations and Apparent Water Depth at Minimum Laka (Pool)
Elovations (1371.50 fget) on December 18, 1988 and September 26. 1997 at
East Bay - Action Geotechnical Mcasurement Locatlons, Canyon Lake,
California. ’
Suvey Sate East Bay Survey | Water Dopth U130 | Lake Surtace } Laks Sottom | Apparent  Water
Locaton (1) : Waler Elevation ‘Depth at Minimum
Elsuatcn 2 Lake  Elavation
. (1371.5 foat)
12-18-88 1 4.8 1esl) /5.€ 1373.18 foet 1368 38 faar 312%eer [ 0.4%
12-18-85 2 4.8 TeotN/ .0 | 1373.14 (eat 1368.38 feet 3.12et [/ 0.
12-16-86 3 0 tgel" / 6,$ | 137318 test 1364.18 teat 3.32 et/ .Y s
12-18-86 4 5.5 feetid /3.0 1137318 fear 1367.68 feot 3821001 /) .4
12-18-86 5 6.0 o0t [ 3,0 [1373.18 foet 136718 fzel a3 feat{ [.4 K
09-¢8-9/ 1 5.5 iestd) 1376 52 feat 1371 02 fast 0.48 feet
08-26-67 2 8 D taet® 1376 52 {eet 1370.52 feet (.08 foet
08-26-47 3 6.5 jestl 1376.52 o0t 1370.07 feat 1.48 feat
| 09-28-57 14 7.0 feat® 1378.52 leet 1380.52 feet 1 98 leet
[ 09-28-37 18 7.0 tealdl 1378 52 ‘2et 1365 .52 foet 1 ¢ Taet
Netwes. (Y Action Gectachnicat Report dated Dacambaer 15, 1688, Limited Gaotlachn:cal Investigation For Canyon Laks

Sitatien, Canyon Lake, California. (@ Elsinore Vallay Municipal Watar Distnet Measurement. M CLPOA Lake.
Marina Commites Memner *Fish-Finds™ Measurament.

Based cn the Table 1 calculations, the apparent water depth at the tive East Bay
measurement stations during a "low watar event' could have ranged from 3.12 to 4.32 feet in
December of 1986. In September of 1897, the water depths during a "low water event"
could have varied from 0.48 !¢ 1.98 feet in the East Bay.

TABLE 2: Sediment Increase from December 18, 1986 to September 28, 1897 at the
. East Bay - Actlon Geotechnical Measuremant Locations, Canyon Lake,
Cailfornia,

East Say Tako Bofom - Elevaton on | Lake Bofcm Elevation on | Change m  Glevaton  or

Survey Location(t) Cecember '8, 1986 Septamber 26, 1997 Sediment incroase Cunrng 11
' Year Pariod |

! i 1368.38 feat 1371.02 tee! +2 64 feet ]

2 1 1268.38 fesl 1370.52 ‘aat +2.14 f8et

3 1368.18 ‘ast 1370.02 teet +1.84 fget

4 1387 .88 i9at 1369.52 feat ++ .64 lagt

5 1267 18 ‘eetl 1369.€2 'e@" +2.34 {eel

Notes™ (i Acrar Gentecnnical Reoort datec Decemier 19, 1386, Limilad Geotachnical Investigaton For Canyon Lake

Sitaben, Canyon Laka. Catfomia.

As depicted in Table 2, the elevauon of the lake bottom at the five East Bay iocations has
increased from 1.84 to 2.64 feet, in other words, the Cast Bay has experienced an apparent
1.84 to 2.64-foot increase in sediment aurng the last 11 years, or an average of 2 o 3
inches of sedimentation per ysar.

N

Stoven C. Suitt and A3socimes
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.amorandum, Calcutation of Histaric and Curremnt Sediment Depths
Mt Paul Johnson, CLPOA Director of OQperations
Fet-uary 17, 1998

TABLE 3: Approximate Total Thickness ot Aluvial Sediments Deposited at the
Ezgt Bay - Action Geotechnical Measurement Locatlons, Canyon Lake,

California.

East Bay Survay Locationt) | Approimate Thicknass of | Sedirmam Increase  from Appmxlmata Ttma; ?h:ckne.f:s
Orgaric Clay, Sand and | Dacamber 1B, 1988 1a{ of Alluvial Sediment Oaposits
Gravel Daposits on | Saptember 28, 1967 at Survey Point
Decanber 18, 1986(" ;

: ' 8.5 teat «2 64 feet 9 14 fee!

2 2.2 teet +2.14 taal 4 34 loet

3 2.7 teen ~1.84 faet 4 54 loat

4 1.4 teet +1.84 feet 3.24 fawl

5 REFEETE ~2.34 laat 3.54 tegt

Netes {0 Action Gemechmical Raport dated December 19, 1886, Limitad Geotechnical investganon For Canyon Lake

Siltatior,, Canyon Lake, Caltamia. i_aka bottom was inferred Yo oceur where tha sampling ecuipment refusal,
bedrock of U cay liner was ancounterad.

Sased on the data available to date, the total thickness of alluvial depasits consisting of
organic clay, sand anc gravei sediments in the East Bay from Indian Beach 10 the East Port
Boat Launch ranges from 3.24 feet to 9.14 feet.

Fipdings and Discussion

!

Alluvial sediment thicknesses range from approximately & tect (Polnt 1) near the East For
Boat Launch to 3 10 3.5 teet (Points 4 and 5) near the Ind'an Beach sampling points. The
largest East Bay alluvial deposit thicknesses appear to be related o sedimentation from the
Salt Creek watershed, with decreasing sedimentation toward Indian Beach. However,
based on a slight increase in sedimentation from Point 4 to Point 5, some sedimentation
might be related to deposits originating from the dranage adjacent to indian Beach. In
summary, it appears that up io 9 feet of alluvial segiments have been dancsited in the East
Bay since the apparent re-construction af Canyon Lake in 1968.

The minimum pool or surface water elevaton of Canyon Lake has apparently been
established at 13715 feel above Mean Sea Level Table 1 indicates that there will be
approximately 0.5 10 2.0 fesl (6 to 24 inches) of water in the East Bay during a low surtace
water eievaticr: event due to accumulated sedimentation. Considering that the East Bay nas
apparently experienced an avarage increase of 2 to 3 incnes of sedimentation a year over
the last eleven years, it appears hat poricns of the East Bay could be dry cr elevated
should a jow watar gverit cccur within the next hree 1¢ five years.

Staven C. Suitt and Associatas

S80ILE2SDIS JUdCH xaty BBI:60 10 +2 Rey
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Memorandum, Calculation of Historic and Current Sediment Depths
Mr. Paul Jchnson. CLPOA Director of Operations
February 17, 1998

Recommendation

The calculations presented herein are based on information supplied by others.
Additionally. soms of the information furnisned ta the CLPOA Qperations Department may
‘not be reliable, such as, measurements or recordings pertormed with a “fish finder”. Hece,
it is recommended that subsurface studies or surveys be conducted to verily the thickncsses
of sediments in the Fast Bay area of Canyon Lake. The results of these studies could be
used to prepare quantity estimates for the total or partial removal of these accunulated
sediments to alleviate any concerns of "dry docks or dry boat launches” during = Canyon
Lake “low or minimum pooi" surface water event. :

Closure and Limitations

This memorandum was prepared based on standard engineering geologic principles and
practices, practicing in this locality. No warranty, expressed or implied. in tact or by law,
whether of merchantability, fitness for ary particular purpose, or otherwise, is given
concerning any of the materials or "services" furnished to the client This memorandum
provides engineering geologic caiculations and opinions only, based on surtace and
subsuriace data collected by others. No subsurtace exploration or testing was pertormed by
SCS to determine or evaiuate existing subsurface geologic conditions.

] . .
Therefore, no warranty is given or. liabllity ‘accepted tor unknown geologlc conditions that
may underiie the site, changes in existing conditions, or fUlure performance of the property
due 0 any potantial changes in the geologic conditions.

This opportumty to be of service is sincerely appreciated. |f you should have any questions,
pleass contact the undersigned:

Respectiuily submitted,

Steven C. Suitt and Associates STEVEN 2.
SUITT

NO. EG1483

‘ / |
muh&é@-‘ eveneemng /7

NGINEERING
d\,\ o
Steven C. Suitt, GEG 1453 S, o

Engineering Geologist

Figure 1: Action Geotechnical East Bay Sampling Pgint Mao

Figure 2 and 3. Action Gectechnical East Bay Sampling Point Soil Logs :

Figure 4. Septamber 26, 1997 East Bay Water depths Measured by a Member of
the Lake-Marina Committee

Flgure 5. Canyon Lake Surface Water Elevations Provided by the Elsinore Valligy

Municipal Water District

Steven C. Suitt and Agsocintan
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RESTORATION OF CANYON LAKE AND BENEFITS TO |
LAKE ELSINORE DOWNSTREAM

Prepared for: Lake Elsinore & San Jacinto Watersheds Authority
Administered by: Santa Ana Watershed Project Authority

By

Alex J. Horne

31 January 2001
Revised June 6 2001

Alex Horne Associates, AHA: 867 Bates Avenue, El Cerrito, California 94530.
Phone, 510-525-4433 (FAX 510-527-1085). ahorneassoc @aol.com
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Canyon Lake is a small reservoir (A = 383 acres) situated on the main inflow to the much
larger natural Lake Elsinore (A = 3,000 acres). Due to its upstream position and the
dam, Canyon Lake is estimated to intercept 45 tons/year (range 3-103) bioavailable
phosphorus that would otherwise pass to Lake Elsinore. The 3-103 tons be compared
other sources (17-30 tons from internal loading in summer; 19-37 tons projected from
recycled makeup water, and an unknown but probably larger amount from the San
Jacinto drainage).  Depending on the bioavailability of phosphorus in each of the
sources, the P-trapping function of Canyon Lake could be a potentially important
contributor in the internal and possibly the external P-budget of Lake Elsinore. Other
than the Five-Point Plan to restore Lake Elsinore using Proposition 13 funds, there is no
likely action to reduce phosphorus in large amounts from any other sources in the next
quinguenium. Since several management actions in the Five-Point Plan require
reduction in nutrients within two years, the current existence of a P-trapping mechanism
should be considered as much a major benefit to Lake Elsinore as the sediment that
carries the phosphorus is a hindrance to Canyon Lake.

Canyon Lake can be classified as a morphometrically mesotrophic lake but most
indicators show aspects of eutrophy (nuisance algae blooms, hypolimnion anoxia, high
soluble ammonia and phosphate in the summer hypolimnion, soluble iron and
manganese, Secchi depth < 2 m, Chlorophyll a > 35 ug/L). Because the nutrient loading’
to the lake is high the lake produces abundant algae that sink to the bottom, decay and use
up all the dissolved oxygen in the deep water. The depth of the water in the main lake
allows permanent summer thermal stratification and makes the deeper water costly to
treat as a drinking water supply for Elsinore Valley Municipal Water District. Typical
water quality problems for drinking water from Canyon Lake are the presence of soluble
iron and manganese, high pH, high turbidity, taste and odor and possible blue-green algal
toxicity. In terms of recreation, low water clarity and nuisance algae are most important
in the deeper lake and sediment accumulation interfering with boating, hydrogen sulfide
odor and occasional submerged weed growth are most important in the extensive shallow
East Bay. Algae in Canyon Lake, like Lake Elsinore, is currently likely to be growth-
limited by both P and N depending on season and time of year. However, if
biomanipulation and other restoration of L. Elsinore is successful, it will revert to strong
N-limitation. In practice theretore, both N and P should always be removed.

Restoration of Canyon Lake is possible and would allow it to continue to reduce
eutrophication and P-loading to Lake Elsinore. Watershed protection from erosion and
external nutrient loading is the ideal solution and should be pursued within the Santa Ana
Regional Water Quality Control Board’s ongoing TMDL process. However, it will take
a long time for any TMDL to be fully effective over such a vast watershed. Thus some
in-lake solutions are needed for at least the next 15-30 years. Two main and three minor
in-lake solutions are proposed. The two major solutions are deep water or hypolimnion
oxygenation and inlet zone dredging. The three minor solutions are spring and fall
mixing, local wetland filtration, and biomanipulation. Dredging to balance the current
astonishingly high rate of sedimentation (2 to 3 inches per year, over 60 times the rate for



a normal lake) will improve use of the lake and will allow future storage space for
phosphorus-containing sediments to be stored and kept out of Lake Elsinore. It should be
possible to sell some sediment. A pilot program should be undertaken along with some
monitoring of the sediment nutrient bioavailability (N & P). Protection of the public
drinking water supply in Canyon Lake can be achieved by reducing the amount of algae
in the lake, primarily by limiting internal nutrient loading in summer and fall. The
installation of a hypolimnetic oxygenation system will reduce the current internal
concentration of highly bioavailable soluble phosphate (~ 0.6 mg/L) that is currently
exported to Lake Elsinore each winter when releases are made. It is estimated that this
loading is about 2 tons/y to Lake Elsinore. If an oxygenation system is installed in Lake
Elsinore to suppress internal P-loading, this addition of 2 tons of bioavailable-P will
become more important. Hypolimnetic oxygenation in Canyon Lake will have substantial
benefits to use of the lake as a drinking water source since DOC and other undesirable
algal products (DOC and THMP, turbidity, neuro- and hepato-toxins) and algae-induced
chemicals (iron and manganese, sulfide) will be substantially reduced by oxygenation.
Removal of sediment in the East Bay of Canyon Lake will also reduce phosphorus-driven
eutrophication in the reservoir by reducing P-loading and shallow water nutrient
recycling. Spring and fall mixing to enhance natural bottom oxygenation can make use
of existing compressors and would run for a month before and after oxygenation. Local
wetland filtration of surface water will remove surface algae but depends on the existence
or creation of local wetlands. Wetlands have multiple purposes and could even be use to
generate mitigation bank credits as well as increase property values away from the
lakeshore. Biomanipulation, with its increase in natural zooplankton to filter lake algae,
will occur anyway with the provision of deep oxygenated water refuge for large Daphnia.
Removal of excess small fish throughout the lake and of carp in the shallow regions will
enhance biomanipulation. As the lake water clarity improves, it is likely that submerged
weeds will become more common. These weeds will provide refuge for Daphnia in the
shallow East Bay and can be managed by harvesting.

Costs for dredging reflect the high sediment influx and 30 years of Canyon Lake’s
existence as particulate trap for Lake Elsinore. To remove the estimated half million
cubic yards of sediment trapped by the lake over 30 years would be very costly ($2-5
million, unless sale of sand was possible) but a phased approach removing smaller
amounts equal to the annual sediment loading (~ 17,000 cu yd.) would also work. Annual
cost would be $60,000 to $170,000, depending on dredging cost. It is recommended that
a pilot project to remove about 20,000 cubic yards be implemented at once to determine
overall feasibility of the full-scale cleanup. If the pilot is successful, it is recommended
that at least five years worth of sediment and attached phosphorus be removed. Sediment
bioavailable-P removal is of interest to The Joint Powers Agency and other agencies
interested in the cleanup of the San Jacinto watershed. A sinking fund would then be
needed to maintain the new status quo. An efficient hypolimnetic oxygenation is
estimated to be in the $250,000 to $500,000 range for construction with low operational
costs ($20,000-$50,000/y). The minor solutions spring and fall mixing local wetland
filtration, and biomanipulation can be expected to be in the $10,000-$25,000 range
excluding any capital cost for land),
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2.0 RECOMMENDATIONS

Three immediate actions are recommended for Canyon Lake:

1. Chemical and soils testing of the recently accumulated sediment in the East
Bay. Needed will be a particle size analysis, measurements of heavy metals
(17 can be measured simultaneously with plasma methods, and mercury can
be tested separately), and estimation of the quantity and bioavailability of the
sediment phosphorus and nitrogen.

2. Begin a pilot dredging program to remove about 20,000 cubic yards (one
year’s worth of sediments) to get a realistic idea of the costs of removal of the
entire 30 years of sediment and the feasibility of using the East Basin as a
long-term sedimentation and removal basin for the upstream regions.

3. Design and install a hypolimnetic oxygenation device. This methodology will
offer the best return to improve water quality in Canyon Lake.

Over the next rainy period the following action is recommended:

4. Watershed nutrient & sediment budgets. The City of Canyon Lake support the
efforts of others, including the Regional Board, to determine a P and N budget
for the lake and its watershed.

Over the next two years the following is recommended:

5. Estimate utility of use of submerged propellers for spring and fall mixing
when the hypolimnetic oxygenation device is off

6. Estimate utility of off-line wetlands for temporary summer algae filtration.

7. Estimate feasibility of biomanipulation for long-term sustained algae control.
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Canyon Lake is a reservoir constructed in 1927 as a railroad canyon dam since train track
and trestles covered the now flooded narrow valley bottom. About 1,300 residents enjoy
the lake amenities along 15 miles of shoreline with about 1,000 homes built on the
waterfront. Main activities are boating, fishing, and water-skiing. Thus the water quality
of the lake is of paramount interest to the lake users. In addition the lake is a water
source for Elsinore Valley Municipal Water District that also has a strong interest in high
water quality. Although both main classes of lake users need high quality water, there
specific needs differ. For example the dissolved organic carbon content (DOC) of the
water is regulated for drinking water purposes at levels that are unimportant for typical
recreational uses. In contrast, certain parts of the lake have become silted in by the storm
runoff cause problems for boating but lie above the water elevation used for drinking
water storage. Both groups, and the public in general, however, have an interest in the
overall health of the lake since shallow water, for example can increase nutrient
recycling. In turn, increased nutrients can degrade water quality.

The limnological situation at Canyon Lake can thus be summarized in the following way.
The main lake is quite deep and steep sided and would be expected to be mesotrophic or
oligotrophic on a morphometric basis. Over time the lake has probably become more
eutrophic with more nuisance algae. The cause of eutrophication is excess nutrients from
the drainage basin and internal recycling (internal loading). Excess nutrients and
sediments from external sources can only be reduced with in the long term via the TMDL
process. In the meantime some in-lake restoration is required. Internal sources can be
reduced by other in-lake procedures.

Because Canyon Lake is a small reservoir situated at the terminus of a semi-arid drainage
the influx of sediment can be large. Areas of low rainfall such as the San Jacinto River
generally have large areas of barren or lightly vegetated ground and are susceptible to
erosion during the occasional severe storms. Thus the natural watershed contribution to
Canyon Lake drainage can be expected to consist of infrequent but large amounts of
sediments. The sediment contribution following development in the watershed in the
past few decades will have increased substantially over the natural rates. Because
phosphorus is strongly bound to sediments in soils, eroded sediment is the major pathway
of phosphorus to lakes. However, the Canyon Lake watershed is also developed with
dairy farms, some other agriculture and housing. These land uses tend to increase the
yield of soluble matter including soluble phosphate and nitrate. The result is that
Canyon Lake receives large amounts of sediments in both wet and flood years.
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4.1 CANYON LAKE AS A STORM DETENTION BASIN: SEDIMENT AND TOTAL PHOSPHORUS
RETAINED

Canyon Lake (A = 283 acres) is situated on the San Jacinto River and is a minor
volumetric contributor (~7%) to the much larger natural Lake Elsinore (A = 3,000 acres).
Lake Elsinore also suffers from eutrophication and considerable efforts are being made to
reduce the inflow of nutrients including phosphorus to Lake Elsinore. Although not its
original purpose, Canyon Lake dam acts as a storm retention basin for sediments bound
for Lake Elsinore. Because of the density of the sediments and the design of Canyon
Lake, the majority of sediments build up in the delta of the main inflow and are not
distributed over the entire lake or passed downstream of the dam.

A survey was made of the sediment depth in the upper reaches of Canyon Lake in 1986
and again in 1997 (Suitt & Assoc., 1998). The difference between the two dates
indicates an average annual accumulation of 2 to 3 inches of sediment over an area of 52
acres. Using an annual average value of 2.4 inches, the accumulation is equivalent to an
annual sediment load to Canyon Lake of approximately 17,000 cubic yards. Using a
density of 1.6 g/cc (2.3 tons/cubic yard) the annual weight of sediment deposited is
38,000 tons.

Three assuming were made in converting the sediment into total phosphorus (TP) and
then into bioavailable phosphate: o b \OZO
) -
1. TP in sediments was 0.1 % (The world average for P in the earth’s crust)
2. TP in sediments was 0.1% (a low value, perhaps typical if the sediment was high
in sandy matter)
3. TP in sediments was 0.43% (measured amount in Canyon Lake deep sediments,
likely to overestimate value for the presumably coarser delta sediments in keys).
4. Tt was assumed that only 80% of the TP in the sediments was bioavailable [this is
a reasonable assumption for many types of sediment, but if the sediment-P is
dominated by apatite (calcium phosphate), the assumption will be too high since
much of the TP will be biologically unavailable].

Based on the above assumptions, the annual amount of bioavailable phosphate deposited
in the in the sediments of Canyon was estimated as between 3 and 103 tons (assumptions
in same order as above):

1. 30.4 tons
2. 3.0tons
3. 103 tons

The average of these three values is approximately 45 tons that will be used as a figure
for discussion until further data is gathered to refine the number.



Thus In the absence of the Canyon Lake dam the 45 tons of total phosphorus would pass
directly to Lake Elsinore and increase its eutrophic state. Recently, the Elsinore Valley
Municipal Water District has estimated that Canyon Lake intercepts about half of the
annual total P-load to Lake Elsinore. The most important contributors of phosphorus
were considered to be dairy farms.

The 43 tons of total phosphorus (range 3-103) the settles in Canyon Lake annually is thus
prevented from entering Lake Elsinore. In terms of Lake Ellsinore’s phosphorus budget,
the 3-103 tons held in Canyon Lake can be compared with the 17-30 tons that enters Lake
Elsinore from the sediments during internal loading in summer, the 19-39 tons that would
enter Lake Elsinore from recycled water during normal and dry years. The amount of
bioavailable-P entering from the San Jacinto River the main inflow to Lake Elsinore is
not known but could be much larger than all the above sources combined. However,
there are various sites along the river where sediment could be stored. The complete P-
budget of Lake Elsinore is not know but other sources, wind-blown dust, fish stocking,
local septic tank leachate, local small sources of storm erosion, and summer nuisance
runoff from irmgation are likely to be small relative to the large items just discussed.

The P-trapping function of Canyon Lake thus appears important in compared with the
internal p-budget of Lake Elsinore and may be important in the external loading budget.
It is vital that better data be collected for the San Jacinto River, although the recent dry
years have handicapped any collections. Thus the P-trapping in Canyon Lake should be
considered as much a benefit to Lake Elsinore as the sediment containing the phosphorus
is a hindrance to Canyon Lake. In terms of constructing sediment detention ponds
upstream the P-trapping function of Canyon Lake saves a considerable amount of
construction and maintenance upstream. [t is also not clear at what time in the future
actual storm water detention ponds would be constructed since there is no fixed
implementation schedule for most TMDL construction projects at present.

4.2. WATER QUALITY PROBLEMS AT CANYON LAKE

Deeper, thermally stratified part of the lake. The main water quality problems at
Canyon Lake are related to the large annual influx of sediments and other nutrients that
enter the lake. Canyon Lake has two main sections a shallow upstream area and a deeper
section that extends back from the dam where water depth reaches about 50 feet.

The main deeper water section of Canyon Lake could be expected to have moderate to
good water quality based on its shape. Normally, deep steep-sided lakes have good water
quality since the nutrients entering in the summer are trapped in the deeper water. So only
a spring algae bloom occurs with relatively good water quality for the remainder of the
year. The magnitude of the spring bloom depends on the amount of nutrients carried in
each winter together with nutrients mixed in from the deeper water. It is important to
note that flushing of nutrients from lakes by winter storms or summer releases has
generally little effect on the lake’s trophic state.
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The main problems in the deeper water of Canyon Lake are due to algae, which in tumn
are fed by excessive nutrients (Table 1). The winter supply of nutrients and sediments
that contain nutrients is one cause. The second cause is that nutrients are regenerated in
the sediments in deep water in the summer. Sediment nutrient generation or internal
loading is primarily caused by a lack of oxygen in summer in the deep-water
hypolimnion.

Table 1. Examples of water quality problems in the deeper water section of Canyon Lake in
1995-2000 (Data from Dr. Cindy Li, Santa Ana Regional Water Quality Control Board).
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Parameter Measured value Depth/date Desirable value
Dissolved oxygen 0.2 mg/L 42 feet/Sept. 2-7T mg/L

Soluble phosphate 1.3 mg/L Hypolimnion/Aug 20-50 ug/L
Ammonia 4.3 mg/L Hypolimnion/Aug 20-100 ug/L
Chlorophyll a 37 ug/L Surface water 10-20 ug/L

Iron 1.4 mg/L Hypolimnion, summer | 0.05 mg/L
Manganese 0.35 mg/L Hypolimnion, summer | 0.05 mgL
Blue-green algae Surface blooms Fall No visible blooms

The upper shallow keys section of the lake. The main problems for the shallow area of
the lake are that they are becoming shallower more rapidly. Shallow water in some parts
of the lake can degrade the entire lake by increased nutrient recycling and by allowing the
growth of macrophytes (waterweeds). Submerged aquatic plants can produce odors that
are undesirable in a drinking water supply both directly and by providing a site for
attached blue-green algae.  Submerged weeds, if extensive are also a nuisance for
swimmers and boaters, especially if the propulsion unit becomes entangled in long
stringy weeds. An outbreak of submerged weed did occur about 10 years ago but so far
weeds have not been a nuisance. It is not clear why this is so but shallow waters usually
become dominated with weed when the water is shallow. As the water becomes clearer
if other cleanup measures such as hypolimnetic oxygenation are put into operation, then
increase submerged macrophyte growth is probably inevitable.

The increase in sediment in Canyon Lake is very large indeed, especially in the 15% of
the East Bay and inlet regions. A survey of the lake bathymetry was made in 1986 and
1997 at five stations in the East Bay section (Table 2).

Table 2. Thickness and increase in sediment over 11 years in the East Bay section of Canyon
Lake.

Site Thickness of deposited organic | Sediment increase in | Total thickness of
location clay, sand and gravel, Dec 1986 11 years to Sept. alluvial sediments
(feet) 1997
(Feet)
1 6.5 +2.6 9.1
2 2.2 +2.1 4.3
3 2.7 - +1.8 4.5
4 1.4 +1.8 : 3.2
5 1.2 +2.3 35
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The bottom elevation was found to have increase from 1.8 to 2.6 feet over the eleven
years, a rate of 2-3 inches/year (4.6-6.9 cm/y; Suitt & Assoc. Feb 17 1999). Total
sedimentation in the East Bay over the 30 years life of the reservoir was estimated at 3.2
t0 9.1 feet or 1.3 to 3.6 inches per year (3 to 8.4 cm/y (Table 2).

The amount of sediment retained in upper East Bay Canyon Lake can be compared with
the values found elsewhere. A range of sediment values is shown in Table 3. The values
found in the East Bay of Canyon Lake are astoundingly high and are about 65 times more
than would occur in a normal lake. Even if the influx of sediment had been spread over
the entire lake the rate is eight times the normal rate. Such very high sedimentation rates
have been approached in Mountain Lake in the Presidio in San Francisco only because a
road was constructed through the lake. The sand deposited to form the roadbed spread
over the lake, filling it in several feet in a few years. Only deliberate sediment traps such
as the Daguerre Dam on the Yuba River in northern California show higher deposition
rates than the East Bay of Canyon Lake (Table 3). However, there are some other
reservoirs in highly erosive conditions (e.g. Lake Pillsbury on the Eel River) that have
experienced severe filling of side arms.

Table 3. Rate of sedimentation in the East Bay section of Canyon Lake compared with
other sites. Values based on surveys. It was assumed that the East Bay section covered 52 acres
or 14% of the entire lake.
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Rate of sedimentation Inches/ cm/yr | Comments
year
Based on East Bay
Based on last 11 years 2-3 5-7.5 | Based on survey of 52 acres in E. Bay
Based on 30 years 1.3-3.6 3.2-9 | As above
Averaged over entire
lake
Based on last 11 years 0.27-0.41 | 0.68-1.0 | Assumes E. Bay sediment spread through the
lake
Based on 30 years 0.18-0.49 | 0.44-1.2 | As above
Values elsewhere
Typical lake 0.1 Mostly winter silt and dead summer algae
Strumpshaw Broad, UK 0.5 Heavy agricultural loading
Small Michigan lake 0.6 Very eutrophic lake
Mountain Lake, SF, 1.9 Result of a road built through the lake
recent years
Daguerre sediment dam 30 75 Built to trap hydraulic mining debris in early
1990s. Was filled in six years.

4.3, ALGAL GROWTH LIMITING NUTRIENT IN CANYON LAKE AND LAKE ELSINORE

The most successful method to improve water quality in almost all drinking water and
recreational lakes and reservoirs is to reduce the amount of algae (Cooke et al., 1999). In
turn, in deeper lakes such as Canyon Lake, direct reduction of nutrients such as nitrate or
phosphate has been shown to be effective in reducing algae (Horne & Goldman, 1994).
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The situation in shallow lakes is complicated by the need to ensure reduction in sediment
recycling which is probably best ensured by biomanipulation combined with strong initial
nutrient reduction.

Algae in Canyon Lake, like Lake Elsinore, are currently likely to be growth-limited by
both P and N depending on season and time of year. However, if biomanipulation and
other restoration of L. Elsinore is successful, it will revert to strong N-limitation. In
practice therefore, both N and P should always be removed in future projects. The
combination of wetlands and settling basins provides methods for N .and P removal,
respectively. Thus the P removal capacity of Canyon Lake (sedimentation) will always
be needed to assist Lake Elsinore but should be combined with N-removal, by
oxygenation for example.

5.0 SOLUTIONS TO CANYON LAKE’S WATER QUALITY PROBLEMS

5.1. SELECTION OF THE METHODS FOR ENHANCEMENT OF CANYON LAKE

The problems that can be addressed by watershed and lake management for Canyon Lake
are shown in Table 4. The chief problems are too much sediment and nutrients from the

watershed and too much internal loading in summer in the lake itself.

Table 4. Current problems in Canyon Lake and their probable causes.
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Problem to be Probable cause Other possible causes

addressed |

Eutrophication High nutrients from runoff & high
internal loading of nutrients

Algae Excessive nutrients from watershed & Sedimentation in East Bay
anoxic lake bed enhances nutrient fluxes from

shallow sediments

High internal Anoxia on lake bed & hypolimnion

nutrient loading

DOC/THMs* Algae extra-cellular products

[ron & manganese | Anoxia on lake bed

Sulfides & odors Anoxia on lake bed

Silting in of lake Sediment from watershed

*Dissolved organic carbon (DOC) can produce Trihalomethanes (THMs) when if DOC is high (>
~ 4-6 mg/L) when the water is chlorinated for disinfection during drinking water treatment.
THMs have been linked with human health problems including birth problems and possibly
cancer.

Eutrophication and sedimentation in lakes and reservoirs can be reversed by two

methods:

1. Watershed actions — Five methods of reduction of nutrients and sediment in the
inflows

2. In-Lake actions — 17 lake management techniques and technologies

10
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5.2. WATERSHED ACTION TO REDUCE EUTROPHICATION AND SEDIMENTATION IN
CANYON LAKE

There are five general methods of watershed action that can be taken. These are:

Treat sewage

Divert non-point sewage (move from septic tanks to sewers)
Decrease landscape/agricultural fertilizer input

Block entry of storm runoff & sédiment out particles

Use of wetlands as "biological filters"

Applicability of five watershed treatment methods for the Canyon Lake drainage
basin

Treat sewage. Secondary treatment is currently provided for the residents and shoreline
homeowners in Canyon Lake. No sewage treatment plant effluent is discharged directly
into Canyon Lake. There is thus little room for improvement in the local region.
However, treated sewage and animal wastes form part of the flow of the San Jacinto
River that flows into Canyon Lake from its vast watershed of over 500,000 acres.

Divert non-point sewage. Most homes outside cities are permitted to use septic tanks
for sewage disposal so long as the land area and soil types are adequate. Septic tanks
contribute nutrients and can cause eutrophication downstream. In addition, agriculture
of both row crops and livestock contribute nutrients downstream that can also cause
eutrophication. Non-points of diffuse sources of nutrients are generally septic tanks or
farms and ranches.  Septic tanks are adequate methods of treatment for the reduced
oxygen-demanding components of sewage and if they are sited on large plots. However,
septic systems are ineffective for nutrient removal of all waste components even if there
are sufficient trees in the leach line to remove soluble nitrate. In the winter trees do not
take up water from the ground allowing soluble nutrients to flow to the local groundwater
and eventually the lake. One method to reduce diffuse septic tank pollution is to
connect the septic tanks to sewers.

Decrease landscape/agricultural fertilizer input. The other main diffuse source of
nutrients in most drainages is “nuisance flows” from landscaping irrigation and runoff
from farms. Reduction or elimination of row crop fertilizer runoff or groundwater
seepage and livestock wastes can be accomplished with retention/treatment ponds and
nutrient removal wetlunds. Unfortunately, these actions are difficult in a large watershed.
However, there is hope that the TMDL process will eventually reduce upstream diffuse
pollution. Until that time some other, probably in-lake methods will be needed.

In the dry climate of Canyon Lake, runoff from agriculture is likely to occur only in
winter following storms. However, although occasional, such flow can contain
enormous amounts of nutrient and pathogen waste. There are several dairies and other
agricultural operations in the vast watershed. It is recommended that control of
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agricultural and other diffuse nutrient sources be mainly directed through the ongoing
Santa Ana Regional Water Quality Control Board’s TMDL process.

Block entry of storm runoff & sediment out particles. Soil particles are bathed in soil
water, which contains nutrients at much higher concentrations than even eutrophic lake
waters. An exception is the summer anoxic waters of Canyon Lake where ammonia and
soluble phosphate probably exceed the amounts sorbed to the sediments. The removal of
storm flow particles is important since they contain sorbed nutrients that are released
when the particle meets the lower nutrient milieu of the lake. In addition, once in the
lake, sediments particles are decomposed by bacteria releasing nutrients in summer and
adding to the lake’s internal nutrient loading.

Best Management Practices (BMPs) are used to control sediment losses. Contour
plowing, better road cutting, and enforcement of house construction are examples of
BMPs commonly used. Constructed detention ponds and wetlands to hold urban and
agricultural runoff are examples of structural BMPs. It 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
effective at removing particles and soluble nutrients as well as heavy metals, organics,
pesticides and pathogens. However, a detention time of one to four weeks is needed for
soluble nutrient removal. Only a few hours is needed to sediment particles in wetlands.

In conjunction with the TMDL process it is recommended that wetlands be employed in
the drainage basin where possible. It is unlikely that riparian wetlands will contribute
much in terms of nutrient removal in storm flows. However, flat vegetation-filled
wetlands upstream of Canyon Lake would assist in the reduction of eutrophication in the
lake.  Wetlands do consume water (~ 3-5 feet per acre per year in this region) so the
water quality improvements must be balanced against water losses.

5.3. IN-LAKE TREATMENTS

There are 17 commonly accepted methods for the reduction of eutrophication in lakes
using know technologies and management strategies. Some methods are well known
while others are just beginning to be used for most lakes and reservoirs. The methods are
shown immediately below and their possible application to Canyon Lake are show in
Table 5.

12
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Common_and widely applicable methods

. Dredging

2. Water level draw down & water level fluctuation
3. Destratification & lake mixing

Macrophyte (water weed) harvesting

5. Wetland algae filters (off-line wetlands)
Minor or restricted methods

6. Algae (phytoplankton) harvesting

7. Selective withdrawal of hypolimnion water
8. Dilution/flushing

9. Sediment sealing (fabric liners, barriers)

-

B. Chemical methods

10. Herbicides (for algae or macrophytes)

11. Oxygenation or aeration

12. Shading (dyes)

13. Sediment sealing (chemical; alum, phosloc for POy binding)

C. Biological methods

Direct

[4. Pathogens of algae or macrophytes (virus, bacteriophages, bacteria)

15. Grazers on algae of macrophytes (, grass carp, Talapia, beetles)

16. Nutrient harvesting (fish, minor method, unlikely to work)

Indirect

17. Biomanipulation (top down controls to favor algae-filtering Daphnia). Includes
harvesting excess small fish and bottom-grubbing carp.

The 17 methods were listed above and the utility for Canyon Lake are summarized in
Table 5.
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Table 5. Review of the applicability of the in-lake methods for Canyon Lake,

southern California.

Method Applicability for Canyon Use?
Dredging Use in East Bay to remove up to 9 feet of sediment. Yes
Carry out in stages? Will remove main source of P to
Canyon Lake (& Lake Elsinore). Cost is high for
complete removal
Water level draw down & | East Bay already too shallow for draw down, no weed No
water leve! fluctuation problems (yet). Most of shoreline is bulkhead with no
weed potential
Summer destratification Will likely increase algae, possibility of odors. Climate | No
& lake mixing too warm to make this method energy efficient. Replace
with hypolimnetic oxygenation.
Spring & fall short term Will reduce blue-green algae in spring and fall by Yes
destratification & lake extending natural winter mixing when mixing is
mixing energetically feasible.
Macrophyte (water weed) | No weeds at present, possible need in future Maybe
harvesting
Wetland algae filters (off- | Not feasible due to pumping costs? Need to explore Maybe
line wetlands) possible sites and other values of wetland
Algae (phytoplankton) Cost is high and effectiveness low for small Canyon No
harvesting Lake. Algae must accumulate predictably
Selective withdrawal of No spare water to lose, water is withdrawn at present No
hypolimnion water from hypolimnion. Water quality problems and smells
with summer releases.
Dilution/flushing Possible flushing with Colorado River since volume of | Maybe
Canyon Lake is small. Water not always available and
would be required most years in absence of other
methods.
Sediment sealing (fabric No weed problems at present. Could be used if weeds No
liners. barriers) grow alongside docks & swim areas
Herbicides (for algae or Most cannot be used in a drinking water supply. Copper | Limited
macrophytes) sulfate or similar are used but should be kept for
emergencies
Oxygenation or aeration Main in-lake method to reverse eutrophication by Yes
reducing internal nutrient loading
Shading (dyes) Lake too large for this method, lasts only few months. No
Sediment sealing (alum, High cost, would be ineffective following first storm. No
phosloc) Lake is N limited not P-limited so effect not as good as
in some other sites.
Pathogens of algae or Ineffective for blue-green algae due to resistance No
macrophytes buildup. None known for macrophytes
Grazers on algae or Not applicable except within concept of No
macrophytes biomanipulation (see below)
Nutrient harvesting from | N and P removal very small compared to other nutrient | No
fish or other biota sources. Fish stocking may balance harvesting.
Biomanipulation Successful in shallow lakes, less so in deeper lakes. Yes

Needs hypolimnetic oxygenation for a refuge from fish
predation for the algae grazing zooplankton.
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6.0 RECOMMENDED METHODS OF WATERSHED AND IN-LAKE
TREATMENT FOR CANYON LAKE

Two main approaches are recommended. These are:

o Installation of a hypolimnetic oxygenation system (Speece Cone-type submerged
oxygen-water mixing system or similar device)
o Phased dredging of the shallow East Bay sediments

Three minor approaches are recommended. These are:

o Extended winter mixing in early spring and late fall using compressed air
o Examination of local regions for algae-filtering wetlands
o Biomanipulation: Small fish stock reduction and carp removal

6.1 Installation of a submerged hypolimnetic oxygenation system

The installation of a hypolimnetic oxygenation system is the most cost-effective way to
improve the drinking water quality of Canyon Lake while also improving the water
quality for recreational uses. The Speece Cone is one example that has been used for
eight years and there are other less efficient systems that use Venturi or oxygen bubbles
to achieve similar results. The Speece Cone is not a proprietary device but is the general
name for a submersible oxygen-water mixing system originally devised by Professor
Richard Speece at Vanderbilt University in Tennessee. Various forms of the device and
other similar systems have been used in the Tennessee Valley Authorities Reservoirs, in
Camanche Reservoir on the Mokelumne River (East Bay Municipal Water District,
Oakland, CA) and in Washington State. At this time the exact size and oxygen demand
of the reservoir is not known so the sizing is based on similar sized systems elsewhere.
In particular the large Speece Cone operating in Camanche Reservoir since 1993 has
been used for operation and maintenance estimates and the design of several yet to be
built cones for smaller reservoirs has been used for capital costs and installation. The
actual system for Canyon Lake should be specifically designed for the lake’s own shape
and depth. Because there are new innovations in hypolimnetic oxygenation devices
Professor Speece (Department of Civil & Environmental Engineering, Vanderbilt
University, Tennessee) or some other expert (e.g. Mark Mobely, private consultant
formerly at TVA), Dr. Marc Beutel, (my former doctoral student now at EWAG,
Switzerland), Bill Faisst, (consultant, Brown & Caldwell, Walnut Creek CA) or similar
oxygenation experts) should be requested to assist with the design. It is vital to note that
aeration and oxygenation expertise is not the same and persons with experience at
oxygenation are more useful than those familiar with the more common aeration
methods.

The basic principle of a Speece Cone-type system is that water is pumped from the very

deepest part of the reservoir into the top of a small steel cone (~ 10 feet high for Canyon
Lake) that has been dropped to the bottom of the lake on a concrete base. The anoxic
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water flows down the cone and is met by a stream of bubbles of pure oxygen that, since
they are buoyant, are floating towards the top of the cone. The countercurrent thus
established is a very efficient way to dissolve all of the oxygen with no waste and no
bubbles escaping. The water, now fully saturated with oxygen at the high pressure of the
lakebed, is forced out of a manifold set just above the lakebed. The high oxygen water
meets with lower oxygen water and entrains about 10 times its own volume within a few
feet of the manifold. The manifold jets are set horizontally since it is the lakebed that is
most important in eutrophication reduction using oxygen. A new innovation is that the
manifold size can be considerably reduced in size making the entire system very
compact. '

Hypolimnetic oxygenation device system in Canyon Lake. There are several possible
devices for this purpose including a Speece Cone or other devices that achieve the same
result. A system should be installed near the dam in the deepest section of the lake to
take advantage of the reduction in power required. In deep water the pressure of the
water increases the amount of oxygen dissolved, reducing the amount of water to be
pumped to the cone. Oxygen is pumped from the lakeshore either as evaporated liquid
oxygen that is stored in a tank at the lakeshore or gaseous oxygen that is made by PSV
compressors on the lakeshore. The location of the oxygen station, electrical controls for
the pump and the evaporator for the liquid oxygen is not critical and can be set in a
convenient spot away from the public view.

Costs of a hypolimnetic oxygenation device. The size of the system is not known at
this time. It is anticipated, by analogy with other reservoirs, that between 0.25 and 2
tonnes of oxygen per day will be needed. Overall estimated cost will also depend on the
mix of capital options (for example the PSV on site oxygen generator) versus bi-weekly
liquid oxygen deliveries. Other yet to be decided costs are the length and cost of the
electrical supply to the underwater pump. The location of the underwater entry is critical
to reducing costs. Overall a preliminary estimate of $250,000 to $500,000 can be made

6.2. Phased dredging for Canyon Lake

Dredging of the East Bay of Canyon Lake is the only feasible way to restore that section
of the lake to recreational use. In addition, the removal of large amounts of phosphorus
that will recycle in the shallow water would benefit drinking water quality in the lake.
For example areas that were nine feet deep at low water a decade ago are now about a
foot deep. The environmental geologists who recently surveyed the site state that
“...portions of the East Bay could be dry or elevated should a low water event occur
within the next three to five years.” (Suitt & Assoc. 1998).

The water depth cannot be raised without flooding the lakeside homes, so the only option
for these shallow water lakeside homes is to remove some of the accumulated sediments.
The erosion upstream that created the shallow water is not the fault of the Canyon Lake
residents and some redress from upstream actions that have accelerated the erosion seems
fair. In addition, the action of Canyon Lake in trapping sediment and especially about 45
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tons per year of bioavailable phosphorus has a beneficial effect on Lake Elsinore
downstream.

The ideal solution would be construct sediment traps and storm water detention basins
upstream and relieve Canyon Lake of the sediment and phosphorus load. However, such
detention basins have not even been proposed and may be part of a future TMDL. In the
next decade or two it might be appropriate for the residents and users of the entire
upstream region to use the East Bay of Canyon Lake as an already constructed
sedimentation basin. In this way some of the large costs for dredging could be shared for
the public benefit and for Lake Ellsinore’s protection as well as assisting the residents of
Canyon Lake.

Sediment removal and cost of removal. The total amount of sediment that has entered
Canyon Lake since its construction about 30 years ago is not known. However, the
amount of heavier sediment that has settled near the inflow in the East Bay section has
been estimated to be in excess of 500,000 cubic yards (17,000 cubic yards annually over
30 years). This is a very large amount of sediment to have accumulated in such a short
time as was noted above. Typical current costs for sediment removal range from $3.50
to $10 per cubic yard giving a cost range for dredging of $2 to $5 million. These costs
assume that the sediments do not contain any toxicants such a heavy metal (copper, zinc,
lead etc.) and that disposal sites can be found locally. The costs also do not include any
profit that could be made from the sale of some dredged material such as sand.

Phased approach. Given the high cost of removing the entire sediment accumulation, a
phased approach may be most appropriate. The initial sediment removal project should
target those areas that are most likely to go dry in the next five years. There 1S no doubt
that some of the burden of cost should be born by the Canyon Lake dwellers, perhaps in
proportion to the amount of sediment that would have arrived at the lake under natural
undisturbed conditions. The sediment TMDL for the watershed will determine this
amount.

Two immediate actions are recommended:

o Chemical and soils testing of the recently accumulated sediment in the East
Bay. Needed will be a particle size analysis, measurements of heavy metals (17
can be measured simultaneously with plasma methods, and mercury can be tested
separately), and estimation of the quantity and bioavailability of the sediment
phosphorus and nitrogen.

o Beginning a pilot program to remove about one year’s worth of sediments to get a
realistic idea of the costs of removal of the entire 30 years of sediment and the
feasibility of using the East Basin as a long-term sedimentation and removal basin
for the upstream regions.

Over the next rainy period the following action is recommended:
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o The City of Canyon Lake support the efforts of others, including the Regional
Board, to determine a P and N budget for the lake and its watershed.

The 45 tons of phosphorus contained in the sediments and withheld from Lake Elsinore is
a valuable contribution to making Lake Elsinore less eutrophic than it otherwise would
be. In addition, the projects proposed using State Proposition 13 funds, which will be
used to restore Lake Elsinore, would be much less successful if the 45 tons of additional
phosphorus was not held back by Canyon Lake Dam.

Following the results of the pilot dredging program, a regular program of dredging the
East Bay of Canyon Lake may be implemented as the best long-term solution for both
lakes and their eroding watersheds. The Canyon Lake group should begin to consider
setting up a sinking fund to provide matching funds for other grants that will fund the
dredging of the lake.

6.3. Spring and fall extended winter lake mixing for Canyon Lake

Lakes in Mediterranean climates tend to mix top-to-bottom (holomixis) for only two or
three winter months. The time that atmospheric oxygen is stirred naturally by the wind
over the anoxic sediments is thus short. In more northern climates holomixis may last for
up to six months. In addition, Canyon Lake is quite sheltered from winds and is deep for
its surface area. It is not possible to stir lakes in Mediterranean or tropical climates in

summer using compressed air or similar devices. The sun is simply too strong and sets

up too large a temperature gradient for mechanical mixing to be efficient. However, in
spring and fall the sun is lower and the thermal gradient is easier to overcome using
mechanical means. Assuming that the lake is in good condition due to installation of the
Speece Cone hypolimnetic oxygenation system, additional mixing for a month in early
spring and late fall using the existing air compressor would befit the water quality of the
lake.

During the warm summer stratified period the stratification is used to the lake users
benefit and maintained. In the March-April and November months, the Speece Cone
system should not operated but will be replaced with the holomixis device. The results
from tests of operating the reservoir in holomixis mode in early spring and late fall
should be evaluated using chlorophyll a, Secchi depth, bottom oxygen levels, and blue-
green algae as one set of indicators.

Cost of spring and fall holomixis. A large compressor is already installed in Canyon
Lake. Previous attempts to use compressed air bubbles to destratify the lake, without first
oxygenating the hypolimnion, produced less than ideal results. In addition, it is working
against nature to destratify such a strongly stratified lake. Working against the sun is
inefficient when one can work with it (hypolimnetic oxygenation makes use of the
stratified layer). Cost for operating the current system for two months per year is
estimated in the $5,000 range.
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4. ; Canyon Lake
6.4. Local wetlands as algae filters in summer at Canyon Lake Page &9 of 2>
One sure method to reduce nuisance algae growths is to filter them out directly using a
wetland with a few days retention time. It is not clear that there is any land available,
but considering the large benefits gained in property values situated near wetlands, sites
may be available away from the water’s edge but close enough that pumping costs are
minimized. Various solar and wind devices are available for the pumping to be at least
partially renewable energy. Up to 95% of the algae can be removed. The method has
been employed in large Lake Apopka in Florida and is proposed for Lake Elsinore.

Cost of local wetlands filtration. The main cost in wetlands construction is the
purchase of the land. In the case of Canyon Lake 20-50 acres would be needed. This
land could be away from the lake and the wetland, which can also be designed to look
like a lake with islands, could be the focus of a housing development. The cost of the
land is thus variable and could even be free if a wetland mitigation bank were set up.
The other cost for the lake filtration would be pumping the lake surface water up to the
lake. Obviously the elevation and distance of the lake to the wetlands would decide the
pumping costs. The amount of water to be pumped is equivalent to about 10% of the lake
epilimnion.

6.5. Biomanipulation

Wetlands filtration is an effective method to filter out algae that requires energy.
Biomanipulation can serve a similar function but is essentially self-sustaining, once in
place. The method uses the filtering ability of small animals in the water, the zooplankton
to remove algae. These zooplankton, particularly the large individuals of the genus
Daphnia, are already present in the lake. The essence of the lake manipulations needed
is to make large Daphnia more abundant by providing better conditions for them. If the
method is successful, large Daphnia can filter the upper lake water layer in about a week.
Large Daphnia are more desirable in biomanipulation because they can filter a lot more
water and algae than smaller forms.

The main requirement for the lake manager is to adjust the reservoir habitat to favor large
Daphnia. A single factor controls the survival and abundance of these highly useful
small animals; a safe refuge from small fish predation during daylight hours. If large
zooplankton are present in open water when it is light enough for small fish to see them,
they will be eaten.

Hypolimnetic oxygenation. One component needed for Daphnia survival will be
provided if a Speece Cone oxygenation system is installed. Daphnia will be able to
migrate down the water column into healthy but dark hypolimnion water during the day.
At present the hypolimnion of Canyon Lake has no oxygen so the zooplankton cannot
take refuge there. For example, even at 18 feet down there was only 0.2 mg/L dissolved
oxygen at station 7 near the dam in September 2000. Zooplankton can survive, probably
uncomfortably at about 2 mg/L oxygen but fish cannot. Thus the conversion of the
hypolimnion to about 5 mg/L dissolved oxygen will provide a zooplankton refuge.
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Fish population balancing. Even with an oxygenated hypolimnion, fish grazing

pressure at dawn and dusk can decimate zooplankton when they are migrating from deep
to shallow water.  Severe reductions in useful zooplankton occur when there are too
many small fish and too few large ones. Such a situation with an excess of stunted small
fish often occurs in reservoirs and is frequently managed to improve fishing. In Canyon
Lake the removal of excess small fish by summer netting is the major active lake
management action required. It is not necessary to remove all the small fish, just
sufficient to balance the lake to a more natural ratio. Also always useful for
biomanipulation is to reduce or eliminate introduced carp. The adult carp stirs nutrients
from the lakebed, especially in the shallows and increases eutrophication. Netting or
fishing out any large carp is almost always beneficial to the lake.

Biomanipulation in the shallow East Bay. The East Bay is too shallow, even if
dredged back to its original depth, to be permanently stratified. Water quality is poor at
present with less than three feet of water clarity. The East Bay must be cleaned up if the
entire lake is to become much less eutrophic so water transparency will improve with
oxygenation. However, there is the problem of how to provide a refuge for Daphnia if
the water is clear to the sediments.

Under clear water conditions aquatic macrophytes are likely to grow. Although
submerged weeds can be a nuisance if they interfere with boating, aquatic vegetation in
the right place provide a daytime refuge for Daphnia and also improve the fishing. It
may be necessary to control submerged weeds as the lake water quality improves from
dredging and oxygenation. There are several methods for control but mechanical weed
harvesting may be the most appropriate action in a drinking water reservoir where use of
chemical is problematic.

Costs of biomanipulation. The costs of biomanipulation are small, that is one of the
most attractive features of the technique.  The costs of fish populations balancing,
primarily small fish removal, is estimated at $15,000 for the first year will smaller
amounts in following years. Not all years will require fish population balancing and
cooperation with the local California Fish and Game Department is good. In addition,
local schools and colleges may wish to use the project as part of class or research
exercises. For example, the fish population in the lake could be measured before and
after manipulation using experimental gill nets with various sized openings.

7.0. REFERENCES

Cooke, D. G., E. B. Welch, S. A. Peterson & P. R. Newroth. 1993. Restoration and
Management of Lakes and Reservoirs. Lewis, Boca Raton, Florida. 548 pp.

Home, A.J. & C. R. Goldman. 1994. Limnology (2nd Ed.). McGraw-Hill. NY. 576 pp.

Suitt & Associates, 1998. Calculation of historic and current sediment depths in the East
Bay portion of Canyon Lake, Riverside County, California. Rept to City of
Canyon Lake. 17 February 1998



