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Technical Memorandum

Task 5a: Simulations Using Refined Model Parameter Set Under Steady-State
Conditions

Objective

The objective of this task was to evaluate the predicted steady-state
concentrations of total P and chlorophyll a in Lake Elsinore using recently
available phosphorus concentrations in EVMWD effluent and carp population
estimates. This thus serves as a refinement of previous model predictions made
based upon information available at that time (2004-05), and prior to alum
treatment for P removal at EVMWD and regular carp removal at the lake
(Anderson 2006).

Approach

Model calculations were conducted following the approach used in
Anderson (20086) that evaluated the effectiveness of different lake management
strategies. As in that study, a steady-state condition was calculated since this
eliminates the complex response that results from widely varying hydrologic
conditions and allows one to compare in a direct way water quality in the lake.

A numerical solution was developed for the steady-state equation:

H(Y, QC,+ PRA,C,)

+iOC+ fPM,B+ w,AB

C- 4 : 0

where
- C is the predicted steady-state concentration of total P (TP) in water column (mg m=);
- H is the mean depth of the lake (m),
- Qi is the flow from source | (m* d™),
- Ci is the concentration of total P in source | (mg m™),
- P is the precipitation rate (m);
- R is the runoff coefficient (m m™);
- Aw is the local watershed area (m?),
- Cw is the concentration of P in the local runoff (mg m=);
-V is the volume of the lake (m®);
- | is the slope of the internal loading function (mg m2 d-' per mg m-);
- O is a scalar to account for aeration effects;
- fis the norma sedimentr  i1spension fluxrated 1© p(gm?3d’| kg carp
ha™)
- P is the carp population (carp ha™)
- M is the average mass of a carp (kg carp™)
- B is the bioavialable P fraction of resuspended sediment (mg g™')
- Wr is the sediment resuspension rate (g m2 d”)
- Ar is the fraction of type Il or Il sediments resuspended by wind
- v is the total P settling velocity (m d™')
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For these calculations, the geometric mean flow at the USGS gaging
station at Lake Elsinore was assumed (556 af yr'), along with the arithmetic
mean rainfall for the region (0.25 m yr') and average evaporation rate (1.43 m yr-
'). While annual evaporation rate is fairly consistent each year, rainfall and runoff
is recognized to vary widely from year to year. The influence of the complex
hydrology will be considered in subsequent tasks. Against this normalized
average hydrologic condition at the lake that will serve as our reference, the
average recycled water production from EVMWD for the past 3 yrs (5660 af yr')
will be added to the lake. Four different effluent P concentrations were evaluated,
including the nominal concentration in the recycled water (0.5 mg L"), as well as
0.4, 0.3 and 0.2 mg L' assuming increased removal at the treatment plan. For
these simulations, we also assumed a 75% reduction in carp population density
from 2003 levels as a resuit of the City’s highly successful carp removal program
at the lake, and allowed for decreased release of P from bottom sediments via
aeration.

Results
Reference (no EVMWD flow)

Assuming the geometric mean annual San Jacinto River flow to Lake
Elsinore of 558 af yr' persisted for a sufficient number of years for an
approximate steady-state condition to be established, we see that a very low
water level would be present in the lake (Table 1). The lake is predicted to have a
surface area of only 1190 acres, surface elevation of 1222.7 ft above MSL, and
mean depth <1 m (Table 1). Delivery of the average annual volume of recycled
water produced at the EVMWD plant (5660 af yr') to the lake resulted in a much
larger body of water with over 2x the area, 4x the mean depth and almost 10x the
volume (Table 1).

Table 1. Hydrologic submodel resuits.

Scenario Area (acres) Elevation (ft) Volume (af) Mean Depth (m)
No EVMWD Flow 1190 1222.7 3752 0.96
5660 af Flow 2652 1238.1 33,224 3.80

These dramatically different lake levels yielded very different water
qualities as well (Table 2). With only average precipitation and runoff to the lake
for at least 6 years (assuming an initial lake level of 1240’), the model predicts a
total P concentration of over 0.8 mg L™, chlorophyll a concentration over 1200 pg
L' and negligible transparency (Table 2). Rapid internal recycling of nutrients
from the bottom sediments is expected, with significant contributions due also to
wind resuspension at this very low lake level. External loading is minimal due to
low flows from the San Jacinto River modest local runoff, while carp removal was
assumed to keep levels below their potential densities and thus also contribute
only minimally to the overall P loading to the water column (Table 2). The
extreme conditions predicted at this lake level lay far outside of the conditions
used to develop and calibrate the model, however, so one should not over-
interpret these values. For example, the model does not explicitly consider the
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necessarily very high salinity level and corresponding ecological changes at the
lake that would be present.

The steady-state and differential forms of the model has been shown to do
a quite reasonable job of reproducing water quality at higher lake levels, however
(Anderson, 2006). The model was used to predict the steady-state conditions at
the lake assuming (i) the full recycled water production at the EVMWD plant was
used to supplement natural flows, and (ii) continued carp removal to maintain a
population density of about 226 carp ha™ (or 91 carp acre™') was assumed for all
scenarios. With these supplemental flows at the average total P concentration of
0.5 mg L' not only is the lake level up markedly relative to the no-
supplementation (reference) condition (Table 1), but water quality is improved as
well (Table 2). Average total P concentration was predicted to decline from >0.8
mg L to 0.189 mg L™, chlorophyll a concentration to decrease from >1200 ug L~
to 145 ug L™, and Secchi depth to increase from 0.05 to 0.33 m (Table 2). Total P
loading to the water column was predicted to decline from >80 mg m2 d" to 18.9
mg m2d™.

Further reductions in the total P concentration in the recycled water
delivered to the lake resulted in correspondingly lower total P and chlorophyll a
concentrations there, although the effect was damped due to the comparable
levels of loading resulting from wind resuspension, bioturbation by carp, and
other external inputs (Table 2). Higher lake levels and additional removal of carp
would be needed to achieve greater benefit from reduced P concentrations in the
recycled water. This can be seen in Fig. 1, where the steady-state total P
concentration in the lake is shown for a range of recycled water P concentrations
and carp population densities. Even with no P in the recycled water and removal
of all carp, the lake is predicted to have a TP concentration of about 85 mg m=
(or 0.085 mg L") due to remaining external loading from the San Jacinto River
and local watershed, and due to wind resuspension (Table 2). Increasing
recycled water P and/or the carp population resulted in increased predicted lake
TP concentrations (Fig. 1).

Table 2. Predicted median water quality and phosphorus loading assuming 0 af yr' (reference)
and 5660 af yr' EVMWD recycled water input with TP 0.2-0.5 mg L™, geometric mean San
Jacinto River flow to Lake Elsinore (558 af yr) at 0.22 mg L total P, and 75% reduction in
carp population (226 carp ha™).

Scenario Water Quality Variables Phosphorus Loadingwgmg m2d7’)

Ig:)l::nt P (mLPL'1) (E;Li) (Zr::) External | Internal | Wind Carp Total
No flow 0.812 1201 0.05 0.7 67.7 11.0 0.7 80.1
0.5mglL”’ 0.189 145 0.33 1.2 16.0 1.0 0.7 18.9
0.4mglL’ 0.181 137 0.35 1.1 15.3 1.0 0.7 18.1
0.3mgL" 0.165 119 0.38 0.9 14.0 1.0 0.7 16.6
0.2mgL"’ 0.152 107 0.41 0.7 12.9 1.0 0.7 15.3
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Table 4. Predicted median water quality and phosphorus loading assuming 5660 af/lyr EVMWD
recycled water input of 0.5 mg L total P, geometric mean San Jacinto River flow to Lake
Elsinore (558 af yr') at 0.22 mg L' total P, 75% reduction in carp population (226 carp ha),
and 0-2000 af yr' groundwater inputs at 0.12 mg L total P.

Scenario Water Quality Variables Phosphorus Loading (mg/m?/d)
Influent P TP Chla Ly Externa internal | Wind Carp Total
Conc (mg/L) {ug/L) (m) |

0 af yr' 0.189 145 0.33 1.2 16.0 1.0 0.7 18.9
+500 af yr' 0.170 124 0.37 1.2 14.4 0.7 0.7 17.0
+1000 af yr' 0.154 109 0.41 1.2 13.1 0.5 0.7 15.5
+2000 af yr’ 0.134 88 0.47 1.1 11.4 0.3 0.7 13.5

Limitations to Steady-State Assumption

The steady-state approach summarized in this technical memorandum
provides a useful basis for comparing hydrologic and water quality conditions in
Lake Elsinore subject to prescribed management actions, although the highly
dynamic hydrology of the region indicates that such static conditions will not
realistically be met (Anderson, 2006). Dynamic model simulations that previously
evaluated the period 1993-2004 demonstrated the theoretical improvements in
water quality that could be achieved through supplementation with low P recycled
water and island well water, and with aeration and carp removal (e.g., Fig. 18
and Table 10 in Anderson, 2006). Upcoming work on tasks 2-4 and 5b will
address dynamical conditions in the lake and the hydraulic linkages between the
watershed, Canyon Lake and Lake Elsinore to provide a more comprehensive
assessment that includes phosphorus, nitrogen, dissolved oxygen, and related
physical, chemical and ecological conditions in both Canyon Lake and Lake
Elsinore.
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Technical Memorandum
Task 4b: Evaluate Water Quality in Lake Elsinore Under Pre-Development Conditions

Objective
The objective of this task was to evaluate water quality conditions in Lake
Elsinore assuming no development in the watershed.

Approach

A DYRESM-CAEDYM model for Lake Elsinore was developed to predict water
quality in Lake Elsinore assuming no development in the watershed. As in previous
simulations, the 2002-2011 time period was evaluated, with the same meteorological
conditions as used in the Canyon Lake simulations, with overflow from Canyon Lake and
runoff from the local watershed serving as the primary water and external nutrient inputs
to the lake. Direct precipitation on the lake surface was included in the water budget
calculations, while atmospheric deposition also provided a limited amount of direct
nutrient additions (somewhat arbitrarily set at 10% of current levels). Local runoff
volumes were estimated based upon precipitation rates and the area of the local
watershed (54 km?) assuming a runoff coefficient of 0.3 (Anderson, 20086). Area-volume-
depth relationships were taken from the analytical model previously developed as well
(Anderson, 2006). Nutrient concentrations in the local runoff were estimated from pre-
development watershed values from TetraTech, while outflow nutrient concentrations
were taken from predicted values of the pre-development simulation for Canyon Lake
(Anderson, 2012¢).

Note that aspects of this pre-development scenario are quite different than the
true pre-development condition at the lake, since (i) we are using the deeper, smaller
reconfigured lake basin developed as part of the Lake Elsinore Management Plan, and
(i) Canyon Lake is retained as an upstream impoundment on the San Jacinto River
despite its relatively new role in the watershed. For these and several other reasons, the
results presented herein should be viewed as a semi-quantitative estimate of a
hypothetical pre-development condition here, and could thus be expected to differ from
conditions that might be inferred from paleolimnological investigations.

Results

Lake Elsinore, prior to development in the watershed, was predicted to be
relatively well-mixed vertically throughout most years (Fig. 1a). This is a result of the low
nutrient levels and low corresponding chlorophyll a concentrations (described below)
that yield high predicted water clarity. Based upon the predicted chlorophyll a
concentrations, the Secchi depth of the lake is estimated to be 2-4 m or more much of
the time, which allows for penetration of shortwave radiation to considerable depths in
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Predicted chlorophyll a concentrations were less variable than found under
existing conditions, and annual summer-averaged values ranged only from 9.6 - 21.7
ug/L. Over the 10-year simulation period, the summer chlorophyll a concentration was
predicted to averaged 15.7 pg/L, a value significantly below the TMDL numeric target of
25 pg/L (Table 1).

Table 1. Predicted mean annual concentrations of total P, total N, and summer chlorophyll

a, and number of days each year DO <5 mg/L 1m above bottom sediments.
Year Total P Total N Chlorophyll a # days DO

{mg/L) (mgiL) {ug/L) <5mg/L
Target 0.10 0.75 25 )
2002 0.052 0.74 20.6 0
2003 0.033 0.70 17.56 13
2004 0.035 0.84 21.7 2
2005 0.024 0.44 9.6 111
2006 0.029 0.56 12.2 78
2007 0.040 0.75 14.9 43
2008 0.048 0.89 16.2 121
2009 0.056 1.06 18.8 99
2010 0.032 0.83 15.5 68
2011 0.013 0.76 10.4 58
Average 0.036 0.76 16.7 59

The concentration of DO 1 m above the bottom sediments at the deepest part of
the lake was strongly dependent upon lake level and duration and strength of thermal
stratification (Fig. 1a). The shallow depth and well-mixed conditions in 2002 resulted in
concentrations above 5 mg/L throughout the year, while higher lake levels in 2005 and
beyond, combined with evapoconcentration of nutrients and other factors, increased the
frequency and duration of bottom water DO concentrations below the 5 mg/L target
(Table 1). As noted previously, however, anoxic conditions when the DO concentrations
declined below 1 mg/L, a threshold where significant biogeochemical transformations
such as Fe reduction and hydrogen sulfide production often commence, were predicted
to be rare, occurring only 1.7 % of the days from 2002-2011.

Conclusions
Results from these simulations suggest that;
(i) Conditions in Lake Elsinore prior to development in the watershed would be
mesofrophic to weakly eutrophic, as opposed to the eutrophic-hypereutrophic
conditions presently.
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(i) Greater water clarity would allow heat to penetrate to greater depths,
resulting in better mixing and improved DO conditions throughout much of the
water column, especially at low to moderate lake levels.

(i) Development of some thermal stratification and reductions in DO were
predicted especially at higher lake levels, although intense and prolonged
anoxia, fish kills and so on, are not generally expected.

(iv) Annual average concentrations of total P and summer average
concentrations of chlorophyll a were predicted to below their respective
TMDL numeric targets.

(v) The average total N concentration for the 10-year simulation period was at
the numeric target of 0.75 mg/L, while DO concentrations were predicted to
drop below the target of 5 mg/LL above the bottom sediments an average of
59 days in a given year.
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