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Land Use Table by City/County




Land Use Table by City/County




Land Use Table by City/County




Land Use Table by City/County




Aggregated Land Use by City/County




Aggregated Land Use Distribution




TMDL Land Use Table by City/County




TMDL Land Use Subwatersheds 1-9




TMDL Land Use Subwatersheds 1-g Distribution



TMDL Land Use Subwatersheds 1-6




TMDL Land Use Subwatersheds 1-6 Distribution




TMDL Land Use Subwatersheds 7 - 9




TMDL Land Use Subwatersheds 7—9 Distribution




Land Use Data Delivery
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2011-12 48 mg/L 81 mg/L

2014-15* 35 mg/L 51 mg/L
Algae Reduction 13 mg/L 30 mg/L
Pct. Improvement 27% 37%
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Long-Term Water Quality Simulations
for Lake Elsinore: Effects of Supplementation
with Recycled Water

Michael Anderson
UC Riverside



Introduction and Review of Modeling Results

1. Long-term (99-yr) Analysis of Conditions in Lake Elsinore

* Lake surface elevation and salinity for the 99-yr period
1916-2014 simulated using DYRESM (Tech Memo 1.0)

Model accurately predicted measured lake surface elevations and
available TDS concentrations

Significant loss of water to unsaturated soil and groundwater
occurred in natural basin following large runoff events

Losses to unsaturated soils and groundwater were not apparent for
the reconfigured (post-LEMP) basin

Over past 99 years, model predicted that the lake was dry for 6.8
years, with salinity exceeding sea water near lake dessication

Salt accumulated in Lake Elsinore at a predicted rate of 30-39
mg/L/yr at a surface elevation of 1240 ft for much of past century

Addition of recycled water has accelerated the predicted rate of salt
accumulation at 1240 ft elevation to 136 mg/L/yr since addition of
recycled water began in late 2002



2. Influence of Recycled Water on Lake Level and Salinity

 Effect of recycled water supplementation on lake surface
elevation and salinity: LEMP basin 1916-2014 (Tech Memo
1.1)
* Recycled water supplementation significantly increased lake surface

elevation and lake area compared with natural inflows during
periods of limited precipitation and runoff

* Recycled water supplementation maintained predicted lake
elevations >1234.5 ft and lake areas >2370 acres

e Natural inflows resulted in complete desiccation of lake for almost 3
yrs during extreme drought in the late 1950s- early 1960s

* Recycled water supplementation prevented extreme TDS levels
from developing in the lake (TDS concentrations <6000 mg/L)

* Recycled water inputs also increased average TDS concentrations by
about 900 mg/L, from 1,163 mg/L to 2,055 mg/L over 99-yr (1916-
2014) simulation period



e Simulations (and historical accounts) highlight the highly
dynamic conditions in Lake Elsinore over past 99 yrs

* Extreme ranges in lake level (widespread flooding to complete
dessication)

* Extreme variations in salinity (TDS values 200 to >30,000 mg/L)

 LEMP has been very successful at reducing extreme ranges
in lake level and salinity, although lake nonetheless
predicted to dry up during drought in 1950’s-1960’s drought

e Recycled water additions shown to help maintain lake level
and avoid extreme TDS levels when approaching dessication

* Questions remain however concerning the water quality
impacts associated with long-term recycled water inputs



Obijectives

Evaluate impacts of recycled water inputs on key water
qguality measures (chlorophyll a, DO, total N and total P
concentrations) relative to no recycled water
supplementation

Approach

Extend previously developed DYRESM (Dynamic Reservoir
Simulation Model) that quantified water budget and
provides 1-D hydrodynamic/thermodynamic/salinity
predictions

CAEDYM (Computational Aquatic Ecosystem Dynamics
Model) was linked to DYRESM model to predict water
quality and ecological properties of lake

Period from 1916-2014 simulated using LEMP basin and

meteorological and runoff data for this interval as described
in Tech Memo 1.1



* Water quality model was calibrated against available 2000-
2014 data

* Influent concentration data were taken from a range of
sources

San Jacinto R 310 0.28 0.50 0.22 0.57 1.62
Local Runoff 150 0.20 0.48 0.22 0.80 1.82
Recycled H,0 720 0.32 0.47 0.24 8.00 9.6

e Default values were used for nearly all model parameters; a
few parameters were adjusted to reflect observed
conditions in lake



Model Calibration

Temperature
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Dissolved Oxygen

The model also predicted
some seasonal trends in DO,
with higher values during the
winter cooler months when
O, solubility is greater

Evidence of both
supersaturation and
undersaturation was present

Model did predict some low
DO episodes (e.g., in 2000,
2003 and 2011), but over-
predicted concentrations in
2006 and 2014

Correctly timing such
episodes can be challenging
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Nutrients

* The model correctly predicted e A B
observed trends in total N 10 a ota
concentrations

* Increased concentration from
2000-2004
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* It proved to be very difficult to capture the unique
characteristics of Oscillatoria, which dominates the lake in
extreme algal events

* A simple comparison was conducted using the 2000-2010
period (when regular monitoring data available)

Observed Predicted % Error
Total N 3.98 3.26 -18.1
Total P 0.265 0.395 49.1

Chlorophyll a 130.2 85.9 -34.0



* Overall, model calibration for this dynamic period of
time was variable at best — adequate for temperature
and total N, less successful for total P and chlorophyl|
a

* Relative features of model predictions, comparing
with/without recycled water inputs, are valuable,
although very large uncertainties in absolute
concentrations exist



Results

Daily Average Water Column Temperature
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 Model predicted strong seasonal variation in average
water column temperature

* Greater interannual temperature ranges in 1916-1945 and
1995-2014

e Recycled water inputs were not Eredicted to alter the
heat budget or temperature of the lake



Daily Average Water Column DO
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* Predicted daily average water column DO levels varied modestly
from 1920-1985 without RW

* Greater oscillations predicted more recently

* Periodic inputs of RW yielded greater variance, often with DO
supersaturation

e Acute anoxia that would have triggered near complete fish kills
was predicted in 1974, 1976 and 1977



Daily Average Water Column Total N
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e Total N concentrations without RW inputs varied in
response to watershed inputs and evapoconcentration

* Inputs of RW predicted to markedly increase total N
concentration in the lake, beyond that due to
evapoconcentration



Daily Average Water Column Total P
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* Recycled water supplementation was predicted to actually
decrease P concentrations relative to no RW inputs, due to:

* Dilution during periods of strong evapoconcentration
* Evidence for incorporation into food web and subsequent settling

» System predicted to return to values of 0.2-0.25 mg/L



Daily Average Water Column Chlorophyll a
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* Recycled water inputs were also clearly evident in
predicted chlorophyll a values and followed TN

* Initial inputs in late 1930’s triggered a marked increase in
predicted chlorophyll a

* Inputs during drought in 1950’s-1960’s and beyond had
persistent chronic negative impact



Temp DO Total N Total P Chl a

No RW 18.95 6.76 1.41 0.33 49.5
With RW 18.96 7.08 1.81 0.24 104.9
Rel Change 0.10% 4.7% 28.4% -27.3% 111.9%

» Addition of recycled water had no effect on mean
temperature

* Recycled water inputs also had little effect on mean DO
concentration although did increase variability in DO

* Supplementation with recycled water increased mean
total N content by 28.4% and decreased, with this model
parameterization, mean total P concentration by 27.3%

* Mean chlorophyll a concentration was most strongly and
non-linearly altered in response to changes in available
nutrients, more than doubling with recycled water inputs



Total N (tonnes) Total P (tonnes)

In Out Retain In Out Retain
No RW 3351 575 2776 953 135 818
With RW 6023 826 5196 1084 164 920

* The majority of nutrients delivered in inflows are retained

within the basin
* Without recycled water inputs, 2776 tones of total N (83%) and
818 tonnes of total P (86%) retained within lake

* With supplementation, 5196 tonnes of total N (865) and 920
tonnes of total P (85%) retained within lake

e Retention of nutrients is greater than that for salt (59%
and 65% of salt delivered with inflows were retained
within lake with no recycled water and with recycled

water, respectively)



Conclusions

e Simulations provide some useful insights into response of
lake to long-term recycled water inputs

* Supplementation with recycled water was predicted to:

Not affect temperature and heat budget of lake

Increase range of average water column DO concentrations, with
both increased supersaturation and greater episodes of anoxia

Increase average total N concentration
Decrease average total P concentration
Markedly increase chlorophyll a concentrations

e Extreme hydrologic, chemical and ecological conditions of
Lake Elsinore represent tremendous challenge to calibrating
and confidently predicting water quality over long time-
frames
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Agenda whesler

1. Frequency of In-Lake Monitoring Analysis
2. QA Validation of Satellite Data Provider
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Sampling Frequency Analysis - Methods s

» Most recent complete 3-year data from Canyon Lake and Lake
Elsinore

» 2008 - 2011
» CLO7, CL10, LE1, LE2
» Focus on TMDL targets
» Dissolved Oxygen
» Chlorophyll-a
» Total Nitrogen
» Total Phosphorus
» Averaged values over different sampling frequencies
» Even numbered months
» Odd numbered months
» All months

» T-tests to compare mean concentrations
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Dissolved Oxygen & Chlorophyll s

Monthly vs. Bi-monthly Sampling foster
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Total Nitrogen & Phosphorus R

Monthly vs. Bi-monthly Sampling foster
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Monthly vs. Bi-monthly Sampling foster
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» Statistical Analysis

» July 1 to June 30 water year

» Analysed within each individual year and 3 years combined
» Returned only 2 significant results

» CLO7 — Total Phosphorus during 2010-2011
» Even v. Odd months

» LE1 — Chlorophyll-a during 2010-2011
» Even v. Odd months

» No difference between monthly vs. bi-monthly sampling




Satellite Chlorophyll Validation
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Validation of EOMaps Satellite Chlorophyll foster
» Methods

» Calibration & Validation data sets - Actual v BWS v EOMaps
» Correlation coefficients . .
’ BWS - 0670 ’ R?=0.8937 .
» EOMaps = 0.945 s T
> EOMapS R2 values hlgher g % .. , R? = 0.4493
’ 40 ..:::;:21'-'-";.'.
‘“.._._'.;.'-"'
20 ¢
O : " Actual C6hola (ug/L) N - 120
® BWS @ EOMaps «-=eeee Linear (BWS) «e+eeeeee Linear (EOMaps)
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Validation of EOMaps Satellite Chlorophyll foster
» Methods
» Calibration & Validation data sets Actualv BWS v EOMaps - All data
» Correlation coefficients b weoss
> BWS = 0.670 .
» EOMaps = 0.945 - °
» EOMaps R2 values higher g . P
» Incorporate latest samples 2 e
» Correlation = 0.961 ’ 0 J,...-'-;;.'.'.'.'If-""" ‘
» R2=0923 . e
» One outlier data point . .:' .
T ey
o BWS e EOMaps - Linear (BWS) o Lineor (EONaPE
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Questions?
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OVERVIEVY

» Change in Mystic Lake storag

» Will the San Jacinto River (SJR) bypass Mystic

Lake? /
» Conclusions



e San Jacinto River Levee /




CURRENIFVS HISTORIEHIAK

blbn a horizontal boundary for Mystic L
ontour line at an elevation of 1423°.

nta hmjr'lrull.,ur Js‘ c;;l :

through an earthen channel.

» RCFC data shows no significant difference between the
2014 and 2004 horizontal limits at the 1423’ contour. /



CURRENIFVSHISTORICTTAKE B OUINIDARIES

2004 1423’ Contour Line 2014 1423’ Contour Line

Provided by Dr. D. M. Morton with assistance from the USGS Denver electronic mapping facility. The map
itself is available for download from the USGS Open File System.
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Mystic Lake Outlet culvert at outiet of
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CHANGEINVIVSIICTAKESIORAGENOLUIVIE

> T wo studies of Mystic Lake’s bathymetry were Q
by RCFC&WCD. fr:—; of ‘. S and depth of t
were determined b Digital Terrain r/s

supporting 4FT contour maj

» Data points for the two studies were colle
photogrammetry and LIDAR flights.

» 2004 Data: Flown: Nov 3, 2004 Source: Aernial Photogrammetry.
» 2014 Data: Flown: Sep 30, 2014 Source: LIDAR

» Volumes for each study (2004 & 2014) were calculated
using both; InRoad’s Storm and Sanitary Software, and the
“Average End” method. Results were cross referenced to
confirm accuracy.
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2004 Depths 2014 Depths

« 1423’ Horizontal Boundary remained similar for 10 years
« Green area ( ELEV 1408’) appears in 2014 LIDAR data



CHANGE INIMYSTIC LARE STORAGEVOIUME

MYSTIC-LAKE STAGE STORAGE COMPARISON
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The total increase in storage volume between
2004 & 2014 i1s 2,054 acre-feet. This brings the
total storage volume up to 14,668 acre-feet, and
suggests that the lake’s volume is increasing by
roughly 200 acre-feet per year.

Note: Majority of the increase in volume
occurred in the deepest areas of the
lake between 1409” and 1415°.
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Breached Levee Looking West |
(opening over 100ft wide)



WILLEESAINTIACTINNOFRIVER BY PASSHVINSII CHIAKEZ

ISSUES W THE SANIIACINTO RIVERTEVEE

> From the latest topograpny (2008) the flow line oi the
levee floor rises 2ft (uphill) from the breach in the levee.

> [N this location it appears the water ponds up and flows
through the breach in the levee and into Mystic Lake.
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CONCLUSION:

evation of
vee. In this
scenario the Mystic Lake outlet would already be flowing.

» It appears that Mystic Lake is being affected by subsidence. It
should be noted that the majority of the subsidence is occurring /

within the current lake boundary (1423’ contour line) and is not
necessarily expanding horizontally by a significant rate.

» Mystic Lakes volume increased roughly 200 acre-feet per year
from the year 2004 to 2014.
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