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Background 
A series of studies were conducted in 2006-2007 to determine the potential water quality 
impacts of the Lake Elsinore Advanced Pumped Storage (LEAPS) project at the request of the 
Santa Ana Regional Water Quality Control Board as part of the earlier FERC application process. 
The studies included review of published studies of pumped-storage hydroelectric plant 
operations, analytical model calculations of turbulent kinetic energy inputs, water column 
stability, and organism entrainment (Anderson, 2006a), heat budgets for Lake Elsinore and the 
upper reservoir (Anderson, 2006b), 3-D numerical simulations of pumped-storage operation and 
effects on thermal stratification, sediment resuspension and organism entrainment (Anderson, 
2007a), and modeling of ecological impacts and trophic cascades using a simplified linear food 
chain model (Anderson, 2007b). 
 
The focus of the initial design and operational plan of LEAPS was to minimize the negative 
impacts of its operation on conditions, use and water quality at Lake Elsinore. Over the past 15 
years, considerable effort has been expended to enhance mixing and distribute dissolved 
oxygen throughout the water column to reduce fish kills and improve water quality, including (i) 
installation in 2004 of 20 axial flow pumps to enhance natural wind-forced and convective 
mixing processes, and (ii) installation in 2007 of a dual diffused aeration system with >20 km of 
diffuser lines driven by four 200 HP compressors. The axial flow pumps push warm, well-
oxygenated surface water downward via the rotating 5 ft diameter impellers, while the diffused 
aeration system uses buoyancy of introduced air bubbles to entrain cooler, low DO bottom 
water and mix it with warmer high DO near the lake surface. Despite these efforts, intervals of 
low DO and corresponding fish kills have continued to periodically recur. The design, installation 
and operation of LEAPS presents an opportunity to further enhance mixing, improve DO levels, 
reduce fish kills, maintain lake level, lower internal recycling of phosphorus from bottom 
sediments and reduce chlorophyll a concentrations in Lake Elsinore. Additional work is needed 
to evaluate the capacity of LEAPS to enhance water quality and to develop a flexible I/O design 
and operational strategy to achieve this goal while maximizing energy storage and production. 
At the same time, some questions remain about entrainment, sediment resuspension and algal 
toxin production, as well as conditions in the upper reservoir and changes in DO, temperature 
and water quality there that may result from filling, transient storage and release during LEAPS 
operation. 
 
Objectives 
To address these questions, additional 3-D hydrodynamic-water quality simulations are 
proposed. These studies will expand upon the simulations conducted in 2006-07 and include key 
enhancements: (i) detailed bathymetric and sedimentological data for the lake are now available 
from 270 km of hydroacoustic survey data collected in 2010 (Anderson, 2010); (ii) improved 3-D 
hydrodynamic tools available, e.g., ELCOM v.3.0 (Estuary, Lake and Coastal Ocean Model) from 
the University of Western Australia, which allows for both hydrostatic and nonhydrostatic 
assumptions; (iii) development of sophisticated water quality-aquatic ecosystem models such as 
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CAEDYM (Computational Aquatic Ecosystem Dynamics Model v.3.3) that can be linked to 
hydrodynamic models (earlier 3-D simulations were limited to hydrodynamics, while analytical 
models were used to project food web and water quality conditions); and (iv) continued 
increases in computational power in desktops and workstations. 
 
Specifically, ELCOM-CAEDYM (Hodges and Dallimore, 2014; Hipsey, 2014) will be used to 
simulate hydrodynamic and water quality conditions in Lake Elsinore and the upper reservoir 
with LEAPS operation and with reference (non-LEAPS) conditions under equivalent 
meteorological and hydrological/water supply scenarios. The simulations will set out to answer 
the following questions: 
 

(i) What are the effects of supplemental water source supply (recycled water, Colorado 
River water or State Project water) on predicted water quality, including DO, chlorophyll 
a, nutrient and algal toxin levels? 

 
(ii) What are the effects of operating level on hydrodynamics and predicted water quality? 

 
(iii) What are the limnological and hydrodynamic conditions in the upper reservoir during 

filling, transient storage and release, including heating, cooling, evaporation and 
sedimentation, compared with Lake Elsinore? 

 
(iv)  What I/O design and operational strategy maximizes water quality in the lake while also 

maximizing energy storage and production? 
 
Approach 
3-D hydrodynamic-water quality-ecosystem modeling will be conducted using ELCOM-CAEDYM. 
These simulations will build upon the 1-D modeling of Lake Elsinore that has been conducted as 
part of the ongoing TMDL revision process and related studies (e.g., Anderson, 2016c) using the 
1-D DYRESM-CAEDYM model. Long-term (100-yr) simulations have quantified the extreme 
conditions at Lake Elsinore since 1916, including extensive periods of complete desiccation in 
the late 1950’s-early 1960’s, extreme salinities and predicted chlorophyll a concentrations 
>1000 µg/L, as well as periods of very high rainfall and runoff that has resulted in flooding and 
large outflows (Anderson, 2015). The intense computational demand associated with solving the 
unsteady Reynolds-averaged Navier-Stokes equations at fine grid scale limits the practical 
duration of simulations to represent not more than a year or two, so capturing the interannual 
variation in rainfall and runoff will not be possible, but selected conditions can be evaluated.  
 
Hydrologic inputs for the model will be taken from daily flow records for the San Jacinto River 
into Lake Elsinore at USGS gage #11070500. Daily rainfall records will be taken from Riverside 
County Flood Control District rain for Quail Valley to estimate runoff from the local 13,340 acre 
watershed not captured by gaged San Jacinto River flows. Hourly air temperature, relative 
humidity/vapor pressure, shortwave radiation, and windspeed will be taken from CIMIS station 
#057 at UC Riverside. The grid for the lake model will be developed from the hydroacoustic 
bathymetric survey conducted in 2010 (Anderson, 2010). The upper reservoir and initial I/O 
structure will be represented consistent with the prior modeling analysis and FERC application 
materials. Refinements to the I/O structure and operational characteristics will be assessed as 
part of the study. The model will be calibrated against available water quality data, including 
algal toxin concentrations (e.g., AMEC Foster Wheeler, 2018). Additional fine-scale 
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computational fluid dynamics (CFD) modeling at the I/O structure during pumping and 
generation may be conducted if necessary using Flow-3D v.11.2 (FlowScience, Inc.) as a 
supplemental study. 
 
Reporting 
Monthly summaries, periodic presentations and a final report will be developed. 
 

 
        

    
        

    
 
References 
 
AMEC Foster Wheeler. 2018. 2017-18 Lake Elsinore and Canyon Lake Nutrient TMDL In-Lake 
Monitoring Quarter 2 Report. 32 pp. 
 
Anderson, M.A. 2006a. Technical Analysis of the Potential Water Quality Impacts of the LEAPS 
Project on Lake Elsinore. Draft Final Report submitted to the Santa Ana Regional Water Quality 
Control Board. 30 pp. 
  
Anderson, M.A. 2006b. Heating, Cooling and Stratification during LEAPS Operation. Draft Final 
Report submitted to the Santa Ana Regional Water Quality Control Board. 24 pp. 
 
Anderson, M.A. 2007a. Effects of LEAPS Operation on Lake Elsinore: Predictions from 3-D 
Hydrodynamic Modeling. Draft Final Report submitted to the Santa Ana Regional Water Quality 
Control Board. 49 pp. 
 
Anderson, M.A. 2007b. Ecological Impacts from LEAPS Operation: Predictions Using a Simple 
Linear Food Chain Model. Draft Final Report submitted to the Santa Ana Regional Water Quality 
Control Board. 22 pp. 
 
Anderson, M.A. 2010. Bathymetric, Sedimentological and Retrospective Water Quality Analysis 
to Evaluate Effectiveness of the Lake Elsinore Recycled Water Pipeline Project. Draft Final Report 
to the Lake Elsinore & San Jacinto Watersheds Authority. 50 pp. 
 
Anderson, M.A. 2015. Technical Memorandum Task 1.0: Surface Elevation and Salinity in Lake 
Elsinore: 1916-2014. Draft Technical Memorandum to Lake Elsinore-San Jacinto Watersheds 
Authority. 13 pp. 
 
Anderson, M.A. 2016. Technical Memorandum Task 1.2: Water Quality in Lake Elsinore under 
Selected Scenarios: Model Predictions for 1916-2014 with Current (post-LEMP) Basin. Draft 
Technical Memorandum to the Lake Elsinore-San Jacinto Watersheds Authority. 33 pp. 
 
FlowScience, Inc. 2016. Flow-3D v.11.1. User Manual. FlowScience, Inc. Santa Fe, NM. 
 



4 

 

Hipsey, M.R. 2014. Computational Aquatic Ecosystem Dynamics Model: CAEDYM. V.3.3 User 
Guide. Centre for Water Research, Univ. of Western Australia. 88 pp. 
 
Hodges, B. and C. Dallimore. 2014. Estuary, Lake and Coastal Ocean Model: ELCOM. v.3.0 User 
Manual. Centre for Water Research, Univ. of Western Australia. 65 pp. 
 




