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The City of San Diego Public Utilities Department (PUD) is investigating Indirect Potable Reuse/Reservoir 

Augmentation (IPR) through a small-scale Water Purification Demonstration Project (aka Demonstration 

Project). When the findings of this program are available, the city may decide to proceed with the 

addition of Advanced Treated Water (ATW) to the city's potable water supply. This water would be 

produced at the North City Water Reclamation Plant (NCWRP), retained in San Vicente Reservoir (SVR), 

processed at the Alvarado Water Treatment Plant and subsequently distributed. 

This program is in response to the evident need to reduce our dependence on imported water and to 

widespread criticism that sewage discharged from the Point Loma Wastewater Treatment Plant is not 

receiving secondary treatment. A production-mode IPR operation would also reduce the volume of the 

sewage outfall to the ocean and take advantage of currently unused capacity at the NCWRP. 

A part of the Demonstration Project is the Limnology Task to investigate water retention in SVR. In this 

note I question the prospects for success of this effort. While physically it may be feasible to retain 

water in SVR as required by Reservoir Augmentation, my concern is that the methodology used in the 

Limnology Task is not capable of proving this. 

LIMNOLOGY TASK 

The California Department of Public Health requires the Reservoir Augmentation step of IPR to retain 

and age ATW in SVR for a minimum of 12 months. As part of the Demonstration Project, the Limnology 

Task will study the hydrology of SVR to determine the conditions required to make 12 month retention 

possible, given the reservoir’s currents and other flow characteristics. The main tool employed by the 

Limnology Task contractor, Flow Science Inc., is a sophisticated 3-D Estuary and Lake Computer Model 

(CWR-ELCOM). A second computer code, CAEDYM, may be coupled to the ELCOM to evaluate water 

quality. These computer systems were developed, tested and used by Ben Hodges and collaborators at 

the Center for Water Research of the University of Western Australia. 

The Flow Science Statement of Work consists of nine computational, reporting and consulting tasks. 

After initializing the model there are two short-duration calculations to compare with data from the 

original dam for the purposes of Verification and Calibration. Incorporating these “calibrations”, an 

additional 16 calculations are to be carried out using the ELCOM to simulate the behavior of ATW in the 

SVR under various water levels, climate conditions, and operating scenarios. Each of fifteen calculations 

is to have a time duration of two years. In three of these calculations the location of the inflow of ATW is 



to be optimized to achieve adequate retention time. No additional SVR field measurements are to be 

performed under the contract, however, due to construction activity at the dam. 

METEOROLOGICAL INPUT DATA 

As is discussed in a following section, some of the meteorological input data for the ELCOM model are 

sparse and inaccurate. In Numerical Techniques in CWR-ELCOM (code release V. 1), March 2000, the 

author, Dr. Ben Hodges, voices the following caveat: 

“It must be held in mind that a geophysical numerical model is often forced with field data of an 

uncertain quality. In particular, available wind data for lakes and estuaries is often limited to a single 

value of wind speed and direction that may be located some distance from the water. Thus, an 

extremely accurate solution of the flow physics on a fine grid may not provide a more accurate model of 

the physics of a system given the uncertainty in the forcing data.” 

So, a lake or reservoir model, no matter how faithful in physics and mathematical formulation and how 

well-resolved in space and time, is significantly limited in accuracy by the input data (and particularly the 

meteorological data). To what degree does this limitation affect the results of the Limnology Task? The 

answer depends on how specific are the predictions required of the ELCOM and what physical effects 

predominate in a particular reservoir. Unfortunately, the question of retention time is very specific and 

the behavior of SVR is very complicated and dependent on its meteorology. 

SAN VICENTE RESERVOIR 

SVR, the surface water body designated to sequester the ATW of the potential San Diego IPR operation 

currently has an area of 1100 acres and a maximum capacity of ~90,000 acre feet. After the dam raise 

project is completed, the reservoir will have an area of ~1600 acres and a maximum capacity of 

~242,000 acre feet. The reservoir is in a region of complex terrain (surrounding hills rise sharply several 

hundred feet ) and has a surface extending into several arms fed from time to time by streams. The 

water’s behavior in SVR is highly variable, as discussed in an excerpt from the San Diego River 

Watershed Management Plan, Section 2, Surface Water Supply (August 2004): 

“Because of the complex set of variables that affect City decisions to divert or withdraw water 

from San Vicente Reservoir, there is no such thing as ‘typical’ reservoir operating conditions at 

the reservoir. Instead, City operational practices are based on maximizing storage benefits under 

a given set of hydrologic, economic, and water availability conditions. In general, however, the 

City’s withdrawals of reservoir water are greatest in the summer and fall months. Withdrawals 

during July and August during the past 15 years have averaged 3,000 AF per month, while 

withdrawals during January through March have averaged less than 2,000 AF per month. During 

the latter portion of the calendar year, it is typical for the City to draw the reservoir storage 

levels down to provide capacity to capture winter storm runoff.” 

The average annual withdrawal from the reservoir over the past 5 years is ~ 25,000 acre feet per year 

(AFY). SVR dynamics are affected by the influx from several sources. Not counting evaporation and 



leakage, on average (with large variations) there are some 7,000 AFY from local (runoff and 

precipitation) sources and 10,000-20,000 AFY of imported water. Also from time to time there are 

transfers from the Sutherland Reservoir . The estimated 10,500 AFY of ATW entering SVR would reduce 

the need to transfer a corresponding amount from one of the other sources. 

Based simply on storage capacity and average withdrawal rate, a residence time of SVR water of several 

years can be estimated. The calculation of actual residence times of ATW in SVR, however, is not simple. 

Due to the complex shape of the reservoir, inflowing water bypasses part of the water body. How much 

is bypassed depends on the positions of several non-collocated inlets and of the outlets and is further 

complicated by buoyancy resulting from differences in temperature between inlet and reservoir water. 

In addition, the SVR water column is stratified during summer months but becomes well-mixed during 

the winter. Mixing, in turn, is affected by turbulence induced by surface wind stress, short-wave and 

long-wave radiation. These forcing terms vary from place to place over the surface. The variance of 

residence times is increased by the factors cited in the above report. 

SVR METEOROLOGY 

The state of the atmosphere affecting the SVR is complicated by the topography adjacent to the 

reservoir. Abrupt terrain features introduce non-stationary and heterogeneous wind and thermal flows. 

Wind direction and strength at the surface, for example, are affected by terrain-induced wind eddies 

that produce fetch-dependent surface stress. Heating or cooling of adjacent terrain slopes generates 

buoyancy-driven upslope and downslope winds. Under clear skies, for example, nocturnal surface 

cooling of the terrain results in drainage flows that deposit a “lake” of cool, stagnant air over the water 

surface. 

The intensity of solar radiation, of course, changes diurnally and seasonally. In addition for SVR, the 

sunlight’s intensity is not uniform over parts of the water surface. Steep hills around the reservoir cast 

morning and evening shadows, an effect that is most pronounced during winter months when the sun is 

low. A visualization of this effect for SVR is available in Google Earth through the feature “show sunlight 

across the landscape”. 

ELCOM METEOROLOGY 

While the sources of input data are not specified in the Flow Science contract document, the PUD 

(private communication) has identified what meteorological data are being used in the ELCOM 

calculations. They are taken from a meteorological station of the California Irrigation Management 

Information System network located in San Pasqual Valley, near Escondido, California (Station # 153), for 

the time interval, 2006-2007. This site is located some 12 miles from SVR in an area of grassy, flat terrain 

adjacent to agricultural land. Clearly, these data have very little in common with conditions at SVR. 

Some data from a PUD meteorology station below the base of the SVR dam were used for qualitative 

comparison with the station 153 data. Other input data, such as reservoir cloud cover, appear to be 

unavailable. 

  



NOT IN THE SCOPE OF WORK 

The Flow Science Scope of Work contains tasks to Validate and Calibrate the ELCOM. However, how the 

calibration is be accomplished or what "fudge factors" will be incorporated into the ELCOM is not 

specified. Will calibration consist of modifications to input or boundary data or to model parameters? It 

is unclear how these changes might affect subsequent calculations. 

The Scope of Work calls for calculations exploring sensitivities to climate and operating variables. 

However, it does not include any calculations of sensitivity to meteorological data. While the lack of 

accurate driver data clearly will produce losses of accuracy in the predictions derived from the task, 

there is no requirement to determine how large they may be. There is also no test of whether the two-

year time duration of the ELCOM calculation is long enough to establish (spin-up) a realistic reservoir 

circulation from an arbitrary initial state . 

WHAT CAN THE LIMNOLOGY TASK ACCOMPLISH? 

As pointed out by Dr. Hodges, the ELCOM is a "coarse-grid model". Several important physical 

processes, such the dispersion of inflow plumes, turbulent entrainment, 

turbulent dispersion, etc., are not adequately resolved and require "sub-grid" modeling. The choice of 

model resolution is often based on computational limitations (it would be interesting to test resolution 

sensitivity). The model also employs the hydrostatic approximation. Water quality and sub-grid issues, 

however, are not a part of my criticism. 

Recognizing that SVR in the future will function under a range of climatic and operational conditions, the 

Scope of Work of the LimnologyTask correctly proposes to test the sensitivity of water retention time to 

them. In the above discussion, however, several poorly understood parameters were identified ; these 

are not currently included in the matrix of sensitivity calculations. Could the scope of work of the 

Limnology Task be beneficially broadened? 

For example, the time duration of the ELCOM calculations may be too short to adequately "spin-up" the 

reservoir from the arbitrary initial state of the water body. A test of this issue is easily made by changing 

the initial state and/or increasing the calculation duration (additional input data could be obtained 

either from the original data source, or by duplication of the two-year data set). 

Increasing the realism of the meteorological input data is much more difficult and problematic. The 

required minimum retention time, 12 months, just happens to equal the time cycle of stratification and 

mixing of the reservoir due to annual changes of meteorological variables. Thus, it is clear that 

meteorological data must be a significant determinant of retention time. It remains to be seen whether, 

in actuality, there is any remedy in a model-based investigation for the lack of meteorological data at 

SVR. Clearly, the desired data sets, consisting of wind and radiation parameters at all SVR surface 

positions and all computation times, do not exist. Is it possible to substitute for them? 

Solar radiation at all surface locations could be evaluated taking into account terrain shadows (assuming 

clear sky). Using terrain elevation data and a simple computer program, values of surface insolation 



could be input to all surface cells of the ELCOM for the duration of each simulation. Cloudiness could be 

estimated from an adjacent meteorology station. 

Wind speed and direction are much harder to replace. First, a comprehensive meteorological 

measurement program could be carried out; this would entail cost and time. In a second alternative, a 

series of calculations using a reasonable range of meteorological input data might suggest how sensitive 

or uncertain conclusions are to these data. In a third alternative, the meteorology of the reservoir basin 

and its surroundings might be modeled with a microscale meteorological computer model. This would 

require a very significant effort, perhaps larger than that for the hydrology itself. 

In conclusion, I question the effectiveness of the Limnology Task of the Demonstration Project because 

of the ELCOM meteorological data deficiencies. While physically it may be feasible to retain water in SVR 

for 12 months as required, my concern is that the methodology used in the Limnology Task is not 

capable of demonstrating that such is the case. 


