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1. Overview and Introduction 
 

 

1.1. Purpose:  Explore opportunities to maximize reservoir assets 
and expand local water supplies. 
Sweetwater Authority (Authority) is in the enviable position of possessing considerable local 
water supply assets, a result of farsighted planning and investment decisions by preceding and 
current generations of leadership. These assets include Loveland and Sweetwater Reservoirs, the 
Robert A. Perdue surface water treatment plant (Perdue plant), the National City Wellfield, and 
the San Diego Formation Wellfield supplying the Richard A. Reynolds Groundwater Desalination 
Facility (Reynolds plant). 

With imported supplies 
subject to continuing 
challenges and growing 
increasingly expensive, it 
becomes prudent to 
examine additional 
opportunities to maximize 
local water supplies and 
increase their value to 
Authority ratepayers. The 
Water Supply Feasibility 
Study is designed to do 
just that, examining a few 
old ideas in light of new 
circumstances, and adding 
some new ideas to the mix 
as well. 

Summary: 
• Authority Leadership:  Sweetwater Authority is already a regional leader in 

the development of local water supplies. The Water Supply Feasibility 
Study examines opportunities for further innovation and refinement.  

• Additional Opportunities:  At the Coarse Screening level of review, the 
Study team finds there are several water supply and management options 
with potential to benefit the Authority and its ratepayers. We recommend 
these options be advanced to the Study’s next phase, Fine Screening. 

• Review and Refinement:  The Coarse Screening Workshop will present 
these initial findings to the Board and gather Board input and direction. 
Subsequently, the Study team will undertake the Fine Screening review, 
and report back to the Board in August with final recommendations. 

 
Due diligence review: Taking a fresh look at old ideas.  The goal of 
a pipeline connection from Loveland Reservoir (upper right) to 
Sweetwater Reservoir (lower left) has been around since the 
construction of the upper reservoir in 1945. Previous studies have 
dismissed the idea as uneconomical, but changed conditions warrant a 
fresh look.  
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1.2. The list of alternatives under review is broad, a mix of old ideas 
and new.  
The alternatives under review are as follows: 

 

Recycled Water 
(Purple Pipe) 

 

 

Reservoir Water Quality 
Improvements 

 

Potable Reuse 
(Pure Water) 

 

 

Reservoir Storage Policy 
Revisions 

 

Loveland to 
Sweetwater 
Conveyance 

 

 

Evaporation Reduction 
Measures 

 

Loveland Regional 
Exchange 

 

 

Regional Water Sales 
Opportunities 

 

 Recycled and Pure Water   Reservoir Management 
 Loveland Reservoir Utilization   Regional Sales 

 
 

1.3. The Study team is using a phased screening approach to review 
the alternatives based on cost and non-cost evaluation criteria.  
The Study team is utilizing a three-phase planning review summarized in the flow chart below. 
The Study team briefed and received direction from the Authority Board on Project Identification 
issues in December 2019. The team has now completed the Coarse Screening review of project 
alternatives, as described in this report. 

 
 

YOU ARE HERE 
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Evaluation criteria build on the Authority’s mission statement: 

SWA MISSION STATEMENT:  The mission of Sweetwater Authority is to 
provide its current and future customers with a safe and reliable water supply through 
the use of the best available technology, sound management practices, public 
participation and a balanced approach to human and environmental needs. 

Leading to the following cost and non-cost evaluation criteria: 

 
 

1.4. The alternatives are then assigned a rating indicating suitability 
to advance to the Fine Screening round of review. 
Based on the Study’s evaluations, the Coarse Screening review has assigned an A/B/C/D ranking 
to each of the alternatives, with the rankings defined as shown in the table below. We recommend 
projects in Categories A and B be advanced to the Fine Screening round for further evaluation, 
and that projects in Category C be tabled for the present time but with the understanding these 
should be brought back for review if conditions change in their favor. We recommend projects in 
Category D be noted as having been considered but dismissed from further consideration. 

COARSE-SCREENING RATINGS CATEGORIES 

Rating / Category Description Action 

A. Promising Clear opportunity for benefit, further 
review will help refine and advance 

Advance to Fine Screening, with 
high priority 

B. Potential Potential benefit, further review required 
to confirm 

Advance to Fine Screening, lower 
priority 

C. Table Current conditions do not support project 
feasibility, but the balance could tip if 
conditions change in the future 

Do not advance now, but reevaluate 
in 5-10 years 

D. Dismiss Project is not feasible under current 
conditions and is unlikely to become so 
in the future 

Do not advance; conduct due-
diligence review in 10+ years 

EVALUATION CRITERIA 

• Economic analysis 
• Ratepayer Economy 

COST FACTORS 
(COSTS) 

• Supply Reliability 
• Water Quality 
• Environmental Sustainability 
• Customer Service 
• Best Practices for Efficiency and 

Effectiveness 

NON-COST FACTORS 
(BENEFITS) 
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1.5. Conditions have changed:  Water demands have gone down, 
and local supplies have gone up. 
Demands have gone down. 

From 2000 up until the Great Recession of 2008, Authority water deliveries (inclusive of non-
revenue water) averaged 23,000 acre-feet per year (AF/yr), and projections of future demands 
followed an upward trend. Fast forward to calendar years 2018 and 2019, the first a bit dryer than 
normal and the second a bit wetter, and Authority deliveries 
have declined to a current average of approximately 
17,000 AF/yr. This decline follows the effects of the Great 
Recession, periods of statewide mandatory water use 
restrictions, increases in water rates that have further 
incentivized water conservation efforts, and other changes.  

The Authority will be preparing new water demand 
projections as part of its 2020 Urban Water Management Plan, due July 1, 2021. The Study team 
would not be surprised if the new forecast indicates future demands flat or even decreasing 
slightly, notwithstanding projected increases in population and employment within the Authority 
service area. Even if the new forecast does indicate an increase, we believe the increase is 
unlikely to return the Authority to the past era of delivering 23,000 AF/yr. 

Local supplies have gone up. 

Over the same period of time, the Authority has implemented a major expansion of its local 
supply portfolio through the expansion of the Richard A. Reynolds Groundwater Desalination 
Facility, together with the expansion of the San Diego Formation wellfield that supplies the plant. 
The expansion increases the Authority’s average local water production to almost 16,000 AF/yr, 
and its highly reliable production to more than 8,000 AF/yr, as summarized in Table 1-1. 

TABLE 1-1.  Average and Reliable Production of Authority Local Supplies 

Source Year in 
Service 

Average Production RELIABLE Production 

Source 
(AF/yr) 

Cumulative 
(AF/yr) 

Source 
(AF/yr) 

Cumulative 
(AF/yr) 

1. Sweetwater River 1883 7,400 7,400 0 0 

2. National City Wellfield 1950s 2,100 9,500 2,100 2,100 

3. Reynolds Plant, original 2000 3,600 13,100 3,600 5,700 

4. Reynolds Plant expansion 1 2017 2,600 15,700 2,600 8,300 

1. Authority portion of expansion. The total expansion is shared 50-50 with the City of San Diego. 
 

The result is the Authority suffers from an oversupply of local water in wet years. 

The other San Diego area water agencies would love to have that problem. Water not used by the 
Authority in wet years may be held over in storage in Loveland and Sweetwater reservoirs, but 
becomes subject to storage losses. The local yield of the combined supplies could be more fully 
utilized if the Authority’s demands were higher, or if it accomplished the same end through 
participation in a Water Sales arrangement with one of its neighbors. The project alternative of 
Regional Sales Opportunities explores the possible merits of such an arrangement. 

Period Deliveries (AF/yr) 

2000-08 23,000 (average) 

2018 17,400 

2019 16,800 
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1.6. Project Ratings Summary:  Several of the options merit further 
evaluation. 

TABLE 1-2.  Project Ratings Summary 

Project Description Analysis 

Category A Projects:  PROMISING  (Advance to Fine Screening, with high priority) 

• Reservoir 
Water Quality 
Improvements 

Implement projects and/or 
practices to improve water 
quality in Sweetwater 
Reservoir. Possible 
measures include: 
a) Vertical mixing  
b) Blending / 

augmentation 
c) Selective dredging 
d) Nutrient reduction 
e) Treatment process 

improvements 

• Sweetwater reservoir experiences high algal 
productivity, anoxia, nutrient recycling, high 
manganese levels, and the production of taste and 
odor compounds. These conditions present 
treatment challenges and can result in consumer 
taste and odor complaints. 

• Coarse screening review has identified several 
opportunities for improvement. 

• Further analysis is needed to identify the most 
promising measures and to refine costs. 

• Storage Policy 
Revision 

Reduce the volume of 
water designated as 
emergency storage reserve 
in Loveland and 
Sweetwater reservoirs. 

• The revision would update policy that predates 
SDCWA’s Emergency Storage Project, the 
Authority’s Reynolds Plant, and other changed 
conditions. 

• The Authority would still have excellent supply 
reliability and resiliency. 

• The revised policy may allow the reservoirs to 
operate at lower levels under certain conditions, 
reducing evaporative losses. 

Category B Projects:  POTENTIAL  (Advance to Fine Screening, lower priority) 

• Indirect 
Potable Reuse 
Working 
Group 

Convene a working group 
with Otay Water District 
(Otay), the County, and 
possibly others to review 
current and future Pure 
Water opportunities. 

• Previous studies have found similar projects 
uneconomical, but water and wastewater 
management issues have continued to evolve and 
could lead to new opportunities. 

• Projects may have synergy with Sweetwater 
Reservoir water quality improvement 
opportunities. 

• Project economic feasibility may hinge on 
obtaining credit for avoided costs to the 
Metropolitan Wastewater system. 

• Regional Sales 
Agreement 

Enter into a water sales 
agreement with Otay 
allowing Otay to purchase 
treated water from the 
Authority. 
Otay would need to 
construct a pump station to 
lift water to its service 
area. 

• Additional water demands via regional sales 
could improve the operational efficiency of the 
Authority’s storage and treatment assets, reducing 
storage losses and improving Perdue plant 
operations.  

• The goal is a win-win, in which the Authority 
receives sales revenue and treatment efficiency 
benefits, and Otay obtains a reliable supply of 
treated water for its Central service area at 
advantageous costs. 
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Project Description Analysis 

• Loveland
Regional
Exchange

Construct facilities to 
convey water from 
Loveland Reservoir to 
either: 
A. Padre Dam MWD, in

conjunction with a new
Water Treatment Plant

B. El Capitan Reservoir
(City of San Diego)

C. Lake Jennings
(Helix WD)

• May provide transfer loss reduction benefits
similar to a Loveland to Sweetwater conveyance
project.

• Prospects for Option A merit review with Padre
Dam MWD; we recommend advancement to Fine
Screening.

• Options B and C appear uneconomical and do not
warrant further review at this time. Our ratings
for these specific options are presented in
Section 3.

Category C Projects:  TABLE  (Do not advance now, but reevaluate in 5-10 years) 

• Loveland to
Sweetwater
Conveyance

Construct a pipeline and 
appurtenant facilities to 
allow water from Loveland 
to be conveyed to 
Sweetwater without transit 
losses or environmental 
restrictions. 

• Economic feasibility has improved in comparison
to similar reviews from past decades, but costs,
even with modern construction techniques, still
exceed benefits by a significant amount.

• Future feasibility will improve if SDCWA rates
increase faster than the agency projects, and if the
Authority obtains higher levels of permit
certainty relative to endangered species and other
environmental resources.

• Reduce
Evaporation
via Solar
Panels

Install floating solar panels 
at Sweetwater Reservoir to 
generate power and to 
reduce evaporation via 
shading. 

• Floating solar panels are an evolving technology,
with limited installations to date.

• Steady water levels are preferred; fluctuating
levels such as at Sweetwater Reservoir would
pose a challenge for anchoring the panels.

• Shade provided by the panels would reduce
evaporation, and may improve water quality by
reducing algal productivity.

• Could adversely affect waterfowl and other
environmental resources.

Category D Projects:  DISMISS  (Do not advance; reevaluate in 10+ years) 

• Other
Evaporation
Reduction
Measures

Reduce evaporative losses 
through the use of shade 
balls or chemical films. 

• Existing technologies would be either ineffective
or impractical for Loveland and Sweetwater
reservoirs. Shade balls and chemical films are
best suited for smaller water bodies with steeply
banked sides, and not practical for the open water
bodies of the Authority’s reservoirs.

• Recycled
Water
Distribution
(Purple Pipe)

Develop a recycled water 
project. Obtain supply of 
Title 22 recycled water, 
construct purple pipe 
distribution system, and 
facilitate site retrofits to 
allow irrigation and 
industrial customers to 
utilize recycled water in 
lieu of potable water. 

• Project economics are unfavorable due to the
need to construct a separate distribution system in
an already developed service area, the seasonal
nature of irrigation demands, the sparseness of
large irrigation customers, and other factors.

• Recycled water development has mostly taken a
back seat to Indirect Potable Reuse (Pure Water)
projects, which avoid the need for new and
separate distribution systems.
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Project Description Analysis 

• Other Recycled
Water Options

Injection Option: Inject 
recycled water into the San 
Diego Formation 
groundwater aquifer along 
San Diego Bay to create a 
barrier to seawater 
intrusion. 
Reclamation Plant Option: 
Partner with Chula Vista 
or others to construct a 
water reclamation plant, 
together with a recycled 
water distribution system 

• The Authority’s draft Groundwater Sustainability 
Plan does not identify seawater intrusion as a 
problem in need of mitigation.

• Injected water would need to receive advanced 
treatment, including reverse-osmosis (RO), prior 
to injection, and upon extraction would again 
require RO treatment. Costs would be 
prohibitive.

• Previous studies have examined reclamation 
plant development options, and found that unit 
costs would be prohibitively high. Economic 
prospects for such a project have not improved. 

1.7. Document Outline 
The remainder of the briefing document is organized into sections presenting the Coarse 
Screening evaluation and ranking of each of the project alternatives. 

Section: Page 

• SECTION 2:  Loveland to Sweetwater Conveyance  ....................................  8 

• SECTION 3:  Loveland Regional Exchange  ..............................................  19 

• SECTION 4:  Recycled and Pure Water  ....................................................  26 

• SECTION 5:  Reservoir Water Quality Improvements  ..............................  35 
• SECTION 6:  Storage Policy Revision  .......................................................  42 

• SECTION 7:  Regional Sales Agreement  ...................................................  46 

• SECTION 8:  Reservoir Evaporation Reduction  ........................................  49 
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2. Loveland to Sweetwater Conveyance 
 

 

2.1. Overview and Ratings Summary 
This section reviews the feasibility of a Loveland to Sweetwater conveyance project. Such a 
project would construct a pipeline and appurtenant facilities to allow water to be released from 
Loveland Reservoir to Sweetwater Reservoir with minimal use of the stream channel, thereby 
reducing or eliminating transit losses. Based on the Coarse Screening review, we recommend the 
project be tabled for the present time, but brought back for review in 5 to 10 years or sooner if 
conditions change. Our overall rating is summarized below.  

Project Description Analysis Rating 

• Loveland to 
Sweetwater 
Conveyance 

Construct a pipeline 
and appurtenant 
facilities to allow 
water from 
Loveland Reservoir 
to be conveyed to 
Sweetwater 
Reservoir without 
transfer losses or 
environmental 
restrictions. 

• Economic feasibility has improved in 
comparison to similar reviews from past 
decades, but costs, even with modern 
construction techniques, still exceed 
benefits by a significant amount. 

• Future feasibility will improve if 
SDCWA rates increase faster than the 
agency projects, and if the Authority 
obtains higher levels of permit certainty 
relative to endangered species and other 
environmental resources. 

C / TABLE 
(Do not 
advance now, 
but reevaluate 
in 5-10 years) 

Summary: 
• Goal is to reduce transfer losses and relieve environmental restrictions:  A 

Loveland Reservoir to Sweetwater Reservoir conveyance system 
(hereafter, “Loveland to Sweetwater conveyance”) would replace current 
transfer operations via the Sweetwater River, reducing transit losses and 
relieving environmental constraints to transfer operations. 

• Value of recoverable transfer losses is considerable:  We estimate the 
project could increase the Authority’s beneficial yield by 1,200 AF/yr, 
providing a present-worth value of up to $50 million. 

• Prospects have improved, but not yet cost-effective:  Project prospects 
have improved in comparison to past decades, but project costs, even with 
modern construction techniques, still exceed benefits by a wide margin.  

• Table project, but revisit in 5 to 10 years:  We recommend the project be 
tabled for the present time, but brought back for review in 5 to 10 years or 
sooner if conditions change. Prospects could improve if SDCWA rates 
increase faster than current forecasts, and if the Authority is successful in 
its efforts to complete related habitat management and endangered 
species permitting processes with state and federal resource agencies. 
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2.2. Loveland to Sweetwater transfer operations incur losses. We 
estimate a conveyance facility could reduce these losses and 
increase local yield by approximately 1,200 AF/yr. 
Local runoff captured at Loveland Reservoir 
is usable by the Authority only after it has 
been transferred downstream to Sweetwater 
Reservoir via 17 miles of the Sweetwater 
River, and subsequently pumped to the 
Authority’s Perdue WTP. The Authority 
plans and implements transfers in accordance 
with a detailed Standard Operating Procedure 
designed to minimize transit losses, protect 
environmental resources in and along the 
river channel, and protect private property 
affected by high river flows. Transfer 
operations require coordination with State 
and Federal resource agencies to protect the 
Arroyo Toad, which is listed as an 
endangered species under the Endangered 
Species Act.  

To minimize transit losses, the Authority generally waits until there is a substantial volume of 
runoff accumulated in Loveland and available for transfer, at least 7,500 AF or more, and until 
recent storms have watered the river channel and increased the level of saturation of the river 
valley’s alluvial deposits. These conditions are most likely to arise in the winter or spring. Once 
conditions are ripe, the Authority implements a transfer at a high rate of flow designed to transfer 
the water in as short a time as practicable, typically a period of one to three weeks.  

Even with these precautions, the Authority loses approximately 2,000 AF of each transfer event 
to percolation. Statistically this works out to an average loss of 20 percent of the release volume. 
In practice however the actual loss is closer to a fixed amount than a fixed percentage, such that 
higher release volumes result in lower percentage losses, and lower release volumes result in 
higher percentage losses. Summary data on average releases and losses per release event and on 
an annual average basis is summarized in Table 2-1. 

TABLE 2-1:  Loveland Reservoir Historical Transfer and Loss Data 1945-2019 

Parameter 
Quantity 

Notes Average  
Per Event 

Average 
Annual 

Beneficial Release 10,300 AF/yr 5,220 AF/yr Excludes releases coincident with 
spills at Sweetwater Reservoir 

Adjusted Transit Loss 2,040 AF/yr 1,040 AF/yr Excludes losses coincident with 
spills at Sweetwater Reservoir 

Average Loss Percentage 1 20% 1 20% 1 Adjusted loss as % of beneficial 
releases 

1.  See discussion of average losses in above paragraph 
 

 
Loveland Releases.  Flow releases from Loveland 
Reservoir are made via the dam’s lone control 
valve (the Bunger valve). The Authority plans and 
implements transfers in accordance with a detailed 
Standard Operating Procedure. 
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The construction of a Loveland to Sweetwater conveyance project could, depending on its sizing 
and other details, eliminate most of the average transit losses incurred, increasing the Authority’s 
beneficial yield by a like amount. The actual increase in yield attainable by a project will depend 
on several additional factors, including: 

• Project Sizing and Siting Considerations:  Project economy will favor sizing a conveyance 
pipeline to have capacity sufficient for most but not all years, foregoing the ability to handle 
high-volume flows that occur in only the wettest years. Likewise, the same economy 
considerations will favor starting the pipeline a mile or two downstream of Loveland Dam, 
foregoing recovery of a small amount of water that might be lost in transit through this steep, 
rocky, and rugged reach, but saving the large expense of pipeline construction in these 
conditions. 

• Avoidance of River Flow Environmental Constraints:  A conveyance project may reduce 
the frequency with which planned releases are delayed or cancelled on account of 
environmental constraints associated with the Arroyo Toad and other conditions. 

• Demand Limitations:  With demands having declined, and with local groundwater supplies 
having increased, the Authority no longer has the same capacity to utilize local surface water 
as it has historically, at least not as an offset to expensive purchases from SDCWA. 

• Reduced Evaporation Losses:  A conveyance facility would reduce net system evaporative 
losses by allowing water to be stored in Loveland Reservoir and released to Sweetwater 
Reservoir on a just-in-time basis for use at the Perdue plant. This is in contrast to the current 
practice of moving all of the available water to Sweetwater Reservoir in the winter or spring. 
Because evaporative losses at Loveland Reservoir are half of those at Sweetwater Reservoir 
as a percent of volume stored basis, this would reduce net evaporation losses. 

Considering the above factors, we estimate a conveyance project sized, sited, and operated as 
further described later in this section would increase the Authority’s usable local yield by 
approximately 1,200 AF/yr, as tallied in Table 2-2. The adjustment values listed in the table are 
preliminary estimates generated at the Coarse Screening level of detail, and are subject to 
refinement. More detailed analysis than has been conducted for Coarse Screening would be 
necessary to refine these values. Nevertheless, the analysis provides a reasonable estimate of 
increased yield for use in the Coarse Screening process. 

TABLE 2-2:  Loveland to Sweetwater Conveyance – Estimated Increased Yield 

Item Value / 
Adjustment Notes 

Baseline Average Transit Loss 1,040 AF/yr per Table 2-1 

ADJUSTMENTS   

• Sizing and Siting  -260 AF/yr Assumes 75% recovery of losses 

• Environmental Constraints 260 AF/yr Credit for avoidance of 5% reduction in 
average annual beneficial releases 

• Demand Limitations -100 AF/yr Current demand constraints limit use 

• Transfer Timing Adjustment 250 AF/yr Net reduction in evaporative losses* 

TOTAL (rounded) 1,200 AF/yr Subject to refinement 

*  Assumes 5% reduction in evaporative loss of an average transfer volume of 10,000 AF occurring in 50% of years 
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2.3. The potential increase in local yield has a net present value of 
approximately $50 million. 
Increased local yield arising from a Loveland to Sweetwater conveyance project would allow the 
Authority to reduce its purchases of raw water from SDCWA. The SDCWA “All-In” Raw water 
rate (inclusive of rolling fixed charges) for CY2020 is approximately $1,400/AF. For local 
surface water yield, the Authority incurs unit treatment costs greater than for treating SDCWA 
raw water. For the Coarse Screening review, we have assumed the additional treatment cost is 
$100/AF. This reduces to $1,300/AF the net value to the Authority of the avoided SDCWA 
purchase. Using this adjusted unit value, and assuming an average annual increase in yield of 
1,200 AF/yr, the annual benefit at current SDCWA rates is $1.56 million per year. 

To calculate net present value, we have assumed the Authority would incur a melded cost of 
funds of 2.5 percent per year, reflecting current low interest rates and the reasonable likelihood 
the project would qualify for Drinking Water State Revolving Fund or similar low-interest 
financing assistance. 

In addition, we project SDCWA rates will escalate at a pace greater than inflation for the next ten 
years, and thereafter at the rate of inflation. This assumed escalation of SDCWA rates increases 
the net present value of the avoided costs because the annual savings amount keeps increasing 
over time. Assuming inflation will run at 2.5%/yr, we project SDCWA rates will inflate at a pace 
of inflation plus 1.5% (= 4%/yr) for the next 10 years, and thereafter at the rate of inflation. 
Discounted at the melded project interest rate of 2.5%/yr, this series of escalating costs has a 
present worth factor (PWF) over thirty years equal to 33.8, 60 percent higher than the present 
worth factor without rate escalation. With escalation, the net present value of the yield benefits 
would be a bit more than $50 million. Net present value calculations are summarized in 
Table 2-3. The table brackets the assumed 1,200 AF/yr yield benefit with reasonable high and 
low ranges to reflect the preliminary nature of the Coarse Screening analysis. 

TABLE 2-3:  Net Present Worth of Increased Yield 

SDCWA Rate 
Scenario 

PWF 
(30 yrs) 

First-Year  
Unit Value 

Average Recoverable Loss Volume (AF/yr) 

1,000 1,200 1,400 

Un-escalated 20.9 $1,300/AF $27M $33M $38M 

Escalated 33.8 $1,300/AF $44M $53M $62M 
 

2.4. We think the most economical version of a Loveland to 
Sweetwater conveyance project would look like this. 
Previous Loveland to Sweetwater conveyance feasibility studies have sized the project to provide 
capacity equal to that of the Perdue WTP, 30 mgd, so as to provide full redundancy for 
Sweetwater Reservoir and the Authority’s SDCWA connections. Those studies also sought to 
connect directly to the Perdue plant, in lieu of delivering to the head of Sweetwater Reservoir. 
Facilities in this size range and spanning that distance were found to be uneconomical. 

For the current study, we have focused on sizing and siting a conceptual conveyance facility with 
economy as a primary driver. Our conceptual project configuration is illustrated in Figure 2-1.   
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FIGURE 2-1:  Loveland to Sweetwater Conveyance Project Concept 
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Key aspects of our conceptual project design are summarized in Table 2-4.  

TABLE 2-4:  Key Aspects of the Conceptual Design 

Item Description / Notes 
Aides 

Project 
Economy? 

Pipeline Sizing / 
Flow Capacity 

24/20 inch pipeline / 12,500 AF/yr capacity 
Our concept design uses mostly 24-inch pipeline, except for the 
Sloan Canyon Road reach which uses 20-inch pipeline to ease 
construction difficulties in this challenging reach. This sizing 
provides a flow capacity1 of approximately 17 cubic feet per second 
(11 mgd), capable of conveying 12,500 AF over the course of a 
year.  
This capacity would be sufficient to fully convey all but the top 
quartile of the Loveland annual release volumes that have occurred 
since 1945. The largest release events, representing 10 occurrences 
in the last 75 years, would exceed the capacity of the conveyance 
facility. In these years, the extra water could either be retained in 
Loveland if capacity is available, or released to Sweetwater 
Reservoir via the river channel as with existing practice.  
The concept sizing appears to be at or about the sweet spot for 
project economy. A facility sized an increment smaller would see a 
reduction in benefits greater than its reduction in costs. Likewise, a 
facility sized an increment larger would see an increase in costs 
greater than its increase in benefits. 

 

Pipeline 
Material and 
Pressure Class 

High-Density Polyethylene (HDPE), low-pressure 
We have assumed the use of heat-fused HDPE pipe for most of the 
alignment, with alternative materials utilized for sharp bends and 
other locations where HDPE may not be suitable. 
Our conceptual design operates by gravity, with an upstream flow 
control hydraulic design that minimizes pipeline working pressures 
throughout the alignment. 

 

Intake Type 
and Location 

Diversion Dam two miles below Loveland Dam 
The starting point for the pipeline is approximately 2.2 river miles 
downstream of Loveland Dam. Starting the pipeline here, rather 
than at Loveland Dam, foregoes recovery of a small amount of 
water that might be lost in transit through this steep, rocky, and 
rugged reach, but saves the large expense of pipeline construction in 
this difficult reach of the canyon. Intake to the pipeline is 
accomplished with a small diversion dam, similar to the Authority’s 
Urban Runoff Diversion System (URDS) diversion dam upstream of 
Sweetwater Reservoir. 

 

Outlet Location Upstream entry to Habitat Management Plan (HMP) area 
Our design foregoes extending the pipeline all the way to the Perdue 
plant, and instead discharges to the river channel at the upstream 
entrance to the Sweetwater Reservoir HMP area. This reduces the 
pipeline length by approximately 4.2 miles in comparison to 
connecting to the Perdue plant. 

 

Total Length Approximately 75,000 feet (14.2 miles)  
Notes: 
1. The calculated flow capacity is based a pipeline energy slope of 5.0 feet per 1,000 ft., a hydraulic equivalent 

internal pipe diameter of 23.1 inches for the hybrid sizing indicated, and a Hazen-Williams friction factor “C” 
equal to 125. 



GILLINGHAM WATER 14 May 20, 2020 

2.5. Trenchless Construction, including Horizontal Direction Drilling, 
is technically feasible but not economical in this instance. 
The Coarse Screening review has considered the applicability to the project of trenchless 
construction methods, including conventional tunneling and Horizontal Direction Drilling, or 
HDD. We have considered trenchless options both to 1) reduce pipeline length, and 2) minimize 
disturbance to environmental, cultural, and other sensitive resources within Sloan Canyon road 
and possibly other locations. 

Conventional tunneling uses tunnel 
boring machines (TBMs) or drill 
and blast techniques, and requires 
internal diameters large enough for 
worker access. HDD utilizes drilling 
and reaming methods to open a 
passage through which a pipeline is 
then pulled, and accommodates 
small and modest diameter pipelines 
in the size range of the conceptual 
project design.  

Opportunities to Reduce Pipeline Length 

The conceptual alignment presents one significant opportunity to reduce pipeline length via 
trenchless construction. This opportunity is illustrated in Figure 2-1, and is represented as the 
blue line alignment that shortcuts the roadway route north to Dehesa Road and around the 
Singing Hills golf course. The roadway route around this reach has a length of approximately 
28,000 feet. In comparison, the trenchless shortcut segment has a length of approximately 10,000 
feet, reducing the length of the full alignment by approximately 18,000 feet.  

Even though the trenchless route saves considerable distance, our review indicates its costs would 
far exceed those of the conventional route. The high cost of the trenchless option arises in part 
from the need to drill or tunnel through hard rock for most of the alignment. Our conceptual 
construction cost estimates for these segments are summarized in Table 2-5.  

TABLE 2-5:  Conventional and Trenchless Costs for Shortcut Alignment Option 

Method Length Unit Cost 
(24-inch pipe) 

Construction Line 
Item Cost  

(before mark-ups) 
Notes 

Conventional 28,075 ft. $550/ft. $15,000,000 Open-cut construction in roads 

Trenchless 10,150 ft >$3,000/ft. >$30,000,000 Conventional tunnel or HDD 
 

The costs shown in the table for the conventional open-cut construction include traffic control, 
noise and dust mitigation, and other standard construction mitigations, and our review has not 
identified any significant constraints for the conventional route that would warrant significant 
costs to avoid. Our conclusion at this conceptual level of review is that project economics are 
unlikely to favor trenchless construction for the purpose of reducing pipeline length. 

 
Horizontal Direction Drilling.  HDD is most commonly 
utilized to cross under areas with constraints to open-cut 
pipeline construction, such as waterways, railroad tracks, 
major highways, and environmentally sensitive areas.  
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Opportunities to Minimize Disturbance to Environmental and Cultural Resources 

The other reason to consider the use of trenchless technology is to avoid significant disturbance to 
environmental, cultural, and other sensitive surface features that would be adversely affected by 
conventional open-cut construction. The portion of the alignment in Sloan Canyon is the most 
likely reach to exhibit these constraints. HDD could be a preferred technology in this instance.  

Even with industry advances in HDD technology, unit costs for this application in this pipe 
diameter are still likely to exceed conventional open-cut costs by a significant margin. 
Nevertheless, by offering a way around obstacles that may otherwise jeopardize the project’s 
ability to receive environmental permits, HDD may be an integral part of a project configuration. 
We have included an allowance for reaches of HDD construction in our project cost estimate. 

2.6. Easement acquisition may be required for four parcels in Sloan 
Canyon. 
The pipeline is in roadway for its entire length, from east to west: Sloan Canyon Road, Dehesa 
Road, Willow Glen Drive, Jamacha Road, Campo Road, and El Tae Road. Except for Sloan 
Canyon Road and El Tae Road, the routes are paved and are in publicly owned right-of-way. 
Sloan Canyon Road and El Tae Road in contrast are mostly unpaved improved dirt, and are 
mostly in easements across private, tribal, and governmental parcels.  

The Authority maintains easement rights, including rights for pipeline construction, across most 
but not all of the non-dedicated parcels. In review of easement documents provided by the 
Authority and through investigations at the San Diego County Assessor’s Office, the Coarse 
Screening review was unable to identify Authority easement rights for four parcels crossed by 
Sloan Canyon Road. Easements for these four parcels may need to be obtained from their owners. 
The parcels are identified in Figure 2-2.  

FIGURE 2-2:  SWA Sloan Canyon Road Easement Status 
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2.7. Environmental permitting appears achievable, but will require 
considerable time and expense.  
Given its location in and along the environmentally rich riparian corridor of the Sweetwater 
River, we anticipate the conceptual project design would entail extensive environmental review 
and coordination, extending the schedule and cost for a project. Our review of environmental 
issues at the Coarse Screening level has identified the following summary points: 

• Sensitive Species Constraints:  The alignment and structures associated with a pipeline 
would affect habitat for sensitive plant and animal species, including critical habitat for 
arroyo toad, and least Bell’s vireo. Surveys conducted by SWA in recent years (such as one 
documented in a 2017 memo by AMEC Foster Wheeler) confirmed presence of arroyo toad 
in Sloan Canyon. The presence of these species is likely to result in the imposition of 
seasonal schedule, construction footprint, and other limitations, and the requirement for 
compensatory mitigation for project impacts.  

• Possible Opportunities for Environmental Benefit:  There may be opportunities to create a 
net benefit for some species, such as the arroyo toad, based on design and operation of the 
project facilities. Such opportunities are highly speculative at this time, and would require 
further investigation to develop a better understanding of their feasibility. 

• Cultural and Tribal Resources:  The pipeline alignment crosses areas of sensitive cultural 
and Tribal resources. Consultation with tribes will be critical to project success, and options 
that could reduce impacts (such as minimizing or eliminating ground disturbance) could help.  

• Schedule and Budget:  The timeline and expense to obtain environmental clearance for a 
pipeline project would be considerable. The approval process would be complex, involving 
numerous agencies and stakeholders. Conceptual costs for environmental compliance and 
mitigation are included in the project cost estimate. 

2.8. Hydroelectric generation would not be a cost-effective addition. 
We have briefly considered whether the addition of hydroelectric capability to the project would 
be cost effective, and perhaps improve the overall feasibility prospects of a conveyance project. 
Our preliminary conclusion is that it would not, with the additional cost of the facilities required 
far outweighing the benefit of the power generation achieved.  

The largest share of the additional cost would arise from the need to oversize the pipeline 
diameter to preserve generating head, and to significantly strengthen the pipeline to handle the 
very large operating pressures entailed, as much as 500 psi in the lower reach of pipeline above 
Sweetwater Reservoir. We estimate this, together with the costs of a hydroelectric facility1 and 
other design changes, would add at least $50 million in costs. In comparison, we estimate annual 
average hydroelectric revenues would be approximately $350,0002 per year, providing a net 
present value over 30 years with escalating power rates of approximately $10 million.  

 
1  Utilization of the Authority’s existing hydroelectric facility at the Perdue plant would require the conveyance 

pipeline be extended an additional 4.2 miles beyond its planned termination. This would not be cost-effective. 
2  Power generation assumes an average flow of 5,000 AF/yr, a power drop of 500 feet, water to wire generation 

efficiency of 75 percent, and an average value of generated power of $0.19/kWh. 
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2.9. We estimate project capital costs will be on the order of 
$95 million, and that total life-cycle costs, inclusive of annual 
costs and upkeep, will be on the order of $125 million. 
Capital Costs 

Our Coarse Screening level estimate of project capital costs is summarized in Table 2-6. The 
estimate is in 2020 dollars, and is based on our professional judgement and on average market 
conditions over the past year. The estimate is subject to inaccuracies arising from the conceptual 
level of review completed; we estimate actual costs may be as much as 30 percent lower, or as 
much as 50 percent higher than our total. 

TABLE 2-6:  Conceptual-Level Estimate of Project Costs 
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Annual and Life-Cycle Costs   

In addition to capital costs, the project would also incur annual costs for operations, maintenance, 
repair, and replacement of aging facilities. At the Coarse-Screening level of review, we estimate 
annual costs will amount to approximately $1.0 million per year, based on 1.5 percent of the 
project construction cost. Accounting for annual inflation, the annual costs would have a net 
present value over thirty years of approximately $30 million. The project’s overall total lifecycle 
costs, inclusive of capital and annual costs, would be approximately $125 million. 
 

2.10. Summary Findings and Recommendations:  The project is not 
ready for prime time, but is worthy for reevaluation within five to 
ten years or sooner if conditions change.  
With total life-cycle costs more than twice the benefits, the project is unfavorable economically. 
Environmentally, further investigation might determine there is opportunity for the project to 
provide benefit to Arroyo Toads and other species by better controlling flow regimes on the 
Sweetwater River, but might also determine the project could cause environmental harm. 

We recommend the project be tabled for the present time, but brought back for review in five to 
ten years or sooner if conditions change. The key factors that could improve project prospects in 
the future include the following: 

• SDCWA Rate Escalation:  Project prospects would improve if SDCWA rates increase 
faster than current forecasts. This would further increase the value of local water, and 
increase the life-cycle benefit to the Authority of the increased local yield that would be 
developed by a conveyance project.   

• Improved Environmental Certainty:  Project prospects could improve if the Authority 
is successful in its efforts to complete related habitat management and endangered species 
permitting processes with state and federal resource agencies. Resolution of these matters 
would provide a higher degree of certainty of the potential environmental constraints and 
benefit opportunities of a conveyance project. 

• Grant Funding:  Project prospects would improve if the Authority were able to secure 
grant funding to reduce its cost for the project. 
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3. Loveland Regional Exchange 
 

 

3.1. Overview and Ratings Summary 
This section reviews the feasibility of various Loveland Regional Exchange options. These are 
projects under which the Authority would convey local Loveland Reservoir water north to one of 
three potential partner agencies: A) Padre Dam, via delivery to the agency’s higher-elevation 
Eastern Service Area; B) the City of San Diego, via delivery to El Capitan Reservoir; or C) Helix 
Water District (Helix), via delivery to Lake Jennings. The partner agency would utilize the local 
water in exchange for a like amount of SDCWA water delivered to the Authority. The 
arrangement could be of mutual benefit if the partner agency could obtain local water at a price 
advantage relative to purchasing SDCWA water, and if the Authority could reduce Loveland 
Reservoir transfer losses at an economical cost. 

Based on the Coarse Screening review, we find an exchange opportunity with Padre Dam MWD 
has sufficient prospects for mutual benefit to warrant advancing to Fine Screening. Our overall 
category rating is summarized below. More detailed ratings of the opportunities available with 
each of the specific partner agencies are presented later in this section.  

Project Description Analysis Rating 

 Loveland 
Regional 
Exchange 

Construct facilities to 
convey water from 
Loveland Reservoir to 
either: 
A. Padre Dam MWD, in 

conjunction with a new 
Water Treatment Plant  

B. El Capitan Reservoir 
(City of San Diego), or  

C. Lake Jennings  
(Helix WD), 

 May provide transfer loss 
reduction benefits similar to a 
Loveland to Sweetwater 
conveyance project. 

 Prospects for Option A merit 
review with Padre Dam; we 
recommend advancement to 
Fine Screening. 

 Options B and C appear 
uneconomical and do not merit 
further review at this time. 

B / POTENTIAL  
(Advance to Fine 
Screening)  
(Option A only) 

Summary: 
 Project could increase local yield to the Authority:  The project concept is to 

construct facilities to convey water from Loveland Reservoir north to one or 
more of three potential partner agencies, and enter into agreements with 
the parties to exchange local water for SDCWA water. The Authority could 
benefit from reduced Loveland Reservoir transfer losses and increased 
local yield in the same manner as for a Loveland to Sweetwater 
Conveyance project. 

 A cooperative project with Padre Dam Municipal Water District (Padre 
Dam) merits further review:  A project to convey Loveland Reservoir water 
to Padre Dam has potential for mutual advantage, and merits advancement 
to the Fine Screening for further review. Other options appear 
uneconomical and should be tabled. 
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3.2. Project economic benefits would be similar to those of the 
Loveland to Sweetwater Conveyance project, providing a net 
present value to the Authority of up to $50 million. 
As described in Section 2, we estimate a Loveland to Sweetwater conveyance project could 
increase average local yield by approximately 1,200 AF/yr, providing a net present value to the 
Authority over thirty years of up to $50 million. A Loveland Regional Exchange project could 
produce economic benefits to the Authority of approximately this same amount. In comparison to 
a Loveland to Sweetwater Conveyance project, we estimate the project’s potential to reduce 
transit losses to be slightly higher, but the value per acre-foot to be slightly lower due to the need 
to share some of the benefit with the partner agency. We estimate these factors approximately 
offset each other, resulting in potential project value to the Authority of up to $50 million. 

3.3. The project would include a pump station and pipeline, and for 
the Padre Dam option a water treatment plant. 
Key elements of our conceptual project design are summarized in Table 3-1, below, and 
illustrated in Figure 3-1 on the next page. 

TABLE 3-1:  Loveland Regional Conveyance Project Elements 

Element / Description Option A: 
Padre Dam 

Option B: 
El Capitan 

Option C: 
Jennings 

Capacity 
Options B and C appear capable of utilizing flows at the 
same 12,500 AF/yr rate as for the Loveland to Sweetwater 
Conveyance (see Section 6). We have downsized Option A 
to accommodate for Padre Dam’s lower demands. 

26,000 ft. 
18-inch 

40,000 ft. 
24-inch 

71,000 ft. 
24-inch 

Loveland Pump Station 
The project requires a challenging Loveland Reservoir 
pump station with a total lift of approximately 550 feet and 
motor capacity of up to 1,400 hp depending on the option. 
The facility would require very deep pump shafts so as to 
be capable of reaching the reservoir at low water levels, 
and would require an outlet works facility connected to the 
pump shafts via tunnel or deep excavation.  

1,000 hp 1,400 hp 1,400 hp 

Pipeline  
Pipeline lengths vary by option. The initial approximately 
20,000 feet of pipeline leaving the pump station would be 
welded steel, thereafter transitioning to HDPE or PVC. 
Pipeline diameters would be either 18-inch or 24-inch 
depending on option. 

26,000 ft. 
18-inch 

40,000 ft. 
24-inch 

71,000 ft. 
24-inch 

Water Treatment Plant (WTP) 
Option A would require a WTP to treat the water for 
potable consumption in the Padre Dam service area.  

 none none 

Exchange Agreement 
Each option would entail an exchange agreement between 
the Authority and the partner agency, with participation of 
SDCWA to facilitate the exchange accounting. 

   
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FIGURE 3-1:  Loveland Regional Exchange Concept Overview 
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3.4. Environmental compliance requirements for an exchange 
project might be simpler than for a Loveland to Sweetwater 
Conveyance.  
The environmental compliance requirements for a Loveland to Sweetwater Conveyance project 
are reviewed in Section 2, and include considerable efforts for the protection of cultural and 
biological resources and cost allowances for mitigation. In comparison, a Loveland Exchange 
project may result in a simpler and less costly compliance process. Factors favoring the Exchange 
project include the avoidance of construction within the sensitive area downstream of Loveland 
Dam along Sloane Canyon Road, and avoiding use of the Sweetwater River for conveyance of 
flows to the Conveyance project’s diversion dam.  

3.5. Project costs for Options B and C are comparable to or higher 
than for the Loveland to Sweetwater Conveyance project. Costs 
for Option A (Padre Dam) may be more favorable.  
Our Coarse Screening review has not developed detailed cost estimates for the alternatives, but 
has gaged costs in comparison to the costs presented in Section 2 for the Loveland to Sweetwater 
Conveyance project. Cost comparisons are summarized in Table 3-2.  

TABLE 3-2:  Comparative Project Costs 

Element / 
Description 

Reference  
(Loveland to 
Sweetwater) 

Option A: 
Padre Dam 

Option B: 
El Capitan 

Option C: 
Jennings 

Capital 
Costs 

~$95M 
(See Section 
2.9 for detail) 
 

Possibly Less 
The much shortened 
pipeline may lead to 
lower overall costs 
even with the added 
need for a pump 
station. The sizing 
and cost of a WTP 
may be the deciding 
factor. 

Comparable 
Cost savings for 
the shortened 
pipeline are likely 
mostly offset by 
the costs of the 
pump station. 

Higher 
The pipeline length 
is almost as long, 
and the addition of 
the pump station 
will likely drive 
overall costs to a 
level higher than 
the Loveland to 
Sweetwater project. 

Annual 
Costs 
(net 
present 
value) 

~$30M 
(See Section 
2.9 for detail) 

Higher 
Lower pipeline 
costs are offset by 
pump station costs, 
plus pumping power 
may add up to 
$15M in life-cycle 
costs. 

Much Higher 
Lower pipeline 
costs are offset by 
pump station costs, 
plus pumping 
power may add up 
to $20M in life-
cycle costs. 

Much Higher 
Comparable 
pipeline costs, plus 
pump station costs, 
plus pumping 
power may add up 
to $20M in life-
cycle costs. 

Overall 
(Life-
Cycle) 

~$125M 
(See Section 
2.9 for detail) 

Comparable 
Possibly lower 
capital costs may be 
offset by increased 
annual costs. 

Higher 
Comparable 
capital costs, but 
increased annual 
costs. 

Much Higher 
Higher capital and 
annual costs. 
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3.6. Potential benefits to the partner agencies vary.  
Potential partner agency benefits are summarized in Table 3-3. The potential benefits to Padre 
Dam are the most intriguing, and together with the possible lower cost of Option A may provide 
the best opportunity for favorable project economics. The confirmation and assessment of 
possible emergency storage benefits to Padre Dam would require further investigation.  

TABLE 3-3:  Potential Partner Agency Benefits 

Element / Description Option A: 
Padre Dam 

Option B: 
El Capitan 

Option C: 
Jennings 

Partner Agency Potential Benefits 
For each of the options, the exchange 
arrangement presumably would be structured 
to provide the partner agency with a net 
discount on water costs relative to SDCWA 
purchases. Padre Dam MWD might also 
benefit from reduced pumping costs to lift 
SDCWA water to their higher elevation 
Eastern Service Area, and from having an 
additional emergency supply for that same 
area. Further review is needed to confirm 
these potential benefits. 

• Water 
Purchase 
Cost Savings 

• Reduced 
Pumping 

• Emergency 
Supply? 

• Water 
Purchase 
Cost Savings 

• Water 
Purchase 
Cost Savings 

 

3.7. Summary Findings and Recommendations:  Option A merits 
advancement to Fine Screening to allow for review with Padre 
Dam. 
Our summary ratings for each of the three Loveland Regional Exchange options are summarized 
in Table 3-4 on the next page, and further described below. 

Option A – Padre Dam MWD 

Option A, a potential cooperative venture with Padre Dam, is the most promising of the three 
options reviewed. The project requires only 26,000 feet of pipeline, in comparison to 75,000 for a 
Loveland to Sweetwater Conveyance project, but gives back at least some of that cost advantage 
with the need for a challenging pump station at Loveland Reservoir, and by the need for a Water 
Treatment Plant to treat water for use in Padre Dam’s Eastern Service Area. Further, the 
economics of a Water Treatment Plant are complicated by the inability of Loveland Reservoir to 
provide a fully reliable year-to-year supply. 

Possibly offsetting these cost challenges is the potential for the project to allow Padre Dam to 
avoid significant pumping costs it incurs to pump SDCWA water to its higher elevation Eastern 
Service Area, and to provide an additional source of emergency supply for this area. These 
benefits warrant review with Padre Dam to better gage their value, and accordingly we 
recommend Loveland Exchange Option A advance to Fine Screening for that purpose. 
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TABLE 3-4:  Loveland Regional Exchange Options 

Project Description Analysis Rating 

 Loveland to 
Padre Dam 
Exchange 

Convey water from 
Loveland Reservoir to 
the upper elevation 
service zones of Padre 
Dam MWD, for use as 
potable supply. Major 
project elements would 
include a pump station, 
approximately 26,000 
feet of pipeline, and a 
Water Treatment Plant. 

 Project life-cycle costs appear 
similar to a Loveland to 
Sweetwater conveyance 
project, but additional benefits 
may accrue to Padre Dam from 
reduced pumping costs and 
increased emergency storage 
reserves. 

 Project prospects merit review 
with Padre Dam. 

B / POTENTIAL  
(Advance to Fine 
Screening) 

 Loveland to 
El Capitan 
Exchange 

Convey water from 
Loveland Reservoir to 
the City of San Diego’s 
El Capitan Reservoir. 
Major project elements 
would include a pump 
station and 40,000 feet of 
pipeline. 

 Benefits are negatively affected 
by El Capitan already having 
surplus wet-year supply and 
operating under a State-ordered 
restricted high water level. 

 Life-cycled costs are higher 
than for a Loveland to 
Sweetwater project, well in 
excess of project benefits. 

 Future prospects could improve 
if the City upgrades El Capitan 
dam to remove the water level 
restriction. 

C / TABLE 
(Do not advance 
now, but 
reevaluate in 5-10 
years) 

 Loveland to 
Jennings 
Exchange 

Convey water from 
Loveland Reservoir to 
the Helix Water 
District’s Lake Jennings. 
Major project elements 
would include a pump 
station and 71,000 feet of 
pipeline. 
. 

 May provide transfer loss 
reduction benefits similar to a 
Loveland to Sweetwater 
conveyance project.  

 Project life-cycle costs far 
exceed present-worth value of 
benefits. 

D / DISMISS 
(Do not advance; 
reevaluate in 10+ 
years or if 
conditions 
change) 

 
 

Option B – El Capitan Reservoir (City of San Diego) 

Option B, a potential cooperative venture with the City of San Diego, appears likely to have life-
cycle project costs higher than for a Loveland to Sweetwater Conveyance project, with no 
corresponding increase in benefits. We find it likely that economic benefits for this option will be 
negatively affected by El Capitan Reservoir already having a surplus of inflows in wet years that 
would be compounded by the transfer of wet year flows from Loveland, and by the potential for 
this wet-year surplus situation to be exacerbated by the City’s planned development of its Pure 
Water project. Also, El Capitan Reservoir operates under a restricted high water elevation order 
issued in 2015 by the California Division of Safety of Dams, still further compounding the wet 
year surplus constraint.  

For these reasons, we recommend the option be tabled for the present time. Possible future 
conditions that might lead the option to merit reevaluation include the City making improvements 
to El Capitan dam sufficient for the state to rescind its operating restrictions, downsizing or 
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cancelation of the City’s Pure Water project, and an unfavorable outcome to further investigations 
for Option A above. 

Option C – Lake Jennings (Helix Water District) 

Option C, a potential cooperative venture with the Helix Water District, appears likely to have 
life-cycle project costs much higher than for a Loveland to Sweetwater Conveyance project, with 
no corresponding increase in benefits. We recommend the project be dismissed from further 
consideration at this time. 
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4. Recycled and Pure Water 
 

 

4.1. Introduction / Setting 
Recycled Water Development History, Abridged 

Over the past generation recycled water projects – projects for the distribution and use of non-
potable tertiary treated wastewater to primarily irrigation customers – have been implemented by 
many San Diego area water agencies. These projects have served as an offset to imported water 
purchases, and have represented a water management ethic based on efficient and sustainable 
utilization of available water resources. 

The most cost-effective of these projects have been those developed in conjunction with new 
development, in which development could be conditioned to install dual distribution systems 
(potable and recycled), and in which this infrastructure could be installed in unpaved roads free of 
traffic. Other projects that have lacked those particular advantages have achieved cost-feasibility 
through having easy access to recycled supplies, and numerous large potential recycled customers 
in close proximity, so as to limit the costs of the distribution system infrastructure needed.  

With the region now approaching land use buildout, and with the most cost-effective recycled 
water projects having been developed, additional recycled water development has slowed. This 
slow-down is partly a reflection of the economic difficulties of further recycled water 
development, and partly a reflection of the technological and regulatory developments that have 
paved the way for indirect potable reuse, also known as Pure Water.  

Summary: 
• Pure water ascendant:  Over the past decade, efforts to reuse wastewater 

in California have shifted away from non-potable purple-pipe recycled water 
projects and toward indirect potable reuse, or Pure Water. These projects 
allow more complete recovery of the wastewater resource for beneficial 
use, and avoid the need for separate distribution systems.  

• Authority Pure Water opportunities merit further review:  We recommend 
Pure Water opportunities advance to Fine Screening for further review, as 
part of a Working Group to be formed by the Authority in coordination with 
the Otay Water District, the County of San Diego, and possibly others. 
Project feasibility may hinge on obtaining credit for avoided costs to the 
Metropolitan Wastewater system. 

• Table Recycled water opportunities: Authority recycled water project 
opportunities are uneconomical, and face uncertainties about supply 
availability. We recommend these alternatives not advance at this time. 
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The Era of Pure Water Has Arrived 

Pure Water projects have the advantage of not requiring construction of new separate distribution 
systems, and of being able to utilize available wastewater on a seasonally constant basis, in 
comparison to the seasonal nature of recycled water demands. In addition, Pure Water projects, 
with their seasonally constant demands, have the potential to offset wastewater infrastructure 
costs. An example is the City of San Diego Pure Water project, which seeks to develop a new 
source of potable supply while also avoiding the need for billions of dollars of upgrades to the 
Point Loma Wastewater Treatment Plant. Because of these offsets, a portion of the project cost 
can be apportioned to the wastewater system, reducing costs to the water system. Recycled water 
development may not be completely in the past, but the current trend is to give priority to Pure 
Water projects where practicable. 

4.2. Pure Water:  Pure Water opportunities for the Authority service 
area face cost and other constraints, but merit further review. 
We recommend the Authority convene a working group with the 
Otay Water District (Otay), the County of San Diego (County), 
and possibly others to explore opportunities.  

Summary rating: 

Project Description Analysis Rating 

• Indirect 
Potable Reuse 
Working 
Group 

Convene a working 
group with Otay, the 
County, and 
possibly others to 
review current and 
future Pure Water 
opportunities. 

• Previous studies have found similar 
projects uneconomical, but water 
and wastewater management issues 
have continued to evolve and could 
lead to new opportunities. 

• Projects may have synergy with 
Sweetwater Reservoir water quality 
improvement opportunities. 

• Project economic feasibility may 
hinge on obtaining credit for 
avoided costs to the Metropolitan 
Wastewater system. 

B / POTENTIAL 
(Advance to Fine 
Screening) 

 

Otay’s Chapman facility, located upstream of Sweetwater Reservoir, provides a case study 
of a small Pure Water project opportunity. 

Otay operates the 1.3 MGD Ralph W. Chapman Water Reclamation Facility (RWCWRF) in the 
Middle Sweetwater hydrologic area, upstream of Sweetwater Reservoir. Recycled water produced 
there is conveyed south to Otay recycled water customers south of Sweetwater Reservoir in the 
Otay Valley hydrologic area. 

Otay contracts with the City of San Diego Metropolitan Wastewater System (Metro) for sewer 
capacity for its service area. The Chapman plant is a “scalping” plant, meaning it draws only as 
much wastewater from the sewer system as it can treat and distribute through its recycled water 
distribution system, and that it returns residual solids back to the sewer. Otay’s contract with the 
Metro system allows for Pure Water type development, and such development would count 
towards the City’s commitment to produce 83 MGD under its Pure Water program. 
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Otay 2016 Advanced Treatment 
Investigation 

In 2016, Otay considered the feasibility of 
adding an Advanced Water Purification 
Facility (AWPF) at the RWCWRF for 
indirect potable reuse (IPR). The AWPF 
would consist of membrane filtration, 
reverse osmosis, and ultraviolet light 
disinfection processes, capable of meeting 
the State of California Division of Drinking 
Water (DDW) standards, prior to discharge 
to a surface water body. This water would 
then be treated at a drinking water treatment 
facility prior to distribution for potable use.  

This surface water augmentation approach 
to producing a new potable water source is 
currently being developed locally by both the City of San Diego and Padre Dam Municipal Water 
District (MWD). State regulations3 governing surface water augmentation were approved and 
became effective on October 1, 2018. The IPR Feasibility Study considered two potential IPR 
projects: IPR project Option 1 was based on treating Title 22 effluent from the RWCWRF to 
produce 1.0 MGD of pure water and Option 2 was a larger project that would include an 
additional supply of excess recycled water purchased by Otay from the City of San Diego, 
averaging 2.5 MGD annually (up to 4.0 MGD in winter months). AWPF effluent would be 
conveyed to the Sweetwater River for delivery to Sweetwater Reservoir.  

An addendum to the Otay IPR Feasibility Study included a technical memorandum by Dr. 
Michael R. Welch, regarding the regulatory issues associated with a 1 to 2 MGD IPR project at 
the RWCWRF. He stated that: 

The [Otay] purified water discharge would be small (2000 acre-feet per year or less) 
compared to the approximate 28,000 acre-foot capacity of Sweetwater Reservoir. The 
proposed DDW six-month hydraulic retention time requirement, however, is based on 
reservoir volume divided by monthly reservoir withdrawals. As a result of this proposed 
computational methodology, the DDW six-month hydraulic retention time requirement 
may represent a significant constraint to Sweetwater Authority's operation of the 
reservoir. To comply with the retention requirement, Sweetwater Authority reservoir 
withdrawals during any given month would be limited to one-sixth of the reservoir 
volume that remains at the end of the month. 
Potential options for discharging [Otay] purified water to Sweetwater Reservoir include 
direct discharge to the reservoir or discharge to a surface stream that flows into the 
reservoir. Hydrodynamic modeling and discharge siting studies would be required to 
identify the method and location for introducing [Otay] purified water to Sweetwater 
Reservoir, but it is probable that a discharge method and discharge site can be selected 
to ensure that the purified water discharge achieves compliance with the DDW reservoir 
dilution requirements. 

 
3  The regulations are available at: 

https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/swa/apregtext.pdf  

 
Chapman Plant.  The Otay Water District’s Ralph 
W. Chapman Water Reclamation Facility is located 
approximately three miles upstream from Sweetwater 
Reservoir. The addition of Advanced Treatment 
capability to the plant could allow for the production 
of high-quality raw water suitable for delivery to 
Sweetwater Reservoir. 

https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/swa/apregtext.pdf
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Recent advanced water treatment technology has the potential for extra log removal credits which 
would reduce the six-month hydraulic retention time requirement and is being explored as part of 
the City of San Diego and Padre Dam MWD’s Pure Water programs. The impact of retention 
time on the Authority’s operation of Sweetwater Reservoir is still a concern but should not be 
considered a significant constraint when determining the feasibility of a potential IPR project. 

The Otay investigation found the project uneconomical. 
The Otay investigation work developed conceptual-level project cost estimates. With a 30-year 
amortization period and interest rate of 4.5 percent, the investigation estimated the unit cost of 
this new water supply would be between $3,500 and $4,800/AF. On this basis, Otay determined 
the project was not economically feasible and did not advance the project further.  

Changed conditions might merit further review. 
Subsequent to the completion of the Otay investigation, conditions affecting water and 
wastewater management have continued to evolve. These changed conditions include: 

• Increasing Value of Local Supplies:  The costs of imported supply continue to increase, 
leading to increased value of local supply development. 

• Increasing Metro System Costs:  The costs to Otay and other wastewater agencies for 
utilization of the Metro system continue to increase, and may be subject to additional 
upward pressure to cover increasing costs for the City’s Pure Water Project. 

• Shared Regional Interests:  Otay has expressed an interest in coordinating with the 
Authority to explore opportunities, and other area wastewater agencies should have a 
common interest in joining a discussion. 

Environmental assessment will be essential. 
Further investigation of Pure Water opportunities will need to evaluate environmental issues and 
opportunities. At the Coarse Screening level of review, we do not see any environmental fatal 
flaws that would discourage further project review.  

We recommend a Working Group to explore Pure Water opportunities. 
We recommend the Authority convene a Pure Water Working Group with Otay, the County, and 
possibly others to explore opportunities of mutual interest. An initial focus of the group should be 
to investigate whether project economics could be made more favorable through one of more of 
the following: 

• Credit for Metro System Avoided Costs:  A big factor affecting the economic feasibility 
of a local Pure Water project will be whether the institutional arrangements can be 
resolved to allow the project to receive credit for avoided costs to the Metro system. With 
such credit, economic feasibility might be attainable. Absent such a credit, costs are 
likely to remain in the unfavorable range. 

• Grants and Low-Interest Loans:  Explore the availability and probability of obtaining 
federal and state grants and loans for the project. 

Any project concept involving the use of Sweetwater Reservoir will need to address issues of 
ownership of the water, storage operations, and related issues. These matters are subjects for 
further review and refinement. 
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4.3. Recycled Water:  The Authority’s 2005 Recycled Water Master 
Plan rated recycled water development in the Authority service 
area as uneconomical. Current prospects have worsened. 
Ratings Summary: 

Project Description Analysis Rating 

• Recycled 
Water 
(Purple Pipe) 

Develop a recycled 
water project. Obtain 
supply of Title 22 
recycled water, 
construct purple pipe 
distribution system, 
and facilitate site 
retrofits to allow 
irrigation and 
industrial customers 
to utilize recycled 
water in lieu of 
potable water. 

• Project economics are unfavorable 
due to the need to construct a 
separate distribution system in an 
already developed service area, the 
seasonal nature of irrigation 
demands, the sparseness of large 
irrigation customers, and other 
factors. 

• Recycled water development has 
mostly taken a back seat to Indirect 
Potable Reuse (Pure Water) projects, 
which avoid the need for new and 
separate distribution systems. 

D / DISMISS 
(Do not advance; 
reevaluate in 10+ 
years or if 
conditions 
change) 

 

Past studies provide relevant analysis. 
Sweetwater Authority has prepared or been a participant in several reports over the years 
evaluating possible recycled water projects. The most relevant of the recycled water related 
reports reviewed by the Study are listed in Table 4-1. 

TABLE 4-1:  Selected Previous Recycled Water Reports 

Report Scope / Summary Findings Notes 

Recycled Water 
Master Plan  
Sweetwater 
Authority 
Carollo, 2005 

• The report evaluated several 
configurations for a recycled water 
distribution system serving District 
irrigation and industrial customers and 
supplied by the City of San Diego’s 
South Bay Water Reclamation Plant. 

• First-year unit costs for the preferred 
alternative, adjusted to current dollars, 
were approximately $2,270/AF. 

• The Duke Energy power 
plant that was to serve as the 
anchor customer was 
demolished; other demands 
have decreased. 

• San Diego’s price for 
recycled water has doubled, 
and supply availability 
beyond 2026 is uncertain. 

• Accounting for changed 
conditions, current first-year 
costs would likely be in 
excess of $3,000/AF. 

Water Reclamation 
Plant Feasibility 
Study 
City of Chula Vista 
Brown and Caldwell, 
2005 

• The City of Chula Vista undertook the 
study to investigate whether construction 
of its own wastewater treatment / 
reclamation facility would be preferable 
to purchasing additional capacity in the  
Metropolitan Wastewater Department 
(Metro) system.  

• The study found continued utilization of 
the Metro system was preferred. 

• Chula Vista has renewed its 
contract with the Metro 
system, but retains the right 
to develop wastewater for 
recycled or Pure Water uses. 
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Report Scope / Summary Findings Notes 

Sweetwater 
Authority MBR 
Feasibility Study  
Sweetwater 
Authority  
RMC, 2007 

• As a refinement to the 2005 Chula Vista 
study, the Authority and the City of 
Chula Vista evaluated the feasibility of 
constructing a Membrane Bioreactor 
(MBR) Recycled Water Satellite 
Treatment Plant. 

• First-year unit costs to the Authority for 
recycled water from the plant and a 
distribution system, adjusted to current 
dollars, were approximately $4,000/AF. 

• Chula Vista has renewed its 
contract with the Metro 
system, but retains the right 
to develop wastewater for 
recycled or Pure Water uses. 

Spring Valley 
Water Reclamation 
Facility Project 
Feasibility Report 
County of San Diego 
Metcalf & Eddy, 
1997 

• Evaluated the development by the 
County of San Diego of a 10 MGD water 
reclamation facility in the Spring Valley 
area, with distribution of recycled water 
to the Authority and Otay service areas. 

• The report found the project would 
require financial assistance to be cost-
effective. 

• The County has renewed its 
contract with the Metro 
system, but retains the right 
to develop wastewater for 
recycled or Pure Water uses. 

 

None of the reports led to the development of recycled water facilities. The Water Supply 
Feasibility Study has reviewed these reports to assess whether changed conditions, in particular 
the increased value of local supplies, could tip the balance scale in favor of project feasibility. 

The Authority’s 2005 Recycled Water Master Plan 

Of the reports reviewed, the most applicable is the Recycled Water Master Plan produced for the 
Authority by Carollo Engineers in 2005. That report evaluated several variations of recycled 
water distribution systems that would receive water from the City of San Diego’s South Bay 
Water Reclamation Plant. The report’s preferred alternative, identified as Alternative 7R, is 
illustrated in Figure 4-1 on the next page. 

The report’s market assessment for the preferred alternative identified a serviceable recycled 
water demand of approximately 4,300 AF/yr. The recycled water would be purchased and 
delivered from the City of San Diego’s South Bay Water Reclamation Plant via shared capacity 
in the 36-inch Otay Recycled Water Pipeline, which would be extended northward to the 
Authority service area, including a trenchless crossing of the Otay River floodplain. Finally, a 
new distribution system, inclusive of a storage reservoir, would be constructed. The preferred 
alternative required a capital investment of approximately $47 million, and together with 
operating costs had a first-year unit cost of $1,540/AF in 2005 dollars, equivalent to $2,270/AF in 
current dollars. 
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FIGURE 4-1:  Preferred Recycled System Layout from 2005 Master Plan 

 
Source:  SWA Recycled Water Master Plan, Carollo, June 2005. The figure depicts the Plan’s preferred Alternative 7R. 
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Conditions have changed, mostly to the disadvantage of the project. 

Subsequent to the preparation of the 2005 Master Plan, conditions have changed. Imported water 
rates have increased considerably, thereby increasing the value of local water supplies. However, 
other conditions have changed to the disadvantage of the project. These include: 

• Reduced Potential for Recycled Water Use:  Since the 2005 study, the planned Duke 
Energy power plant that was to anchor the recycled system with a demand of 2,700 AF/yr 
has been demolished. Chula Vista Bay Front proposed park area has been reduced from 
250 acres to 100 acres, reducing potential recycled water demand from 720 AF/yr to 
290 AF/yr, and Caltrans has made significant moves toward reducing landscaping within 
its right of way. Mandatory water conservation in 2014-15 resulted in permanent 
reductions in outdoor water use. Of the 4,300 AF/yr of demand assumed as the basis for 
the preferred distribution system alternative, only approximately 650 AF/yr remains. The 
reduced demands increase the unit cost of the distribution system. 

Four local golf courses in the area were considered in the 2005 analysis but only one, the 
San Diego Country Club, was included in the preferred distribution system. All of the 
golf courses use blended groundwater and potable water; therefore, a return on 
investment for conversion to recycled water at these sites would be lower than if those 
customers were using 100 percent potable water.  

• Increased Cost of Treatment:  The report documented the price of recycled water 
purchased from the City of San Diego at $350/AF. This cost has now increased to 
$735/AF.  

• More Expensive Regulatory Requirements:  The regulatory requirements for recycled 
water use have also evolved subsequent to the 2005 report. Distribution of recycled water 
within the Middle and Lower Sweetwater Basins would require a Salt and Nutrient 
Management Plan and approval from the San Diego Regional Water Quality Control 
Board (RWQCB). Modeling would be required to define water quality impacts to the 
groundwater basin and Sweetwater Reservoir. Additional monitoring of water quality in 
the basin may be required as part of a recycled water master permit, adding to life cycle 
costs that were not considered in the previous work.  

• Site Retrofit Costs:  It is not clear if the prior studies took into account the cost of 
converting new recycled water customers from potable to recycled water use, which can 
be expensive and is generally borne by the customer.  In addition, the administration of 
new customers requires oversight of the conversion process (sign up, design review, site 
supervisor training, annual cross connection testing, monthly reports to the RWQCB, 
etc.) These would be additional annual costs borne by the Authority to implement a new 
recycled water program. 

Recycled water development would be uneconomical at the present time. 

Considering the above factors, we estimate, at the Coarse Screening level of review, that first-
year unit costs for development of recycled water to serve the Authority service area would be in 
excess of $3,500/AF. This level of cost is far in excess of imported water costs, and we find these 
projects lack economic merit at the current time. 
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Could recycled water projects be resurrected if conditions changed? 

Yes, the consideration of recycled water projects could be resurrected if conditions change, 
although we think the necessary changes are unlikely to occur. Recycled water projects could 
become more favorable through one of more of the following changes: 

o Substantial increases in SDCWA rates 
o Regulatory reversal of IPR approvals 
o State mandates 

We recommend the Authority place recycled water projects not quite in the dust bin, but on the 
far back shelf, to be retrieved and dusted off every 10 or 20 years as part of a periodic and 
necessary water supply Due Diligence review process. The periodic review could be accelerated 
should conditions warrant. 
 

4.4. Other Alternatives Considered 
In addition to the main alternatives addressed in the previous subsections, the Study team has also 
considered additional options and project variations for developing recycled water projects. Our 
Coarse Screening reviews and ratings of these alternatives are summarized below. 

Project Description Analysis Rating 

• Recycled 
Water 
Seawater 
Intrusion 
Barrier 

Inject recycled water 
into the San Diego 
Formation 
groundwater aquifer 
along San Diego Bay 
to create a barrier to 
seawater intrusion. 

• The Authority’s draft Groundwater 
Sustainability Plan does not identify 
seawater intrusion as a problem in 
need of mitigation. 

• Injected water would need to 
receive advanced treatment, 
including reverse-osmosis (RO), 
prior to injection, and upon 
extraction would again require RO 
treatment. Costs would be 
prohibitive. 

D / DISMISS 
(Do not advance; 
reevaluate in 10+ 
years or if 
conditions 
change) 

• Reclamation 
Plant 
development 

Partner with Chula 
Vista or others to 
construct a water 
reclamation plant, 
together with a 
recycled water 
distribution system. 

• Previous studies have examined 
these options. Unit costs would be at 
least as high as for the Recycled 
Water distribution projects reviewed 
in Section 2.2. 

D / DISMISS 
(Do not advance; 
reevaluate in 10+ 
years or if 
conditions 
change) 
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5. Reservoir Water Quality Improvements 
 

 

5.1. Overview and Ratings Summary 
This section reviews water quality issues at Loveland and Sweetwater Reservoirs and possible 
measures to improve water quality for the benefit of treated water quality, reservoir storage 
utility, and operational efficiency. On the basis of the Coarse Screening review, the Study team 
finds there are promising opportunities for improving reservoir water quality and treatability, and 
we recommend these measures be advanced to the Fine Screening review for more detailed 
evaluation. Our overall summary rating is presented below; more detailed ratings of the different 
categories of water quality improvement measures are presented in the body of this section. 

Project Description Analysis Rating 

• Reservoir 
Water Quality 
Improvements  

Implement projects 
and/or practices to 
improve water quality 
in Sweetwater 
Reservoir. Possible 
measures include: 
• Vertical mixing  
• Blending / 

augmentation 
• Selective dredging 
• Nutrient reduction 
• Treatment process 

improvements 

• Sweetwater reservoir experiences 
high algal productivity, anoxia, 
nutrient recycling, high 
manganese levels, and the 
production of taste and odor 
compounds. These conditions 
present treatment challenges and 
can result in consumer taste and 
odor complaints. 

• Opportunities for improvement 
exist. Further analysis is needed 
to identify the most promising 
measures and to refine costs. 

A / 
PROMISING   
(Advance to Fine 
Screening, with 
high priority) 

Summary: 
• Sweetwater Reservoir is subject to a wide range of water quality issues. 

These issues complicate and add costs to the Authority’s water treatment 
operations, increase the incidence of Disinfection Byproducts (DBPs), 
reduce the effectiveness of the Authority’s treated water disinfection 
residual, increase taste and odor complaints, and potentially impair the 
reliability of the reservoir as an emergency storage reserve for the 
Authority’s service area. 

• Authority staff have implemented many measures and treatment 
adjustments over the years that have allowed them to achieve full 
compliance with drinking water standards and public health protection.  

• Additional opportunities for improving reservoir water quality and treatability 
through in-reservoir water quality management and other approaches 
appear promising. We recommend these options advance to Fine 
Screening for further evaluation and refinement. 
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5.2. Many factors influence reservoir water quality. 
Reservoirs are dynamic ecosystems, responding to annual and seasonal variations in water levels 
and inflows, nutrient loading, temperatures, dissolved oxygen levels, and other factors. Key 
factors influencing water quality in the Authority’s two reservoirs are summarized in Table 5-1. 

TABLE 5-1:  Select Factors Affecting Reservoir Water Quality 

Factor Description Loveland 
Reservoir 

Sweetwater Reservoir 

Runoff 
Quality / 
Watershed 
Protection 

Depending on watershed 
conditions, runoff entering a 
reservoir can be relatively 
pristine, or can contain 
problematic levels of sediment, 
nutrients, organic matter, and 
chemical pollutants. 

• Relatively 
pristine inflows 

• Development within the 
watershed may contribute 
increased loading of 
nutrients, organic matter, 
and chemical pollutants 

• URDS allows for diversion 
of “first flush” runoff that 
can be quite contaminated 

• Runoff contains naturally occurring bromide 
• High inflows bring sedimentation 

Algal 
Productivity 

Algal productivity can vary as 
a function of nutrient 
concentrations, water 
temperatures, and other factors.  

• Low to modest 
algal 
productivity 

• Low to Severe levels of 
algal productivity, with 
higher levels most likely to 
occur at lower water levels 

Cyanobacteria 
Occurrence 

Cyanobacteria can develop 
under certain conditions of 
warmer water temperatures and 
nutrient availability. The 
bacteria can lead to the 
formation of objectionable 
taste and odor compounds, and 
in some cases can produce 
dangerous cyanotoxins. 

• Relatively low 
risk of 
occurrence due 
to cooler water 
temperatures 
and lower 
nutrient levels 

• Increased risk of occurrence 
due to warmer water 
temperatures and higher 
nutrient levels 

Dissolved 
Oxygen 

Depletion of dissolved oxygen 
(anoxia), as it can at lower 
depths of a reservoir, allow 
nutrients and other oxidized 
compounds sequestered in the 
sediment to reenter the water 
column, fueling a cycle of algal 
productivity and other water 
quality challenges  

• Infrequent 
occurrence (but 
not monitored 
frequently) 

• Frequent occurrence  in 
eutrophic lakes such as 
Sweetwater Reservoir 

Water 
Treatment 
Plant Filter 
Backwash 
Disposal 

The Authority’s Perdue WTP 
backwashes residual treatment 
solids to Sweetwater Reservoir, 
at a location near the outlet 
tower. Past use of potassium 
permanganate (KMnO4) at the 
plant as an oxidizing agent has 
contributed to problematically 
high levels of manganese in the 
reservoir. 

• Not affected • Affected. Sediment buildup 
around the outlet tower is up 
to 30-40 feet thick and has 
blocked the lowest cups of 
the intake tower, making 
them inoperable.  

• The proximity of the lowest 
usable cup to the sediment 
and anoxic conditions in the 
bottom waters can cause 
manganese in the sediment 
and poor water quality to 
enter the treatment process. 
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Thermal Stratification 

An interesting and important phenomena of reservoir behavior is thermal stratification. Beginning 
each year in the Spring, all but the shallowest reservoirs exhibit thermal stratification, in which 
the upper layers of the reservoir warm in response to increased air temperatures and solar 
radiation, and float on top of the colder, denser water at the bottom of the reservoir. Thermal 
stratification is illustrated in Figure 2.1.  

FIGURE 5-1:  Reservoir Thermal Stratification 

 

Thermal Stratification.  Reservoirs 
stratify thermally. Warmer surface water 
is less dense than cooler bottom water, 
and floats on top. The lower layer, 
called the hypolimnion, can become 
separated from oxygen inputs from the 
surface, and become depleted of 
dissolved oxygen, a condition called 
anoxia. Anoxic conditions allow 
nutrients and other oxidized compounds 
sequestered in the sediment to reenter 
the water column, fueling a cycle of 
nutrient loading, algal productivity and 
water quality challenges. 

 

With stratification in place, the lower layer of the reservoir can become depleted of dissolved 
oxygen, a condition called anoxia. Anoxic conditions allow nutrients and other oxidized 
compounds sequestered in the sediment to reenter the water column, fueling a cycle of algal 
productivity and water quality challenges. This occurrence of anoxic conditions at depth is 
illustrated for Sweetwater Reservoir in Figure 5-2.  

FIGURE 5-2:  Sweetwater Reservoir Dissolved Oxygen Profile 

 

 
Depletion of Dissolved Oxygen in Sweetwater Reservoir:  The vertical axis is depth below surface, 
and the horizontal axis is years spanning 2002 to 2020. The dark blue color bands indicate anoxic 
conditions at depth. The absence of anoxia during 2014 and 2015 is due to the shallowness of the 
reservoir, which inhibited the occurrence thermal stratification. 
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Loveland Reservoir, with its deeper profile and more pristine watershed tributary area, generally 
exhibits only modest water quality challenges. Sweetwater Reservoir, with its much shallower 
profile and more developed watershed tributary area, exhibits more pronounced water quality 
challenges. Most of our attention in the Coarse Screening review has therefore been applied to 
Sweetwater Reservoir. 

5.3. Diminished water quality at Sweetwater Reservoir complicates 
water treatment and distribution operations, increases taste and 
odor complaints, and at times may impair the utility of the 
reservoir as an emergency storage reserve. 
Diminished water quality in Sweetwater Reservoir contributes to a range of problems and 
challenges. These are summarized in Table 5-2.  

TABLE 5-2:  Consequences of Diminished Water Quality 

Problem Consequence 

Taste and Odor 
compounds 

• The occurrence of cyanobacteria algal blooms can produce Taste and Odor 
compounds (MIB & geosmin) that are difficult to treat and which may 
generate customer complaints and lead to reduced levels of consumer 
confidence in the Authority’s product. 

Cyanobacteria and 
Cyanotoxins 

• The occurrence of certain cyanobacteria algal blooms can produce 
cyanotoxins. Extreme events elsewhere in the country have led to Do Not 
Drink orders for affected water systems. Regulations pertaining to 
cyanotoxins are anticipated to come in the near future. 

Disinfection  
By-Products (DBPs) 

• Total Organic Carbon / Natural Organic Matter (TOC/NOM) from the 
reservoir sediment, runoff, and decaying vegetation, together with high 
bromide concentrations, increase DBP formation potential. 

Disinfection Residual 
Stability 

• The same factors that increase DBP formation as above also decrease the 
stability of the chloramine residual in the distribution system by increasing 
chloramine decay rates. 

Treatment Costs • The same factors that increase DBP formation as above also require 
increased chemical dosages to treat, increase treatment costs (i.e. ferrous 
chloride, ferric chloride, caustic, chlorine, ammonia, and polymer doses). 

Total Dissolved 
Solids (TDS) 

• During multiple dry-year conditions and with reservoir levels low, TDS can 
increase due to evaporative losses. 

Discoloration • High manganese levels can cause discolored water, resulting in possible 
staining of porcelain water fixtures and customer complaints. 

Reservoir 
Operability 

• The accumulation of treatment plant backwash sediment around the outlet 
tower is up to 30-40 feet thick and has blocked the lowest cups of the intake 
tower. This inhibits operability of the reservoir at low levels by limiting the 
selection of lower elevation intake cups. 

Reservoir Storage 
Reliability 

• The Authority relies on both Sweetwater and Loveland reservoirs for 
emergency storage. Utilization of storage from either reservoir requires the 
water quality of Sweetwater Reservoir to be maintained sufficient for it to 
serve as a sole source of supply to the Perdue plant. 

 



GILLINGHAM WATER 39 May 20, 2020 

Sechi Depths: Sometimes Sweetwater Reservoir is so turbid with algae and sediment that 
you would not be able to see your feet in one foot of water. 

Water quality challenges in Sweetwater Reservoir can be illustrated by the simplest of water 
quality measurements, the Sechi depth. Sechi depth is measured using a Sechi disk, a small shiny 
disk of specified dimensions, which is lowered into the reservoir on a measuring line. The depth 
at which the observer can no longer see the disk through the water is the Sechi depth. Sechi 
depths in very clear waters can exceed 100 feet.  

Sechi depths in Sweetwater Reservoir are depicted in Figure 5-3. The data indicates that Sechi 
depths often are less than five feet, and during unfavorable conditions can decline to one foot. 

FIGURE 5-3:  Sweetwater Reservoir Sechi Depths 

 
 
 

5.4. The Authority currently manages reservoir water quality 
challenges through a variety of measures. 
Over the years Authority staff have implemented a variety of measures that have allowed them to 
achieve full compliance with drinking water standards and public health protection. These measures 
include vegetation management at Sweetwater Reservoir, reservoir monitoring programs, selective 
elevation withdrawal management, and treatment process adjustments in response to the inflowing 
water quality.   

The reservoir monitoring programs help the Authority in identifying the strata with the best water 
quality, and actively deciding on optimizing the water quality entering the WTP. 
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5.5. Additional measures have the potential to improve water quality 
in the Authority’s reservoirs. We recommend these advance to 
Fine Screening for further evaluation and refinement. 
The Coarse Screening review has focused primarily on assessing the nature of the water quality 
challenges the Authority faces at its reservoirs. Based on this assessment, we have surveyed a broad 
range of water quality improvement measures that may offer the potential to make beneficial 
improvements. These measures fall into three categories as follows: 

1) Sweetwater Reservoir Improvements,  
2) Upstream and Watershed Enhancements, and  
3) Treatment Process Enhancements.  

Many of the measures have the potential to be implemented in combination with others, providing 
synergistic advantage. Additional review is needed to narrow the list of alternatives to a preferred 
few, assess environmental issues, and identify a plan of implementation and budgetary estimates 
of project costs and benefits. Accordingly, we recommend all three categories of possible 
improvements advance to Fine Screening for further review and refinement. The categories of 
improvement measures and our ratings are summarized in Table 5-3.  

TABLE 5-3:  Water Quality Improvement Options 

Project Description Analysis Rating 

1. Sweetwater 
Reservoir 
Water Quality 
Improvements 

Implement projects and/or 
practices to improve water 
quality in Sweetwater 
reservoir. Possible measures 
include: 
a) Vertical mixing  
b) Hypolimnetic oxygenation 
c) Blending / augmentation 
d) Selective dredging 
e) Nutrient reduction 

• Sweetwater Reservoir 
experiences high algal 
productivity, anoxia, 
nutrient recycling, high 
manganese levels, and the 
production of taste and 
odor compounds. 

• Further analysis is needed 
to identify the most 
promising measures. 

A / PROMISING 
(Advance to Fine 
Screening, with 
high priority) 

2. Upstream 
Watershed 
Enhancements 

Improve upstream water 
quality and/or reduce nutrient 
loading from the watershed. 
Possible measures include: 
a) Watershed nutrient 

reduction 

• Nutrient loadings from the 
watershed contribute to 
water quality challenges in 
the reservoirs. 

• Further analysis is needed 
to identify the most 
promising measures. 

B / POTENTIAL  
(Advance to Fine 
Screening) 

3. Treatment 
Process 
Enhancements 

Improve water treatment 
process at the Perdue WTP. 
Possible measures include: 
a) Water treatment process 

enhancements 
b) Backwash and 

solids/residuals handling 
improvements 

• Enhancements might aid in 
taste and odor control. 

• Redirection or cessation of 
backwash solids disposal to 
the reservoir may be 
beneficial. 

• Further analysis is needed 
to identify the most 
promising measures. 

B / POTENTIAL  
(Advance to Fine 
Screening) 
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5.6. See Appendix A for additional detail on reservoir water quality 
improvement options. 
Additional detail on the various options and sub-options for reservoir water quality improvement 
is presented in Appendix A.  
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6. Storage Policy Revision 
 

 

6.1. Overview and Ratings Summary 
This section reviews the status of the Authority’s existing policy for the maintenance of 
emergency storage reserves in Loveland and Sweetwater reservoirs, and opportunities to update 
the policy to reflect changes in water supply conditions subsequent to its enactment.  

Based on the Coarse Screening review, we find there are compelling reasons to consider updating 
the existing policy to lessen the volumes of emergency storage reserve in each of the reservoirs. 
This change could provide increased operational flexibility for the reservoirs while reducing 
average annual evaporation losses. Further, we find such a revision could be made while still 
allowing the Authority to provide excellent emergency supply reliability for its service area. For 
these reasons, we recommend the project be advanced to Fine Screening for further development. 
Our project rating is summarized below.  

Project Description Analysis Rating 

• Storage 
Policy 
Revision 

Reduce the 
volume of water 
designated as 
emergency storage 
reserve in 
Loveland and 
Sweetwater 
reservoirs. 

• The revision would update policy that 
predates SDCWA’s Emergency Storage 
Project, the Authority’s Reynolds Plant, 
and other changed conditions. 

• The Authority would still have excellent 
supply reliability and resiliency. 

• The revised policy may allow the 
reservoirs to operate at lower levels 
under certain conditions, reducing 
evaporative losses. 

A / PROMISING  
(Advance to Fine 
Screening, with 
high priority) 

 

Summary: 
• Existing emergency storage policy is outdated:  The Authority’s existing 

emergency storage policy predates the SDCWA Emergency Storage 
Project and other changed conditions, and is ripe for an update.  

• Lesser reserve volumes could be beneficial:  Lesser reserve volumes could 
reduce evaporative losses and increase reservoir operational flexibility. The 
Authority would still be able to provide excellent emergency supply 
reliability to its service area. 

• The details of a possible policy update merit further development:  An 
updated policy will need to account for Loveland fishing program issues, 
water quality considerations, the Authority’s overall emergency supply 
reliability assets, and other issues. We recommend the policy review be 
advanced to Fine Screening for further development. 
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6.2. Existing emergency storage policy dates from 1982. Conditions 
have changed. 
The Authority’s existing policy on the maintenance of emergency storage reserves in Loveland 
and Sweetwater reservoirs dates from 1982. At Loveland Reservoir the policy calls for the 
maintenance of a storage reserve equal to three summer months of demand, plus an allowance for 
transfer losses to Sweetwater Reservoir. At Sweetwater reservoir the policy calls for the 
maintenance of a reserve equal to an additional one-month of summer demand. Existing policy is 
summarized in Table 6-1.  

TABLE 6-1:  Existing Emergency Storage Policy 

Reservoir 
Emergency Storage Reserve Incremental Evaporation 3 
Months 1 Volume 2 % Volume 

Loveland 3 6,375 AF 5% 320 AF 

Sweetwater 1 1,700 AF 14% 240 AF 

TOTAL 4 8,075 AF 7% 560 AF 

1. Months of average summer demands, at 1,700 AF/month 
2. The Loveland reserve volume includes a 25% (1,275 AF) allowance for transit losses to Sweetwater 

Reservoir. 
3. Incremental evaporation is the additional evaporation loss incurred on an additional unit of storage 

added to the reservoir. See Section 8 for additional information on evaporation. The incremental loss 
values assume relatively low storage levels. 

___________________________________ 
 

Subsequent to the establishment of the policy, conditions have changed in a manner that reduces 
the Authority’s need to maintain emergency reserves at the current levels. Key changed 
conditions are listed in Table 6-2.  

TABLE 6-2:  Changed Conditions Re: Emergency Storage Policy 

Changed 
Condition Description Implication 

1. SDCWA 
Emergency 
Storage 
Project 
(ESP) 

The ESP is a multi-component project 
designed to maintain SDCWA aqueduct 
system deliveries to all portions of its 
service area for the duration of a two-month 
interruption of supply from the 
Metropolitan Water District of Southern 
California (MWD), as could be caused by a 
major earthquake on the Elsinore fault. 
Major components of the ESP include the 
enlarged San Vicente Reservoir, the San 
Vicente Pump Station and Pipeline, the 
Olivenhain Dam and Reservoir, and the 
Lake Hodges Pipeline and Pump Station. 

• The ESP system is available to 
provide at least two months of 
supply to the Authority during 
an emergency. 

• ESP storage in San Vicente 
reservoir incurs very low 
evaporation losses. Regional 
supply efficiency favors storing 
emergency supply there rather 
than in Authority reservoirs. 

2. Increased 
Local 
Supplies 

The Authority has constructed the Reynolds 
plant, and together with the National City 
wells now produces a highly reliable supply 
of 8,300 AF/year for the Authority, as 
described in Section 1.5.  

• The Authority’s highly reliable 
local supply from groundwater 
can now provide approximately 
half of its annual demands, 
partially negating the need for 
emergency storage. 
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6.3. Even with reduced emergency storage levels, the Authority 
could still provide excellent supply reliability to its service area. 
Table 6-3 summarizes the types of water shortage events that could affect the Authority, the 
assets currently available to it to address the shortage event, and the consequences of each event 
to the Authority’s customers. Relative to emergency storage, the applicable event category is ESP 
Event, an earthquake-induced or other failure of the San Diego Aqueduct pipelines leading to a 
two-month interruption of imported supplies until repairs could be completed. For this event, the 
Authority has multiple redundant supplies. Emergency storage may still be a useful component of 
the full arsenal of response assets, but no longer needs to be the sole asset carrying all the load. 

TABLE 6-3:  Summary of Potential Shortage Events and Consequences 
(for Authority Service Area) 

Event Frequency Duration Existing Response Assets Consequence 

1) Drought  
(or other 
prolonged 
reduction in 
imported water 
supplies) 

Low 
(dependent on 
State, MWD, 
and SDCWA 
actions) 

1 year  
(and longer) 

a) State, Metropolitan, and 
SDCWA response capabilities 

b) National City Wells and 
Reynolds groundwater supplies 

c) Surplus (non-emergency) 
storage in Loveland and 
Sweetwater, if any 

d) SWA Water Shortage 
Contingency Plan 

Minor / Moderate 
(Effect of 
SDCWA cutbacks 
to SWA muted by 
SWA local supply 
resources) 
(Excepting 
possible SWRQB 
dictates) 

2) ESP Event  
(Earthquake-
induced or 
other failure of 
the San Diego 
Aqueduct 
pipelines) 

Low  
(on the order of 
one event per 
100 years) 

2 months  
(per ESP 
design 
criteria, 
based on 
aqueduct 
repair time 
estimates) 

a) National City Wells and 
Reynolds groundwater supplies 

b) Emergency storage in 
Loveland and Sweetwater, 
treatable at Perdue WTP 

c) SDCWA ESP facilities 
d) Interconnections from Otay 

North District and City of San 
Diego and Cal-American 

e) SWA Water Shortage 
Contingency Plan 

Minor / Moderate 
(No SDCWA 
deliveries for 5-7 
days; thereafter 
deliveries at 
minimum 75% 
level of service) 

3) Treated Water 
Shutdown of 
Second 
Aqueduct 
(planned event) 

Biannually 
(approximately) 

10 days  
(Dec. – Mar. 
window) 

a) National City Wells and 
Reynolds groundwater supplies 

b) Surplus (non-emergency) 
storage in Loveland and 
Sweetwater, treatable at the 
Perdue WTP 

c) SWA raw water connection to 
SDCWA, treatable at the Perdue 
WTP 

Inconsequential 
(SWA not 
dependent on 
SDCWA treated 
supply) 

4) Raw Water 
Shutdown of 
Second 
Aqueduct 
(planned event) 

Biannually  
(approximately) 

10 days 
(Dec. – Mar. 
window) 

a) National City Wells and 
Reynolds groundwater supplies  

b) Surplus (non-emergency) 
storage in Loveland and 
Sweetwater, treatable at the 
Perdue WTP 

c) SWA treated water connections 
to SDCWA 

Inconsequential 
(Easy adjustment 
to other sources) 
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6.4. Other considerations will affect the design of a revised policy. 
A final storage policy will need to balance the potential benefits of lesser reserved storage 
volumes with other reservoir operation considerations. At Loveland Reservoir, storage policy will 
need to account for the Authority’s fishing program and the terms of its agreement with the U.S. 
Forest Service. At Sweetwater Reservoir, storage policy will need to account for the Authority’s 
fishing program as well as water quality management considerations, including the usability of 
the lower gates of the reservoir outlet tower. 

6.5. Summary:  We recommend the potential policy revision be 
advanced to Fine Screening for further evaluation and 
refinement. 
We recommend the policy review be advanced to Fine Screening for further review and refinement, 
in coordination with Authority water quality and environmental management staff.  
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7. Regional Sales Agreement 
 

 

7.1. Overview and Ratings Summary 
This section reviews the feasibility of a Regional Sales Agreement as a means of increasing the 
base of water demands serviceable by the Authority’s storage and treatment assets. An increased 
demand base would improve the utilization efficiency of the Authority’s reservoir and treatment 
assets by allowing for quicker drawdown of reservoir storage levels in wet years, reducing 
evaporation losses, and by increased demands on the Perdue plant, allowing for improved plant 
operations.  

Based on the Coarse Screening review, we find a potential sales agreement with Otay offers 
potential for mutual advantage, and we recommend the project be advanced to Fine Screening for 
further development in coordination with Otay. Our project rating is summarized below.  

Project Description Analysis Rating 

• Regional 
Sales 
Agreement 

Enter into a water sales 
agreement with Otay 
allowing Otay to 
purchase treated water 
from the Authority. 
Otay would need to 
construct a pump 
station to lift water to 
its service area. 

• Additional water demands via 
regional sales could improve the 
operational efficiency of the 
Authority’s storage and treatment 
assets, reducing storage losses and 
improving Perdue plant operations.  

• The goal is a win-win, in which the 
Authority receives sales revenue 
and treatment efficiency benefits, 
and Otay obtains a reliable supply 
of treated water for its Central 
service area at advantageous costs. 

B / POTENTIAL  
(Advance to Fine 
Screening)  

 

Summary: 
• The Authority’s reservoir and treatment assets could be more fully and 

efficiently utilized if demands were higher:  A higher demand base would 
benefit the Authority’s reservoirs by allowing storage levels to be drawn 
down faster, reducing evaporation losses. Higher demands would also 
improve operations of the Authority’s Perdue plant by reducing or 
eliminating the need to turn the plant off or to operate it at inefficiently low 
rates of flow.  

• A potential arrangement with Otay Water District (Otay) merits further 
review:  A water sales agreement with Otay has potential for mutual 
advantage, improving asset utilization for the Authority and providing 
economy and supply reliability benefits to Otay. We recommend the option 
advance to Fine Screening for further review and development in 
coordination with Otay.  
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7.2. Otay Water District appears the only plausible partner agency. 
The retail water agencies bordering the Authority are the most likely candidates for such a sales 
agreement. The Authority is bordered on the north by the City of San Diego, and on the south by 
the Cal American Water Company, which is supplied by the City of San Diego. We judge these 
to be poor candidates for a sales agreement because the City of San Diego experiences the same 
type of wet year abundance of local supply as the Authority, has surplus treatment plant capacity 
of its own, and as a result has little incentive to participate in an arrangement with the Authority.  

The Authority is bordered on the east by Otay. Otay relies on SDCWA for all of its potable 
supply, and is vulnerable to any water supply interruptions affecting the SDCWA aqueduct 
system. These conditions provide incentive for Otay to consider a sales arrangement with the 
Authority. We view Otay as a plausible partner of the Authority’s three neighbors. 

7.3. A sales arrangement might provide multiple benefits to both 
parties. 
Potential benefits to each party are summarized in Table 7-1.  

TABLE 7-1:  Sales Agreement Potential Benefits 

Authority Otay 

• Increased Local Yield and Revenue:  An 
increased demand base would allow for 
quicker utilization of available wet year water 
supplies, increasing usable yield by reducing 
reservoir evaporation and other storage losses. 
The sale of this increased yield to Otay would 
produce revenue for the Authority. The 
amount of yield increase will depend on the 
transfer capacity to Otay and other factors, but 
at the Coarse Screening level of review we 
anticipate the increase could easily amount to 
an average of 100 AF/yr or more. The net 
present value of the increased yield to the 
Authority could be $4 million or more. 

• Higher Treatment Plant Production:  
Water sold to Otay would be treated at the 
Authority’s Perdue plant. Operation of the 
Perdue plant at very low flow rates, as is 
sometimes necessary under current supply 
and demand conditions, poses treatment 
challenges. An increased demand base could 
improve plant operations. 

• Evaporation Cost-Sharing:  An arrangement 
could potentially be structured in which Otay 
shared in the maintenance of emergency 
storage pool levels at the Authority’s 
reservoirs, and in the evaporation losses 
incurred by that storage. 

• Supply Reliability:  Otay relies on SDCWA 
for all of its potable supply. The northern 
portion of its service area, north and east of 
Sweetwater Reservoir, has a redundant source 
of supply from the Helix Water District’s 
Levy WTP, but its Central service area, the 
center portion of the district in and around the 
City of Chula Vista and south of Sweetwater 
Reservoir, lacks supply redundancy, leaving 
it vulnerable to any water supply interruptions 
affecting the SDCWA aqueduct system. A 
sales agreement with the Authority could 
provide Otay with valuable supply reliability 
benefit for this area. 

• SDCWA Purchase Cost Savings:  It may be 
possible to structure a sales arrangement in 
which both parties gain economically, the 
Authority by selling local water that would 
otherwise be lost, and Otay by purchasing the 
water for less than it would spend for like 
purchases from SDCWA. 

• Enhanced Water Quality:  Over the past 
decade the southern reach of the SDCWA 
aqueduct system serving Otay’s treated water 
connections has struggled with nitrification 
issues, complicating Otay’s system operations 
and water quality compliance. A supply from 
the Authority may provide opportunities for 
improved water quality management. 
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7.4. The project would require a pump station to lift water to the Otay 
service area, and associated pipeline improvements. 
Key elements of our conceptual project concept are summarized below: 

• Pump Station:  The project 
would require a pump station 
to lift water to the Otay 624 
zone. Determination of the 
size and location of the pump 
station will require review 
with Otay. 

• Pipeline Improvements:  
Pipeline improvements may be 
needed in either or both 
service areas to deliver the 
desired flows. Further review 
is needed to define. 

• Sales Agreement:  The parties 
would need to negotiate the 
terms of sales agreement. 

• Environmental Compliance:  
Construction of capital 
facilities would require 
environmental compliance 
under the California 
Environmental Quality Act. 

• Water Rights Consideration:  
It may be possible to structure 
the sales agreement in a 
manner in which the water the 
Authority sells to Otay is 
accounted for as groundwater 
from the Reynolds 
Desalination Facility, and not 
water from the Sweetwater 
River subject to the place-of-use and other conditions of the Authority’s water rights. Legal 
review would be required to confirm a preferred approach. 

We have not estimated project costs at this time. Coordination with Otay is needed to refine 
project concepts as the basis for cost estimates. 

7.5. Summary: We recommend the project be advanced to Fine 
Screening to allow for review with Otay. 
We recommend the project advance to Fine Screening for review and refinement in coordination 
with Otay. 

 

 
Possible Connection Locations.  Depending on desired capacity, 
a connection to Otay for a Water Sales Agreement could utilize 
one of the existing interties between the two agencies, or could 
develop a new connection. The project would include a pump 
station to lift water to the Otay 624 zone. 

 
Approximate 
location range for 
new connection 
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8. Reservoir Evaporation Reduction 
 

 

8.1. Overview and Ratings Summary 
This section reviews evaporation at Loveland and Sweetwater Reservoirs and evaluates potential 
evaporative reduction strategies. On the basis of this initial feasibility analysis, we do not find any 
new evaporative loss strategies suitable for immediate study or implementation by the Authority. 
We recommend however that the Authority monitor the advancement of floating solar panel 
technology, and reevaluate its potential application within the next 5 to 10 years. Our overall 
ratings are summarized below. More detailed ratings of options in the Other Measures category 
are presented later in this section. 

Project Description Analysis Rating 

 Reduce 
Evaporation 
via Solar 
Panels 

Install floating 
solar panels at 
Sweetwater 
Reservoir to 
generate power 
and to reduce 
evaporation via 
shading. 

 Floating solar panels are an evolving 
technology, with limited installations to 
date.  

 Steady water levels are preferred; 
fluctuating levels such as at Sweetwater 
Reservoir would pose a challenge for 
anchoring the panels. 

 Shade provided by the panels would 
reduce evaporation, and may improve 
water quality by reducing algal 
productivity. 

 Could adversely affect waterfowl and 
other environmental resources. 

C / TABLE 
(Do not advance 
now, but 
reevaluate in 
5-10 years) 

 Other 
Evaporation 
Reduction 
Measures 

Reduce 
evaporative losses 
through the use of 
shade balls or 
chemical 
inhibitors. 
 

 Existing technologies would be either 
ineffective or impractical for Loveland 
and Sweetwater reservoirs. 

D / DISMISS 
(Do not advance; 
reevaluate in 10+ 
years or if 
conditions 
change) 

 

Summary: 
 Water stored in Loveland and Sweetwater reservoirs incurs losses from 

evaporation. With the reservoirs half full, average losses are approximately 
7.5% per year from Loveland, and 15% per year from Sweetwater. The 
higher losses at Sweetwater are a function of its higher surface-to-volume 
ratio (i.e., shallowness). 

 Measures to reduce evaporation through shading are technically feasible 
but remain uneconomical or otherwise impractical at this time. The 
developing technology of floating solar panels merits monitoring and 
reevaluation over the next 5 to 10 years. 
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8.2. Evaporative losses as a percentage of storage volume are much 
higher at Sweetwater reservoir than at Loveland.  
Tables 8-1 and 8-2 present estimated annual average evaporation losses at Sweetwater and 
Loveland Reservoirs as a function of reservoir gauge height and reservoir volume. The data show 
that lower reservoir storage volumes result in lower evaporative losses, but that losses as a 
function of percent of water stored in the reservoir are highest at low storage levels. These low 
storage level percentage losses can be significant, in excess of 25 percent per year at Sweetwater 
Reservoir. With the reservoirs half full, average losses are approximately 7.5 percent per year 
from Loveland, and 15 percent per year from Sweetwater, twice the rate at Loveland. The higher 
losses at Sweetwater are a function of its higher surface-to-volume ratio (i.e., shallowness).  

TABLE 8-1:  Sweetwater Reservoir Evaporation as a Function of Storage Volume 

Gage 
Elevation   

(feet)  
Volume  

(AF) 
Surface 

Area  
(acres) 

Average 
Depth  
(feet) 

Net Evaporation 1 
Volume 

(AF/year) 
Volume 

(%) 
Incremental 2 

(%) 
42   2,067 216 9.6   739 36%  
48   3,539 278 12.7   951 27% 14% 
54   5,439 357 15.2 1,221 22% 14% 
66 10,636 512 20.8 1,751 16% 10% 
74 15,274 669 22.8 2,288 15% 12% 
80 19,663 784 25.1 2,681 14%   9% 
86 24,637 881 28.0 3,013 12%   7% 
90 28,372 986 28.8 3,372 12% 10% 

1.  Assuming average net evaporation of 3.42 feet per year 
2.  Incremental losses are the average evaporative loss resulting from the storage of one additional acre-foot of water 
 

TABLE 8-2:  Loveland Reservoir Evaporation as a Function of Storage Volume 

Surface 
Elevation 

(feet) 
Volume  

(AF) 
Surface 

Area  
(acres) 

Average 
Depth  
(feet) 

Net Evaporation * 
Volume 

(AF/year) 
Volume 

(%) 
Incremental 2 

(%) 
1248   1,130     57.7 19.6  194  17%  
1280   4,456 156 28.6    526  12% 10% 
1298   7,730 206 37.5   694  9%   5% 
1308   9,928 234 42.4   893  8%   4% 
1328 15,255 304 50.2 1,024  7%   4% 
1342 20,008 376 53.2 1,267  6%   5% 
1354 24,935 448 55.7 1,510  6%   5% 

1.  Assuming average net evaporation of 3.37 feet per year 
2.  Incremental losses are the average evaporative loss resulting from the storage of one additional acre-foot of water 
 

Rather than focus on average percentage losses, a more meaningful metric is the incremental 
percentage loss at a given storage volume. The incremental metric reflects the average loss 
incurred from adding one additional acre-foot of storage to the reservoir, or conversely the 
reduction in loss resulting from lowering the storage volume by the same acre-foot. 
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8.3. Methods to reduce evaporation exist. 
A variety of strategies may be used to minimize or reduce reservoir evaporative losses.4 General 
evaporative control approaches include: 1) minimizing reservoir temperatures at the water 
surface, and 2) minimizing evaporative effects associated with wind. Strategies to reduce 
evaporative losses can be grouped into four general categories, including: 

• Physical Covers.  Solid floating covers (e.g., solar panels) or modular floating materials (e.g. 
balls or discs) can be used to reduce evaporative losses by 1) reducing net solar radiation 
input to the reservoir, and 2) reducing the area of exposed water surface to the atmosphere.5   

• Physical Mixing.  Physical mixing strategies (e.g. air diffusers or mixers) can be used to 
promote vertical mixing and eliminate thermal stratification, which in turn can reduce 
evaporation by reducing summertime water temperatures near the water surface. Eliminating 
thermal stratification by mixing cooler hypolimnion waters with warmer epilimnion waters 
could potentially reduce surface temperatures by a few degrees, resulting in a slight reduction 
in reservoir evaporation.6   

• Chemical Films.  Biodegradable fatty alcohols such as hexadecanol and octadecanol or 
powder-based chemicals such as WaterSavr® can be added to reservoirs to form a thin film 
(monolayer) over the reservoir surface that reduces evaporation rates.7  Chemical monolayers 
reduce evaporation by creating an insoluble film that acts as a physical barrier to water 
molecules escaping the surface (pores smaller than H2O) and a barrier that prevents air 
movements interacting with water surface molecules. In addition, the chemical films can act 
to reduce the surface tension of water thus lowering the surface area available for 
evaporation. 

• Biological Methods.  Biological methods for reducing evaporation may include floating 
aquatic plants which block and capture sunlight, floating dead vegetation that blocks sunlight 
and reduces water surface areas, removal of phreatophytic or emergent vegetation that may 
be contributing transpiration losses to evaporative losses, or creating windbreaks at the 
reservoir edge to reduce wind effects on evaporation.   

An additional evaporation reduction strategy is the lowering of water levels. This strategy is 
addressed separately in this report in Section 6 (Storage Policy Revisions).  

 
4  As summarized within AWWA (1963), Aminzadeh et al. (2018) and Youssef (2019). 
5  For this benefit to occur, floating covers or floating balls or discs need to be capable of reflecting energy back into the 

atmosphere rather than absorbing the energy. For maximum effect, floating covers or balls/discs would also need to be 
capable of providing a layer of thermal insulation between the atmosphere and water surface.  

6  During periods of thermal stratification, a thermocline separates the hypolimnion (deep cooler portion) from the epilimnion 
(upper warm portion). Because of the depth/volume relationships at Loveland and Sweetwater Reservoir, however, deeper 
hypolimnion waters would typically comprise a considerably smaller volume than upper epilimnion waters. As a result, 
complete mixing in summer months may result in surface temperatures being reduced by only a few degrees, resulting in 
minimal reduction in evaporation.  

7  Such Chemical films form a small layer that floats on the water surface that separates reservoir water from the atmosphere, 
reducing evaporation of the underlying reservoir water. The chemical films themselves have a half-life on the order of a few 
days, however, so chemical addition must be continually practiced in order to maintain their effectiveness. 
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8.4. We find the methods available to reduce evaporation would be 
impractical for application to the Authority’s reservoirs. Floating 
solar panels appear the most promising of the options; we 
recommend the Authority monitor advances in these systems 
and reevaluate their feasibility within 5 to 10 years. 
The Study’s Coarse Screening review of evaporation reduction measures and strategies is 
summarized in Table 8-3. We find that none of the evaporative control strategies are 
recommended for immediate study or implementation, but we recommend the Authority monitor 
the developing technology of floating solar panels and reevaluate their potential within 5 to 10 
years or sooner if the technology achieves substantial progress. 

Regarding shade balls, floating discs, floating covers, or floating chemical films, we find these 
are more appropriate for small reservoirs with steep sides. For large natural reservoirs, wind 
effects and shallow shoreline angles would allow the floating balls, discs, or chemical films to be 
blown to one side of the reservoir or onshore, creating areas where the reservoir water surface is 
exposed. These strategies can also result in a “pool blanket” effect where reservoir temperatures 
are increased by preventing the reservoir from emitting long-wave radiation to the atmosphere.   

TABLE 8-3:  Evaporation Reduction Strategies and Ratings 

Strategy Description Analysis Rating 

PHYSICAL COVERS   

Floating Solar 
Panels 

Floating solar 
panels reduce 
evaporative area 
and radiant 
energy input 
while producing 
renewable energy 

• Reduces evaporation by (1) reducing the 
evaporative surface area and (2) reducing solar 
radiant energy input to the reservoir 

• May reduce algae growth within the water 
column  

• May result in decreased reservoir dissolved 
oxygen levels 

• High initial capital costs, but renewable energy 
production may help offset project costs 

C / TABLE  
(Do not 
advance now, 
but reevaluate 
in 5-10 years) 

Shade Balls 
and Floating 
Disks 

Small floating 
balls or disks 
reduce the 
evaporative 
surface area and 
radiant energy 
input 

• More effective for small reservoirs; can be 
easily blown to one side of the reservoir (or 
onto shore) during windy conditions 

• Not proven to be effective in significantly 
reducing evaporation, as the balls may act as a 
“pool blanket” trapping heat, and evaporation 
still occurs in gaps between the floating balls 
and from moisture or algae on the balls  

• May reduce algae growth in the water column, 
but may encourage algae growth on the floating 
balls and on surface waters between the balls  

• May result in decreased dissolved oxygen levels 
• Low capital costs but potentially high 

maintenance costs  
• May impair maintenance or sample collection 

activities  

D / DISMISS 
(Do not 
advance; 
reevaluate in 
10+ years or if 
conditions 
change) 
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Strategy Description Analysis Rating 

Floating 
Continuous 
Covers 

Floating 
insulating panels 
reduce 
evaporative area 
and radiant 
energy input  

• May provide significant reduction of 
evaporation by 1) reducing the evaporative 
surface area, and 2) reducing solar radiant 
energy input to the reservoir 

• May reduce algae growth within the water 
column 

• May result in decreased reservoir dissolved 
oxygen levels 

• May result in increased water temperatures that 
may result in water treatability or ecological 
issues 

D / DISMISS 
(Do not 
advance; 
reevaluate in 
10+ years or if 
conditions 
change) 

PHYSICAL MIXING    

Air Diffusers / 
Bubblers 

Air diffusers used 
to break up 
thermal 
stratification and 
reduce summer 
water surface 
temperatures  

• Improves dissolved oxygen concentrations in 
deeper waters of the reservoir 

• Only effective during times of the year and for 
reservoir storage volumes that allow for thermal 
stratification   

• May only reduce summer surface temperatures 
by 5° to 10° F 

• May not result in significant reduction in 
evaporative losses   

• Elimination of the thermocline during summer 
months may affect treatability  

D / DISMISS 
(Do not 
advance; 
reevaluate in 
10+ years or if 
conditions 
change) 

Physical 
Mixing8 

Physical mixers 
used to break up 
thermal 
stratification and 
reduce summer 
water surface 
temperatures  

• Improves dissolved oxygen concentrations in 
deeper waters of the reservoir  

• Only effective during times of the year and for 
reservoir storage volumes that allow for thermal 
stratification   

• May only reduce summer surface temperatures 
by 5° to 10° F 

• May not result in significant reduction in 
evaporative losses  

• Elimination of the thermocline during summer 
months may affect treatability  

 
8  While physical mixing strategies may have advantages not associated with evaporation, physical mixing may not result in 

meaningful reduction in evaporation. Due to the “V” shaped depth profile of Loveland and Sweetwater Reservoirs, a 
significant portion of the reservoir volume is in the upper 40-50 feet of the reservoir.  In this upper portion (epilimnion), 
summer water temperatures may typically be on the order of 75° F, compared to the lower 40-50 feet of reservoir depth where 
hypolimnion temperatures may be on the order of 55° F. As a result, depending on the volume of water in storage, the 
elimination of thermal stratification during summer months may only reduce reservoir surface temperatures by 5° to 10° F. 
Such a reduction in reservoir temperature at the water surface would only have a small effect on reservoir evaporation. Under 
thermally stratified conditions, hypolimnion waters are physically separated from the atmosphere, resulting in depressed (or 
zero) dissolved oxygen concentrations in the deep hypolimnion waters. Physical mixing strategies can prevent dissolved 
oxygen concentrations in the hypolimnion from being depressed during summer months, potentially improving water 
treatability.  
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Strategy Description Analysis Rating 

Chemical Films   

Chemical 
films 

Thin chemical 
films of cover the 
reservoir and limit 
evaporation.  

• More applicable to small reservoirs which may 
see a significant reduction in evaporation  

• May result in reduced reservoir dissolved 
oxygen levels 

• Capital costs typically low but maintenance 
costs high 

• Little research has been conducted on potential 
long-term ecological effects 

• Wind may blow films to one side of the 
reservoir or create holes in the chemical film 

D / DISMISS 
(Do not 
advance; 
reevaluate in 
10+ years or if 
conditions 
change) 

BIOLOGICAL METHODS   

Floating 
Aquatic Plants 

Floating aquatic 
plants provide 
shade  

• Can be blown to one side of the reservoir by 
winds 

• May actually increase water loss due to 
transpirative losses and increased turbulent air 
flow at the water surface  

• Potential environmental impacts on reservoir 
aquatic habitat 

• Potential treatability issues associated with 
increased particulate matter and vegetation 
decay 

• Low capital costs but high maintenance (plant 
harvesting) issues and costs 

D / DISMISS 
(Do not 
advance; 
reevaluate in 
10+ years or if 
conditions 
change) 

Removal of 
Phreatophytes 

Eliminate shore 
vegetation that 
may be utilizing 
reservoir seepage 

• Phreatophytes are not a major source of 
evaporative loss at Sweetwater or Loveland 
Reservoirs 

• Potential environmental constraints may exist 
for removing what resource agencies consider 
to be “habitat” 

Wind Breaks Plant trees at edge 
of reservoir as 
windbreaks 

• Unlikely to significantly affect evaporation 
given the size of Sweetwater and Loveland 
Reservoirs  

• Not compatible with variable reservoir water 
levels and variable surface acreages 

• Potential environmental (visual) consequences 

 
 

8.5. See Appendix B for additional data and information on 
evaporation rates and processes. 
We have compiled additional data and information on the physical processes of evaporation and 
on evaporation records at Loveland and Sweetwater reservoirs in Appendix B, for your reading 
enjoyment and edification. The appendix also includes references for the material in this section. 
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A.1. The three categories of potential reservoir water quality 
improvements each contain several possible measures.  
The full list of possible measures is summarized in Table A-1.  

TABLE A-1:  Reservoir Water Quality Improvement Measures – Full List 

ACTION DESCRIPTION PROS CONS REMARKS / 
COSTS 

In-Reservoir Enhancements 

Blending / 
Augmenting 

Blend ambient 
reservoir water with 
imported water; 
Raise reservoir level 

Larger epilimnion; 
More consistent water quality 
of WTP inflow; 
Better selective withdrawal 

Higher 
evaporation and 
storage losses 
(stored water is 
vulnerable to loss 
if Sweetwater 
Reservoir spills) 

$1.5M/yr computed 
as 1,000 ac-ft @ 
$1,500 per ac-ft 

Hypolimnetic 
Oxygenation 

Inject oxygen through 
a line diffuser(s) or 
Speece cone in the 
hypolimnion; Requires 
raising WSEL; 
Different from mixing 
with a bubbler; No 
significant vertical 
mixing 

Larger epilimnion; Reduction 
of internal nutrient recycling; 
Reduces manganese 
recycling; 
More consistent and 
oxygenated WTP inflow; 
Better selective withdrawal 

Higher 
evaporation and 
costs of water; 
Enhance Quagga 
mussel habitat, 
especially near the 
intake tower 

$1.5M/yr cost of 
water, plus 0.8 to 
1.2 MM initial 
system costs, plus 
50K+/-/yr 
operational costs 
(mostly oxygen) 

Vertical 
Mixing 

Destroy stratification 
by mixing using air 
bubble curtain or 
equivalent 

Likely (but not guaranteed) 
shift in algal populations 
towards green algae; reduce 
evaporation by cooling 
surface; reduces internal 
nutrient recycling; water 
inflow to WTP becomes 
oxygenated; 
Provides a fairly uniform 
water quality at the various 
ports; 
Over the long term, could 
enhance oxidation of 
manganese throughout the 
water column. 

Reduces or 
eliminates 
benefits of 
selective 
withdrawal; 
System start-up 
could result in 
adverse temporary 
water quality by 
sediment scouring 
and hypolimnetic 
nutrient 
entrainment.  
Potential Quagga 
mussel growth. 

Such a system exists 
in the reservoir but 
has not been used 
since 2000.  Costs 
depend on condition 
of existing system. 

Vigorous 
Epilimnetic 
Mixing 

Mix shallow reservoir 
areas to discourage the 
growth of potentially 
toxic blue green algae 

Add oxygen to shallow water; 
reduces the growth of blue 
green algae 

Cost; 
Potential Quagga 
mussel growth. 

This system may be 
designed to 
vigorously mix the 
entire water column 
since the water 
volume may 
fluctuate 
significantly.   This 
is similar to vertical 
mixing but with 
more horsepower. 
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ACTION DESCRIPTION PROS CONS REMARKS / 
COSTS 

Solar Bees Designed to operate on 
solar power; pulls in 
water at the desired 
depth providing 
effective mixing to a 
predetermined depth. 

May reduce the growth of 
blue green algae but no 
guarantees; reduces 
evaporation by cooling 
surface 

Only mixes top 10 
ft or so; requires 
many solar bees 

Very expensive to 
cover enough 
surface area of the 
reservoir. 

Selective 
Withdrawal & 
Refurbishing 
Intake Tower 

Already practiced, but 
can be expanded if 
WSEL is raised. The 
current intake tower 
could use 
rehabilitation as the 
saucers and cups do 
not seal well. Divers 
periodically seal the 
lower level cups to 
prevent anerobic water 
from entering the plant 
intake. 

Better selective withdrawal 
capability; 
Eliminate anaerobic water 
from lower level cups which 
don’t properly seal. 

Higher 
evaporation and 
costs of water; 
Expensive 
project; 
interruption to 
WTP production; 
difficult 
construction 
logistics 

Additional costs of 
water from raising 
the WSEL.  Most 
effective if prior 
dredging near the 
intake tower has 
been performed. 

Dredging Remove the 
accumulated sediment 
in the reservoir, 
estimated to be 20-30 
ft in depth.  

Reduces internal nutrient 
loading. Reduce BOD/COD, 
remove manganese that 
causes discoloration in the 
treated water. Decrease 
chlorine dioxide and chlorine 
demand. Increase the stability 
of chlorine residuals in the 
distribution system. 

May not be able 
to remove all the 
sediments; 
sediments will 
slowly re-
accumulate from 
the Sweetwater 
river and the 
watershed over 
time. 

The issues with 
sediment are most 
impactful near the 
intake tower.  The 
closer the sediment 
is to the withdrawal 
cup, the more likely 
it is to enter the 
effluent. Sediment 
accumulation at the 
east end of the 
reservoir from the 
Sweetwater River 
would not 
appreciably affect 
the water quality 
entering the WTP. 

Early Warning 
System 

Continuously monitor 
reservoir for T&O 
producers. Monitoring 
includes frequent 
sampling (Geosmin, 
MIB, and algal 
producers). Have the 
ability to identify 
algae, especially taste 
and odor producers. 
The WQ Lab staff can 
already identify many 
T&O causing 
cyanobacteria. 

Informs the change of 
operations (for example, stop 
drafting from the reservoir, 
blend, or change to an 
imported source) when T&O 
starts ramping up; consider 
pairing this with chemical 
treatments in the reservoir 
(i.e. copper sulfate). 

Cost of 
monitoring; 
Additional staff 
time for frequent 
sampling. 

Metropolitan Water 
District has 
established an early 
warning system and 
chemical treatment 
in many of their 
reservoirs to combat 
T&O issues. MWD 
has a team of 
reservoir specialists 
focused on this task. 
SWA has 
implemented an 
early warning 
protocol since 2010. 

Chemical 
applications 

Add copper sulfate or 
other chemical to 
reduce algal 
productivity and 
reduce duration of 
T&O episodes 

Reduce T&O; reduce organic 
turbidity. Reduces filter 
clogging, diurnal pH and DO 
changes, and DBP formation 
potential. 

May alter future 
algal populations 
to favor blue-
green algae 

5 to 10K+/-
/application or more 
if helicopter is used 
(need to confirm; 
includes labor) 
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ACTION DESCRIPTION PROS CONS REMARKS / 
COSTS 

Upstream and Watershed Enhancements 

Loveland 
Operations 

Increase residence 
time or storage in 
Loveland for increased 
nutrient removal; 
consider hypolimnetic 
oxygenation in 
Loveland, similar to 
the system used at 
Casitas with multiple 
diffusers at different 
elevations to 
oxygenate a significant 
portion of the water 
column 

Reduced nutrients in 
Loveland releases to 
Sweetwater. 

Potentially 
increased 
evaporation 
losses; cost. 

Hypolimnetic 
oxygenation costs 
similar to 
Sweetwater 
estimates; 
evaporation losses 
depend on WSEL; 
Loveland data is 
scarce so more data 
would be required 
before proceeding  

Nutrient 
reduction 

Evaluate the nutrient 
reduction effectiveness 
of the current urban 
runoff diversion 
system (URDS); 
Consider additional   
facilities such as 
wetlands to further 
reduce nutrients in 
inflows into 
Sweetwater Reservoir 

Reduce external nutrient 
loading 

Increases 
evaporation; large 
land areas needed; 
decreases in 
loading may not 
be sufficient to 
change overall 
reservoir 
eutrophication 
conditions 

Expensive (millions 
of dollars) 

Improve 
Sweetwater 
Reservoir 
DOC/TOC 
management 

Mow and harvest 
vegetation below the 
high water mark or 
don’t mow at all (to 
prevent mulching).  

Reduces total and dissolved 
organic matter entering 
Sweetwater Reservoir. 
Reduces treatment costs and 
DBP formation. 

Labor intensive; 
rough terrain, 
difficult to harvest 
cut vegetation. 
Logistically 
difficult. 

The USGS study 
showed that 
harvesting 
vegetation from the 
reservoir 
margins that are 
flooded when 
water level rises 
may reduce THM 
formation 
by 10 percent 

Road and trail 
improvements 
on the 
perimeter of 
Sweetwater 
Reservoir. 

Stabilize soil on roads 
and trails, using 
BMPs. 

Reduces erosion and 
turbidity, which will protect 
the water quality in 
Sweetwater Reservoir and 
reduce treatment costs. 

Labor intensive; 
cost. 
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ACTION DESCRIPTION PROS CONS REMARKS / 
COSTS 

Treatment Plant Enhancements 

WTP 
Enhancements 

Enhanced treatment 
for tastes and odors 
(i.e. powdered 
activated carbon, 
granular activated 
carbon) 

Reduce tastes and odors Cost Expensive (millions 
of dollars); removals 
may not be 
sufficient to 
eliminate all T&O. 

Changing 
WTP filter 
backwash 
return 

Relocate the WTP 
filter backwash return 
(currently, it is very 
close to the intake 
tower) 

Solids from filter backwashes 
would not be returned to the 
plant intake. It would be best 
to install a solids/residuals 
handling process. Not only for 
water quality but this will 
probably be driven by 
regulations in the future. 

Cost Covered in 2016 
Perdue Master Plan 

Solids / 
Residuals 
Handling 

Process to dechlorinate 
plant discharges and 
treat solids from filter 
backwashes and DAF 
process sludges. 

Improve WQ by not returning 
solids to the reservoir. Meet 
future regulations. 

Cost Covered in 2016 
Perdue Master Plan 

Low Pressure 
Membranes 
(MF/UF) 

Installation of low 
pressure membranes 
(MF/UF) to replace or 
work in concert with 
the current gravity 
filtration system. 

Improve treated water quality. 
Consistent turbidity that 
meets regulatory goals (<0.1 
NTU). 

Cost Covered in 2016 
Perdue Master Plan 
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B.1. Evaporation rates are a function of many factors. 
Evaporation (the conversion of liquid water to water vapor) can be a significant factor in the 
overall reservoir water budget.9  The amount of water lost to evaporation is a function of the 
surface area of the reservoir and the integrated average of the evaporation rate over this surface 
area. The rate of evaporation from a water surface is dependent on the difference in the vapor 
pressure at the water surface and the vapor pressure in the overlying air. Vapor pressure at the 
water surface is largely a factor of reservoir temperature.10  

Converting liquid water to water vapor requires energy, and the amount of radiant energy 
captured by the water body (net radiation) is generally the dominant control affecting annual 
evaporation rates.11  Reservoir waters can be heated by shortwave solar radiation that directly 
reaches the water body, diffuse solar radiation that has been scattered by the atmosphere, and 
longwave (thermal) radiation from the atmosphere to the water body. 12 Even in clear water, a 
significant majority of the incoming radiation is absorbed in the upper portion of the reservoir.3 
Other factors that can affect reservoir temperature include reservoir inflows and outflows, thermal 
stratification, reflectivity (albedo) and long-wave radiation emitted from the reservoir back into 
the atmosphere.4  

Table B-1 summarizes the many factors that can affect evaporation, including solar radiation 
factors, meteorological conditions, and reservoir properties.  

TABLE B-1:  Factors Influencing Reservoir Evaporation 

Category Factor  Influence on Evaporation 

Solar 
Radiation  

Intensity/Angle of 
Solar Incidence  

The intensity of incoming short-wave solar radiation is largely a 
function of the angle at which the sun’s rays strike the earth (angle 
of incidence). Further, the shallower (more horizontal) the angle of 
incidence, the greater the amount of radiation that is reflected back 
into the atmosphere.   

Meteorological 
Conditions 

Air Temperature 
Water evaporates faster if the air temperature is higher.  
Additionally, high air temperatures can cause transfer heat to near-
surface reservoir waters.   

Wind 
Evaporation can be limited by the rate of diffusion away from the 
water surface. Wind and thermal convection transport the water 
vapor away from the water surface, allowing for increased 
evaporation.  

Relative Humidity The higher the relative humidity near the water surface, the lower 
the evaporation rate.   

Cloud Cover Increased cloud cover reduces the amount of direct shortwave 
radiation that reaches the water surface. 

Air Quality/Clarity Particulate matter in the atmosphere can reduce the intensity of 
direct sunlight that impacts on the reservoir surface. 

Reservoir 
Properties 
 

Surface Area Surface area is the most important reservoir property affecting 
evaporation, and is directly proportional to evaporative loss. 

Water Temperature Water evaporates faster if the water temperature is higher. 

 
9  Fredrich et al. (2018). 
10  American Society of Civil Engineers Manual of Practices No. 70 (2016).   
11  Jensen (2010). 
12  United Kingdom Environment Agency (2001).   
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Category Factor  Influence on Evaporation 

Reservoir 
Properties 
(continued) 
 

Thermal 
Stratification 

Thermal stratification effects result in higher near-surface 
temperature during summer months which cause increased 
evaporation at the water surface compared to fully-mixed reservoirs. 

Reservoir Volume Reservoir volume directly affects reservoir surface area and 
temperature-related effects associated with thermal stratification. 

Inflows/Outflows 
The temperature of reservoir inflow sources (including 
precipitation) can affect both overall reservoir temperature and the 
stability of thermal stratification effects. 

Water Clarity 
Suspended particulate matter may reduce evaporation by increasing 
the percent of incoming shortwave solar radiation that is reflected 
back to the atmosphere.   

Water Salinity Evaporation is decreased as salinity increases due to salinity-related 
effects on water vapor pressure at the water surface.   

Vegetation 
Emergent vegetation can provide shade and reduce net solar 
radiation into the reservoir.  Vegetation on lands surrounding the 
reservoir can affect wind and turbulence over the reservoir surface.   

 

B.2. The absolute rates of evaporation at Loveland and Sweetwater 
reservoirs are similar, approximately 3.4 feet per year.  
Evaporative losses at the Authority’s reservoirs are measured using standard USGS “Class A” 
evaporation pans.13  Figure B-1 presents observed monthly average pan evaporation rates at 
Sweetwater and Loveland Reservoirs during 2001-2020. The data displays seasonal differences in 
observed pan evaporation rates at the two reservoirs, with rates at Loveland Reservoir 
comparatively higher in the summer and lower in the winter than Sweetwater, presumably a 
function of higher summer and lower winter temperatures at its more inland location.  

FIGURE B-1:  Observed Monthly Pan Evaporation in Inches, 2001-2020 

 

 
13  The standard Class A evaporation pan (as standardized by the National Weather Service) is 47.5 inches (120.7 centimeters) in 

diameter and 10 inches (25.4 centimeters) in depth.  Water levels (measured daily) are maintained 2 inches (3.08 cm) from 
the top of the pan.  
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Figure B-2 presents a comparison of annual pan evaporation rates at Loveland and Sweetwater 
Reservoirs. Observed pan evaporation rates at the reservoirs can vary by as much as 20 percent 
from one year to another, depending on hydrologic and climatic conditions. Annual pan 
evaporation rates at Loveland and Sweetwater Reservoirs averaged approximately 4.8 feet per 
year during the prior two decades.   

FIGURE B-2:  Annual Pan Evaporation in Feet, 2001-2020 

 
 

Observed pan evaporation rates tend to be higher than reservoir evaporation rates due to size-
related temperature differences between the evaporation pan and the reservoir. To account for this 
difference, estimated reservoir evaporation is commonly computed as the product of the observed 
pan evaporation and a pan coefficient. The ratio of lake evaporation to pan evaporation is 
typically taken as 0.7 to account for the fact that pan evaporation typically exceeds lake 
evaporation by approximately 30 percent.14  Table B-2 presents estimated long-term annual 
reservoir evaporation rates at Loveland and Sweetwater Reservoirs based on observed pan 
evaporation measurements. Using the standard pan coefficient, annual evaporation at the 
reservoirs averages approximately 3.4 feet per year. 

TABLE B-2:  Average Annual Reservoir Evaporation Rates 

Parameter Sweetwater 
Reservoir 

Loveland 
Reservoir 

Observed Pan Evaporation Rate,  
(July 2000 – March 2020) 4.89 4.81 

Estimated Reservoir Evaporation Rate6 3.42 3.37 
 

 
14  Estimated annual average reservoir evaporation rates are based on observed pan evaporation records for Sweetwater and 

Loveland Reservoirs from 2000-2020, adjusted by a typical annual average pan coefficient of 0.7. Researchers have shown 
that, while actual pan coefficients may vary during the year (from approximately 0.6 during winter months to 0.8 during 
summer months), the commonly used 0.7 pan coefficient is acceptable for use in estimating reservoir evaporation (see Jensen, 
2010). 
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