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Technical Memorandum 
TERTIARY FILTER REHABILITATION PROJECT  

1.0 INTRODUCTION 
The El Estero Wastewater Treatment Plant (EEWTP) is a conventional activated sludge 
plant that treats wastewater for the City of Santa Barbara. A portion of the EEWTP effluent 
is treated to a higher level for recycled water use. The City has successfully produced and 
delivered recycled water to the City golf course, Caltrans median and other users for over 
15 years. The City recycled distribution water meets the regulatory and water quality 
requirements, but there are some challenges that need to be addressed for the continued 
success of the recycled water program. These challenges include the secondary effluent 
turbidity, tertiary filter performance and condition, and dissolved mineral content. 

The existing filter media is anthracite. The media is not efficient in removing the smaller 
particles that can be present in activated sludge effluent. Other filter limitations include 
corrosion of the inlet flume, poor access to the filter valves, and “double confined” space 
entry to the underdrain. In addition, the secondary effluent contains higher than desirable 
total dissolved solids (TDS).  

Recently, the secondary effluent quality, possibly coupled with the existing filter technology, 
has made it difficult to meet the Title 22 requirement of 2 NTU for the tertiary effluent 
quality. The City has added potable water to produce a blended recycled water quality with 
turbidity below 2 NTU. A separate study will identify the needed activated sludge process 
changes to provide a secondary effluent that can be filtered to meet the Title 22 turbidity 
limit. This report is based on the successful implementation of these changes. 

The purpose of this report is to develop recommended solutions to the above limitations. 
The report focuses on two main areas: 

1. Filter Upgrades. What is the optimum filter technology to address the existing filter’s 
limitations and condition? The scope of work considers filter technologies that will fit 
into the existing concrete structure. The cost of these technologies is compared to the 
cost for implementing minor upgrades to the existing filters. 

2. Demineralization.  The City adds potable water to the tertiary effluent to lower the 
TDS and chloride concentrations to acceptable values. Potable water is also added to 
provide a recycled distribution water blend with turbidity below 2 NTU. This report 
compares various methods to control TDS. These include the existing practice of 
blending potable water, demineralization treatment, and control of TDS entering the 
collection system. 
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2.0 EXECUTIVE SUMMARY 

2.1 Existing Facilities 

The existing recycled water facilities consist of filtration followed by disinfection with sodium 
hypochlorite. The treatment capacity is 4.4 million gallons per day (mgd). However, the 
current demand is approximately 2.5 mgd for the maximum day conditions.  

The primary purpose of this report is to address the existing filter deficiencies. The filters 
are approximately 15 years old, and rehabilitation is required. The major issues include 
corrosion, media replacement, and replacement of out-of-date instrumentation. Even with 
these upgrades, access to the filter underdrains requires special confined space 
procedures.  

2.2 Recycled Water Flows 

There are 40 users of the recycled distribution water. Users include the City golf course, 
Caltrans medians, and other parks. The production varies throughout the year to match 
irrigation needs. The maximum day demand is approximately 2.5 mgd. There are existing, 
potential users that could increase this demand to 2.7 mgd. This demand does not include 
new development. 

2.3 Recycled Water Quality 

The secondary purpose of this project is to address the recycled water quality in terms of 
mineral content and turbidity. The parameters of primary interest include the total dissolved 
solids (TDS) and chloride concentrations. The TDS of the secondary effluent averages 
almost 1,300 milligrams per liter (mg/L). This below the limit set in the City’s Waste 
Discharge Order set by the Regional Water Quality Control Board of 1,500 mg/L, but is 
above the recommended limit of 1,000 mg/L set by the Environmental Protection Agency. 
The City also has set a goal of 300 mg/L for chloride. 

The filtered effluent must also meet stringent turbidity limits set by California Title 22. The 
limit is 2 NTU. Given current secondary effluent quality, the existing filters cannot 
consistently meet this turbidity limit. 

To address both the mineral goals and the turbidity limits, the City routinely adds potable 
water to the recycled distribution water. The potable water has much lower TDS, chloride, 
and turbidity levels. The blended water meets the mineral goals and regulatory 
requirements. About 370 acre-feet of potable water are added on an average year.  

2.4 Filter Upgrade Alternatives 

The evaluation process first considered alternatives to upgrade the existing filters. These 
alternatives were compared to the cost for the existing upgrades. The goal was to identify 
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filter technologies that could fit into the existing filter structure. Three alternatives were 
identified that potentially met these goals: 

1. Continuous Backwash, Upflow Filtration. 

2. Ultrafiltration/Microfiltration. 

3. Cloth Filters. 

Each was reviewed with respect to fitting into the existing structure. This review eliminated 
the cloth filters from further consideration. The equipment would not fit into the concrete 
structure. Construction and on-going operations and maintenance costs were estimated for 
upgrading the existing filters as compared to implementing the remaining two alternatives. 
The costs are reported in the following table. 

 

Table ES-1 Filter Upgrade Costs (2.7 mgd) 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Filter Upgrade 
Alternative Capital Cost 

O&M 
Annual 

Cost 

Equivalent 
Annual 

Cost 
Cost per 
acre-foot 

Rehabilitate 
Existing Filters 

$225,000 $12,000 $32,000 $17 

DynaSand Filters $1,763,000 $59,000 $213,000 $111 

Membrane Filter $5,250,000 $255,000 $712,000 $373 

Rehabilitation of the existing filters has the lowest overall cost. However, this alternative 
does not meet many of the safety issues concerning valve access and the “double 
confined” space entry to the underdrains. The DynaSand filters are rated second in cost. 
This alternative would correct the existing deficiencies. Membrane filters are much more 
costly. Membranes would provide the highest quality effluent, and there may be an 
advantage with respect to downstream mineral control. This is discussed in the next 
section. 

2.5 Demineralization Alternatives 

The filter alternatives address the deficiencies of the existing facilities. However, filters do 
not remove TDS or chloride. The second part of the analysis paired the filter alternatives 
with the mineral control options. These options include: 

• Alternative 1 - Existing filter rehabilitation with potable water addition for TDS control. 

• Alternative 2 - DynaSand filters with potable water addition for TDS control. 

• Alternative 3 - Existing reclamation filters converted to membranes (MF) and 
desalination with reverse osmosis (RO). 
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• Alternative 4 - DynaSand filters and desalination with electro dialysis reversal (EDR). 

• Alternative 5 - DynaSand filters and desalination with MF/RO. 

• Alternative 6 - Existing reclamation filters converted to MF and desalination with EDR 

Alternative 1 utilizes potable water addition to result in a blended water with reduced TDS. 
For this analysis, potable water from the Cater Water Treatment Plant was compared to the 
costs and impacts of implementing seawater desalination for blending. If surface water 
supplies become scarce in the future, seawater would provide the next logical source of 
local water. 

 RO and MF are common demineralization technologies. Only a portion of the total recycled 
water flow needs to be treated, and the resulting product water is blended back with the 
remaining filter effluent. DynaSand filters do not provide a high enough quality for direct RO 
treatment. A small MF treatment step would be provided upstream of the RO. 

Cost estimates were prepared for each overall alternative. In addition, greenhouse gas 
production was estimated. Costs are presented in Table ES-2, and the greenhouse gas 
production is shown in Table ES-3. 

 

Table ES-2 Cost of Treatment Alternatives to Produce 2.7 mgd 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Alternative Capital Cost 

O&M 
Annual 
Costs 

Equivalent 
Annual 
Costs 

Cost per 
acre-feet 

1. Existing 
Filters with 
Potable Water $225,000 $227,000 $246,000 $129 

2. DynaSand 
Filters with 
Potable Water $1,763,000 $295,000 $448,000 $235 
3. MF and RO $8,387,500 $421,000 $1,152,000 $603 

4. DynaSand 
Filters with EDR  

$6,775,000 $444,000 $1,035,000 $542 

5. Dynasand 
Filters with 
MF/RO 

$6,387,500 $308,000 $865,000 $453 

6. MF and EDR $10,462,500 $648,000 $1,560,000 $817 
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Table ES-3 Greenhouse Gas Summary  
Tertiary Filter Rehabilitation Project 
City of Oceanside 

Alternative Description 

Carbon Dioxide 
Equivalent Emissions 

(Metric Tons)(1) 

1 Existing Filters - Surface Water Blending 31 

1A Existing Filters - Desalinated Water 
Blending 

772 

2 Dynasand Filters - Surface Water Blending 31 

2A Dynasand Filters - Desalinated Water 
Blending 

772 

3 Microfiltration Followed by RO 204 

4 Dynasand Followed by EDR 554 

5 Dynasand Followed by MF/RO 186 

6 MF Followed by EDR 645 

Notes: 

1. Includes electricity, chemical manufacturing, and transportation of chemicals and filter/media 
replacements. 

While cost and greenhouse gas emissions are very important factors, each alternative was 
compared to a wider range of criteria as given below.  

1. Regulatory Compliance 

2. Safety 

3. Cost 

4. Greenhouse Gas Emissions 

5. Recycled Water Quality 

6. Ease of Operation 

7. Staffing Impact 

8. Reliability 

9. Ease of Construction 

10. Use of Existing Infrastructure 

11. Ability to Expand 

Each alternative was rated with respect to each of the criteria, and an overall score was 
developed. From this ranking, Alternative 5, DynaSand followed by MF/RO was identified 
as the best overall alternative. Some of the strongest characteristics of this alternative 
include: 



FINAL - July 2008 9 
C:\pw_working\projectwise\jabrown\dms20922\Santa Barbara El Estero Tertiary Filters Report_mlh.doc 

1. The existing filter deficiencies are corrected. 

2. The alternative has a relative attractive cost. 

3. The alternative has relative low greenhouse emissions. 

2.6 Recommendations 

The major decisions to be made as part of the final alternative selection are: 

1. Are the existing filters acceptable based on safety? If not, Alternative 1 should be 
eliminated from consideration. 

2. Is the City comfortable with blending with surface water to meet the mineral goals? If 
so, Alternative 2 is the apparent best alternative. 

3. If the City is not comfortable with blending with surface water, Alternative 5 is the 
apparent best alternative. Of the demineralization alternatives, Alternative 5 has the 
lowest cost. The microfiltration/reverse osmosis demineralization process has 
advantages as compared to EDR, especially concerning the types of chemicals that 
would be used. 

4. If the City wants to provide the best possible tertiary effluent, microfiltration should be 
considered. Microfiltration will produce a very high quality effluent that can reliably 
meet Title 22. The effluent quality is suitable for subsequent implementation of 
reverse osmosis for mineral control. There are higher costs associated with the 
resultant quality. 

Considering all of the above factors, Alternative 2 is recommended for immediate 
implementation. At a later time, the MF and RO demineralization step can be added. 

 

3.0 EXISTING FACILITIES 
The recycled water facilities consist of chemical coagulation, flocculation, filtration and 
disinfection. The plant processes are outlined in Table 1. The rated capacity of the recycled 
water treatment facilities is 4.4 million gallons per day (mgd). The recycled water can be 
stored in a 600,000-gallon tank at the plant site, and up to 1.5 million gallons can be stored 
in a buried reservoir at the City Golf Course. The on-site reservoir is baffled and must be 
maintained at a minimum depth of 6-feet to meet chlorine contact time requirements. The 
EEWTP tertiary filters currently treat a maximum daily flow of up to 2.5 mgd based on the 
demands of the current users. This value can vary from the year-to-year and is based on 
data reported by Carollo Engineers in May 2001 called “Miscellaneous Wastewater 
Treatment Improvements.” This report also identified a future maximum daily demand of 2.7 
mgd. This demand was established by CIty staff, and it considered potential users. No 
schedule to convert these users from potable water was established. 
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Table 1 Existing Recycled Water System Facilities Criteria 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Existing Facility Criteria Value Units 

Filter Supply Pumps    

 Number 2 (1 standby) each 

  2,990  gpm, each 

 Horsepower 40 hp, each 

   

Type Gravity  

Media Type  Anthracite  

Media Depth 48 inches 

Number 4 each 

Size, each 14 x 14 feet 

Loading Rates:   

All Filters in Service 3.8 gpm/sq ft 

One Filter in Backwash 5.1 gpm/sq ft 

Filters 

One Filter out of Service and 
one in Backwash 

7.6 gpm/sq ft 

 

Maximum Head Loss to 
Backwash 

 

6.0 

 

feet 

Air Supply 784 cfm @ 5 psig 

Number of Blowers 2 (1 + 1 standby) each 

Horsepower 25 hp, each 

Maximum Backwash Rate 12 gpm/sq ft 

Duration of Backwash 10 minutes 

Total Backwash Flow per Filter 23,520 gallons 

Backwash System 

Size of Backwash Equalization 
Basin 20,000 gallons 

 

Chlorine Contact Basin Volume 

 

180,000 

 

gallons 

Chlorination System 

Detention Time at Maximum 
Flow 

1 

 

hour 
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Table 1 Existing Recycled Water System Facilities Criteria 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Existing Facility Criteria Value Units 

Chlorination System Additional Baffled Detention 
Time in Reservoir 1.3 to 2.6 minimum hours 

 

Number of Pumps 

 

2 (1 + 1 standby) 

 

each 

Recycled Water 
Transfer Pumps 

Capacity 3,000 gpm, each 

 Horsepower 40 hp, each 

   

Type of Reservoir Steel  

Number 1  

Baffle Type 

 

Concentric hypalon 
curtain 

 

 

Storage Volume 600,000 gallons 

Recycled Water 
Reservoir 

Total Storage at Maximum 
Distribution Rate 

 

3 

 

hours 

Number of Constant Speed 
Pumps 

3 

 

each 

 

Capacity 760 gpm, each 

Horsepower 75 hp, each 

Number of Variable Speed 
Pumps 2 (1+1 standby) each 

Capacity 1,000 gpm, each 

Horsepower 100 hp, each 

Volume of 
Hydropneumatic/Surge Tank 3,000 gallons 

Recycled Water 
Distribution Pump 
Station 

Total Firm Capacity of 
Distribution Pump Station 3,280 gpm 

Notes: 

1. Source: City of Santa Barbara El Estero Treatment Plant Predesign Report: Miscellaneous 
Wastewater Treatment Improvements, Design Memorandums 01-06, Carollo Engineers. 
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3.1 Existing Recycled Water Process 

Prior to discharge, a portion of secondary effluent is further treated to meet California Title 
22 requirements for unrestricted recycled water re-use. The additional treatment consists of 
filtration with anthracite coal granular media filters and disinfection with sodium hypochlorite 
with contact time being provided by a serpentine contact chamber and an on-site reservoir. 
The disinfection process must provide a chlorine concentration times modal contact time 
(CT) of not less than 450 minutes times milligram per liter at all times with a modal 
detention time of at least 90 minutes. The hydraulic detention time is determined using the 
total volume of the chlorine contact chamber and the operational water depth in the 
600,000-gallon storage tank. The modal contact time, T, is less than the calculated 
hydraulic detention time. This is due to short-circuiting and other mixing factors. The 
relationship between T and the hydraulic detention time is referred to as the basin 
efficiency. 

When operating alone, the existing chlorine contact chamber does not provide adequate 
modal detention time. Based upon the design values, the theoretical capacity of the chlorine 
contact chamber alone is 2.88 mgd. Short-circuiting is further increased when recycled 
water is pumped directly from the contact chamber. The actual capacity is reported to be 
2.16 mgd. The resulting basin efficiency is 75 percent, which is typical for contact basins. 
The remaining contact capacity is provided in the reservoir. 

The recycled water distribution system is segmented into three service areas: Phase I, 
Phase II northern section, and Phase II southern section as illustrated in Figure 1. The 
Phase II Service Area is geographically segmented by Highway 101 into two sections. 
Phase II operates from a single pipe. One section of the Phase II Service Area is generally 
located south and downhill of Highway 101.  

There are three pump stations in the system. The main distribution pump station is located 
at the EEWTP. It serves all of the service areas. There is a pump station at the golf course 
that was constructed as part of Phase II, Northern Area. A third station, La Mesa Booster 
Station, was completed in 2007. This station allows operators to more effectively move 
water within the Phase II Service Area, including watering of ball fields for dust control. 
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SYSTEM PHASES

EL ESTERO WWTP

RECLAIMED WATER

RESERVOIR/DISTRIBUTION

FIGURE 1

CITY OF SANTA BARBARA

PHASE II
SOUTHERN SERVICE AREA

Summer
Quarter
Demand
Acre-feet

Flow
ConditionZone

Phase II Service Area
Southern Section

Existing 38.96 15.82 0.166 0.218

Future 23.98 59.01 0.252 0.330

Summer
August
Demand
Acre-feet

Average
Daily Flow in

August
gallons/day

Peak Daily
Flow
mgd

PHASE II
NORTHERN SERVICE AREA

Summer
Quarter
Demand
Acre-feet

Flow
ConditionZone

Phase II Service Area
Northern Section

Existing 97.32 37.85 0.398 0.521

Future 97.32 37.85 0.398 0.521

Summer
August
Demand
Acre-feet

Average
Daily Flow in

August
mgd

Peak Daily
Demand

mgd

GOLF COURSE TANK/

PUMP STATION

CHECK

VALVE ASSEMBLY

ELINGS

PARK

LEGEND
CITY OF SANTA BARBARA

RECLAIMED WATER SYTEM

PIPING

USER SITES

DESIGN FLOW RATES

RESERVOIR STORAGE CAPACITY

SYSTEM OPERATING CRITERIA

PHASE I;

PHASE II;

POST 1993;

TOTAL;

PHASE I;

PHASE II;

POST 1993;

TOTAL;

PHASE I;

PHASE II;

PHASE I;

PHASE II;

TOTAL;

RESERVOIR

FILLING;

SITE USE;

6.11 MILES OF PIPE 4”-18” C-900/905 PVC

8.3 MILES OF PIPE 4”-18” C-900/905 PVC

.28 MILES OF PIPE 8” C-900 PVC

13.69 MILES

23 SITES

20 SITES

29 SITES

72 SITES

2800 GPM @ 100-125 PSI

2950 GPM @ 79-142 PSI

600,000 GALLONS ABOVE GROUND STEEL TANK

1,600,000 GALLONS BURIED REINFORCED CONCRETE TANK

2,200,000 GALLONS

6 A.M.-9 P.M. DAILY

9 P.M.-6 A.M. DAILY

PHASE I
SERVICE AREA

Summer
Quarter
Demand
Acre-feet

Flow
ConditionZone

Phase I Service Area Existing 321.49 127.27 1.34

Future 335.95 133.11 1.40

Summer
August
Demand
Acre-feet

Average
Daily Flow in

August
mgd

1.754

1.900

Peak Daily
Demand

mgd

HGL
324’

HGL
434’HGL

234’

HGL
334’

HGL
270’

HGL
543’

NOTE:

Represents the minimum

delivery hydraulic gradeline

(HGL) at the key location.

HGL
xxx

HGL
288’

HIGHWAY 101

101

LA MESA

BOOSTER

STATION
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3.2 Existing Filter Deficiencies  

The existing filters are approximately 15 years old. There are deficiencies that will require 
filter rehabilitation, and there are other problems related to the original design that cannot 
be corrected. Table 2 outlines the deficiencies of the existing filters. 

Table 2 Current Filter Issues 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Issues Comments 

New Coatings are required  Influent Channel 

Electrical Conduits 

Valves 

Valve Access Not Accessible from Walkways 

SCADA Non-standard PLC 

Control Panel Located Over Water 

Limited SCADA Communication 

Underdrain Access Double Confined Space 

Media Poor Removal of Small Particles 

Limited Turbidity Removal 

The Miscellaneous Upgrades Project completed in 2007 included some improvements in 
the original design. The improvements were estimated to cost $180,000 and would not 
correct all of the deficiencies. Due to other filtration investigations underway, it was decided 
to delete these improvements from the final construction project. 

4.0 RECYCLED WATER FLOWS 
Table 3 outlines the phase’s current and future use. The future maximum daily demand is 
projected at 2.7 mgd. 

 

Table 3 Recycled Water Zones and Flows 
Tertiary Filters Rehabilitation Project 
City of Santa Barbara 

Recycled Water 
Zone 

Flow 
Condition 

Average Daily Flow in 
August (mgd) 

Maximum Daily Demand 
(mgd) 

Phase I Existing 

Future 

1.34 

1.40 

1.754 

1.900 

Phase II North Existing 

Future 

0.398 

0.398 

0.521 

0.521 
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Table 3 Recycled Water Zones and Flows 
Tertiary Filters Rehabilitation Project 
City of Santa Barbara 

Recycled Water 
Zone 

Flow 
Condition 

Average Daily Flow in 
August (mgd) 

Maximum Daily Demand 
(mgd) 

Phase II South Existing 

Future 

0.166 

0.252 

0.218 

0.330 

Totals Existing 

Future 

1.9 

2.0 

2.5 

2.7 

Notes: 

1. Source: City of Santa Barbara El Estero Treatment Plant Predesign Report: Miscellaneous 
Wastewater Treatment Improvements, Design Memorandums 01-06, Carollo Engineers. 

There are currently 40 identified irrigation reuse sites with irrigated area totalling 
approximately 450 acres. There are additional sites that the City may provide recycled 
water to in the future. The recycled water can also be used at construction sites for dust 
control and soil compaction.  

The City usually delivers recycled water that consists of a blend of potable water and 
filtered secondary effluent. The potable water is added to: 

1. Maintain chloride levels at 300 milligrams per liter (mg/L) or less. 

2. Maintain blended water turbidity at 2.0 NTU or less. 

This report uses the term “recycled distribution water” for the final product pumped to the 
users. This includes any potable water added for mineral control. Upstream of potable 
water addition, the flow is referred to as tertiary effluent. Tertiary effluent includes all 
required treatment steps to meet Title 22 as well as demineralization if implemented. Filter 
effluent is downstream of media filters or microfiltration, but does not include any 
demineralization. Secondary effluent is directly downstream of the secondary clarifiers and 
upstream of filters or microfiltration. 

4.1 Historical Recycled Water Production 

Since 2002, the EEWTP has produced recycled distribution water at an average day, 
minimum month flow of 0.4 mgd and an average day peak month flow of 1.8 mgd. The 
recycled distribution flows for 2002 to 2006 are shown in Figure 2. During this period, the 
average day, peak month flow of 1.8 mgd occurred in August 2003. Table 4 shows the total 
annual average recycled water flow for 2002 to 2006. The potable water is metered as it is 
added to the reservoir at the EEWTP. The tertiary effluent flow is calculated by subtracting 
the potable water flow from the recycled distribution flow meters. 
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Table 4 Average Annual Production 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Year 2002 2003 2004 2005 2006 

Average Tertiary Effluent Flow 
(mgd) 

0.93 0.91 0.71 0.59 0.75 

Average Potable Water Addition 
(mgd) 

0.29 0.21 0.50 0.46 0.18 

Total Average Production 
(mgd) 

1.22 1.12 1.21 1.05 0.93 

 

4.2 Design Capacity  

The existing filters are designed to treat a maximum flow of 4.4 mgd. As stated previously, 
the projected maximum daily flow is 2.7 mgd. However, this analysis will consider the 
following: 

1. The minimum recycled water capacity will be 2.7 mgd. 

2. The recycled water facilities will be expandable to 4.4 mgd to match existing capacity. 
This will allow expansion of the recycled water program as new users are identified.  
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5.0 HISTORICAL QUALITY 
Turbidity removal is a primary treatment goal; a secondary water quality goal is to provide 
recycled water with a suitable TDS, chloride and sodium absorption ratio (SAR) content for 
long-term irrigation of turf and landscape plants. The mineral content of the tertiary effluent 
is double that of the potable water. It averages almost 1,300 mg/L with a maximum of 
almost 1,700 mg/L. The City adds potable water during the summer months to control TDS 
and to maintain a maximum chloride level of 300 mg/L. 

The City’s water sources are the Cater Water Treatment Plant (CWTP) and groundwater 
wells.  

5.1 Recycled Distribution Water Quality 

As discussed the recycled distribution water is a blend of potable water and tertiary effluent. 
The blended water is monitored for a wide range of minerals. The constituents of major 
importance are summarized in Table 5. The EEWTP collects data from the secondary 
effluent and the final recycled distribution water. The values in Table 5 are an average from 
2002 to 2007 of the recycled distribution water quality. 

Table 5 Recycled Distribution Water Quality - 2002 to 2007 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Recycled Water Quality 
Parameter Unit Average Value  

TDS mg/L 1127 

Electro conductivity  µmhos/cm 1,722 

SAR -- 3.3 

Adjusted SAR -- 7.7 

Sodium mg/L 151 

Calcium mg/L 88 

Magnesium mg/L 45 

Potassium mg/L 20 

Chloride mg/L 285 

Nitrate as Nitrogen mg/L 3.1 

pH -- 8.0 

Hardness as CaCO3 mg/L 415 

Alkalinity as CaCO3 mg/L 238 
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5.1.1 Potable Water Quality 

As stated, the potable water is used to blend with filter effluent to meet turbidity and mineral 
quality goals. Most of the potable water is treated surface water. The amount of 
groundwater used ranges from 0 to 2.0 mgd. Based on quality data provided by the City 
and from annual reports, along with the CWTP and groundwater flows, the combined 
potable water quality was calculated. These values are shown in Table 6. 

Table 6 Potable Water Quality 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Potable Water Quality 
Parameter Unit Calculated Average Value (1) 

TDS mg/L 573 

Electro conductivity µmhos/cm 960(2) 

Sodium mg/L 41 

Calcium mg/L 86 

Magnesium mg/L 40 

Potassium mg/L 2.4 

Chloride mg/L 23 

Nitrate as Nitrogen mg/L 0.14 

pH -- 8.05 

Hardness as CaCO3 mg/L 377 

Alkalinity as CaCO3 mg/L 176 

Notes: 

1. Calculated by the weighted average method. 

2. Calculated 

 

5.1.2 Tertiary Effluent Quality 

The City normally does not analyze the tertiary effluent for mineral quality, only the blended 
recycled distribution water. One of the goals of this study is to determine the cost and 
benefits of ceasing the practice of blending with potable water. This would require 
construction of a demineralization step. Demineralization could be accomplished by either 
reverse osmosis (RO) or electrodialysis reversal (EDR). Sizing of the demineralization 
process requires the known mineral content of the tertiary effluent. This quality has been 
estimated by using the known quality of the recycled distribution water, the combined 
potable water quality, the secondary effluent flow, and the total recycled distribution water 
flow. A weighted flow/concentration calculation was used to estimate the filter effluent 
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quality. The calculated estimate of the recycled distribution water quality is reported in 
Table 7. 

This method is not recommended for a long term monitoring of the quality in the unblended 
reclaimed water. It is recommended that the City consider a sampling program to monitor 
the tertiary or filter effluent quality. A recommended program is identified in a subsequent 
section dealing with supervisory control and data acquisition (SCADA). 

Table 7 Tertiary Effluent Calculated Wastewater Quality 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Filter Effluent Wastewater 
Quality Parameter Unit Calculated Average Value (1) 

TDS mg/L 1350 

Electro conductivity µmhos/cm 2250(2) 

SAR -- 4.1 

Adjusted SAR -- 10 

Sodium mg/L 194 

Calcium mg/L 88 

Magnesium mg/L 46 

Potassium mg/L 26 

Chloride mg/L 408 

Nitrate as Nitrogen mg/L 4.2 

pH -- 8.03 

Hardness as CaCO3 mg/L 429 

Alkalinity as CaCO3 mg/L 264 

Notes: 

1. Calculated by the weighted average method 

2. Calculated 
 

6.0 RECYCLED DISTRIBUTION WATER QUALITY GOALS 
This section considers the mineral quality and its suitability for long-term irrigation. The 
recycled distribution water quality and secondary effluent quality is compared to a wide 
range of parameters in Table 8. The mineral content of the secondary effluent and filter 
effluent are essentially the same. Some TDS and chloride is added in the tertiary effluent 
with the sodium hypochlorite. The table provides ranges of concentrations and resulting 
restrictions from none to severe. Both the recycled distribution water and tertiary effluent 
quality results in slight to moderate restrictions. 
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The City of Santa Barbara has set a chloride goal of 300 mg/L for recycled distribution 
water. The Waste Discharge Requirements set by the Regional Water Quality Control 
Board include a TDS limit of 1,500 mg/L. The TDS quality goals have been compared to 
values contained in the Environmental Protection Agency (EPA) 2004 Guidelines for Water 
Reuse. According to the EPA, the total dissolved solids (TDS) recommended range is 500 
to 2,000 mg/L. Below 500 mg/L no detrimental effects are usually noticed. Between 500 
and 1,000 mg/L, it can affect sensitive plants. At 1,000 to 2,000 mg/L, TDS levels can affect 
many crops and careful management practices should be followed. Above 2,000 mg/L, 
water can be used regularly only for tolerant plants on permeable soils. The free chlorine 
residual concentrations greater than 5 mg/L causes severe damage to most plants and 
some sensitive plants may be damaged at levels as low as 0.05 mg/L. 

From 1993 to 2003 the City collected soil samples twice annually at 41 sampling points at 
selected recycled water usage sites in order to determine whether there was a trend of salt 
build-up in the soil as a result of recycled water use. Samples were collected in spring and 
fall to assess salt content following winter rains and following the irrigation season. 
Measurements of SAR, chloride, boron, and conductivity were made. The overall trend was 
flat from year to year, with generally lower levels in spring and generally higher levels in fall, 
as would be expected due to the relative effects of rainfall and irrigation. The conclusion 
was that management techniques being used were sufficient to prevent a long-term build 
up of salts in the soil. 

Table 8 Water Quality Values(1) 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara 

Established Criteria 
Degree of Use Restriction(2,3,4) 

Irrigation Water Key 
Quality Parameter Units None 

Slight to 
Moderate Severe 

Recycled 
Distribution 

Water (5) 
Secondary 
Effluent (8) 

Salinity ECw dS/m <0.7 0.7-3.0 >3.0 1.7 1.8 
TDS mg/L <450 450-2000 >2000 1127 1350 

Permeability(6)   ECw = 1.5    
 SAR = 0-3 and ECw =  >0.7 0.7-0.2 <0.2 NA NA 
 SAR= 3-6 and ECw =  >1.2 1.2-0.3 <0.3 3.3 1.8 
 SAR(7) = 6-12 and ECw =  >1.9 1.9-0.5 <0.5 NA NA 
 SAR = 12-20 and ECw =  >2.9 2.9-1.3 <1.3 NA NA 
 SAR = 20-40 and ECw =  >5.0 5.0-2.9 <2.9 NA NA 
Sodium (Na)       

Surface SAR <3 3-9 >9 8.2 NA 

Sprinkler mg/L <70 >70 No 
Value 157 194 

Chloride (Cl)       
Surface mg/L <140 140-355 >355 290 401 
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Table 8 Water Quality Values(1) 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara 

Established Criteria 
Degree of Use Restriction(2,3,4) 

Irrigation Water Key 
Quality Parameter Units None 

Slight to 
Moderate Severe 

Recycled 
Distribution 

Water (5) 
Secondary 
Effluent (8) 

Sprinkler mg/L <100 >100 No 
Value 290 NA 

Boron (B) mg/L <0.7 0.7-3.0 >3.0 0.6 NA 
Bicarbonate mg/L <90 90-500 >500 295 322 
pH --- 6.5-8.4 (normal range) 8.0 8.0 
Ammonia (NH4) mg/L (see combined N values below) 12 13.3 
Nitrate (NO3) mg/L (see combined N values below) 2 4.2 
Combined Nitrogen (N) mg/L <5 5-30 >30 20 17.5 
Notes: 
(1) Adapted from University of California Committee of Consultants (1974), and Ayers and Westcot (1994). 
(2) Method and Timing of Irrigation: Assumes normal surface and sprinkler irrigation methods are used. Water is applied 

as needed, and the plants utilize a considerable portion of the available stored soil water (50% or more) before the 
next irrigation. At least 15 percent of the applied water percolates below the root zone (leaching fraction [LF] > 15%). 

(3) Site Conditions: Assumes soil texture ranges from sandy loam to clay with good internal drainage with no uncontrolled 
shallow water table present. 

(4) Definitions of “The Degree of Use Restriction” terms: 
None = Recycled water can be used similar to the best available irrigation water. 
Slight = Some additional management will be required above that with the best available irrigation water in terms of 
leaching salts from the root zone and/or choice of plants. 
Moderate = Increased level of management required and choice of plants limited to those which are tolerant of the 
specific parameters. 
Severe = Typically cannot be used due to limitations imposed by the specific parameters.  

(5) Average Recycled Distribution Water value, 2002 through 2006 
(6) Permeability is evaluated based on the combination of adjusted sodium adsorption ratio (SAR) and Electrical 

Conductivity (EC) values. 
(7) Adjusted SAR (adj. RNa) includes the effect of bicarbonate/calcium ratio (Cax). 
(8)  El Estero Wastewater Plant calculatedsecondary effluent quality.  
 

 

The secondary effluent salinity falls into the “slight to moderate” category and is close to the 
state criteria value. The secondary effluent TDS falls into the “slight to moderate” category 
and is slightly higher than the recommended criteria in Table 8. The United States 
Environmental Protection Agency (EPA) recommends a TDS concentration of 1,000 mg/L 
to provide good quality irrigation water and this is a recommended goal. The SAR value is 
in the “slight to moderate” category and is lower than the state criteria. The sodium level is 
in the “slight to moderate” category and is slightly lower than the state criteria. The 
secondary effluent chloride level is in the “severe” category. High chloride levels have a 
negative effect on sensitive plants. The bicarbonate, pH, ammonia, nitrate, and combined 
nitrogen levels all fall in the “none and slight to moderate” range; they are not constituents 
of concern.  
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The subsequent demineralization analysis will be based on producing a recycled 
distribution water quality with a TDS concentration of 1,000 mg/L or less. As compared to 
the secondary effluent quality reported in Table 7, the demineralized quality for selected 
parameters is calculated as: 

1. Electroconductivity -- 1,350 µmhos/cm 

2. SAR -- 10 

3. Sodium -- 144 mg/L 

4. Chloride -- 297 mg/L 

5. Boron -- 0.44 mg/L (based on recycled water quality) 

6. Bicarbonate -- 238 mg/L. 

The SAR would be nearly the same value. It is a calculated value including ratio of sodium 
to calcium and magnesium. If each species is removed in the same percentage, the new 
value would be the same. The nitrogen species concentrations may be reduced, but the 
demineralization equipment is not designed for nitrogen removal. The change in pH cannot 
be calculated. 

7.0 FILTER UPGRADE ALTERNATIVES 
This section addresses the first part of the project’s purpose. Filter upgrades alone do not 
address mineral control. If only the filters are upgraded, potable water addition would have 
to continue. Demineralization is discussed in the next section. 

The existing filters could be upgraded or a new filter technology could be used within the 
existing concrete structure. Upgrades would also require improvements to the media to 
increase turbidity removal or possibly modifications to upstream processes to produce a 
more filterable effluent. This section discusses filtration options. Four alternatives have 
been considered. These include replacing the sand filters, using a new sand filter 
technology, using cloth filters, and using membrane treatment. Each is discussed below. 

7.1 Existing Filter Rehabilitation 

The existing filter can be rehabilitated by replacing the filter media, recoating channels, and 
replacing the valves. Replacing the media would improve treatment performance but not by 
drastic amounts if the filterability of the effluent remained the same.  

7.2 Continuous Backwash, Upflow Filtration 

DynaSand filters consist of conical units filled with a 40-inch media bed depth. The filter is 
available either as stand-alone package units or in a modular concrete design. Modular 
concrete units are recommended for this application. There would be three cells with four 
modules per cell. This provides a 50-square feet (ft2) of filtration area per module, which 
can handle a loading rate of 3.24 gpm/ft2 with all cells in service and a 4.86 gpm/ft2 with 1 
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cell out of service. The filter is an upflow, deep bed, media filter with continuous backwash. 
The filter media is cleaned by a simple internal washing system that does not require 
backwash pumps or storage tanks. The filter’s deep media bed allows it to handle high 
levels of suspended solids. 

7.2.1 DynaSand Title 22 Requirements 

DynaSand filters are in compliance with Title 22 requirements if media depth is sand at 40-
inches, effective size is 1.30 millimeters, and the uniformity coefficient is 1.50. The filter 
medium must be completely recycled every three to four hours. 

7.3 Ultrafiltration/Microfiltration 

Several membrane configurations could be used to replace the existing filters. An 
advantage of membranes is their ability to meet Title 22 turbidity requirements even with 
elevated secondary effluent turbidity levels. The resulting quality is higher than that which 
could be obtained from a media filter or cloth filter, and would be recommended as a 
pretreatment step for demineralization using RO. Two price quotes were obtained, one from 
TriSep Corporation and one from the Siemens Company. The price quotes were similar and 
it was decided to base the analysis on the Memcor CS252 Membrane manufactured by the 
Siemens Corporation. Memcor CS252 membranes are low-pressure, submerged 
microfiltration membranes. An advanced aeration process combined with periodic 
backwashing removes particulate matter from the membrane surface. The Memcor system 
consists of an array or skid of elements submerged inside a process tank. The membrane 
elements are attached to a manifold assembly, consisting of a central permeate header with 
an array of membrane permeate ports, which connect to individual membrane modules. 
Suspended solids, turbidity, viruses, bacteria and some organic compounds are removed 
by the membranes. 

7.3.1 Memcor Title 22 Requirements 

Title 22 requirements state that Memcor treated effluent must have a 0.2 NTU effluent 95 
percent of the time in a given 24-hour period and cannot exceed 0.5 NTU at any time. 

7.4 Cloth Filters 

Cloth media filtration utilizes PA-13 pile cloth as its primary filter media, with other media 
available. The PA-13 media is a nylon fiber material that provides consistent removal of 
very fine particulate matter. Cloth Media Filters are low-head systems that can be gravity 
fed. Each system is designed to backwash automatically based upon water differential 
while maintaining continuous filtration during backwash. Typical backwash is less than 2 to 
3 percent of the feed flow with a recovery time of less than three minutes, as compared to 
other typical filters which can take up to 20 minutes. 
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The AquaDiamond Cloth Media Filter is applicable for hydraulic flows over 9 mgd. It has a 
diamond configuration for maximum filtration surface area in a smaller footprint and 
features continuous filtration during backwash. 

7.4.1 Aqua-Aerobic Systems Title 22 Requirements 

Aqua Aerobic Systems utilizes the “PA-13 nylon file fabric” and operates under vacuum. 
Title 22 states that this technology can be accepted contingent on it being complimented 
with a disinfection process. The loading rate cannot exceed 6 gpm/ft2. Experience has 
shown that for design these units should be sized based on a loading rate of 4 to 5 gpm/ft2. 
Influent turbidity cannot exceed 10 NTU more than 5 percent of the time within a 24-hour 
period. The operations plan must specify a minimum filter to waste cycle following a high-
pressure wash based on displacement of two filtrate volumes and effluent turbidity below 2 
NTU, scheduled inspections of cloth conditions, and ensuring adequate sludge wasting. 
Turbidity performance is limited to Title 22 Water Recycling Criteria. 

7.5 Filter Comparison 

The major features of each technology are compared in Table 9. The manufacturers 
provided product literature and drawings of their filters, which were used to analyze how the 
filters would fit in the existing structure. There is not enough room in the existing structure to 
accommodate the cloth filters because of the number of filter units that would be needed to 
meet the design and future flow. Therefore, the cloth filters are not considered a viable 
option. 

Table 9 Filter Alternatives 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Type of 
Filter Manufacturer Description 

Relative 
Filter 

Equipment 
Cost Advantages Disadvantages

Existing 
Filters 

General Filter Anthracite 
Media - Low 

Head 
Backwash 

N/A Low Cost Double 
confined space 

Valve access 

Control panel 
over water 
Existing 
condition. 

Sand Filters Dynasand Continuous 
Backwash Sand 

Filter 

Low Low 
Maintenance 

Small particles 
can pass 
through 

Effluent not 
suitable for RO 
feed 
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Table 9 Filter Alternatives 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Type of 
Filter Manufacturer Description 

Relative 
Filter 

Equipment 
Cost Advantages Disadvantages

May not 
improve effluent 
quality without 
upstream 
modifications. 

Microfiltration Siemens Microfiltration 
Membrane 

High Best effluent 
quality 

Effluent 
quality not 

impacted by 
feed quality. 

Effluent 
suitable for 
RO feed. 

Higher 
Maintenance 

Expensive 
installation and 
operation 

 

Fine screening 
may be 
required 

Cloth Media 
Filters: 

Painted carbon 
steel filters Low 

Cloth Filters 

 

Aqua Aerobic 
Systems, Inc. 

304 stainless 
steel filters Low 

Low 
Maintenance 

Small particles 
can pass 
through 

Effluent not 
suitable for RO 
feed  

However, the sand filters and the membrane filter designs do fit in the existing structure. 
The sand filters will be the easiest to construct. The existing structure will need some 
demolition work, but the sand filters fit into the existing structure with relative ease. The 
sand filters require much less equipment as compared to membrane filtration. The 
membranes would be the hardest to construct because they require several equipment 
systems. They would also take longer to construct than the sand filters. 

The membranes require considerably more maintenance than the media filters. This is due 
to the increased mechanical complexity, higher power costs, and chemical cleaning costs. 
Membrane filtration results in the highest quality effluent but comes at a considerably larger 
cost when compared to sand filtration. 

7.6 Filter Cost Estimates 

The cost estimates presented in this report represent Budget Estimates as defined by the 
American Association of Cost Engineers (AACE). They are based on expected size and 
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features of the recommended facilities. However, no detailed quantity take-offs have been 
performed at this level. The costs have been estimated using the following methods: 

1. A review of cost curves maintained by Carollo Engineers. 

2. Comparison to recent constructed facilities similar in size and features. 

3. Estimates of major earthwork, concrete, equipment, building and piping costs with an 
appropriate contingency for minor, un-identified items. 

4. Manufacturer’s information. 

Allowances for overall electrical, instrumentation and painting costs have been added. 
These allowances are based on historical records kept by Carollo for wastewater treatment 
projects.  

An estimating contingency of 25 percent has been added as a line item for each estimate. 
The estimating contingency will be reduced for subsequent cost estimates that will reflect 
actual quantity take-offs. 

The costs are reported at an Engineering News Construction Cost Index Los Angeles 
(ENRLA) of 8863. This is the index for August 2007.  

While the estimated costs represent the average bidding conditions for many projects, 
variations in bidding climate at the time that the facilities are constructed could affect actual 
construction costs. Further, the size of the facilities may be refined during the preliminary 
and final design based on the most current operational information. For these reasons, the 
actual construction costs may be lower or higher than estimated. The acceptable accuracy 
for a Budget Estimate is plus 30 percent to minus 15 percent. This means that actual costs 
could be 30 percent higher. 

Cost estimates for the filter upgrade alternatives are presented in Table 10, and they are 
based on providing a filtration capacity of 2.7 mgd. Considering normal seasonal variations, 
the total annual production is projected at 1,911 acre-feet. The construction cost was 
estimated from manufacturer’s quotes for the equipment, together with an allowance for its 
installation. Allowances were also provided for electrical and instrumentation needs for 
each alternative. The capital cost is an estimate of the total project cost and includes a 25-
percent allowance for engineering and legal/administration costs. The operation and 
maintenance (O&M) costs are the annual costs required to operate and maintain the 
processes. The equivalent annual cost is the cost of owning and operating the alternative 
over the alternative lifespan, which was assumed at 20 years.  

Table 10 Filter Upgrade Costs (2.7 mgd) 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Filter Upgrade 
Alternative 

Construction 
Cost(1) 

Capital 
Cost(2) 

O&M 
Annual 
Cost(3) 

Equivalent 
Annual 
Cost(4) 

Cost per 
acre-
foot(5) 
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Table 10 Filter Upgrade Costs (2.7 mgd) 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Filter Upgrade 
Alternative 

Construction 
Cost(1) 

Capital 
Cost(2) 

O&M 
Annual 
Cost(3) 

Equivalent 
Annual 
Cost(4) 

Cost per 
acre-
foot(5) 

Rehabilitate 
Existing Filters 

$180,000 $225,000 $12,000 $32,000 $17 

DynaSand Filters $1,410,000 $1,763,000 $59,000 $213,000 $111 

Membrane Filter $4,200,000 $5,250,000 $255,000 $712,000 $373 

Notes: 

1. Indexed to August 2007 and includes 25-percent contingency. 

2. Includes 25-percent allowance for design and construction administration. 

3. Includes cost estimates for power (at $0.12/kWh), chemicals, membrane replacement 
(as applicable), and an allowance for mechanical maintenance. 

4. The sum of the annual O&M cost and the cost of capital, based on an assumed loan 
period of 20-years at an average annual interest rate of 6-percent. 

5. Based on an annual production of 1,911 AF. 

The costs increase significantly with more advanced treatment technology, as can be seen 
in Table 10. 

7.7 Alternative Comparison 

A comparison of the filter alternatives was reported in Table 9. Major differences are 
outlined below for three major rating criteria:1) regulatory compliance, 2) cost and 3) safety. 

7.7.1 Regulatory Compliance 

The basis of this report is implementation of process improvements to produce a “filterable” 
secondary effluent. Of the alternatives, both the existing filters and the Dynasand filters 
would be capable of producing an effluent with turbidity of 2 NTU or less. However, 
microfiltration would result in a very elevated level of reliability in meeting this requirement. 
The microfiltration turbidity would be much lower than the other two alternatives. 

None of the filter technologies will remove TDS. Therefore, the mineral treatment goals 
would not be met consistently, including the 1,500 mg/L limit in the Waste Discharge 
Requirements. Downstream mineral control is required to meet the quality goals. 

7.7.2 Cost 

The cost for upgrading the existing filters is very modest. The Dynasand filters are the 
second highest cost, while microfiltration is much more costly in terms of both initial capital 
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cost and ongoing operations and maintenance costs. The advantage is the higher quality 
effluent. 

7.7.3 Safety 

Upgrading the existing filters has the lowest cost, but the major limitations of this technology 
are not corrected. The most important of these limitations is the “double confined” space. 
The safety issues are not corrected.  

The Dynasand filters address the existing safety issues. The “double confined” space is 
corrected. There would be no valves inaccessible from the top deck. The entire filters would 
be covered with removable grating. 

Microfiltration also corrects the double confined space. This alternative does have 
increased chemical handling requirements for citric acid, sodium hypochlorite, and anti-
scalant. Chemical handling has safety implications, and the Dynasand filters do not use 
chemicals. 

7.7.4 Summary 

Microfiltration the highest capital and operations and maintenance costs. The existing 
safety issues are corrected. The main advantage of this alternative is the high quality 
effluent. This high quality would provide a better product for the end users, provide a high 
quality for demineralization, if implemented, and greater reliability in meeting Title 22 
turbidity limits. Implementation of microfiltration would need to be based on City goals and 
policies concerning the advantages of producing the highest possible quality recycled 
distribution water. However, the Dynasand filters meet the basic project requirements at a 
lower cost. 

8.0 DEMINERALIZATION ALTERNATIVES 
This section describes mineral control options including potable water addition, reverse 
osmosis membranes, electrodialysis reversal, and source control. The alternatives 
incorporate the filter technologies considered in the previous section, with the exception of 
cloth filters. The filtered water quality dictates the types of demineralization treatment 
process that can be used downstream.  

8.1 Mineral Control Options 

This section describes the mineral control options and technologies. The final mineral 
control alternative considered is source control.  

8.1.1 Potable Water Addition 

One possible alternative to reach the City’s recycled distribution water quality goals would 
be to continue blending potable water with the tertiary effluent. This will require increasing 
the amount of potable water added in the future, as recycled water demands increase. On 
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average about 10 million gallons of potable water is added each month based on current 
production rates. This amounts to about 370 acre-feet per year. From year to year, this 
value will fluctuate, and during drought periods, the potable water TDS and resulting tertiary 
effluent TDS is expected to increase. Therefore, this alternative may not be able to meet 
recycled distribution water quality goals during drought periods.  

For the purposes of cost comparison, it was assumed that potable water would be needed 
to produce 2.7 mgd of recycled distribution water. This would require about 780 AF/year of 
potable water, blended with 1,944 AF/year of tertiary effluent. The average cost for potable 
water for blending is estimated at $250 per acre-foot. At this rate, the annual cost would be 
$195,000 per year.  

Seawater desalination may be the City’s next increment of potable water supply. A typical 
cost for seawater production is around $1,500 per acre-foot. If desalinated seawater was 
the source of potable water used for dilution, the annual cost would be $1,170,000. As 
indicated, the high cost of desalinated potable water (assumed to be the source of potable 
water for blending) would increase the cost of the potable water addition alternative 
significantly.   

8.1.2 Reverse Osmosis  

High-pressure membrane processes such as reverse osmosis (RO) are typically used for 
the removal of dissolved constituents including both inorganic and organic compounds. RO 
is a process in which the mass-transfer of ions through membranes is diffusion controlled. 
Consequently, these processes can remove salts, hardness, synthetic organic compounds, 
disinfection-by-product precursors, etc. However, dissolved gases such as H2S and carbon 
dioxide, and some pesticides pass through RO membranes.  

RO processes that use spiral-wound membranes are easily compromised by the presence 
of particulate matter. Particulate matter can become entrained within the interstitial spaces 
of membrane channels and result in colloidal fouling. This material may be removed 
through membrane cleaning but this cleaning is done at the expense of operational time. To 
prevent colloidal fouling, feed water is required to have a turbidity value below 0.5 NTU. At 
this low value, a more precise measure of the suspended solids content of RO feed water is 
the unit-less silt density index (SDI). A SDI of less than 3 is considered optimum for RO 
operation. 

Major limitations of RO processes are the limited recoveries (50-85 percent) dictated by the 
presence of sparingly soluble salts in the feed water (such as calcium carbonate, calcium 
sulfate and silica complexes) and concentrate disposal challenges (both with respect to 
volume and components of the waste).  

In order to estimate the size of the RO facilities required for each alternative, Koch 
Membrane Systems’ model was used.  
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8.1.3 Electrodialysis Reversal 

Electrodialysis Reversal (EDR) is an electrochemical separation process that allows 
selective passage of ions, or charged species, in solutions. Only anions, or negatively 
charged ions, can pass through an anion exchange membrane while cation exchange 
membranes transport positively charged ions, or cations. Ions are transferred through ion 
exchange membranes by means of direct current (DC) voltage and are removed from the 
feed water as the current drives the ions through the membranes to desalinate the process 
stream. So, unlike RO, in the EDR process it is mostly the ions that pass across the 
membranes rather than the water. 

EDR units utilize membrane stacks with electrical stages. Each electrical stage also has 
two corresponding hydraulic stages. Water passes through each electrical stage twice to 
provide greater residence time for ion transfer. Essentially, an electrical stage is composed 
of one cathode and one anode separated by a series of cationic and anionic membranes 
and spacers. Electrodes are comprised of platinum coated titanium with a rare earth paint 
layer. Both cation and anion-transfer membranes are acrylic backed. Membranes are 
separated by spacers to separate both brine and product water streams. 

EDR systems reduce the fouling tendencies of the water by reversing the polarity of the 
electrodes every 15 to 20 minutes. This change in polarity causes the scale to disassociate 
from the membranes.  

Along with driving forces for demineralization, an important distinction between EDR and 
RO processes is that EDR membranes are not scaled by silica. As an uncharged molecule 
(less than pH=9), silica flows past the membranes with the permeate water and is therefore 
not concentrated in the brine stream. Consequently, EDR can be more cost effective for 
treating water where silica levels limit recovery. The EDR process is more tolerant of 
suspended solids than spiral-wound membrane RO systems and requires feed water with a 
turbidity less than 2 NTU.  

General Electric provided information for sizing the EDR units in the alternatives.  

8.1.4 Source Control in the Secondary Effluent 

The secondary effluent is high in TDS. The TDS source could include seawater infiltration 
along the beach trunks, water softener regeneration, industrial discharges, or a combination 
of the three. Most home softeners are set to regenerate at night. 

8.1.4.1 Seawater Infiltration 

In order to investigate the TDS sources further the City provided TDS data for a period of 
seven days from April 27, 2007 to May 9, 2007. Three scenarios were studied: 
concentration vs. flow, concentration vs. time, and concentration vs. ocean tide levels. 
Video inspection of beach area sewers has revealed infiltration that is apparently tidal-
influenced. This could be one source of high TDS concentrations. Regeneration of water 
softeners is another suspected source of TDS. The TDS concentration was compared to 
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the plant flow over the sampling period. Figure 3 shows that the TDS concentration 
fluctuates inversely with the flow rate. The maximum TDS concentration was 3,240 mg/L 
that occurred at a flow of 5.4 mgd. The maximum flow during this period was 15 mgd and 
the TDS concentration at this flow was 1,116 mg/L.  
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The TDS concentration data was converted into pounds and graphed versus flow and time. 
This graph is labeled Figure 4. The TDS was converted to pounds in order to quantify the 
TDS load. The graph shows that the pounds of TDS mimic flow more closely; indicating that 
most of the TDS load enters the treatment plant during periods of high flow. Thus although 
the TDS concentration is higher at night during the low-flow periods, the pounds of TDS that 
enter the plant during these periods is about three times less than during high flow periods. 
We have observed similar trends in other city’s collection systems. 

The TDS concentration and tide level versus time was also graphed. This graph is labeled 
Figure 5. The purpose of this graph is to evaluate if the TDS concentration was resulting 
from a leak in the sewer network near the beach and thus was under the influence of the 
tides. The graph shows that the maximum TDS concentration is not coincidental with 
maximum tide level. The tide level data was taken from the National Oceanic and 
Atmospheric Association (NOAA) Tides and Currents website. For some days, it appears 
that the maximum TDS concentration lags high tide by about 2 hours towards the end of the 
data period. This lag could be the result of time it takes for the infiltration to reach the plant. 
However, the maximum influent TDS concentration occurs at the same time each day, 
while the high tides shift in time about one hour per day. Therefore, there does not appear 
to be any relationship between the ocean tide levels and peak influent concentration. 

8.1.4.2 2007 System Sampling 

Between October 9 and November 8, 2007, the City sampled two manholes to determine if 
infiltration could be a source of the TDS. The Manhole Nos. HG 135-035 and HG 135-036 
are in West Cabrillo Boulevard parallel to the waterfront. Manhole 035 was sampled 
between 8:00 am and 11:00 pm. Manhole 036 was sampled between 11:00 pm and 5:00 
am. The resultant TDS concentrations were 1,314 and 1,581 mg/L for Manholes Nos. 035 
and 036 respectively. This sampling program also showed that early morning TDS 
concentrations during the early morning are lower than the rest of the day by over 250 
mg/L. These results show the same trend as revealed during the April and May, 2007 
sampling program. This methodology does not rule out or prove that infiltration is the cause 
of the elevated TDS values during the early morning hours. 

City staff has also sampled two manholes within the EEWWTP, Influent Manholes Nos. 1 
and 2. Monthly samples were taken during calendar year 2007. The results are reported in 
Table 11. 
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Table 11 EEWWTP Influent Manhole TDS Results -- 2007 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Manhole 
Average TDS 

(mg/L) 
Maximum TDS 

(mg/L) 
Minimum TDS 

(mg/L) 

Influent MH No. 1 

(H09-074) 

1,330 1,700 1,158 

Influent MH No. 2 

(H09-071) 

1,175 1,526 934 

Both of these influent manholes could be influenced by seawater infiltration along Cabrillo 
Boulevard. Manhole No. 1, with the higher TDS, includes wastewater flows from a larger 
service area that should not be subject to seawater infiltration. While a conclusion cannot 
be made, the data could suggest that water softeners may play a larger role in contributing 
TDS. 

8.1.4.3 2008 System Sampling 

Finally, the City sampled two manholes, one the Cabrillo Trunk and one on the City Trunk 
for the period of May 1 through May 4, 2004. Manhole H10-04 is on the “City” side of the 
system. Manhole H10-35 is on the “Ocean” side of the system. If seawater intrusion is a 
significant source to the TDS, the TDS in the “Ocean” manhole should be much higher than 
the “City” side. 

The results of this study are shown graphically on Figure 6. The TDS concentrations for the 
two manholes are shown on an hourly basis. The TDS concentration in both manholes 
tended to increase during the early morning hours. This is appears to be even more 
pronounced in the “City” manhole. This increase in TDS could be the result of the 
regeneration of home water softeners. Most regeneration is done during the night hours, 
and this feature is set into the softener controls. 

The maximum TDS concentrations did occur on the “Ocean” manhole for two of the 
morning periods. However, for two mornings, the “City” side was much higher than the 
“Ocean” side. This would not be expected if seawater intrusion is the source of significant 
TDS. 

The daily average TDS was higher in the “Ocean” manhole. The daily average 
concentrations are reported in Table 12. However, with the available data, there is no way 
to determine that difference is totally due to seawater intrusion or other sources of TDS. 
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Table 12 Average TDS Values May 2008 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara 

May 1, 2008 May 2, 2008 May 3, 2008 May 4, 2008 

City Ocean City Ocean City Ocean City Ocean 

1,241 1,168 1,209 1,311 1,151 1,415 1,150 1,194 

Notes: 

1. All values mg/L. 

2.   City Manhole -- MH10-04. Ocean Manhole -- MH10-35. 
 

8.1.4.4 Equalization Effects 

To determine the effects of aeration basin equalization on future TDS concentrations, a 
mass balance was prepared for May 5, 2007. Figure 7 shows the influent concentration, the 
resulting concentration in the Equalization Basin, and the TDS concentration to the Aeration 
Basins. The peak influent concentration between the hours of 12:00 AM to 8:00 AM is 
reduced to some extent by equalization. This is when flow is being pumped from the 
Equalization Basin to the Aeration Basins. The overall effect of equalization is not 
significant. The equalization will reduce the peak TDS concentration by over 200 mg/L at 
about 7:00 am. However, for most of the day, the influent TDS and equalized TDS 
concentrations are the same. Equalization will not eliminate the need for TDS control. 

8.1.5 Demineralization Summary 

Conclusions from this data are that the TDS concentrations are inversely related to flow, 
with the highest concentration occurring during the low flow, early morning hours. There is 
not sufficient data to determine the source of the high concentrations, including the 
relationship with tidal changes. Completion of sewer rehabilitation projects along the beach 
could reduce the wastewater TDS, but there insufficient data to prove that this will occur 
and to what extent. Therefore, this study is based on the need to add potable water or 
provide demineralization treatment. 

 



SBARB/SD1096F7.CDR

CITY OF SANTA BARBARA

EEWTP POUNDS OF TDS 
 INFLUENT FLOW VS. TIME

AND

FIGURE 4

0

2000

4000

6000

8000

10000

12000

4
/2

7
/0

7
 1

2
:0

0

4
/2

8
/0

7
 0

:0
0

4
/2

8
/0

7
 1

2
:0

0

4
/2

9
/0

7
 0

:0
0

4
/2

9
/0

7
 1

2
:0

0

4
/3

0
/0

7
 0

:0
0

4
/3

0
/0

7
 1

2
:0

0

4
/3

0
/0

7
 0

:0
0

5
/1

/0
7

 1
2

:0
0

5
/2

/0
7

 0
:0

0

5
/2

/0
7

 1
2

:0
0

5
/3

/0
7

 0
:0

0

5
/3

/0
7

 1
2

:0
0

5
/4

/0
7

 0
:0

0

5
/4

/0
7

 1
2

:0
0

5
/5

/0
7

 0
:0

0

5
/5

/0
7

 1
2

:0
0

5
/6

/0
7

 0
:0

0

5
/6

/0
7

 1
2

:0
0

5
/7

/0
7

 0
:0

0

5
/7

/0
7

 1
2

:0
0

5
/8

/0
7

 0
:0

0

5
/8

/0
7

 1
2

:0
0

5
/9

/0
7

 0
:0

0

5
/9

/0
7

 1
2

:0
0

Time (hours)

T
D

S
 (

lb
s

)

0

2

4

6

8

10

12

14

16

F
lo

w
 (

m
g

d
)

TDS

Influent Flow



SBARB/SD1096F7.CDR

CITY OF SANTA BARBARA

EEWTP CONCENTRATION OF TDS
AND TIDE LEVEL VS. TIME

FIGURE  5 

0

500

1000

1500

2000

2500

3000

3500
4

/2
7

/0
7

 1
2

:0
0

4
/2

8
/0

7
 0

:0
0

4
/2

8
/0

7
 1

2
:0

0

4
/2

9
/0

7
 0

:0
0

4
/2

9
/0

7
 1

2
:0

0

4
/3

0
/0

7
 0

:0
0

4
/3

0
/0

7
 1

2
:0

0

4
/3

0
/0

7
 0

:0
0

5
/1

/0
7

 1
2

:0
0

5
/2

/0
7

 0
:0

0

5
/2

/0
7

 1
2

:0
0

5
/3

/0
7

 0
:0

0

5
/3

/0
7

 1
2

:0
0

5
/4

/0
7

 0
:0

0

5
/4

/0
7

 1
2

:0
0

5
/5

/0
7

 0
:0

0

5
/5

/0
7

 1
2

:0
0

5
/6

/0
7

 0
:0

0

5
/6

/0
7

 1
2

:0
0

5
/7

/0
7

 0
:0

0

5
/7

/0
7

 1
2

:0
0

5
/8

/0
7

 0
:0

0

5
/8

/0
7

 1
2

:0
0

5
/9

/0
7

 0
:0

0

5
/9

/0
7

 1
2

:0
0

Time (hours)

T
D

S
 (

m
g

/L
)

-1

0

1

2

3

4

5

6

T
id

e
 (

ft
)

TDS (mg/L)

Tide (ft)



Wastewater TDS Study May 1-4, 2008

0

500

1000

1500

2000

2500

3000

8:
00

A
M

10
:0

0
A

M
12

:0
0

P
M

2:
00

P
M

4:
00

P
M

6:
00

P
M

8:
00

P
M

10
:0

0
P

M
12

:0
0

A
M

2:
00

A
M

4:
00

A
M

6:
00

A
M

8:
00

A
M

10
:0

0
A

M
12

:0
0

P
M

2:
00

P
M

4:
00

P
M

6:
00

P
M

8:
00

P
M

10
:0

0
P

M
12

:0
0

A
M

2:
00

A
M

4:
00

A
M

6:
00

A
M

8:
00

A
M

10
:0

0
A

M
12

:0
0

P
M

2:
00

P
M

4:
00

P
M

6:
00

P
M

8:
00

P
M

10
:0

0
P

M
12

:0
0

A
M

2:
00

A
M

4:
00

A
M

6:
00

A
M

8:
00

A
M

10
:0

0
A

M
12

:0
0

P
M

2:
00

P
M

4:
00

P
M

6:
00

P
M

8:
00

P
M

10
:0

0
P

M
12

:0
0

A
M

2:
00

A
M

4:
00

A
M

6:
00

A
M

Time Sample Taken

T
D

S
(m

g
/L

)
Manhole H10-04 City Side

Manhole H10-35 Ocean Side

Note: Both manholes are on the Cabrillo Trunk

FIGURE 6

CITY OF SANTA BARBARA



SBARB/SD1096F7.CDR

EEWWTP TDS CONCENTRATIONS
MAY 5, 2007

FIGURE 7

El Estero WWTP TDS Concentrations - May 5, 2007

0

200

400

600

800

1000

1200

1400

1600

1800

2000

12:00 AM 4:00 AM 8:00 AM 12:00 PM 4:00 PM 8:00 PM 12:00 AM

Hour

T
D

S
(m

g
/L

)

Influent Concentration EQ Basin Concentration Flow to A Basins Concentration

CITY OF SANTA BARBARA



FINAL - July 2008 41 
C:\pw_working\projectwise\jabrown\dms20922\Santa Barbara El Estero Tertiary Filters Report_mlh.doc 

  

8.2 Overall Filtration/Demineralization Alternatives 

Six alternatives are being considered for meeting TDS goals in the tertiary effluent, as 
shown in Figure 8. 

• Alternative 1 - Existing filter rehabilitation with potable water addition for TDS control. 

• Alternative 2 - DynaSand filters with potable water addition for TDS control. 

• Alternative 3 - Existing reclamation filters converted to MF and desalination with RO. 

• Alternative 4 - DynaSand filters and desalination with EDR. 

• Alternative 5 - DynaSand filters and desalination with MF/RO. 

• Alternative 6 - Existing reclamation filters converted to MF and desalination with EDR 

Each of the alternatives is discussed briefly below. Alternatives 1 and 2 were discussed 
earlier and summaries are presented for these alternatives. 
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8.2.1 Alternative 1 

Rehabilitating the existing filters with new media will help improve filter treatment 
performance but not by significant amounts. Activated sludge process modifications may be 
required to improve the particle size distribution in the secondary effluent and/or the 
filterability of the water. Potable water would be added to meet the mineral quality goals. It 
is estimated that 780 acre-feet per year would be used for blending.  

8.2.2 Alternative 2 

The DynaSand system could improve filter treatment performance and solve all the current 
filter issues concerning the double confined space, valve access, etc. The same activated 
sludge process modifications may be required as discussed for Alternative 1. Potable water 
addition would still be required for TDS control with this alternative, in the same amount as 
Alternative 1. 

8.2.3 Alternative 3 

For this alternative, the existing filters would be replaced by a microfiltration (MF) (or 
ultrafiltration, UF) process. The MF unit would treat 3.2 mgd and operate at a recovery of 
around 87.5 percent. This would result in the production of 2.8 mgd of filtrate. RO would be 
located downstream of the MF system, and approximately 0.7 mgd would be fed to the RO 
unit. Modeling indicated that the RO unit could operate at a recovery of about 85 percent. 
This would result in the production of 0.6 mgd of low TDS permeate that would be blended 
with 2.1 mgd of MF filtrate to produce 2.7 mgd of effluent for irrigation that meets the 
mineral goals. It is assumed that brine from the RO plant (about 0.1 mgd) would be 
discharged to the ocean with the secondary effluent. 

The RO unit would need to be housed in a building or under a shelter and approximately 
1,500 ft2 would be required. 

8.2.4 Alternative 4 

For Alternative 4, the existing filters would be upgraded by replacing them with DynaSand 
filters (Alternative 2). The desalting step in this case would be EDR. Since EDR can treat 
water with somewhat higher suspended solids concentrations, no further treatment of the 
filtrate would be required upstream of the EDR. A flow of 1.5 mgd of DynaSand filtrate 
would be fed to an EDR unit operating at 86 percent recovery. This would produce 1.3 mgd 
of desalted effluent that would blend with 1.4 mgd of DynaSand filtrate to produce 2.7 mgd 
of effluent for irrigation that meets the TDS goal. Approximately 0.2 mgd of brine would be 
produced by the EDR plant, and as in the case of the Alternative 3, it is assumed that it 
would be discharged to the ocean with the secondaryeffluent. 

The EDR unit would need to be housed in a building, and approximately 3,200 ft2 would be 
required. 
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8.2.5 Alternative 5 

For this alternative, the DynaSand filters would also be provided, but in this case a small 
scale MF/RO process combination would be used to treat about 0.8 mgd. The MF unit 
would produce 0.7 mgd that would be fed to the RO plant. This plant would be the same 
capacity as that described in Alternative 3. The 0.6 mgd of low TDS RO permeate would be 
blended with 2.1 mgd of DynaSand filtrate to produce 2.7 mgd of effluent for irrigation that 
meets the TDS goal. Approximately 0.1 mgd of brine would be produced by the RO plant, 
and as in the case of the Alternative 3, it is assumed that it would be discharged to the 
ocean with the secondary effluent. 

The MF and RO units would need to be housed in a building or under a shelter and 
approximately 2,500 ft2 would be required. 

8.2.6 Alternative 6 

Alternative 6 would replace the media filters with MF and is similar to Alternative 3, except 
that in this case the desalting step would be EDR instead of RO. The EDR process would 
be the same capacity as that described in Alternative 4. The MF system would produce 2.9 
mgd of filtrate and 1.5 mgd of it would be fed to the EDR plant, resulting in 1.3 mgd of low 
TDS effluent. This stream would be blended with 1.4 mgd of MF filtrate to produce 2.7 mgd 
of effluent for irrigation that meets the TDS goal. Approximately 0.2 mgd of brine would be 
produced by the EDR plant, and as in the case of the Alternative 3, it is assumed that it 
would be discharged to the ocean with the secondary effluent.  

The EDR unit would need to be housed in a building and approximately 3,200 ft2 would be 
required. 

8.2.7 Cost Estimates 

The costs for the six treatment alternatives are shown in Table 13.  

 

Table 13 Cost of Treatment Alternatives to Produce 2.7 mgd 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Alternative 
Construction 

Cost(1) 
Capital 
Cost(2) 

O&M 
Annual 
Costs(3) 

Equivalent 
Annual 
Costs(4) 

Cost per 
acre-feet(5) 

1. Existing 
Filters with 
Potable Water $180,000 $225,000 $227,000 $246,000 $129 

2. DynaSand 
Filters with 
Potable Water $1,410,000 $1,763,000 $295,000 $448,000 $235 
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Table 13 Cost of Treatment Alternatives to Produce 2.7 mgd 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara  

Alternative 
Construction 

Cost(1) 
Capital 
Cost(2) 

O&M 
Annual 
Costs(3) 

Equivalent 
Annual 
Costs(4) 

Cost per 
acre-feet(5) 

3. MF and RO $6,710,000 $8,387,500 $421,000 $1,152,000 $603 

4. DynaSand 
Filters with EDR  

$5,420,000 $6,775,000 $444,000 $1,035,000 $542 

5. Dynasand 
Filters with 
MF/RO 

$5,110,000 $6,387,500 $308,000 $865,000 $453 

6. MF and EDR $8,370,000 $10,462,500 $648,000 $1,560,000 $817 

Notes: 

1. Indexed to August 2007 and includes 25-percent contingency. 

2. Includes 25-percent allowance for design and construction administration. 

3. Includes cost estimates for power (at $0.12/kWh), chemicals, membrane replacement 
(as applicable), and an allowance for mechanical maintenance. Also includes the cost of 
potable water at $250/AF for Alternatives 1 and 2. 

4. The sum of the annual O&M cost and the cost of capital, based on an assumed loan 
period of 30-years at an average annual interest rate of 6-percent. 

5. Based on an annual recycled distribution water production of 1,911 AF. 
 

The costs per acre-foot values in Table 13 are in range between $129/AF and $817/AF of 
recycled distribution water. The blending water is assumed to be treated surface water from 
the Cater Water Treatment Plant. Assuming that seawater desalination is the City’s next 
increment of water, the costs for Alternatives 1 and 2 jump to $638 and $744 per acre-foot 
respectively. These costs are higher than for Alternatives 3 through 5. If it is felt that potable 
surface water should not be used for blending considering overall water resources goals, 
then Alternatives 3 through 5 should be considered. Based on cost alone, Alternative 5 is 
the lowest cost alternative, at $453/AF; and would consist of new Dynasand filters followed 
by a small MF/RO combination that would treat about 0.8 mgd of the Dynasand filtrate. 

9.0 CARBON FOOTPRINT 
As part of this evaluation, greenhouse gas (GHG) emissions have been estimated for each 
of the six alternatives listed in Table 12. The emissions have also been estimated for 
adding potable water derived from seawater for Alternatives 1 and 2 (designated as 1A and 
2A). The methodology is set forth in a Project Memorandum dated November 11, 2007, 
which is attached to this report as Appendix A. 
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9.1 Approach 

The GHG analysis considers the energy use and related emissions to produce the recycled 
water. The development of GHG emissions estimates requires a set “boundary” to define 
the life cycle phases, the unit processes, and the time frame that is included in the analysis. 
For this evaluation, the operations and maintenance phase of the recycled water facilities is 
considered. All tertiary treatment unit processes are included, as well as the manufacturing 
of the chemicals consumed, and hauling of the chemicals and filter/membrane maintenance 
replacements. The hauling of the filter/membrane replacements to their final disposal site is 
also included. The manufacturing of filter/membrane replacements was not included due to 
the relatively small footprint. Reject water pumping and treatment, brine disposal pumping, 
maintenance filter replacements, and chemical washes of the membranes/filters are 
included in the analysis. Potable water required for blending is also included in the analysis, 
assuming either seawater desalination or surface water as its source. Figure 9 below 
illustrates the basic boundary set for this evaluation. 

 

 
Figure 9 Boundary Conditions Used for Evaluation 
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The analysis included the following steps: 

1. Select standard GHG reporting protocol.  To enhance credibility, a standard protocol was 
used for this analysis. The California Climate Action Registry General Reporting Protocol 
(GRP) is a set of measuring protocols that are aligned with the international GHG Protocol 
Initiative and adapted to California.   

2. Set boundaries for the analysis.  A sustainability assessment requires a set “boundary” to 
define the life cycle stages, unit processes, and time frame to include in the analysis. The 
operations and maintenance phases of the treatment facilities are considered in this 
analysis. All tertiary treatment unit processes at the treatment facilities are included, as well 
as the production of the chemicals consumed and hauling of the chemicals and 
filter/membrane maintenance replacements. Reject water pumping and treatment, brine 
disposal pumping, maintenance filter replacements for all alternatives and chemical washes 
of the membranes/filters are included in the analysis. Potable water required for blending is 
also included in the analysis, assuming either surface water or seawater desalination as its 
source. 

Annual GHG emissions are estimated for the six alternatives identified in the study.  
Emissions related to filter/media replacements that occur every 6-10 years were distributed 
over the relevant number of years to include them on an annual basis.   

Since the purpose of this analysis is to compare the GHG emissions resulting from each 
project alternative, the system boundaries need include only those system components that 
will differ between alternatives. Therefore, collection system, primary and secondary 
treatment processes (other than noted above), biosolids processing, and recycled water 
distribution are not included in the analysis.  

3.  Identify major sources of GHG emissions: 

• Direct emissions are those emitted from stationary combustion sources and mobile 
combustion sources. Typical stationary sources include power plants, manufacturing 
facilities, and commercial and residential furnaces.  

• Indirect emissions are those resulting from the production of purchased and 
consumed electricity, natural gas, chemicals, and other materials. 

4.   Estimate quantities of GHG emissions as follows: 

• Electricity consumption (kilowatt-hours) x Emission Factor. 

• Vehicle fuel consumption (gallons) x Emission Factor. 

• Solid waste generated (tons) x Emission Factor. 
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5.  Express GHG emissions in terms of “CO2 equivalents” (CO2e) released into the 
atmosphere for a given year. The major GHG in the atmosphere is carbon dioxide (CO2). 
Other GHGs differ from CO2 in their ability to absorb heat in the atmosphere. For example, 
CO2 and methane both contribute to global warming, but studies show that methane has 21 
times the capacity to absorb heat relative to carbon dioxide over a 100-year time horizon, 
so it is considered to have a global warming potential (GWP) of 211. Global warming 
potential is a measure of how much a given mass of a greenhouse gas is estimated to 
contribute to global warming relative to CO2, whose GWP is, by definition, one. GHG 
emissions are often reported in terms of “CO2 equivalents,” which will be calculated for 
each alternative by multiplying the amount of emissions of each GHG by its GWP. 

9.2 GHG Production 

This section presents the findings of the GHG analysis.  

9.2.1 Power  
 

The power requirements for each of the treatment process were available from vendor 
information except for seawater desalination. The required power was calculated based on 
a reverse osmosis feed pressure of 175 psi for the filtered effluent and 1000 psi for 
seawater desalination (potable water alternative). The analysis took into account the power 
for pumping to the tertiary treatment facilities and the power to re-pump the reject water 
back through the plant. 
 

9.2.2 Chemical Production and Handling 
 

Chemical consumption was supplied by vendor information that identified the chemicals 
and annual quantities required for each alternative. Information about the chemical 
properties of each chemical was obtained from material safety data sheets provided by the 
vendor or the chemical company, as well as conversations with same.  

The California Climate Action Registry General Reporting Protocol considers energy 
required for the manufacturing of chemicals consumed in treatment processes to be outside 
the boundary of this type of evaluation. However, in order to provide a more complete 
comparison of the impacts of the alternatives, the embodied energy of chemical production 
is included in this analysis.  

In order to estimate the GHG emissions generated from the transport of the chemicals, 
vendors provided the source location of the chemicals, as well as the type of hauling 

                                                 
1 The Third Assessment Report from the International Panel on Climate Change issued in 2001 
reported the GWP of methane is actually 23; however, the California Climate Action Registry 
General Reporting Protocol mandates use of the older (1996) GWP of 21, published in the Second 
Assessment Report. 
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method,. California low sulfur diesel was assumed as the fuel used for all transportation by  
trucks.  

9.2.3 Media Replacements and Handling 

Media replacement frequency and quantities were provided by vendors. Media replacement 
impacts included in the analysis is the energy and emissions to deliver replacements to the 
City and then to the local County landfill for disposal. This includes anthracite and sand 
media replacement for the filter alternatives, as well as membrane and EDR media 
replacements. 

9.2.4 Findings 

The resultant emissions are shown in Tables 14. Table 14 shows the total annual metric 
tons of carbon dioxide equivalent emissions due to electricity consumption, chemical 
manufacturing, and transportation of chemicals and filter/media replacements. 

 

Table 14 Greenhouse Gas Summary  
Tertiary Filter Rehabilitation Project 
City of Oceanside 

Alternative Description 

Carbon Dioxide 
Equivalent Emissions 

(Metric Tons)(1) 

1 Existing Filters - Surface Water Blending 31 

1A Existing Filters - Desalinated Water 
Blending 

772 

2 Dynasand Filters - Surface Water Blending 31 

2A Dynasand Filters - Desalinated Water 
Blending 

772 

3 Microfiltration Followed by RO 204 

4 Dynasand Followed by EDR 554 

5 Dynasand Followed by MF/RO 186 

6 MF Followed by EDR 645 

Notes: 

1. Includes electricity, chemical manufacturing, and transportation of chemicals and filter/media 
replacements. 
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Alternatives 1 and 2, utilizing potable water addition for blending, have the lowest 
emissions. Alternatives 1A and 2A have the highest emissions, due to the energy required 
to produce potable water using seawater desalination.  

Of the alternatives that consider demineralization, emissions resulting from Alternatives 4 
and 6 are higher than those from Alternatives 3 and 5. Alternatives 4 and 6 utilize EDR, 
while Alternatives 3 and 5 utilize reverse osmosis. Although Alternatives 4 and 6 are higher 
than Alternatives 3 and 5 in all categories of emissions: operational energy, chemical 
production, and chemical and filter/media transportation; the primary contribution to the 
higher emissions is due to high chemical usage, especially sulfuric acid and Permatreat, an 
anti-scalant. 
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10.0 ALTERNATIVE COMPARISON 
Sections 8 and 9 presented the costs and the carbon footprint for the 
filtration/demineralization alternatives. A comparison was also presented. This section 
compares the alternatives with respect to a wider range of factors that include: 

7. Regulatory Compliance 

8. Safety 

9. Cost 

10. Greenhouse Gas Emissions 

11. Recycled Water Quality 

12. Ease of Operation 

13. Staffing Impact 

14. Reliability 

15. Ease of Construction 

16. Use of Existing Infrastructure 

17. Ability to Expand 

Each of these factors is discussed below. 

10.1 Regulatory Compliance 

The project must meet the Title 22 requirement for turbidity less than 2 NTU, and the Waste 
Discharge Requirements for TDS (1,500 mg/L). While improvements to the activated sludge 
process have been implemented, further evaluations regarding filterability are ongoing. The 
basis of this report is implementation of process control improvements to produce a 
secondary effluent that can be filtered to meet the Title 22 turbidity limit.  

Alternatives 3 and 6 incorporate microfiltration. The microfiltration effluent quality is higher 
as compared to media filtration, and this adds reliability in meeting the 2 NTU turbidity limit. 
All of the other alternatives would utilize filtration with anthracite or sand. Even with process 
control improvements, there could be periods when the filtered effluent could exceed 2 
NTU. These alternatives are not as reliable in meeting regulatory requirements as 
compared to Alternatives 3 and 6.   

All of the alternatives have been designed to meet a TDS concentration of 1,000 mg/L. 
Each of the alternatives can reliability meets the limits in the Waste Discharge 
Requirements. 
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10.2 Safety 

Alternative 1 would not address the existing filter limitations of the double confined space 
and valve access. This alternative is the least desirable for this evaluation parameter. 

Alternative 2 eliminates the double confined space. No additional chemical feed facilities 
are required. This alternative can be considered the safest. 

The other four alternatives all incorporate additional chemical feed systems. The major 
safety issue is the storage and use of these chemicals. Microfiltration requires 2 percent 
food grade citric acid and 12 percent sodium hypochlorite for in-place cleaning. These 
chemicals are at relatively low concentrations. Sodium hydroxide and sodium bisulfite are 
also used. 

Reverse osmosis requires sulfuric acid, anti-scalant, citric acid, and sodium hydroxide. EDR 
requires sulfuric acid, hydrochloric acid, anti-scalant, sodium chloride, caustic and sodium 
hypochlorite.  Based on the number and types of chemicals, Alternatives 3 and 5 can be 
considered safer than Alternatives 4 and 6 that utilize EDR. 

10.3 Cost 

The alternative cost comparison was presented in Table 13. Alternative 1 is the least costly 
option, but this alternative does not correct the safety issues and other deficiencies. The 
next is Alternative 2, Dynasand filters with potable water addition. The estimated capital 
cost of $1,763,000 is much lower than the remaining alternatives that consider 
microfiltration and/or demineralization. These alternatives have capital costs ranging from 
$6,387,500 to $10,462,500. The third ranked alternative is Alternative 5, Dynasand filters 
followed by demineralization with microfiltration and reverse osmosis. 

10.4 Recycled Water Quality 

The main factor for recycled water quality is mineral content. As discussed previously, each 
of the alternatives has been designed to meet the TDS goal of 1,000 mg/L and chloride 
goal of 300 mg/L. The reverse osmosis and EDR equipment has been sized to produce 
blended water that meets the quality goals for the peak month output. However, during the 
winter months, the reverse osmosis and EDR equipment will need to operate at a minimum 
flow rate, and this flow rate will be greater than needed to meet the mineral goals. 
Therefore, on an annual average basis, Alternatives 3, 4, 5, and 6 will result in a lower salt 
loading to the soil. Alternatives 1 and 2 are equal. 

10.5 Ease of Operation 

Alternatives 1 and 2 both consist of filtration followed by potable water addition. These 
alternatives match the existing conditions, and will be the easiest to operate. 
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The complexity of operation increases with the type of technology. Alternatives 4 and 5 
include media filtration prior to demineralization. Demineralization would consist of EDR or 
a train with microfiltration and reverse osmosis. The demineralization processes require 
chemical addition and chemical cleaning. There are additional chemical feed systems that 
must be operated and maintained. Alternatives 4 and 5 would be harder to operate than 
Alternatives 1 and 2. 

Alternatives 3 and 6 utilize microfiltration instead of media filtration. Along with the 
demineralization step, these alternatives will be the most complete but would be fully 
automated. The microfiltration adds blowers, permeate pumps, and clean-in place chemical 
facilities. 

10.6 Staffing Impact 

Alternatives 1 and 2 would have no impact on the existing number of staff and staff 
capabilities. Alternatives 4 through 6 will require one additional operations staff. Additional 
training will be required to both operate and maintain the microfiltration, EDR, and reverse 
osmosis processes.  

10.7 Reliability 

Alternatives 1 and 2 are very reliable from a mechanical standpoint. The one issue is the 
ability to reliably meet the turbidity limits. These alternatives would rely on process 
upgrades to the activated sludge process to produce low turbidity, filterable effluent. 

The reliability of Alternatives 4 and 5, utilizing media filters follow in reliability. These 
alternatives add demineralization process to the filters part of Alternatives 1 and 2. The 
least reliable alternatives are 3 and 6. These alternatives substitute microfiltration for media 
filtration. The degree of reliability is directly related to the number of pieces of equipment 
involved. The number and complexity of the equipment increases for Alternatives 3 and 6. 
This issue was outlined for ease of operation. 

10.8 Ease of Construction 

Alternative 1, based on the overall scope of the upgrades, is the easiest to construct. 
Alternative 2 with Dynasand filters can also be constructed relatively easy. 

Alternatives 3 through 6 incorporate demineralization. Due to space limitations, the 
demineralization process will be constructed within a manufactured enclosure within the 
Solids Handling Building. Process lines will need to be constructed from the building to the 
existing filter structure. Extensive electrical and instrumentation will be required. These 
alternatives are much more complex than Alternatives 1 and 2. Alternatives 4 and 5 utilize 
filters, and these two alternatives are somewhat easier to construct than Alternatives 3 and 
6.  
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10.9 Use of Existing Infrastructure 

Each of the six alternatives utilizes the existing tertiary filter structure. Alternative 1 requires 
the minimum amount of modification followed by Alternative 2. The alternatives with 
microfiltration also incorporate the existing filter structure, but more modifications are 
needed. 

10.10 Ability to Expand 

All of the alternatives can be expanded to 4.4 mgd. Each is equal. 

10.11 Summary 

The estimated costs and greenhouse gas emissions can be calculated for each of the 
alternatives. The other evaluation parameters are subjective. This section ranks the 
alternatives by a subjective rating on a scale of 1 to 5 with five being the highest. The 
summary is given in Table 15. Based on this ranking, Alternative No. 2, Dynasand with 
potable water addition is the highest ranked alternative. Alternative No. 1 has the next 
highest ranking, but this alternative doesn’t meet the safety goals. The third ranked 
alternative No. 5 consists of Dynasand followed by MF/RO. 

 

Table 15 Summary Ranking 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara 

 Alternative and Ranking 

Rating Parameter 1 1A2 2 2A 3 4 5 6 

Regulatory Compliance 31 3 3 3 5 5 5 5 

Safety 1 1 5 5 3 1 3 1 

Cost 5 2 4 1 2 2 2 1 

Greenhouse Gasses 5 1 5 1 2 1 2 1 

Recycled Water Quality 3 3 3 3 5 5 5 5 

Ease of Operation 5 5 5 5 1 3 3 1 

Staffing Impact 5 5 5 5 3 3 3 3 

Reliability 5 5 5 5 1 3 3 1 

Ease of Construction 5 5 4 4 1 3 3 1 

Existing Infrastructure 5 5 5 5 5 5 5 5 

Ability to Expand 5 5 5 5 5 5 5 5 

Total 47 40 49 42 33 36 39 29 
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Table 15 Summary Ranking 
Tertiary Filter Rehabilitation Project 
City of Santa Barbara 

 Alternative and Ranking 

Notes: 1. 5 is highest, 1 is lowest 

            2. “A” denotes seawater desalination as the source of blending water. 
 

Alternative 1 is the least cost alternative. Greenhouse gas emissions are lower, and this 
alternative will be easy to implement and operate. However, this alternative does not meet 
the safety goals with respect to the double confined space and equipment access. 

Alternative 2 is the next least-cost alternative. Based on the other ranking parameters, this 
alternative appears to be the most desirable. However, Alternative 2 uses treated surface 
water for blending. If the City feels that this is not an appropriate water resources policy, 
Alternative 2A or Alternatives 3 through 6 should be considered. Alternative 2A, considering 
seawater desalination as the next increment in water supply, results a significant increase 
in price and greenhouse gas emissions.  

If blending potable water were not desired, demineralization of the filter effluent would be 
required. Of the demineralization options, EDR is not recommended due the relatively high 
greenhouse gas emissions and the number and types of chemicals required. Of the 
remaining two alternatives, Alternative 5 appears to be the best alternative. The Dynasand 
process is less costly than microfiltration, is easier to operate, and produces lower 
greenhouse gas emissions. When the secondary effluent mineral quality meets the chloride 
and TDS goals, the microfiltration/reverse osmosis step would not need to be operated. 

11.0 RECOMMENDATIONS 
The major decisions to be made as part of the final alternative selection are: 

1. Are the existing filters acceptable based on safety? If not, Alternative 1 should be 
eliminated from consideration. 

2. Is the City comfortable with blending with surface water to meet the mineral goals? If 
so, Alternative 2 is the apparent best alternative. 

3. If the City is not comfortable with blending with surface water, Alternative 5 is the 
apparent best alternative. Of the demineralization alternatives, Alternative 5 has the 
lowest cost. The microfiltration/reverse osmosis demineralization process has 
advantages as compared to EDR, especially concerning the types of chemicals that 
would be used. 

4. If the City wants to provide the best possible tertiary effluent, microfiltration should be 
considered. Microfiltration will produce a very high quality effluent that can reliably 
meet Title 22. The effluent quality is suitable for subsequent implementation of 
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reverse osmosis for mineral control. There are higher costs associated with the 
resultant quality. 

Considering all of the above factors, Alternative 2 is recommended for immediate 
implementation. At a later time, the MF and RO demineralization step can be added. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ENERGY INTENSITY OF SANTA BARBARA’S 
WATER SYSTEM  

  
 

LENA MOFFITT AND MIKE MOSLEY 
SANTA BARBARA PUBLIC WORKS 

May 2008 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 2 

TABLE OF CONTENTS 
 

I. EXECUTIVE SUMMARY…………………………………………………….....P. 3 

II. APPENDIX 1, SPREADSHEET OF DATA…..…………………………......P. 7 

III. APPENDIX II CUMULATIVE ANAYLSIS, MAP……………..…………....P. 20 

IV. APPENDIX III CUMULATIVE ANAYLSIS, BY STEP…..…………..….…P. 21 

V. APPENDIX IV RELATIVE ENERGY INTENSITY OF SOURCES………..P. 22 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 3 

 
ENERGY INTENSITY OF SANTA BARBARA’S WATER 
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LENA MOFFITT AND MIKE MOSLEY1 

EXECUTIVE SUMMARY 
SANTA BARBARA PUBLIC WORKS 

May 2008 
 
 
 

 
 
As California struggles to cope with significant water supply and energy 
infrastructure challenges, the relationship between these two sectors is 
increasingly being examined.  The fact that two thirds of the California’s 
precipitation falls in the north while two thirds of its population resides in the 
south has resulted in one of the most energy-intensive and mechanized water 
delivery systems in the world.  Water related energy demands consume 19% of 
all of California’s electricity and 30% of its natural gas2. The State Water Project, 
which pumps water from the Sacramento Delta to many southern Californian 
cities, is the state’s single largest energy user.  Energy is additionally consumed 
by each subsequent stage of local water systems, including potable water 
treatment, distribution, wastewater collection, and wastewater treatment.  In this 
study, we considered the energy intensity of each of these steps in Santa 
Barbara’s water system.  With this information, we hope to assist water 
managers in equitably assessing the relative energy intensities of various sources 
of supply.    
 
To begin, we calculated the energy embedded in each of Santa Barbara’s three 
main sources of supply: surface water, ground water, and purchased water.  
Santa Barbara also has a reclaimed water production plant and ocean 
desalination plant, although the latter is not currently in use.  Surface water in 
Santa Barbara comes from Lake Cachuma, the Gibraltar Reservoir, Devil’s 
Canyon Creek, and seepage into Mission Tunnel.  Because all of these sources 
require no pumping and are delivered into the city on a gravity-fed basis, we 
considered them to have zero embedded energy when they enter the city’s water 
system at Cater Treatment Plant.  
 
Groundwater, alternatively, is associated with considerable energy inputs, as it 
must be pumped from the ground. Accurately calculating the energy embedded 
in groundwater can be extremely complicated, as increasing amounts of power 

                                                
1 Contact Lena Moffitt at lmoffitt@bren.ucsb.edu and Mike Mosley at mmosley@bren.ucsb.edu. 
2 California Energy Commission, “California’s Water-Energy Relationship.” November, 2005. 
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are needed as the water table drops and more energy is needed to remove a unit 
of water.  Because Santa Barbara did not produce any groundwater between the 
years of 2001-2005 and minimal amounts were produced between 1995-2000, it 
was difficult to obtain useful historical data.  Consequently, only the year 2007 
was considered.  Although months from this year when no groundwater was 
produced were dropped from the overall calculation, the groundwater system 
was not operating at full capacity.  This may have resulted in an inflation of our 
calculation of the energy needed to produce one unit of groundwater; 
hypothetically, if some of the energy inputs of the groundwater system are fixed, 
increasing production could result in a decrease in the amount of energy per unit 
produced.  That being said, we calculated that a unit of groundwater produced in 
2007 (when about half of the system’s potential 1,400 acre-feet was produced) 
consumed about 991 kWh/acre-ft.  At this point, groundwater is put directly into 
the distribution system, bypassing the energy inputs required for treatment.  
 
Santa Barbara’s purchased water is primarily State Water Project Water.  Adding 
to research previously conducted by Bob Wilkinson of the Donald Bren School, 
we found that State Water Project Water, having been pumped from the 
Sacramento Delta, has 2919 kWh/acre-ft embedded in each unit by the time it is 
delivered to Lake Cachuma, making it by far Santa Barbara’s most energy-
intensive current source. This water must then be treated at Cater Treatment 
Plant before it enters the distribution system, consuming even more energy.  
Desalination, although not currently employed, is estimated to require 
approximately 3750 kWh/acre-foot of water produced3.   
 
All of Santa Barbara’s water, with the exception of groundwater, is treated to 
potable levels at the Cater Treatment Plant.  To calculate the energy consumed 
per unit water treated, we used the annual energy use for 2002 at Cater divided 
by the amount of potable water delivered. This resulted in a calculation of 220 
kWh/acre-ft used for potable treatment.  This treated water, as well as ground 
water, is then delivered to customers via an extensive distribution system, 
powered and maintained by pumps and pressure relief valves.  Overall, this 
distribution system requires an additional 111 kWh/acre-ft of water delivered 
to a Santa Barbara tap.  
 
Once Santa Barbara water customers have used this water, a significant portion 
of it is discarded as wastewater (although some is removed from the system as 
irrigation).  We calculated that approximately 15 kWh/acre-ft is required to 
collect wastewater.  This waste is delivered to the El Estero Wastewater 
Treatment Plant, where 549 kWh/acre-ft is used to treat the wastewater. This 
treated effluent is then delivered via gravity to the ocean.   
 
                                                
3 Bob Wilkinson, Donald Bren School of the Environment, independent research in pending 
paper. Wilkinson@bren.ucsb.edu 
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Reclaimed water is used to irrigate landscapes and flush some public toilets in 
Santa Barbara.  This water is reclaimed at the El Estero Wastewater Treatment 
Plant and given additional treatment before it is distributed to customers. 
Because the portion of El Estero energy used specifically to treat reclaimed water 
is not metered separately, we used an estimate that 15% of the plant’s energy 
goes to the production of reclaimed water.  This energy is primarily needed to 
pump the water to different stations at the plant.  We calculated that generation 
of reclaimed water requires 1066 kWh/acre-ft.  Additional energy is then needed 
to distribute this water to its use-point; we calculated that in Santa Barbara, 
reclaimed water distribution requires 275 kWh/acre-ft.  
 
By adding the energy required at each stage of the water production and 
delivery process, water managers can gain an understanding of the overall 
energy embedded in each source, which can help inform their decisions about 
which sources to rely on.  Considering water from each source, all the way to its 
discharge into the ocean may prove beneficial.  Surface water, with no initial 
energy embedded (because it is a gravity-fed system), is the least energy 
intensive; surface water treated, delivered, collected, and re-treated has a total of 
895 kWh/acre-ft of energy embedded in it by the time it reaches the ocean.  
Groundwater, which is not subject to Cater treatment but requiring significant 
energy for extraction, has approximately 1886 kWh/acre-ft embedded in it by the 
time it is discharged to the ocean, and State Water Project Water, with significant 
original energy considerations and requiring additional treatment, has 3816 
kWh/acre-ft of energy embedded in each unit when it is discharged to the ocean.  
The energy needed to generate and distribute reclaimed water may seem high, 
but if we consider the total energy needed to obtain, treat, and deliver a fresh unit 
of water, it becomes more moderate.  Reclaimed water, treated and delivered to 
a sprinkler, ready to water a lawn, has 1340 kWh/acre-ft of energy embedded 
in it. A unit of fresh State Water Project Water, pumped from Sacramento, 
treated at Cater treatment plant, and distributed to that same sprinkler, has 
3250 kWh/acre-ft of energy embedded in it.  In this comparison, reclaimed 
water seems like the obvious alternative.   
 
Overall, we found that all sources of water for Santa Barbara contain significant 
amounts of embedded energy by the time they reach the tap, and even more by 
the time they are discharged to the ocean.  Of the three, surface water is the least 
intensive, followed by groundwater, then purchased water in the form of State 
Water Project Water.   All three of these are less energy intensive than ocean 
desalination.  We also calculated the greenhouse gas production associated with 
the energy intake at each stake, and the result is not insignificant (see Appendix, 
“CO2 Impacts”).  For instance, an acre-foot of State Water treated and delivered 
to the tap has effectively caused the generation of 2690 lbs of CO2.  As California 
works to be a leader in combating climate change, this type of greenhouse gas 
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production will not go unnoticed, and provides yet another reason to invest in 
water-use efficiency and conservation.  
 
We did encounter some limitations while conducting this project.  Although we 
feel that our data are representative of the energy intensity of the various pieces 
of Santa Barbara’s water system, all of the results would be made more robust by 
the consideration of more historical data.  We only considered one year’s worth 
of water production and energy consumption.  Comparing this year with other 
years would help ensure this was an accurate representation of water and energy 
consumption in Santa Barbara.   
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APPENDIX 2.  Cumulative Analysis MAP 
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APPENDIX 3. Energy of Water by Step 
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APPENDIX 4. Relative Energy of Sources Bar Chart 
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 EXECUTIVE SUMMARY 

BACKGROUND 
In the face of a challenging water supply crisis in the late 1980s, the City of Santa Barbara (City) constructed a 
seawater desalination plant as an emergency supply. On June 4, 1991 voters in the City elected to make this 
desalination plant a permanent part of the City’s water supply portfolio. However, the City’s intentions, as 
presented in its Long-Term Water Supply Program (LTWSP), is to use this facility as a drought relief measure 
only at a capacity of 3,125 AFY.  

After the plant was constructed, it was operated between March and June of 1992. Due to abundant rainfall in 
1991 and subsequent years, the City’s drought condition was relieved and the desalination plant was then 
placed into a standby mode. The $34-million total construction cost was paid off during the initial 5-year contract 
period by the City, Goleta Water District, and Montecito Water District, with a City share of approximately 
$14.5-million. The City currently pays approximately $100,000 per year for the facility to be maintained in a 
long-term standby mode. The City has maintained all the required permits to operate the desalination plant and 
any maintenance or rehabilitation will not trigger additional permitting. 

To realize the benefit of the desalination plant as a drought relief measure, a pump station is required at 
Reservoir #1 to move desalinated water to other parts of the City’s distribution system. This pump station will 
allow the City to offset other drought-depleted water supplies and ultimately recover these resources to their 
pre-drought conditions. However, the pump station would also be needed to move groundwater on an 
emergency basis from the downtown area to the rest of the system in the event of a sudden interruption of 
supplies from the Santa Ynez River, such as the collapse of one or both of the tunnels. With that in mind, such 
a pump station has value separate from its role in distribution of desalinated water. A temporary pump station at 
Reservoir #1 was installed during the previous desalination plant operation (in 1992) and has since been 
removed. If not already constructed as a part of emergency preparedness prior to the use of the desalination 
facility, a new Reservoir #1 Pump Station will be required as part of a desalination plant rehabilitation project. 

PURPOSE OF STUDY 
The purpose of this study is to evaluate the capital costs, operating costs, regulatory issues, and schedule for 
bringing the City’s desalination plant back into service from its long-term storage condition to produce  
3,125 AFY for drought relief. It is not the City’s intention to proceed with rehabilitation of the plant at this time. 
Rather, the City’s goal in completing this study is to evaluate: 

• How the desalination plant fits into the City’s water supply portfolio as a drought relief measure. This 
analysis will be completed, using the information presented in this study, as part of an update to the 
City’s Long-Term Water Supply Program (LTWSP).  

• Any modifications to the City’s desalination plant maintenance program. 
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EXECUTIVE SUMMARY 

In evaluating the schedule and costs for rehabilitating the desalination plant, the City wishes only to evaluate 
operation as required to replace and replenish drought-depleted water supplies. During this period of operation, 
the treatment plant must be reliable in its ability to operate. Reliability means that the desalination plant can 
operate and meet production goals, despite interruptions to operation by an individual component. The ability to 
maintain equipment and purchase spare parts make the desalination plant reliable. Where modifications are 
required to address reliability, improvements to the facility’s sustainability will be considered. Factors impacting 
sustainable operation include level of resources required to operate and maintain the desalination plant. 
Examples of such resources include electricity, labor, chemicals, cartridge filters, and membrane elements. 

REHABILITATION RECOMMENDATIONS 
The City of Santa Barbara has done an excellent job maintaining its seawater desalination plant over the last  
17 years that it has been in long-term storage. This will save the City considerable time and money when this 
facility is rehabilitated and used as a drought relief and/or drought recovery measure. 

Based upon inspecting the desalination facility and investigating the history and condition of the facility’s 
equipment, the following recommendations were made with regard to rehabilitating the plant in the future: 

• Sanitary recommendations: 

– Clean and disinfect piping and tanks. 

• Corrosion control recommendations: 

– Service interior coatings on cast iron valves, steel filter feed pump cans, and steel backwash 
storage tanks exposed to seawater. 

• Replace equipment that was removed: 

– Replace chemical feed equipment that was removed with design that conforms to new City 
standards for chemical feed. 

– Replace two 7.5 HP service water pumps that were removed. 

• Reliability recommendations (functionality and spare parts availability): 

– Replace all pneumatic and motorized valve operators. 

– Replace any PVC piping systems that were not painted. 

– Ship pump and motors 75 horsepower (HP) and larger to factory for off-site testing and service 
before energizing in the field. Replace motors less than 75 HP in size. 
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EXECUTIVE SUMMARY 

– Replace existing 600 HP variable frequency drives (VFDs), RO feed pumps, and energy recovery 
turbines (ERTs) with new 350 HP VFDs, feed pumps, and isobaric energy recovery systems. 
Existing RO feed pumping and ERT equipment can be sold for salvage value immediately, which 
will reduce the annual maintenance costs for the desalination facility. 

– Modify the five RO arrays from a two-stage 24:16 vessel configuration to a single stage 30 vessel 
configuration to facilitate the use of new higher square footage membranes. Salvage remaining 
50 vessels for other use or resale. 

– Install four new electrical trailers to distribute power to the five RO trains. Addition of these trailers 
will not limit desalination plant capacity or change site plan that was approved as part of the 
City’s LTWSP environmental impact report (EIR). Refer to Figure ES.1. 

– Service existing 40 HP air compressor and instrument air system. Replace existing 5 HP dual 
reciprocating compressors. 

– Rehabilitate electrical service connection damaged during a prior arc event. 

– Replace all instrumentation. 

– Replace desalination plant control system and update to new City standards. 

Following these recommendations will have the following benefits to the sustainable operations at the City’s 
desalination plant: 

• Better chemical feed/dose control using City’s new chemical feed system design standards can reduce 
chemical consumption by more precisely controlling chemical use. 

• Replacing the 600 HP RO feed pump with 350 HP pumps can reduce the overall connected load for the 
desalination plant from approximately 4,044 KW to an estimated 3,223 KW. The actual electrical loads, 
based upon plant usage, are estimated to be reduced from 2,478 KW (6,347 KW-hr/AF),  
23.4 KW-hr/1,000 gallons) to 1,802 KW (4,615 KW-hr/AF, 17 KW-hr/1,000 gallons).  

• Replacing VFDs with new VFDs that have higher efficiency ratings will reduce energy consumption. 

• Reliable operation of the desalination plant will result in less manpower required to maintain equipment. 

Based upon these recommendations, the rehabilitated desalination plant is presented in Figure ES.2a. Flow 
rates presented in Figure ES.2b are representative of a 3,125 AFY production rate associated with the City’s 
drought relief needs. 
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Figure ES.2A
Desalination Plant - After Rehabilitation
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CITY OF SANTA BARBARA



Figure ES.2B
Desalination Plant - After Rehabilitation
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ALTERATIVE ADDITION POINT.

NOMINAL PLANT CAPACITY IN AFY
PRIMARY FILTERS ON LINE
SECONDARY FILTERS ON LINE
CARTRIDGE FILTERS ON LINE
RO TRAINS ON LINE
FILTER FEED PUMPS IN SERVICE
PRODUCT PUMPS IN SERVICE
PRODUCT FLOW PER RO TRAIN IN GPM

DAYS BETWEEN SECONDARY BACKWASH
PERCENT PLANT UTILIZATION

PERCENT PRODUCT RECOVERY
BACKWASH FLOWRATES GPM

FORWARD FLUSH GPM
BACKWASH DURATION IN MINUTES

(ONE INSTALLED SPARE)
(ONE INSTALLED SPARE)

(REFER TO NOTE A)

CONCENTRATION INCREASES DUE TO MIXING BRINE AND FEED WATER FLOWS AS ISOBARIC 
ENERGY RECOVERY DEVICE LUBRICATES.

SEAWATER TEMPERATURE, °C 

NOTES

(REFER TO NOTE A)
(REFER TO NOTE B)

FLUSH DURATION IN MINUTES
DAYS BETWEEN PRIMARY BACKWASH

NO. DESCRIPTION NOTES DESCRIPTION ABBREVIATION
CONCENTRATION 

(AS RECEIVED)
DOSAGE 

PPM
LBS. (DRY) 
PER DAY

A SEAWATER FEED DISINFECTION SODIUM HYPOCHLORITE SH 12.5% 5 283
B SEAWATER FEED pH ADJUSTMENT H CARBON DIOXIDE CO2 100% 20 1,302
C SEAWATER FEED COAGULATION FERRIC CHLORIDE FECL3 40% 5 283
D SEAWATER FEED COAGULATION H POLYMER SPARE - - -
E ANTISCALANT FLOCON AS 100% 2.9 164
F RO FEED DE-CHLORINATION SODIUM BISULFITE SBS 38% 20 1,132
G RO FEED DE-CHLORINATION J SODIUM BISULFITE SBS 38% 20 NOT USED
H WASTE STREAM DECHLORINATION SODIUM BISULFITE SBS 38% 20 AS REQUIRED
J PRODUCT STABILIZATION H ZINC ORTHOPHOSPHATE ZOP 40.6% 12.8 163
K PRODUCT STABILIZATION H ZINC ORTHOPHOSPHATE ZOP 40.6% 12.8 163
L PRODUCT STABILIZATION CALCIUM HYDROXIDE LIME 93% 19 242
M PRODUCT STABILIZATION CALCIUM HYDROXIDE LIME 93% 19 242
N PRODUCT STABILIZATION CARBON DIOXIDE CO2 100% 15 459
P PRODUCT DISINFECTION SODIUM HYPOCHLORITE SH 12.5% 1 102
R PRODUCT DISINFECTION SODIUM HYPOCHLORITE SH 12.5% 1 102

STREAM ADDITIVE
CHEMICAL ADDITION

NO. DESCRIPTION NOTES PRESSURE CONCENTRATION PRESSURE CONCENTRATION
A AFY GPM PSI MG/L AFY GPM PSI MG/L

1 SEAWATER INTAKE PUMP E, F 7,419 4,600 21 34,451 7,735 5,850 20 34,451
2 SEAWATER FEED (TOTAL) E, F 7,419 4,600 21 34,451 7,735 5,850 20 34,451
3 FILTER FEED PUMP SUCTION E, F 3,710 2,300 15 34,451 3,868 2,925 14 34,451
4 FILTER FEED PUMP DISCHARGE E, F 3,710 2,300 97 34,451 3,868 2,925 89 34,451
5 FILTER FEED PUMPS DISCHARGE (TOTAL) E, F 7,419 4,600 82 34,451 7,735 5,850 75 34,451
6 PRIMARY MEDIA FILTER INLET E, F 1,855 1,150 77 34,451 2,578 1,950 70 34,451
7 PRIMARY MEDIA FILTER OUTLET F 1,855 1,150 75 34,451 2,473 1,533 68 34,451
8 SECONDARY MEDIA FILTER INLET E, F 2,473 1,533 73 34,451 3,868 2,925 66 34,451
9 SECONDARY MEDIA FILTER OUTLET F 2,473 1,533 71 34,451 3,710 2,300 64 34,451

10 SECONDARY FILTER OUTLET (TOTAL) 7,419 4,600 71 34,451 6,677 4,600 64 34,451
11 CARTRIDGE FILTER INLET 1,237 767 70 34,451 1,113 767 63 34,451
12 CARTRIDGE FILTER OUTLET 1,237 767 68 34,451 1,113 767 61 34,451
13 RO FEED WATER (TOTAL) 7,419 4,600 68 34,451 6,677 4,600 61 34,451
14 RO FEED PUMP SUCTION 668 414 64 34,451 600 414 60 34,451
15 RO TRAIN FEED C 1,484 920 868 35,751 828 920 912 35,751
16 PX LOW PRESSURE INLET 816 506 48 34,451 734 506 48 34,451
17 PX HIGH PRESSURE OUTLET C 816 506 834 36,814 734 506 834 36,814
18 RO TRAIN PERMEATE 668 414 10 126 600 414 10 126
19 RO PERMEATE (TOTAL) 3,339 2,070 10 126 3,000 2,070 10 126
20 PRODUCT WATER PUMP SUCTION 1,669 1,035 4 155 1,500 1,035 4 155
21 PRODUCT WATER PUMP DISCHARGE 1,669 1,035 200 155 1,500 1,035 200 155
22 PRODUCT TO DISTRIBUTION (TOTAL) A 3,339 2,070 200 155 3,000 2,070 200 155
23 RESERVOIR #1 SUMP PUMP DISCHARGE
24 RESERVOIR #1 PUMPS DISCHARGE (TOTAL)
25 RO TRAIN BRINE / PX HIGH PRESSURE INLET 816 506 851 64,894 734 506 851 64,894
26 PX LOW PRESSURE OUTLET 816 506 30 64,894 734 506 30 64,894
27 RO BRINE (TOTAL) 4,080 2,530 ATM 64,894 3,672 2,530 ATM 64,894
28 PRIMARY FILTER BACKWASH D - - - - 315 1,250 7 34,451
29 PRIMARY FILTER - FILTER TO WASTE D - - - - 755 750 3 34,451
30 PRIMARY FILTER AIR SCOUR D - - - - - 942 CMF 5 -
31 SECONDARY FILTER BACKWASH D - - - - 34 1,250 7 34,451
32 SECONDARY FILTER - FILTER TO WASTE D - - - - 81 750 3 34,451
33 BRINE TRANSFER PUMP DISCHARGE G 4,080 2,530 30 64,894 4,396 3,780 30 54,827
34 BRINE PUMP STATION DISCHARGE (TOTAL) G 4,080 2,530 30 64,894 4,396 3,780 30 54,827
35 BACKWASH CLARIFICATION 816 506 8 34,451 816 506 8 34,451
36 SOLID WASTE D - - - - -
37 SERVICE WATER D - 150 55 126 - 150 55 126
38 FLUSH WATER D - 1,000 80 126 - 1,000 80 126

0.5 TO 1.5 CUBIC YARDS/DAY

WITH BACKWASH
FLOWS

NORMAL OPERATION
FLOWS

SYSTEM



EXECUTIVE SUMMARY 

REHABILITATION CONCLUSIONS 
Based upon the findings and recommendations presented in this report, the following conclusions can be made 
with regard to permitting, cost, and schedule for rehabilitating the City’s desalination plant: 

• The City has maintained the permits required to operate its desalination plant when the facility operation 
is required. No new permits are required, however, an intake entrainment and impingement study may 
be required when the City renews its NPDES permit. 

• Capital cost to rehabilitate the City’s desalination plant is estimated to be approximately $17.7-million, 
which includes contingencies, contractor overhead and profit, escalation during construction, sales tax, 
engineering, legal, administration, and a construction change order allowance. If not already in place at 
the time of desalination facility rehabilitation, construction of the distribution improvements (Reservoir #1 
Pump Station) would require an additional cost of $2.5 million, including the same additional costs (i.e., 
contingencies, etc.) listed previously. 

• Operating costs were estimated based upon two operating scenarios for a hypothetical drought and 
drought recovery cycle: 

– Drought Conditions (assumed to be Years 1 and 2 of operation): $4,592,900/yr ($1,470/AF, 
$4.51/1,000 gallons) 

– Drought Recovery Conditions (assumed to be Years 3, 4, and 5 of operation): $4,462,100/yr 
($1,428/AF, $4.38/1,000 gallons). 

Both figures are presented in 2008 dollars and represent the cost of operating the desalination plant to 
produce 3,125 AFY using contract operators for operation of the desalination facility only (not the 
Reservoir #1 Pump Station). 

The difference in the operations costs associated with these two operating conditions is solely 
associated with the operation of the Reservoir #1 Pump Station. 

• Schedule - The overall project schedule for completion of all rehabilitation activities will depend upon the 
City’s decision whether or not to pre-purchase long-lead equipment items and furnish these materials to 
the general contractor that completes the rehabilitation effort. With pre-purchase, the construction 
schedule is estimated to be 16 months (from start of engineering work to production of desalinated 
water). Three additional months would be required if the City does not pre-purchase the long-lead 
materials (assuming a conventional design/bid/build procurement process is followed). A decision to pre-
purchase materials will depend upon the following: 

– Urgency by which desalinated water is required. 

– Risk the City is willing to assume: city-furnished materials must be proven to be delivered to the 
contractor in working order. This risk may be mitigated to some degree by specifying factory 
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EXECUTIVE SUMMARY 

testing, storage, and delivery requirements in the equipment pre-purchase documents. The value 
of materials in question is estimated to be $2.9-million. 

It is also assumed that the City would administer three separate contracts for this work: 

– Desalination Rehabilitation Contract 

Drives project schedule 

Engineering work should start 16 months in advance of when production of desalinated 
water is required if the City pre-purchases equipment; 19 months if a more conventional 
project delivery is pursued. 

Construction should start 7 months in advance of when production of desalinated water is 
required if the City pre-purchases equipment; 10 months if a more conventional project 
delivery is pursued.  

– Reservoir #1 Pump Station Contract (if not previously constructed) 

Engineering work needs to start 11 months in advance of when production of desalinated 
water is required if the City pre-purchases equipment; 14 months if a more conventional 
project delivery is pursued. 

Construction should start 7 months in advance of when production of desalination water is 
required if the City pre-purchases equipment; 10 months if a more conventional project 
delivery is pursued.. 

– Contract Operations Contract  

Contract award is required 7 months in advance of when production of desalinated water 
is required if the City pre-purchases equipment; 10 months in advance if a more 
conventional project delivery is pursued. This will allow operations supervisors to 
participated in the start-up of the rehabilitated desalination plant, which will help to 
facilitate a smooth transition as they take over the facility’s operation. 
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Section 1 INTRODUCTION 

 

In the face of a challenging water supply emergency in the late 1980s, the City of Santa Barbara (City) 
contracted with Ionics Incorporated (now GE/Ionics, Watertown, MA) to construct a desalination plant as an 
emergency supply. On June 4, 1991 voters in the City of Santa Barbara elected to make this desalination plant 
a permanent part of the City’s water supply portfolio. However, the City intends to use this facility as a drought 
relief measure only. Since 1997, the desalination plant has been placed into a long-term storage mode. The 
City has continued to maintain equipment in accordance with a maintenance program so that the plant may be 
economically rehabilitated and returned to operation in short order when a drought condition requires use of this 
supply. 

PURPOSE AND GOAL OF STUDY 
The City retained Carollo Engineers to complete this Desalination Rehabilitation Study (Study). The purpose of 
this Study is to evaluate the capital costs, operating costs, regulatory issues, and schedule for bringing the 
City’s desalination plant back into service from its long-term storage condition to produce up to 3,125 acre-foot 
per year (AFY) for drought relief. The target value of 3,125 AFY represents Desalination Operating Scenario #1 
in the LTWSP EIR and actual operating capacity of the five desalination trains currently in place at the facility. A 
more general target of 3,000 AFY was used for desalination in the 1994 Long Term Water Supply Program 
(LTWSP) and the analysis leading up to it.  

The City’s goal in completing this study is to evaluate: 

• How the desalination plant fits into the City’s water supply portfolio as a drought relief measure. This will 
be completed, using the information presented in this report, as part of the City’s updated LTWSP 
project.  

• Any modifications to the City’s desalination plant maintenance program. 

Decisions regarding these two goals are outside the scope of this report and will be completed by the City at a 
later date. 

In evaluating schedule and costs for rehabilitating the desalination plant, the City has directed Carollo to 
consider a 5-year operating scenario, representing 2-years of operation at the end of a severe drought followed 
by 3-years of operation to replenish depleted groundwater sources. During this period of operation, reliability 
and sustainability would be important aspects of plant operation. For purposes of this study, reliable and 
sustainable operation are defined as follows: 

• Reliable Operation: Ability to continue to operate the treatment plant and meet production goals, 
despite interruptions to operation by an individual component. Ability to maintain equipment and 
purchase replacement parts makes the facility reliable. 
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SECTION 1 - INTRODUCTION 

• Sustainable Operation: Where modifications to the existing desalination plant are required, sustainable 
operation should be evaluated as a criterion in evaluating rehabilitation alternatives. Factors impacting 
sustainability include the level of resources required to operate and maintain the desalination plant’s 
production. Examples of such resources include electricity, labor, chemicals, cartridge filters, and 
membrane elements. 

REPORT ORGANIZATION 
This report is organized into the following Chapters: 

• Chapter 1 - Introduction 

• Chapter 2 - Background 

• Chapter 3 - Rehabilitation of Desalination Plant 

• Chapter 4 - Rehabilitation Costs and Schedule 

• Chapter 5 - Conclusions and Recommendations 

1-2 March 2009 



 

Section 2 BACKGROUND 

HISTORY OF DESALINATION PLANT 
The City’s desalination plant is located at 525 East Yanonali Street and was constructed as an emergency 
water supply project between May 1991 and March 1992 in response to a severe drought that depleted the 
City’s available water supplies. The desalination plant was built by Ionics, Inc. under a "take or pay" contract. 
Over the five-year contract period, the City, along with the Montecito and Goleta Water Districts, paid off the 
$34 million construction cost and either paid for water produced or paid to maintain the plant in standby mode. 
Due to abundant rainfall and reduced demand since 1991, the plant remained on standby following completion 
of initial testing period in June 1992.  

The drought of the early 1990's showed that the pre-drought water supplies were inadequate. In 1990-1991, an 
extensive analysis was completed to determine which water supply alternatives would best insure adequate 
water supplies for the future. The analysis determined that the two best alternatives were: 

• Desalination alone, at a capacity of 5,000 AFY.  

• State Water Project at an entitlement of 3,000 AFY with a desalination capacity of 3,000 AFY as a 
drought back-up, later analyzed at a capacity of 3,125 AFY to match the modular capacity of the plant as 
installed.  

On June 4, 1991, City voters supported both the State Water Project and desalination as permanent water 
supplies and the City included the combined State Water Project/desalination option in it’s the 1994 LTWSP. 

The LTWSP included conversion of the emergency desalination plant to permanent status for use as a back-up 
supply during future droughts. It also includes potential use of the desalination plant to help meet regional 
needs for water. An Environmental Impact Report on the LTWSP was certified on May 24, 1994. A Coastal 
Development Permit for the permanent facility was approved by the City on December 7, 1995, and by the 
California Coastal Commission on October 9, 1996. The plant was dedicated as the Charles Meyer Desalination 
Facility on December 11, 1995, in honor of Commissioner Meyer's long and dedicated service on the City Water 
Commission, and in recognition of the facility's permanent role in the City's water future. 

In 1997, at the end of the initial five-year contract period, the City acquired the desalination plant from Ionics, 
Inc. Because the plant was not expected to be needed for drought relief in the short term, the facility was placed 
into a “long-term storage mode” by removal of components that require frequent maintenance, including all of 
the membranes. At this time, the Goleta and Montecito Water Districts elected not to continue to participate in 
the desalination plant, and the City decided to sell a portion of the capacity. In January 2000, just over half of 
the pre-filtration capacity and reverse osmosis treatment modules were sold, leaving a capacity of 3,125 AFY, 
sufficient to meet the City's anticipated need for drought protection under the LTWSP. 

The City currently maintains the remaining equipment on a monthly or quarterly basis on a contract basis at a 
cost of approximately $100,000 annually. When needed, the plant can be rehabilitated to replace components 
that were removed during long-term storage and components that are no longer made (spare parts unavailable) 
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so that the facility can operate reliably. The basic infrastructure of the plant has remained intact during the long-
term storage.  

OTHER INFRASTRUCTURE RELATED TO DESALINATION PLANT OPERATION 
The City conducted a distribution analysis during late 1990 through 1991 on how the City would receive water 
from the desalination plant. However, after start-up testing was completed in June 1991 and the desalination 
plant was placed in stand-by due to the end of the drought, the City placed plans for distribution improvements 
on hold indefinitely. Since the City’s plans were developed, events have occurred and distribution system 
improvements have been made that render a portion of the City’s previous plans obsolete. The following 
presents recommended improvements to the City’s distribution system to facilitate use of the desalination 
plant’s water based upon the status of the City’s distribution infrastructure in October 2008. These 
improvements would also be necessary to move groundwater on an emergency basis from the downtown area 
to the rest of the system in the event of a sudden interruption of supplies from the Santa Ynez River, such as 
the collapse of one or both of the tunnels delivering City water supplies from the river. 

Reservoir #1 Pump Station 

Reservoir #1 is a pressure control and storage structure that regulates the distribution of water to the pressure 
zone known as the “Low Zone.” During normal distribution system operations, Reservoir #1 is either filled with 
excess water from the Low Zone, or via a pressure control valve, that fills the reservoir from the City’s Sheffield 
pressure zone (a.k.a., “Sheffield Zone”). If the desalination plant is in operation, desalinated water will generally 
back up into Reservoir #1 from the Low Zone. During catastrophic supply interruption, water from the Ortega 
Groundwater Treatment Plant (OGTP) would need to be pumped into the Sheffield Zone. 

In order to take advantage of the desalination plant as a drought relief and drought recovery facility, or to 
implement emergency distribution of groundwater from OGTP, it is necessary to move water from Reservoir #1 
to the Sheffield Zone, and from there to any part of the City. To facilitate this, a new pump station, located at 
Reservoir #1, is recommended to pump approximately 4,000 gpm of water into the Sheffield Zone. Distribution 
piping improvements, completed after 1991, at Reservoir #1 will facilitate the distribution of water from the 
Reservoir #1 Pump Station to the Sheffield Zone with the installation of only minor piping connections on the 
Reservoir #1 site. Two pipelines (one 10-inch and one 12-inch line) will be used to convey up to 4,000 gpm of 
desalinated water from the Reservoir #1 Pump Station to the Sheffield Zone, at connection points located on 
Chase Drive.  

The Reservoir #1 Pump Station was previously designed by Penfield and Smith and copies of this design 
remain in the City’s engineering library (Drawing # C-1-3749, Sheet C4 of 47, 1991). The pump station was 
originally sized for distribution of desalinated water at a rate of 7,500 AF (12,100 gpm), which was the original 
desalination plant production capacity, before Montecito and Goleta sold their capacity. Modifications to this 
design are required to resize this pump station for a 4,000-gpm-flow rate. Design and construction of the 
Reservoir #1 Pump Station are currently estimated to be $2-million. 
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Section 3 REHABILITATION OF DESALINATION PLANT 
 

This section presents a review of the condition of the City’s desalination plant and Carollo’s assessment of 
rehabilitation that would be needed if the plant were to be reactivated to meet the City’s water supply objectives, 
which include:  

• Produce 3,125 AFY for drought relief. 

• Provide reliable operation. 

• Where upgrades are necessary, seek to improve sustainability of desalination plant operations. 

Before the desalination plant rehabilitation assessment is discussed, the status of the City’s existing permits for 
the desalination plant will be presented.  

DESALINATION PLANT PERMIT REVIEW 
Coastal Development Permit 

As discussed in Section 2, following the June 4, 1991 vote by City residents that desalination should be a 
permanent component of the City’s water supply, the City certified an Environmental Impact Report (EIR) on the 
LTWSP on May 24, 1994. The EIR analyzed four scenarios for use of desalination under the LTWSP, one of 
which was operation at a capacity of 3,125 AFY during and after a drought. Following that certification, a 
Coastal Development Permit for the permanent facility was approved by the City on December 7, 1995, and 
then by the California Coastal Commission on October 9, 1996. The current state of the desalination plant 
complies with the conditions of the Coastal Development Permit. If no new structures or other changes 
impacting the environment are made to this facility (beyond it’s original 7,500 AFY capacity as identified in the 
1996 LTWSP Final EIR), rehabilitation activities would be considered maintenance events that do not impact 
the permit.  

The City’s Coastal Development Permit has a special provision that requires the City to monitor and assess the 
impacts of their wastewater effluent mixed with brine and backwash from the desalination plant on the water 
chemistry and marine biota in the discharge area. The City previously developed such a monitoring plan that 
was coordinated with the Regional Water Quality Control Board (RWQCB). When the desalination plant is 
operating, the City will carry out their approved monitoring program and provide the Coastal Commission with 
quarterly reports, as required by its approved Coastal Development Permit. 

Brine Discharge 

The City’s current National Pollution Discharge Elimination System (NPDES) permit for El Estero Wastewater 
Treatment Plant includes conditions regarding the discharge of brine from the desalination plant. This permit 
was last renewed on October 22, 2004 and comes up for renewal every five years.  
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Brine from a desalination process is denser (less buoyant) than seawater and therefore, requires dilution and/or 
high vertical mixing velocity to prevent the brine from settling to the ocean floor where it may impact benthic and 
other marine life. Brine from the City’s desalination plant is discharged to a mixing box, where it mixes with 
wastewater effluent from El Estero Wastewater Treatment Plant prior to flowing by gravity to the City’s off-shore 
ocean outfall/diffuser system. Both the dilution with wastewater effluent and the outfall diffuser system help to 
ensure that the discharge is well mixed and will not impact marine life. 

The City’s NDPES permit dictates the minimum brine to wastewater effluent blending rate that must be adhered 
to in order to meet discharge standards. These mixing rates were established through computer modeling to 
provide (1) the minimum wastewater effluent discharge necessary to ensure the combined discharge will remain 
buoyant above the seafloor, and (2) the minimum initial dilution ratio for the combined discharge computed at 
the minimum wastewater effluent flow rate.  

The science and engineering associated with ocean outfall diffuser computer modeling has not progressed 
significantly since the City first established its NPDES permit. It is unlikely that capital improvements or 
additional computer modeling associated with the City’s ocean outfall will be required in the future. No cost 
impacting changes or efforts are anticipated. 

Ocean Intake 

Recent review and regulation of desalination feed water intakes by California’s RWQCBs closely follow, on an 
informal basis, the United States Environmental Protection Agency’s (USEPA’s) efforts to adopt rules for the 
regulation of the United States electric industry’s cooling water intakes. The California State Water Quality 
Control Board (SWQCB) is considering implementing such USPEA rules for the regulation of the State’s 22 
steam electric power plants that employ once-through-cooling (OTC). The State Board has held various 
workshops, presented draft rules, and solicited industry and public comments. The SWQCB has not yet 
adopted any requirements for the OTC intakes, although efforts are currently underway. The State Board has 
indicated that, although the rules will exclude seawater intakes for desalination, many of the information 
requirements for site evaluation, impact assessment and technology/mitigation would apply to review of 
desalination project intakes. Therefore, the information that follows presents the background on the standards, 
which the State of California is likely to adopt for OTC intakes, and informally, desalination intakes and how this 
may impact the City’s desalination plant. 

On July 9, 2004, the USEPA promulgated new requirements1 for existing steam electric facilities with intake 
design capacities greater than 50 mgd to comply with Clean Water Act Section 316(b)2. These regulations, 
known as the Phase II Rule, became effective on September 7, 2004 and established numeric performance 
standards to reduce impingement mortality and entrainment (see Appendix A)3. However, because of lawsuits 
and subsequent US Circuit Court actions and rendered opinions, the USEPA suspended the Phase II Rule. 

                                                 
1 Performance standards are found at Federal Register, Vol. 69, 7/9/04, 125.94(b). 
2 Federal Register, Vol 69, 41576 
3 40 CFR §125.94(b) 
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Impingement impacts are caused when organisms are trapped against screens, filters, or other mechanisms 
during the intake of water, and suffer injury or mortality as a result of pressure exerted from the flow of water. 
Entrainment effects occur when small organisms are drawn through the intake system, and suffer injury or 
mortality as a result of pressure changes, mechanical damage, temperature increases, or turbulence in the 
water flow.  

The offshore intake structure for the City’s desalination facility includes a screen to reduce the impact on 
aquatic organisms, as shown in Figure 3.1. The intake structure’s through-screen intake velocities are relatively 
low and easily comply with the now-suspended, Phase II Rule that required through-screen velocities for 
cooling intakes of not greater than 0.5 feet per second (fps). However, the City’s low through-screen intake 
velocities are, in part, the result of relatively large intake screen openings.  

Although Appendix D of the City’s LTWSP Final EIR states that the intake screen openings are 3/8-inch, the 
actual openings are 3.56 by 0.56 inches. All forms of larval fish and most juvenile fish up to two inches or more 
in length will pass through these openings. With a single pump operating at 4,711 gpm (a flow corresponding to 
a desalination plant production capacity of 3,125 AFY), the calculated through-screen velocity is 0.0423 fps. 
Although this velocity is an order of magnitude less than that required by the suspended USEPA 316(b) Phase 
II Rule, it represents sufficient flow to entrain larval fish and possibly attract juvenile fish that are small enough 
to pass through the relatively large screen openings. Generally, screens are designed with openings to 
maximize removal efficiency and minimize through-screen velocities. In the case of the City’s screens, the 
through-screen velocities are much lower than need be to minimize impingement of fish (i.e., maximum of 
0.5 fps), even if both pumps were operating at their rated flow rate of 5,000 gpm each.  

The loss of entrained larval and juvenile fish to the City’s desalination intake has not been measured. However, 
the LTWSP Final EIR states that these intake entrainment losses “…will not significantly reduce the larvae of 
locally fished species of sport-fish or commercial value.”4 The LTWSP Final EIR went on to find that the impact 
of the desalination intake entrainment losses was a Class III impact (i.e., less-than-significant). Since 
certification of the City’s Final EIR, a number of California Environmental Quality Act (CEQA) permitted 
desalination facilities, both full-scale and pilot plants, have been required by State and Federal regulatory and 
resource agencies to assess potential intake impacts based on a minimum of twelve months of site-specific 
entrainment impact study. Similar intake studies have also been required by a majority of the State’s RWQCBs 
and the California Energy Commission in their review of an Application for Certification of new or renewed 
power projects using seawater intakes. The State Lands Commission has also explicitly required such intake 
studies and impact assessments be completed as a condition of lease renewal for ocean intakes and 
discharges across State lands. 

The City’s existing NPDES permit for the desalination facility permits (implicitly) the operation of the existing 
intake as described in the LTWSP Final EIR and accompanying documents provided to the Board at the time of 
the permit issuance. Throughout the 5-year term of the permit, the City has the right to stop and start the 
desalination intake operations as long as the operations are in strict compliance with the permit’s provisions, 
prohibitions and monitoring and reporting requirements. The screen size is an issue that should be addressed 
at the time of any eventual reactivation of the plant. For the purposes of this report, screen replacement will be 
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assumed the correct course of action. Therefore, the costs reflected later in this report present the costs for 
replacement screens that have a 3/8-inch mesh copper-nickel alloy material, which is a standard size for 
mitigation of entrainment as well as a better material of construction that is used to prevent fouling of the intake 
screens with biological growth. Only the existing fiberglass reinforced plastic (FRP) screens need to be 
replaced. The existing screen support structure can be used and once the screens are replaced, the resulting 
through-screen velocity of 0.03 fps is sufficiently conservative to prevent impingement. 

It is unlikely that the City will be required to provide additional intake impact assessments of the desalination 
intake’s impingement and entrainment effects. However, the RWQCB has the right to request additional 
discharge (and intake) information from the discharger at anytime during the life of the permit. It is therefore 
possible that the RWQCB will request information on the impingement and entrainment effects of the 
desalination intake at the time the City renews its existing NPDES permit. The cost of this study will likely be 
approximately $500,000 (in 2008 dollars). The scope of this study will likely include a 12-month marine life study 
that will require frequent sampling and monitoring to identify and quantify marine organisms near the City’s off-
shore intake followed by an approximation of potential entrainment and impingement impacts and mortality 
caused by the operation of the City’s desalination plant intake. Because this study is unlikely to be required, the 
cost of this study is not included as a line item in any cost estimates presented subsequently in this report. 
However, cost contingencies could be applied toward this purpose. We present this information so that the City 
is prepared should the RWQCB initiate discussion in the future. 

DESALINATION PLANT EVALUATION 
The City’s desalination plant consists of a single pass reverse osmosis (RO) system, with an open ocean intake 
and shared outfall with the City’s El Estero Wastewater Treatment Plant. The facility was originally constructed 
to produce 7,500 acre-feet per year (AFY), however, the desalination plant’s current capacity is approximately 
3,125 AFY (based on reduced capacity resulting from the January 2000 sale of equipment when Goleta and 
Montecito opted out of the project).  

A schematic of the desalination plant process is presented in Figure 3.2A. The current and original design flow 
rates are noted as a legend in Figure 3.2B. Facilities remaining as part of the City’s desalination plant are 
discussed below. 

Seawater Intake and Outfall 

As indicated in Figure 3.3, the desalination plant’s intake is located approximately 1/2 mile off shore. The intake 
consists of two 100 horsepower (HP) submersible pumps, each located inside a concrete vault with an FRP 
screen on the top and sides. The intake screen was sized to provide less than 0.1 feet per second (fps) velocity 
at a flow of 5,520 gallons per minute (gpm). Under the City’s current operating scenario, only one intake pump 
would be used and the flow would be reduced to 4,711 gpm, thereby affording an even lower velocity at the 
screens.  

                                                                                                                                                   
4 Impact 5.4-1 found on page 5.4-20 of LTWSP Final EIR. 
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Figure 3.1
Intake Screen
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Figure 3.2A
Desalination Plant Process Flow Schematic
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Figure 3.2B
Desalination Plant Process Flow Schematic
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NOTES
A

B

C
D
E
F
G
H

SEAWATER TEMPERATURE, °C 

(REFER TO NOTE A)

(ONE INSTALLED SPARE)
(ONE INSTALLED SPARE)

(REFER TO NOTE A)
(REFER TO NOTE B)

FLUSH DURATION IN MINUTES
DAYS BETWEEN PRIMARY BACKWASH
DAYS BETWEEN SECONDARY BACKWASH
PERCENT PLANT UTILIZATION

PERCENT PRODUCT RECOVERY
BACKWASH FLOWRATES GPM
BACKWASH DURATION IN MINUTES
FORWARD FLUSH GPM

PRODUCT FLOW PER RO TRAIN IN GPM

NOMINAL PLANT CAPACITY IN AFY
PRIMARY FILTERS ON LINE
SECONDARY FILTERS ON LINE
CARTRIDGE FILTERS ON LINE
RO TRAINS ON LINE
FILTER FEED PUMPS IN SERVICE
PRODUCT PUMPS IN SERVICE

FLOW RATES SHOWN UNDER BACKWASH REPRESENT 1 FILTER IN BACKWASH.
CONCENTRATIONS SHOWN UNDER BACKWASH ARE FOR AFY FLOWRATES.
NOT USED DURING NORMAL OPERATION. DOSAGES SHOWN ARE DESIGN VALUES.
ALTERATIVE ADDITION POINT.

TABULATED FLOWRATES ARE DESIGN VALUES AT 10°C. THE PLANT LOAD FACTOR; I.E., THE ON 
STREAM OPERATING TIME REQUIRED TO PRODUCE RATED ANNUAL CAPACITY AT 10°C is 0.936.

THE DESIGN TEMPERATURE IS 10 TO 19°C. AT THE EXPECTED AVERAGE TEMPERATURE OF 15°C, 
THE PLAN WILL PRODUCE 3,125 AFY RATED FLOW WITH A LOAD FACTOR OF 0.936.
INTERMITTENT FLOW
"WITH BACKWASH" GPM FLOWS SHOWN ARE INSTANTANEOUS HIGHEST VALUE DURING BACKWASH.

NO. DESCRIPTION NOTES DESCRIPTION ABBREVIATION
CONCENTRATION 

(AS RECEIVED)
DOSAGE 

PPM
LBS. (DRY) 
PER DAY

A SEAWATER FEED DISINFECTION SODIUM HYPOCHLORITE SH 12.5% 5 283
B SEAWATER FEED pH ADJUSTMENT G CARBON DIOXIDE CO2 100% 20 1,302
C SEAWATER FEED COAGULATION FERRIC CHLORIDE FECL3 40% 5 283
D SEAWATER FEED COAGULATION G POLYMER SPARE - - -
E ANTISCALANT FLOCON AS 100% 2.9 164
F RO FEED DE-CHLORINATION SODIUM BISULFITE SBS 38% 20 1,132
G RO FEED DE-CHLORINATION H SODIUM BISULFITE SBS 38% 20 NOT USED
H WASTE STREAM DECHLORINATION SODIUM BISULFITE SBS 38% 20 AS REQUIRED
J PRODUCT STABILIZATION G ZINC ORTHOPHOSPHATE ZOP 40.6% 12.8 163
K PRODUCT STABILIZATION G ZINC ORTHOPHOSPHATE ZOP 40.6% 12.8 163
L PRODUCT STABILIZATION CALCIUM HYDROXIDE LIME 93% 19 242
M PRODUCT STABILIZATION CALCIUM HYDROXIDE LIME 93% 19 242
N PRODUCT STABILIZATION CARBON DIOXIDE CO2 100% 15 459
P PRODUCT DISINFECTION SODIUM HYPOCHLORITE SH 12.5% 1 102
R PRODUCT DISINFECTION SODIUM HYPOCHLORITE SH 12.5% 1 102

STREAM ADDITIVE
CHEMICAL ADDITION

NO. DESCRIPTION NOTES PRESSURE CONCENTRATION PRESSURE CONCENTRATION
A AFY GPM PSI MG/L AFY GPM PSI MG/L

1 SEAWATER INTAKE PUMP D, E 7,419 4,600 21 34,451 7,735 5,850 20 34,451
2 SEAWATER FEED (TOTAL) D, E 7,419 4,600 21 34,451 7,735 5,850 20 34,451
3 FILTER FEED PUMP SUCTION D, E 3,710 2,300 15 34,451 4,718 2,925 14 34,451
4 FILTER FEED PUMP DISCHARGE D, E 3,710 2,300 97 34,451 4,718 2,925 89 34,451
5 FILTER FEED PUMPS DISCHARGE (TOTAL) D, E 7,419 4,600 82 34,451 7,735 5,850 75 34,451
6 PRIMARY MEDIA FILTER INLET D, E 1,855 1,150 77 34,451 2,578 1,950 70 34,451
7 PRIMARY MEDIA FILTER OUTLET E 1,855 1,150 75 34,451 2,473 1,533 68 34,451
8 SECONDARY MEDIA FILTER INLET D, E 2,473 1,533 73 34,451 3,868 2,925 66 34,451
9 SECONDARY MEDIA FILTER OUTLET E 2,473 1,533 71 34,451 3,710 2,300 64 34,451

10 SECONDARY FILTER OUTLET (TOTAL) 7,419 4,600 71 34,451 6,677 4,600 64 34,451
11 CARTRIDGE FILTER INLET 1,237 767 70 34,451 1,113 767 63 34,451
12 CARTRIDGE FILTER OUTLET 1,237 767 68 34,451 1,113 767 61 34,451
13 RO FEED WATER (TOTAL) 7,419 4,600 68 34,451 6,677 4,600 61 34,451
14 RO FEED PUMP SUCTION 668 414 64 34,451 600 414 60 34,451
15 RO TRAIN FEED 1,484 920 868 34,451 828 920 912 35,751
16 RO TRAIN PERMEATE 668 414 10 126 600 414 10 126
17 RO PERMEATE (TOTAL) 3,339 2,070 10 126 3,000 2,070 10 126
18 PRODUCT WATER PUMP SUCTION 1,669 1,035 4 155 1,500 1,035 4 155
19 PRODUCT WATER PUMP DISCHARGE 1,669 1,035 200 155 1,500 1,035 200 155
20 PRODUCT TO DISTRIBUTION (TOTAL) A 3,339 2,070 200 155 3,000 2,070 200 155
21 RESERVOIR #1 SUMP PUMP DISCHARGE
22 RESERVOIR #1 PUMPS DISCHARGE (TOTAL)
23 RO TRAIN BRINE (ERT INLET) 816 506 851 64,894 734 506 894 64,894
24 RO TRAIN BRINE (ERT OUTLET) 816 506 ATM 64,894 734 506 ATM 64,894
25 RO BRINE (TOTAL) 4,080 2,530 ATM 64,894 3,672 2,530 ATM 64,894
26 PRIMARY FILTER BACKWASH C - - - - 315 1,250 7 34,451
27 PRIMARY FILTER - FILTER TO WASTE C - - - - 755 750 3 34,451
28 PRIMARY FILTER AIR SCOUR C - - - - - 942 CMF 5 -
29 SECONDARY FILTER BACKWASH C - - - - 34 1,250 7 34,451
30 SECONDARY FILTER - FILTER TO WASTE C - - - - 81 750 3 34,451
31 BRINE TRANSFER PUMP DISCHARGE F 4,080 2,530 30 64,894 4,396 3,780 30 54,827
32 BRINE PUMP STATION DISCHARGE (TOTAL) F 4,080 2,530 30 64,894 4,396 3,780 30 54,827
33 BACKWASH CLARIFICATION 816 506 8 34,451 816 506 8 34,451
34 SOLID WASTE C - - - - -
35 SERVICE WATER C - 150 55 126 - 150 55 126
36 FLUSH WATER C - 1,000 80 126 - 1,000 80 126

0.5 TO 1.5 CUBIC YARDS/DAY

WITH BACKWASH
FLOWS

NORMAL OPERATION
FLOWS

SYSTEM



SECTION 3 – REHABILIATION OF DESALINATION PLANT 

Current Status 

The 36-inch high-density polyethylene (HDPE) intake pipeline and power and signal cable conduits were 
installed inside an existing reinforced concrete pipe outfall. Transition fittings to facilitate connections to the 
intake pump discharge piping and an off-shore pig launching port were sealed with blind flanges for long-term 
storage. The intake pumps, check valves and screens were removed and stored on-shore as part of the City’s 
long-term storage program. The power and signal cables for the intake pumps were also removed and would 
require replacement.  

The desalination plant’s outfall is shared with the City’s El Estero Wastewater Treatment Plant. Brine from the 
desalination plant is mixed inside a mixing box adjacent to the pump station and chemical area shown in  
Figure 3.3. The required mixing ratios of brine to wastewater plant effluent have been determined and are 
specified in the City’s NDPES permit. The outfall discharges approximately 1-1/2 miles off-shore. 

Both the off-shore intake and outfall structures are denoted by Coast Guard approved navigation buoys that 
require routine maintenance. 

Reliability 

Reliable operation of the desalination plant intake and outfall will be impacted by: 

• Corrosion of existing cast iron pumps, valves, and discharge piping under the existing configuration.  

• Failure of electrical quick-connect fitting that was retrofitted onto one of the two submersible intake 
pumps (i.e., PMP-101A). 

• Chloride corrosion of concrete and concrete reinforcing steel in the outfall-mixing box due to brine. 

Replacement parts are still available for all components of the intake system and therefore, system reliability is 
not adversely impacted. 

Sustainability 

Reliable performance of equipment will improve sustainability by reducing the resources required for 
maintenance once the desalination plant is operating.  

Recommendation 

Recommended actions for rehabilitating the intake and outfall system include: 

• Ship intake pumps and check valves to factory before use. (Note: one pump is required for production, 
the other is for reliability. Both pumps will be installed and operated sequentially to maintain equal wear 
on both pumps.)  

– Factory test pump motors. Minor repair is assumed (e.g., bake motor windings to remove 
corrosion) to be required to bring pumps back to useful condition. 

– Sand blast and recoat pumps and check valves.  

March 2009 3-11 



Figure 3.3
Desalination Facilities
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

– While at factory, eliminate electrical quick connect fitting that was problematic for pump 
PMP-101A. 

– Replace 3,700-ft length of power and signal cables for intake pumps. Pumps should be delivered 
back to the City with the cable attached to the pumps. No field splicing or quick connect fittings 
should be allowed or used. 

• Reinstall both pumps and intake screens.  

– Replace existing intake screens with a 3/8-inch mesh copper-nickel alloy material (in lieu of FRP) 
to comply with City’s LTWSP Final EIR and improve sustainability by reducing maintenance to 
address biological fouling on the screens.  

• Replace 36-inch diameter knife valve that isolates pig return station. 

• Inspect condition of offshore concrete vaults and flanged connections on intake pipelines prior to 
developing bid documents for rehabilitation. 

• Clean intake piping. 

• Inspect and, if necessary, replace/install coating in outfall mixing box. An allowance has been included in 
the cost estimate for recoating this mixing box. 

Pump Station and Chemical Storage Facility 

The filter feed pump station and chemical storage facility, shown in Figure 3.4, is located at 420 Quinientos 
Street adjacent to El Estero Wastewater Treatment Plant. When the desalination plant is operating, this site is 
an unmanned facility. It is surrounded by a chain link fence with a locked gate. This site is the location of the 
pigging return station, the filter feed pumps, and the desalination plant’s chemical storage and feed facility. 

The filter feed pumps receive seawater pumped from offshore submersible intake pumps and boost the 
pressure to feed the pre-filtration system located at the desalination plant. There are four cans for the 225 HP 
submersible filter feed pumps; however, the City has only three pumps. Under the current configuration, two 
pumps are required for full-production. 

The chemical storage and feed system located at this site and the current status of the equipment is 
summarized as follows: 

• Carbon Dioxide Storage and Feed System - Carbon dioxide is used to adjust the pH of process water 
streams. This storage system consisted of a 30-ton storage tank with a 7-kilowatt (KW) vaporizer and 
refrigeration system. An eductor system is used to make a carbonic acid feed solution that is added to 
the filter feed water before it leaves the pump station and chemical storage site. Carbonic acid is also 
pumped to the desalination plant site and added to the product water at the bottom of the product water 
storage tanks.  
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

• Sodium Bisulfite Storage and Feed System - Sodium bisulfite is pumped to the desalination plant site 
and added to quench the chlorine (sodium hypochlorite) residual before the RO process. This storage 
and feed system consisted of a 6,000-gallon FRP storage tank, two motor driven diaphragm pumps and 
various other instrumentation and controls. Sodium bisulfite is added to the process seawater between 
the media and cartridge filters. 

• Ferric Chloride Storage and Feed System - Ferric chloride is a coagulant and is added to enhance 
particle removal through the media filtration process. This storage and feed system previously consisted 
of a 6,000-gallon FRP storage tank, two motor driven diaphragm pumps and various other 
instrumentation and controls. Ferric chloride is added to the filter feed water before it leaves the pump 
station and chemical storage site. 

• Polymer Storage and Feed System - Polymer is a coagulant aide used to enhance particle removal 
through the media filtration process. This system was never installed or used but room is available in the 
chemical storage area if required. 

• Sodium Hypochlorite Storage and Feed System - Sodium hypochlorite is a disinfectant used to eliminate 
biological activity in the raw water and also to provide residual disinfection of water leaving the treatment 
plant. This storage and feed system previously consisted of a 6,000-gallon FRP storage tank, two motor 
driven diaphragm pumps and various other instrumentation and controls. Sodium hypochlorite is added 
to the filter feed water before it leaves the pump station and chemical storage site, and also pumped to 
the desalination site and added to the RO product water before it enters the product water storage tanks. 

• Zinc Orthophosphate Storage and Feed System - Zinc orthophosphate is pumped to the desalination 
plant site and added to the finished water for the purposes of corrosion control. This storage and feed 
system previously consisted of a 6,000-gallon FRP storage tank, two motor driven diaphragm pumps 
and various other instrumentation and controls. Zinc orthophosphate is added to the RO product water 
before it enters the product water storage tanks. 

• Anti-scalant Storage and Feed System - Anti-scalant is pumped to the desalination plant site and added 
to the RO feed water to prevent fouling of the RO membranes by mineral scale formation. This storage 
and feed system previously consisted of a 55-gallon day tank, two motor driven diaphragm pumps and 
various other instrumentation and controls.  

Current Status 

Filter Feed Pumps 

Service was performed several times when the filter feed pumps were in operation and before they were placed 
into storage. The primary cause of required maintenance related to how the pumps and motors were positioned 
inside the pump cans to prevent the motors from overheating. The three filter feed pumps were removed and 
placed on-site for long-term storage. These pumps and motors are maintained on a quarterly basis. 

March 2009 3-15 



SECTION 3 – REHABILIATION OF DESALINATION PLANT 

Chemical Systems 

• Carbon Dioxide Storage and Feed System - The storage and feed equipment were rented from a local 
carbon dioxide supplier. The lease was terminated and the equipment was removed when the plant was 
placed into long-term storage.  

• Sodium Bisulfite Storage and Feed System - The storage tank has been cleaned, drained and remains 
in place. The metering pumps, instrumentation, and feed piping have been removed (and discarded) as 
part of the City’s long-term storage program. 

• Ferric Chloride Storage and Feed System - The storage tank has been cleaned, drained and remains in 
place. The metering pumps, instrumentation, and feed piping have been removed (and discarded) as 
part of the City’s long-term storage program. 

• Polymer Storage and Feed System - This system was never installed or used. Room is available in the 
chemical storage area if required. 

• Sodium Hypochlorite Storage and Feed System - This storage and feed system is currently being used 
as part of the operations for the El Estero Wastewater Treatment Plant. 

• Zinc Orthophosphate Storage and Feed System - This storage tank and feed system have apparently 
been removed. 

• Anti-scalant Storage and Feed System - The day tank has been cleaned and is current stored at the 
desalination plant. The metering pumps, instrumentation, and feed piping have been removed (and 
discarded) as part of the City’s long-term storage program. 

Reliability 

Filter Feed Pumps 

Reliable operation of the filter feed pumps will be impacted by: 

• Pump motor function after having been stored for approximately 17 years. 

• Installation of filter feed pumps in pump cans. 

• Corrosion of existing cast iron valves, steel pump cans, and discharge piping.  

• Ability of air relief valves to function. 

• On-line pressure, flows, water chemistry instrumentation functionality, and spare parts availability. 

Replacement parts are still available for the mechanical components of the filter feed pump station and 
therefore, system reliability is not adversely impacted. 
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

Chemical Systems 

The tanks are the only component of the original chemical feed systems remaining. Reliability of the chemical 
systems is not anticipated to be a concern once the new system is in place. 

Sustainability 

Filter Feed Pumps 

Reliable performance of equipment will improve sustainability by reducing the resources required for 
maintenance once the desalination plant is operating. 

Chemical Systems 

Because the chemical feed systems were removed as part of the long-term storage process, much opportunity 
is available to improve the sustainable performance of each chemical system. Examples include: 

• Reducing Labor - Using the City’s new standard chemical feed system design will improve 
sustainability of the liquid phase chemicals (i.e., all chemicals except carbon dioxide) by eliminating the 
day tanks and the daily maintenance required to operate this system. An improved Supervisory Control 
and Data Acquisition (SCADA) system can perform any function required to monitor daily chemical use 
without using a day tank or using on-site labor. 

• Reducing Chemical Consumption - Chemical consumption can be reduced for both the liquid and gas 
phase chemicals. 

– Carbon dioxide use can be reduced using new technology that improves the transfer of carbon 
dioxide gas to the liquid phase. New technologies that were unavailable when the desalination 
plant was originally built have improved carbon dioxide transfer to over 90% efficiency. 

– Using the City’s new standard chemical feed system design will reduce the liquid phase chemical 
use through the use of highly accurate mass flow meters that can be used to more precisely 
meter chemicals to the appropriate dose. 

Recommendation 

Filter Feed Pumps 

Recommended actions for rehabilitating the filter feed pump station include: 

• Prior to reinstallation, ship motors and pumps to factory for service and testing. Minor repair is assumed 
(e.g., bake motor windings to remove corrosion) to be required to bring pumps back to useful condition. 

• Improve installation of filter feed pumps inside cans by installing a new support system that allows the 
water to better circulate around the pump motor (for motor cooling). 

• Perform service on all butterfly and check valves.  

• Sand blast and recoat valves, pump cans, and steel discharge piping.  
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

• Replace air valves. 

• Replace all on-line pressure, flow, and water chemistry instrumentation. 

• Clean and disinfect pump cans and piping. 

Chemical Systems 

Recommended actions for rehabilitating the chemical systems include: 

• Install new chemical system equipment in accordance with City’s new chemical feed system design 
standard.  

• Rent carbon dioxide storage and feed equipment with improved transfer efficiencies to reduce chemical 
use. 

Pre-Filtration System 

The pre-filtration system shown in Figure 3.5 currently consists of four primary and three secondary media filter 
vessels followed by six cartridge filter vessels. The primary and secondary media filters are horizontal vessels 
with four filter cells per vessel. Based upon the intended flows, the filters will operate at the following conditions: 

• Primary Filters: 3.7 gpm/ft2 loading rate (4.4 gpm/ft2 peak during backwash) 

• Secondary Filters: 5.3 gpm/ft2 loading rate (6.7 gpm/ft2 peak during backwash) 

The filters had a dual media (anthracite and sand) design with a gravel underdrain support system. The 
backwash system consists of using stored permeate at a rate of 15 gpm/ft2 and an air scour at a rate of  
3 cfm/ft2. When the plant was tested between March and June 1992, this system performed extremely well and 
consistently produced silt density index (SDI) values within the 2.5 to 3.5 range.  

The six cartridge filter vessels are down stream of the secondary media filters. Cartridge filters are standard 
technology in RO plants to provide one last line of protection against particles reaching the RO membranes. 

Current Status 

When the plant was placed into long-term storage, the media was removed from each of the filter vessels and 
the vessels were cleaned and drained. The air blowers for the air scour system have been maintained while the 
plant has been off-line. The City’s maintenance program has also required the contractor to paint the piping 
systems at the plant on a routine basis. As a result of this maintenance, the pneumatic valve operators that 
control the filter operation have been painted over. 

Reliability 

Reliable operation of the pre-filtration system will be impacted by: 

• Corrosion of existing cast iron valves.  

• Corrosion of media filter steel tanks if coatings are damaged. 
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

• Ability of pneumatic valve operators to function and spare parts availability.  

• Ability of air valves to operate. 

• On-line pressure, flow, temperature, and water chemistry instrumentation functionality and spare parts 
availability. 

Replacement parts are still available for the other mechanical components of the pre-filtration system and 
therefore, system reliability is not adversely impacted. 

Sustainability 

Reliable performance of equipment will improve sustainability by reducing the resources required for 
maintenance once the desalination plant is operating. 

Operation of the media and cartridge filters will be more sustainable by the fact that the design flow rate has 
been reduced through each of these units. Original loading rates for the media filters were 3.9 and 7.8 gpm/ft2 
for the primary and secondary filters, respectively when the plant flow rate was 7,500 AFY. At a 3,000 AFY 
production rate, the loading rates are 3.7 and 5.3 gpm/ft2. This will result in longer runtimes and less labor for 
filter backwashing and cartridge filter replacement. 

Recommendation 

Recommended actions for rehabilitating the pre-filtration system include: 

• Perform service on all cast iron butterfly valves. Sand blast and recoat valves. 

• Inspect condition of media filtration tank and pipe spool interior coatings before placing system back into 
service. Repair coating if required. Based upon a review of the product data and shop drawings for these 
tanks, if the coating was applied according the manufacturer’s recommendation recoating is likely not 
required and no allowance has been provided in the cost estimate. 

• Replace all pneumatic valve operators. 

• Replace air valves. 

• Replace all on-line pressure, flow, temperature, and water chemistry instrumentation. 

• Replace granular filter media and gravel support.  

• Clean and disinfect tanks and piping. 
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

Desalination Equipment 

The desalination equipment shown in Figures 3.6 and 3.7 consists of five separate RO systems. The RO feed 
pumping system, shown in Figure 3.6, is located in a separate trailer from the RO trains shown in Figure 3.7.  

The existing RO feed pump configuration consists of one 600 HP feed pump dedicated to each of the five RO 
trains. The pump motors are directly coupled to an energy recovery turbine (ERT) that recovers approximately 
55 percent of the energy left in the brine stream. The electrical feed equipment that supplies power to the RO 
feed pumps is also located in the RO feed pump trailers, but in a separate, air conditioned space. 

The RO trains consist of two separate two-stage, single pass arrays of 12:8 seven element vessels (24:16 for 
the entire train).5 This type of two-stage design was common in the late 1980s when conventional thought was 
that high brine flow velocities were required to prevent fouling in seawater RO systems. The train is split into 
two separate 12:8 arrays to facilitate cleaning because the cleaning system can only supply water to a 
maximum of 12 vessels at one time. 

The RO trains were designed to produce 414 gpm of permeate from 920 gpm of feed water (i.e., a  
45 percent recovery) from the 24:16 array. A flow diagram of the existing RO equipment is presented in  
Figure 3.8. 

Current Status 

When the desalination plant was placed into long-term storage, the RO membranes were removed from the 
trains and the piping was drained and cleaned. The feed pump motor was decoupled from the feed pump and 
the ERT. The City’s maintenance program requires that the RO feed pump and energy recovery turbine 
assembly be routinely maintained every quarter. 

Reliability 

Reliable operation of the desalination equipment will be impacted by: 

• Membrane elements used for the original design are no longer made with only 295 square feet of 
membrane surface per element. New membrane elements have significantly more surface area and as a 
result, to produce the desired quality permeate water, vessels must be removed from the RO trains and 
the piping reconfigured. 

• Condition of pumps, motors, and ERT after approximately 17 years of storage. 

 
                                                 
5 RO terminology defined: 
   “two-stage” - Refers to staging of RO membrane pressure vessels into an array, such that concentrate from the 1st-stage 

becomes the feed water to the second stage. 
   “single pass” - Refers to the treatment of the final product water by RO membranes. A single pass RO system treats the 

product water with RO membranes once, while a “two pass” system treats the product water with RO membranes 
twice. 

   “12:8” or “24:16” - Abbreviations used to refer to pressure vessel staging. A “12:8” notation means that there are twelve 
RO pressure vessels in the first stage and eight RO pressure vessels in the second stage. 
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Figure 3.7
RO Trains

 DESALINATION REHABILITATION STUDY
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

• Availability of RO feed pump and ERT spare parts 

– Spare parts for these components are no longer standard order and would need to be specially 
machined if replacement is required. This would be expensive and require a long lead-time. 

• Availability of RO feed pump variable frequency drive (VFD) spare parts (spare parts no longer 
available).  

• Function of feed water dump valve pneumatic actuator. 

• On-line pressure, flows, and water chemistry instrumentation functionality and spare parts availability. 

Sustainability 

The fact that many of the RO feed pump, VFD and membrane components are no longer manufactured creates 
significant opportunity to improve the sustainable operation of the desalination plant when needed. Sustainable 
operation can be improved by reducing the energy required by the desalination equipment. New technology is 
available that can reduce the amount of power required by almost half of what was required by the original 
desalination plant. Use of this equipment will not impact labor or chemical requirements and therefore is a 
significant benefit to the City by improving the desalination plant’s sustainability. 

Recommendation 

Recommended actions for rehabilitating the desalination equipment include: 

• Unrelated to the rehabilitation of the City’s desalination plant, the City may choose to immediately sell 
existing 600 HP RO feed pump, motor and ERT for salvage value. This will reduce annual maintenance 
costs for the desalination plant. 

• Reconfigure the 24:16 array on each train into a single pass-single stage 30-element array by modifying 
the piping configuration. A total of 50 of the membrane pressure vessels could be salvaged for resale or 
reuse by the City (for other RO treatment purposes). 

• Install 1,050 seawater membrane elements (400 square foot) into the five single pass 30 vessel train 
arrays. 

• Remove electrical equipment and demolish wall separating the RO feed pump room from the electrical 
room in each RO trailer. Repair walls and install acoustic paneling where needed. 

• Install a new 350 HP RO feed pump and isobaric (i.e., pressure exchanging) energy recovery system in 
each RO feed pump trailer. Isobaric energy recovery is now standard technology for seawater RO 
treatment plants. Energy Recovery, Inc. (ERI), a California based company sells a product that will be 
used as the basis for modifying the existing RO system. ERI currently has over 6,100 of these devices in 
service, which are being used to produce over 1.3 billion gallons of water a day. As indicated in  
Figure 3.9 (modified RO equipment), when compared to Figure 3.8 (existing RO equipment), a primary 
reason for this units efficiency is that only part of the feed flow is now pressurized by the main high 
pressure feed pump. The remaining portion is pressurized directly by the brine stream. For more 
information on this technology visit www.energyrecovery.com. 
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Figure 3.8
Existing RO Equipment Flow Diagram
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Figure 3.9
Recommended Changes to RO Equipment - Flow Diagram
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

• Install four new trailers for RO feed pump electrical equipment (i.e., two trailers for each row RO trains). 
Trailers should be complete with separate HVAC cooling equipment. Clearances for electrical equipment 
shall comply with current electrical codes. 

• PERMIT COMPLIANCE NOTE: As it relates to desalination plant’s Coastal Development Permit 
compliance and the City’s 1996 LTWSP Final EIR, the addition of these four new trailers to house 
electrical equipment shall replace desalination equipment trailers that were removed when the Goleta 
and Montecito Water Districts opted out of the desalination project. These trailers were included in the 
original 1996 LTWSP Final EIR and are not considered material changes.  

 It is also important to consider that adding these four trailers does not necessarily limit the expandability 
of this plant back to the original 7,500 AFY capacity previously installed or the 10,000 AFY capacity and 
currently certified by the City’s LTWSP EIR. The only difference is that the capacity of the RO and 
pumping equipment in future trailers will be larger than originally conceived. However, the number and 
dimensions of trailers does not have to be any different that the site plan originally presented in the City’s 
certified environmental documents. Refer to Figure 3.10 for clarification. 

• Replace pneumatic actuator on feed water dump valve. 

• Replace on-line pressure, flow, and water chemistry instrumentation. 

• Clean and disinfect piping. 

A flow diagram of the modified RO equipment is presented in Figure 3.9. 

Membrane Clean-in-Place System 

The membrane clean-in-place (CIP) system, pictured in Figure 3.11, consists of two 4,000 gallon feed tanks 
and one 4,000 gallon chemical neutralization tank. The feed tanks are fitted with various instruments, including 
tank heaters. The neutralization tank is fitted with a mixer. 

The 75 HP CIP feed pump is designed to draw water from one of the CIP feed tanks at a rate of 1,000 gpm at 
80 psi. Using the CIP feed pump, the CIP solution is filtered using a cartridge filter, and re-circulated from the 
feed tank to the membrane trains. 

Current Status 

When the desalination plant was placed into long-term storage, the CIP system was cleaned and drained. The 
CIP feed pump is maintained once every quarter in accordance with the City’s maintenance program. 

Reliability 

Reliable operation of the membrane CIP system will be impacted by: 

• Function of 75 HP CIP pump and motor after 17 years without service. 

• Function of tank mixer motor(s) after 17 years without service or maintenance. 
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

• Function of heating elements in both heating tanks. At least one appears to be visibly damaged. 

• On-line pressure, flow, temperature, and water chemistry instrumentation functionality and spare part 
availability. 

• Condition of small diameter PVC piping that has not been painted due to exposure to UV light. 

Sustainability 

Proper function of the CIP system will result in more effective membrane cleanings, which will improve 
sustainability by reducing the amount of CIP chemicals, used and extending the life of membrane elements. 

 Recommendation 

Recommended actions for rehabilitating the membrane CIP system include: 

• Ship 75 HP CIP pump and motor to factory for off-site testing and service. Minor repair is assumed (e.g., 
bake motor windings to remove corrosion) to be required to bring pump back to useful condition. 

• Replace mixer motor(s). 

• Replace heating elements in both heating tanks. 

• Replace on-line pressure, flow, temperature, and water chemistry instrumentation. 

• Replace small diameter PVC piping and valves that have not been painted. 

• Clean and disinfect tanks and piping. 

Product Water Storage and Pumping 

Permeate water from the RO trains is piped to the two 15,000 gallon product storage tanks and one  
5,000 gallon flush tank, which are presented in Figures 3.12 and 3.13, respectively. As the permeate water 
enters the top of the product storage tanks, lime, sodium hypochlorite, and zinc orthophosphate are added. 
Carbonic acid (i.e., carbon dioxide) is fed from the bottom of each product tank. Water used to fill the flush tank 
is not chemically treated. 

From the product tanks, water is transferred to three 300 HP product water pumps, where water is pumped into 
the City’s distribution system. The product water pump station is presented in Figure 3.14. 

From the flush tank, water is transferred either to the 75 HP flush pump that is used to flush the RO trains with 
permeate water when the trains are called to shut down, or to the service water system.  

Current Status 

When the desalination plant was placed into long-term storage, the product water and flush tanks and 
associated piping were drained. The product water pumps were stored in place and are maintained quarterly as 
part of the City’s maintenance program. 
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

Reliability 

Reliable operation of the product water storage and pumping system will be impacted by: 

• Function of 300 HP product water pumps and 75 HP flush water pump and motors after approximately 
17 years of storage. 

• Availability of 300 HP product pump VFD spare parts (spare parts no longer available).  

• Function of butterfly and check valves after approximately 17 years of storage. 

• Condition of small diameter non-painted PVC chemical injection piping. 

• On-line pressure, flow, level, and water chemistry instrumentation functionality and spare parts 
availability. 

• Possible problems with chemical injection and control due to questionable chemical injection locations. 

Sustainability 

Reliable performance of equipment will improve sustainability by reducing the resources required for 
maintenance once the desalination plant is operating. 

Carollo Engineers has noted that chemical injection points for lime, sodium hypochlorite, zinc orthophosphate 
and carbon dioxide may not be ideal for process monitoring and control. However, we have no basis (i.e., data 
from plant start-up testing) to suggest moving these injection points. To improve sustainability (i.e., reduce 
chemical use), the City should carry a contingency for possible relocation of these injection points. 

Recommendation 

Recommended actions for rehabilitating the product water storage and pumping system include: 

• Ship product water pumps and flush water pump and motors to factory for service and testing. Minor 
repair is assumed (e.g., bake motor windings to remove corrosion) to be required to bring pumps back to 
useful condition. 

• Replace 300 HP products pump VFDs with new harmonic mitigating 18 pulse VFDs. 

• Service (on-site) all butterfly and check valves. 

• Replace small diameter non-pained PVC chemical injection piping. 

• Replace on-line pressure, flow, level, and water chemistry instrumentation. 

• Clean and disinfect tanks and piping. 

• Include contingency for possible relocation of chemical injection points. 
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

Brine Pump Station 

The brine pump station, presented in Figure 3.15, consists of a concrete wet well with two 100 HP vertical 
turbine pumps that transfer brine, clarified backwash water, filter rinse wash water, and off spec RO feed water 
to the outfall mixing box located adjacent to the El Estero Wastewater Treatment Plant. Pumps are sized to 
transfer approximately 2,024 gpm of water at 30 psi and operate in a lead/lag configuration. 

Current Status 

When the desalination plant was placed into long-term storage, the brine pump station concrete sump and 
discharge piping were drained. Brine pumps are maintained quarterly as part of the City’s maintenance 
program. 

Reliability 

Reliable operation of the brine pump station will be impacted by: 

• Function of 100 HP brine transfer pumps and motors after approximately 17 years of storage. 

• Function of butterfly and check valves after approximately 17 years of storage. 

• On-line pressure, flow, level, temperature, and water chemistry instrumentation functionality and spare 
parts availability. 

Sustainability 

Reliable performance of equipment will improve sustainability by reducing the resources required for 
maintenance once the desalination plant is operating. 

Recommendation 

Recommended actions for rehabilitating the brine pump station include: 

• Ship brine transfer pumps and motors to factory for service and testing. Minor repair is assumed (e.g., 
bake motor windings to remove corrosion) to be required to bring pumps back to useful condition. 

• Service (on-site) all butterfly and check valves. 

• Replace on-line pressure, flow, level, temperature, and water chemistry instrumentation. 

• Clean debris from concrete brine sump. 

Lime System 

The lime system, presented in Figures 3.16 and 3.17, is used as a corrosion control chemical to adjust pH and 
hardness of extremely soft RO product water before distribution. The lime system consists of a lime silo  
(Figure 3.14) for hydrated lime storage and a lime slaker (Figure 3.15) where lime is batched into an 
approximately 30 percent solids solution. The 30 percent lime solution is then pumped via one of three motor 
driven metering pumps to the top of the product water storage tanks. 
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

Current Status 

When the desalination plant was placed into long-term storage, the lime system was emptied, cleaned and 
pipes were drained. No maintenance is routinely performed on this system other than periodic painting of 
equipment exterior. 

Reliability 

Reliable operation of the lime system will be impacted by: 

• Function of the conveyor and mixer motors that have been stored for approximately 17 years without 
maintenance. 

• Function of the chemical feed system used to convey the approximate 30 percent lime solution to the 
point of injection.  

– Spare parts availability and cementing of the valves and piping if they were not well cleaned are 
of concern. 

• Condition of un-painted PVC piping after exposure to UV light for approximately 17 years. 

• On-line pressure, flow, temperature, and level instrumentation functionality and spare parts availability. 

Sustainability 

As with the chemical feed systems located at the off-site filter feed pump and chemical storage facility, the 
sustainable performance of lime feed system can be improved by updating the feed equipment to the City’s new 
standard chemical feed system design. For example, chemical consumption may be reduced through the use of 
a highly accurate mass flow meter that more precisely meter chemicals to an appropriate dose. 

Recommendation 

Recommended actions for rehabilitating the lime system include: 

• Replace conveyor and mixer motors. 

• Replace chemical metering pumps, diaphragm valves, and un-painted PVC piping used to convey 
approximate 30 percent lime solution to the point of injection. 

• Replace air valves. 

• Replace on-line pressure, flow, temperature, and level instrumentation. 

• Install mass flow meters to improve chemical dose control. 

• Clean, disinfect and test piping and equipment. 

March 2009 3-41 



SECTION 3 – REHABILIATION OF DESALINATION PLANT 

Backwash Water Treatment System 

The backwash water treatment system is presented in Figures 3.18 and 3.19 and is used to treat the media 
filter backwash water. This system generally consists of a 40,000 gallon backwash water surge tank, two  
7.5 HP transfer backwash water pumps, a flash mixing/flocculation tank, Lemella clarifier, solids holding tank, 
air diaphragm pumps for solids transfer and solids recycle, ferric chloride and polymer feed systems, and a belt 
filter press. 

Current Status 

When the desalination plant was placed into long-term storage, the backwash water treatment system was 
cleaned and drained. Little maintenance, including painting, has been performed on this system.  

Reliability 

Reliable operation of the backwash water treatment system will be impacted by: 

• Corrosion of tanks due to visible lining failures that were observed during field inspection. 

• Site glasses that are no longer useful because they have been painted over. 

• Function of mixer motors and 7.5 HP backwash water transfer pumps that have been stored for 
approximately 17 years without maintenance. 

• Function of and availability of spare parts for the ferric chloride and polymer chemical feed systems.  

• Condition of un-painted PVC piping after exposure to UV light for approximately 17 years. 

• Function of cast iron diaphragm valves after approximately 17 years of storage. 

• Function of air diaphragm pumps after approximately 17 years of storage without maintenance. 

• On-line pressure, flow, and level instrumentation functionality and spare parts availability. 

Sustainability 

Reliable performance of equipment will improve sustainability by reducing the resources required for 
maintenance once the desalination plant is operating. 

Recommendation 

Recommended actions for rehabilitating the backwash water treatment system include: 

• Sand blast and replace coating in the backwash surge tank, flash mix/flocculation tank, Lamella clarifier 
and solids holding tank. 

• Replace site glasses that have been painted over. 

• Replace 7.5 HP pump and mixer motors. 
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

• Replace ferric chloride and polymer chemical feed systems (metering pumps, instruments, piping, 
valves, etc.) due to concerns over function and spare parts availability. 

• Replace un-painted PVC piping and valves. 

• Replace air system valves. 

• Service cast iron diaphragm valves. 

• Service air diaphragm pump seals and air metering equipment. 

• Replace on-line pressure, flow, and level instrumentation. 

• Clean, disinfect and test piping and equipment. 

Service Water System 

The service water system, presented in Figure 3.20, receives water from the flush tank and provides permeate 
water (soft utility water) for the CIP system and the lime slaking system. The service water system consists of 
two 7.5 HP service water pumps, two pressure/surge regulating tanks, and miscellaneous piping and 
instrumentation. 

Current Status 

When the desalination plant was placed into long-term storage, as shown in Figure 3.20, the two 7.5 HP service 
water pumps were removed from service. Little maintenance, including painting has been performed on this 
system. 

Reliability 

Reliable operation of the service water system will be impacted by: 

• Function of non-painted PVC piping and valves after approximately 17 years of storage. 

• On-line pressure instrumentation functionality and spare parts availability. 

Sustainability 

Reliable performance of equipment will improve sustainability by reducing the resources required for 
maintenance once the desalination plant is operating. 
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Figure 3.20
Service Water System
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

Recommendation 

Recommended actions for rehabilitating the service water system include: 

• Replace missing 7.5 HP service water pumps. 

• Replace small diameter PVC service water piping and valves. 

• Replace on-line pressure instrumentation. 

Instrument Air System 

The instrument air system consists of three compressors: 

• 40 HP Ingersoll Rand Compressor and air dryer and filter system. 

• Dual 5 HP (each) reciprocating compressors with air dryer and filter system. 

These compressors feed instrument quality air into receiving tanks that supply the plant instrument air system 
for operation of various pneumatic valves and air diaphragm pumps. 

Current Status 

Since the desalination plant has been placed into long-term storage, no maintenance has been performed on 
these systems. 

Reliability 

Reliable operation of the instrument air system will be impacted by: 

• Function of 40 HP and 5 HP compressors, air dryer and filter systems after 17 years of storage without 
maintenance. 

• On-line pressure instrumentation functionality and spare parts availability. 

Sustainability 

Reliable performance of equipment will improve sustainability by reducing the resources required for 
maintenance once the desalination plant is operating. 

Recommendation 

Recommended actions for rehabilitating the instrument air system include: 

• Service 40 HP compressor, air dryer and filter systems. 

• Replace dual 5 HP reciprocating compressors. 
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

• Replace on-line pressure instrumentation. 

• Maintain air system valves and piping. 

Electrical Service Equipment 

The electrical service equipment consists of a 12,000 Volts (V) (i.e., medium voltage) service connection 
feeding power to both the desalination plant and the El Estero Wastewater Treatment Plant. Major electrical 
equipment at the desalination plant includes: 

• Medium Voltage Switchgear: Presented in Figure 3.21, this equipment includes 15kV, NEMA 3R 
switchgear fed from the utility via the electrical substation directly across the street. All plant loads are 
fed from this switchgear. 

• Low Voltage Switchgear: Outdoor 480 V, NEMA 3R switchgear fed from the medium voltage 
switchgear via a transformer. The low voltage switchgear feeds various 480-volt loads throughout the 
plant including all site MCCs. 

• Low Voltage Motor Control Centers (MCCs): The plant has two 480 V MCCs (i.e., MCC-1 and 
MCC-2) that are fed from the low voltage switchgear. 

• Product Pump VFDs: The product pumps have dedicated 300 HP, 6 pulse active front-end VFD 
starters (located in the operations building).  

• Service to the RO Substations. Each RO train feed pump trailer is fed from the medium voltage 
switchgear. Each train has medium voltage switchgear for disconnecting means, a dedicated  
750 kilovolt-ampere (KVA) transformer that steps power down to 480 V, a 600HP, 6 pulse active front 
end VFD for the feed pump and a dedicated panelboard for feeding miscellaneous electrical loads such 
as HVAC, lighting and receptacles. 

• Service to the Filter Feed/Chemical Storage Area. Here, medium voltage power from the medium 
voltage switchgear at the RO site is fed to a 1500 KVA transformer that steps power down to 480 V 
feeding a single MCC (MCC-3) that supplies power to the filter feed pumps, chemical storage systems, 
and the intake pumps. 

Current Status 

Because the desalination plant has been placed into long-term storage, no maintenance has been performed 
on these systems. Electrical feeder cables to the RO trailers were cut when the trailers were removed from the 
site. Power wiring has been removed and is no longer connected from the RO skids to the medium voltage 
switchgear.  

An arc fault event occurred in the medium voltage switchgear after the desalination plant was no longer in 
operation that may have damaged some of the gear and possibly the service entrance conductors. No 
information is available regarding the functionality of this equipment after the arc event. 
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SECTION 3 – REHABILIATION OF DESALINATION PLANT 

Reliability 

Reliable operation of the electrical service equipment will be impacted by: 

• Function of switchgear, motor control centers, panel boards, motor starters, and other electric 
distribution equipment that have been de-energized for approximately 17 years without maintenance. 

• Function of the medium voltage electrical conductors after being de-energized for approximately  
17 years. 

• Spare parts for the VFDs (no longer available).  

• Function of the medium voltage switchgear after an arcing event that caused physical and operational 
damage to the switchgear. 

• Function of the service entrance conductors from the substation to the medium voltage switchgear after 
the arcing event at the medium voltage switchgear. 

• Access to the transformer, switchgear and VFD within the existing electrical section of the RO feed 
pump trailers does not meet current requirements of the National Fire Protection Association (NFPA) 70 
or the National Electric Code (NEC). 

• Arc flash hazards within the existing electrical sections of the RO trailers. 

• Maintenance on medium voltage gear within each of the RO trailers. 

• Inability of the existing VFDs to meet the Institute of Electrical and Electronics Engineers (IEEE)  
519 Standards for harmonic distortion. 

Sustainability 

Replacing VFDs that no longer have spare parts available offers an opportunity to improve sustainable 
operation of the desalination plant by replacing these devices with equipment that has a higher efficiency rating. 
The higher efficiency ratings will improve sustainability by reducing electrical consumption. The lower harmonic 
profile presented by the 18 pulse VFDs will reduce heating in electrical devices. 

Recommendation 

Recommended actions for rehabilitating the electrical service equipment include: 

• Perform the following tasks before issuing bid documents for the desalination plant rehabilitation to 
adequately assess the extent of work the contractor will be required to perform: 

– Meggar test existing plant low voltage cables and replace cables as required (Note: cable 
replacement not included in estimate presented in Appendix C.). 

– Acquire services of the manufacturer of existing medium voltage switchgear, distribution 
switchgear, and motor control centers to inspect, refurbish, test and startup the equipment. 
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• Replace the 300 HP product pump VFDs with new harmonic mitigating 18 pulse VFDs. 

• Remove existing 600 HP RO feed pump VFDs and replace with 350 HP 18 pulse VFDs. 

• From the medium voltage switchgear, install conduit and power cable to RO feed pump VFDs located in 
new dedicated electrical trailers. Provide new conduit and power cable to the RO feed pumps located in 
the RO trailers. Install all equipment in accordance with NEC and NFPA standards. 

• Provide breakers in existing low voltage distribution switchgear to two new motor control centers in a 
dedicated electrical trailer. Provide new conduit and power cable to 480 and 120 Volt equipment located 
in the RO trailers. 

• Coordinate with the electrical utility to re-instate service to the desalination plant. Confirm that the utility 
has reserve power from the existing substation across the street from the RO plant. Arrange for the 
utility to replace the damaged service entrance cables to the plant. 

• Replace the main circuit breaker and disconnect in the medium voltage switchgear. 

Control System 

The existing control system is presented in Figures 3.22 and 3.23. The existing control system utilizes Texas 
Instrument TI565T programmable logic controllers (PLCs) over a proprietary communications network. The 
SCADA system is a proprietary TI software. Control station interface consists of two Dell (386 vintage) 
computers with dot matrix printers. 

Current Status 

Because the desalination plant has been placed into long-term storage, no maintenance or upgrades have been 
performed on the control system. Desiccant has not been placed in any of the panels to adsorb moisture (to 
prevent corrosion). Some signs of corrosion exist. The battery back-up for the PLCs and computers have long 
passed their useful life and it is reasonable to assume that any programming in the volatile memory of the PLCs 
or PCs has been lost. Existing PLC and SCADA programming exists only as hardcopy on paper and on 
obsolete 5 1/4 inch floppy disks. 

Reliability 

Reliable operation of the control system will be impacted by: 

• Function of control panel equipment that has been de-energized for approximately 17 years without 
maintenance. 

• Existing SCADA software that is outdated and no longer supported. 

• Existing SCADA networking equipment that is outdated and no longer supported (i.e., no spare parts 
available). 
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• Existing SCADA servers, workstations, printers, monitors, keyboards, etc. that are outdated and 
obsolete. 

• Existing PLC hardware and software is a mature product that is only available for purchase and support 
through a third party supplier. It is becoming increasingly expensive to buy and support Texas 
Instruments hardware and software. 

Existing proprietary communication network that is outdated and no longer supported (i.e., no spare parts 
available). 

Sustainability 

Replacing the control system is necessary due to the lack of availability of spare parts, technical support, and 
condition of equipment. There is little opportunity to improve sustainability of the desalination plant operations 
through the replacement of this equipment. Options may include adding remote control features so that 
operations staff can be located off-site and shared with other facilities. However, the City does not plan to 
operate the desalination plant with its own staff. Rather, it is expected to the City will hire contract operators that 
will be dedicated to the desalination plant. 

Recommendation 

Recommended actions for rehabilitating the control system include: 

• Replace the existing PLC system hardware and software (to conform with City standards). 

• Replace PLC programming. 

• Replace the existing SCADA system hardware and software (to conform with City standards). 

• Replace SCADA programming. 

• Replace all control panels including all internal components and wiring. 

• Replace existing communications network with a secure PLC process control network and a secure 
SCADA network over Ethernet. Provide backbone and process floor Ethernet switches to route traffic on 
both networks. 

• Recommended changes to the desalination plant’s control system are illustrated in the block diagram 
presented in Figures 3.24. Updates will facilitate remote monitoring but not remote control of the 
desalination plant. 
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Figure 3.22
SCADA System Control Station
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Figure 3.23
Existing SCADA Block Diagram
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Figure 3.24
Recommended SCADA Modifications
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Reservoir #1 Pump Station 

Current Status 

During the desalination plant test period, two 900-gpm pumps (2,500 AFY total) were installed inside 
Reservoir #1. These submersible pumps were controlled by a simple level control/lead-lag sequence. The 
pumps have since been removed and the Edison power service connection has been turned off.  

Details regarding the connection and distribution of water from the Reservoir #1 Pump Station to the City’s 
Sheffield Zone were summarized previously in Section 2. A hydraulic capacity evaluation and further details 
regarding the hydraulics associated with Reservoir #1 are included in Appendix B. 

Recommendation 

Design documents in City’s engineering library for the Reservoir #1 Pump Station should be updated. Updates 
should include any revisions to equipment no longer available and changes in hydraulic flow rates in 
accordance with the City’s new plans to distribute only 3,125 AFY from the desalination plant.  

SUMMARY 
Based upon Carollo Engineers’ on-site inspection of the desalination plant, review of the City’s permits and 
maintenance records, and the City’s criteria for reliable operation, the following general recommendations are 
made: 

• Clean and disinfect piping and tanks. 

• Service interior coatings on cast iron valves, steel filter feed pump cans, and steel backwash storage 
tanks exposed to seawater. 

• Replace all pneumatic and motorized valve operators. 

• Replace any PVC piping systems that were not painted. 

• Replace chemical feed equipment. 

• Ship pumps and motors 75 HP and larger to factory for off-site testing and service before energizing in 
the field. Replace motors less than 75 HP in size. 

• Sell existing feed pumps, motors, and energy recovery turbines for salvage and replace with new feed 
pumps, motors and energy recovery devices. 

• Modify the five RO arrays from a 24:16 configuration to a 30:0 configuration to facilitate the use of 
newer, higher square footage membrane elements. Salvage remaining 50 vessels for other use or 
resale. 

• Install four new electrical trailers to distribute power to the five RO trains. 
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• Rehabilitate electrical service connection damaged during arc event. 

Replace all instrumentation. 

• Replace desalination plant control system and update to new City standards. 

• Replace the RO feed and product VFDs. 

Changes to the desalination plant’s process flow diagram, previously presented in Figure 3.2, are presented in 
Figures 3.25A and 3.25B. The changes presented in Figures 3.25A and 3.25B are solely related to the updated 
configuration of the RO trains. 

Additional studies are required to fully identify the extent of work required in preparation for issuing contract 
bidding documents. Recommended studies include: 

• Dive inspection to assess condition of intake submersible pump concrete vaults and connections to 
intake pipeline. 

• Inspect condition of outfall mixing box liner (or concrete mix design) to assess rehabilitation needs. 

• Inspect condition of media filtration tank and pipe spool interior coatings.  

• Meggar test existing low voltage plant cables and replace as required based on test results. 

• Acquire the services of the manufacture of the existing medium voltage switchgear, distribution 
switchgear and motor control centers to inspect and test.  

Rehabilitation of the desalination plant in accordance with these recommendations will result in reliable 
operation of the desalination facility. Sustainability of the desalination plant will also improve by the following 
means: 

• Better chemical feed/dose control using City’s new chemical feed system design standards can reduce 
chemical consumption by more precisely controlling chemical use. 

• Lower filter loading rates, due to the lower flows associated with the reduced plant capacity, will result in 
less frequent backwashing and less solids generation. 

• Replacing the 600 HP RO feed pumps with 350 HP pumps can reduce the overall connected load for  
the desalination plant from approximately 4,044 KW to an estimated 3,223 KW. The actual electrical 
loads (based upon plant usage) are estimated to be reduced from 2,478 KW (6,347 KW-hr/AF,  
23.4 KW-hr/1,000 gallons) to 1,802 KW (4,615 KW-hr/AF, 17 KW-hr/1,000 gallons). 

• Replacing VFDs with 18 pulse VFDs that have higher efficiency ratings will reduce energy consumption 
associated with efficiency losses, and improve the harmonic profile presented to the electrical utility for 
compliance with IEEE 519. 
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Figure 3.25A
Desalination Plant - After Rehabilitation
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Figure 3.25B
Desalination Plant - After Rehabilitation
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TABULATED FLOWRATES ARE DESIGN VALUES AT 10°C. THE PLANT LOAD FACTOR; I.E., THE ON 
STREAM OPERATING TIME REQUIRED TO PRODUCE RATED ANNUAL CAPACITY AT 10°C is 0.936.

THE DESIGN TEMPERATURE IS 10 TO 19°C. AT THE EXPECTED AVERAGE TEMPERATURE OF 15    
THE PLAN WILL PRODUCE 3,125 AFY RATED FLOW WITH A LOAD FACTOR OF 0.936.

"WITH BACKWASH" GPM FLOWS SHOWN ARE INSTANTANEOUS HIGHEST VALUE DURING BACKWASH.
INTERMITTENT FLOW

FLOW RATES SHOWN UNDER BACKWASH REPRESENT 1 FILTER IN BACKWASH.
CONCENTRATIONS SHOWN UNDER BACKWASH ARE FOR AFY FLOWRATES.
NOT USED DURING NORMAL OPERATION. DOSAGES SHOWN ARE DESIGN VALUES.
ALTERATIVE ADDITION POINT.

NOMINAL PLANT CAPACITY IN AFY
PRIMARY FILTERS ON LINE
SECONDARY FILTERS ON LINE
CARTRIDGE FILTERS ON LINE
RO TRAINS ON LINE
FILTER FEED PUMPS IN SERVICE
PRODUCT PUMPS IN SERVICE
PRODUCT FLOW PER RO TRAIN IN GPM

DAYS BETWEEN SECONDARY BACKWASH
PERCENT PLANT UTILIZATION

PERCENT PRODUCT RECOVERY
BACKWASH FLOWRATES GPM

FORWARD FLUSH GPM
BACKWASH DURATION IN MINUTES

(ONE INSTALLED SPARE)
(ONE INSTALLED SPARE)

(REFER TO NOTE A)

CONCENTRATION INCREASES DUE TO MIXING BRINE AND FEED WATER FLOWS AS ISOBARIC 
ENERGY RECOVERY DEVICE LUBRICATES.

SEAWATER TEMPERATURE, °C 

NOTES

(REFER TO NOTE A)
(REFER TO NOTE B)

FLUSH DURATION IN MINUTES
DAYS BETWEEN PRIMARY BACKWASH

NO. DESCRIPTION NOTES DESCRIPTION ABBREVIATION
CONCENTRATION 

(AS RECEIVED)
DOSAGE 

PPM
LBS. (DRY) 
PER DAY

A SEAWATER FEED DISINFECTION SODIUM HYPOCHLORITE SH 12.5% 5 283
B SEAWATER FEED pH ADJUSTMENT H CARBON DIOXIDE CO2 100% 20 1,302
C SEAWATER FEED COAGULATION FERRIC CHLORIDE FECL3 40% 5 283
D SEAWATER FEED COAGULATION H POLYMER SPARE - - -
E ANTISCALANT FLOCON AS 100% 2.9 164
F RO FEED DE-CHLORINATION SODIUM BISULFITE SBS 38% 20 1,132
G RO FEED DE-CHLORINATION J SODIUM BISULFITE SBS 38% 20 NOT USED
H WASTE STREAM DECHLORINATION SODIUM BISULFITE SBS 38% 20 AS REQUIRED
J PRODUCT STABILIZATION H ZINC ORTHOPHOSPHATE ZOP 40.6% 12.8 163
K PRODUCT STABILIZATION H ZINC ORTHOPHOSPHATE ZOP 40.6% 12.8 163
L PRODUCT STABILIZATION CALCIUM HYDROXIDE LIME 93% 19 242
M PRODUCT STABILIZATION CALCIUM HYDROXIDE LIME 93% 19 242
N PRODUCT STABILIZATION CARBON DIOXIDE CO2 100% 15 459
P PRODUCT DISINFECTION SODIUM HYPOCHLORITE SH 12.5% 1 102
R PRODUCT DISINFECTION SODIUM HYPOCHLORITE SH 12.5% 1 102

STREAM ADDITIVE
CHEMICAL ADDITION

NO. DESCRIPTION NOTES PRESSURE CONCENTRATION PRESSURE CONCENTRATION
A AFY GPM PSI MG/L AFY GPM PSI MG/L

1 SEAWATER INTAKE PUMP E, F 7,419 4,600 21 34,451 7,735 5,850 20 34,451
2 SEAWATER FEED (TOTAL) E, F 7,419 4,600 21 34,451 7,735 5,850 20 34,451
3 FILTER FEED PUMP SUCTION E, F 3,710 2,300 15 34,451 3,868 2,925 14 34,451
4 FILTER FEED PUMP DISCHARGE E, F 3,710 2,300 97 34,451 3,868 2,925 89 34,451
5 FILTER FEED PUMPS DISCHARGE (TOTAL) E, F 7,419 4,600 82 34,451 7,735 5,850 75 34,451
6 PRIMARY MEDIA FILTER INLET E, F 1,855 1,150 77 34,451 2,578 1,950 70 34,451
7 PRIMARY MEDIA FILTER OUTLET F 1,855 1,150 75 34,451 2,473 1,533 68 34,451
8 SECONDARY MEDIA FILTER INLET E, F 2,473 1,533 73 34,451 3,868 2,925 66 34,451
9 SECONDARY MEDIA FILTER OUTLET F 2,473 1,533 71 34,451 3,710 2,300 64 34,451

10 SECONDARY FILTER OUTLET (TOTAL) 7,419 4,600 71 34,451 6,677 4,600 64 34,451
11 CARTRIDGE FILTER INLET 1,237 767 70 34,451 1,113 767 63 34,451
12 CARTRIDGE FILTER OUTLET 1,237 767 68 34,451 1,113 767 61 34,451
13 RO FEED WATER (TOTAL) 7,419 4,600 68 34,451 6,677 4,600 61 34,451
14 RO FEED PUMP SUCTION 668 414 64 34,451 600 414 60 34,451
15 RO TRAIN FEED C 1,484 920 868 35,751 828 920 912 35,751
16 PX LOW PRESSURE INLET 816 506 48 34,451 734 506 48 34,451
17 PX HIGH PRESSURE OUTLET C 816 506 834 36,814 734 506 834 36,814
18 RO TRAIN PERMEATE 668 414 10 126 600 414 10 126
19 RO PERMEATE (TOTAL) 3,339 2,070 10 126 3,000 2,070 10 126
20 PRODUCT WATER PUMP SUCTION 1,669 1,035 4 155 1,500 1,035 4 155
21 PRODUCT WATER PUMP DISCHARGE 1,669 1,035 200 155 1,500 1,035 200 155
22 PRODUCT TO DISTRIBUTION (TOTAL) A 3,339 2,070 200 155 3,000 2,070 200 155
23 RESERVOIR #1 SUMP PUMP DISCHARGE
24 RESERVOIR #1 PUMPS DISCHARGE (TOTAL)
25 RO TRAIN BRINE / PX HIGH PRESSURE INLET 816 506 851 64,894 734 506 851 64,894
26 PX LOW PRESSURE OUTLET 816 506 30 64,894 734 506 30 64,894
27 RO BRINE (TOTAL) 4,080 2,530 ATM 64,894 3,672 2,530 ATM 64,894
28 PRIMARY FILTER BACKWASH D - - - - 315 1,250 7 34,451
29 PRIMARY FILTER - FILTER TO WASTE D - - - - 755 750 3 34,451
30 PRIMARY FILTER AIR SCOUR D - - - - - 942 CMF 5 -
31 SECONDARY FILTER BACKWASH D - - - - 34 1,250 7 34,451
32 SECONDARY FILTER - FILTER TO WASTE D - - - - 81 750 3 34,451
33 BRINE TRANSFER PUMP DISCHARGE G 4,080 2,530 30 64,894 4,396 3,780 30 54,827
34 BRINE PUMP STATION DISCHARGE (TOTAL) G 4,080 2,530 30 64,894 4,396 3,780 30 54,827
35 BACKWASH CLARIFICATION 816 506 8 34,451 816 506 8 34,451
36 SOLID WASTE D - - - - -
37 SERVICE WATER D - 150 55 126 - 150 55 126
38 FLUSH WATER D - 1,000 80 126 - 1,000 80 126

0.5 TO 1.5 CUBIC YARDS/DAY

WITH BACKWASH
FLOWS

NORMAL OPERATION
FLOWS

SYSTEM



 

Section 4 REHABILITATION COSTS AND SCHEDULE 

ESTIMATED CAPITAL COSTS 
Based upon the criteria for reliability, the condition assessment, and recommendations presented in Section 3, 
a capital cost estimate is presented in Table 4.1. This cost estimate reflects the criteria associated with a 
Level estimate as defined by the Association for the Advancement of Cost Engineering, International’s 
(AACEI's) Revised Guidelines (1999) and has an expected accuracy of plus 15 to minus 10 percent. This cost 
estimate is based on Carollo Engineers’ perception of current conditions at the project location and is subject to 
change as variances in the cost of labor, materials, equipment, services provided by others or economic 
conditions occur. 

Cost items presented in Table 4.1 are broken down by categories presented in Section 3. For a detailed 
breakdown, summary and explanation of costs, refer to Appendix C. Contingency, contractor overhead, profit 
and risk, cost escalation to construction mid-point and sales tax are added to the summed construction costs 
presented in Table 4.1. A contingency of 15 percent is carried on this project due to a number of unknown 
conditions that may occur in the field. It will be important to conduct the field investigations recommended in 
Section 3 (included in the engineering budget) to assess what additional construction work (using contingency 
funds) may be required.  

Based upon Carollo Engineers’ field investigations and recommendations, the total construction cost to 
rehabilitate the desalination plant at a capacity of 3,125 AFY is estimated to be approximately $17.7-million with 
costs for engineering, legal, administration, and construction change order allowance included. If not already in 
place at the time of desalination facility rehabilitation, construction of the distribution improvements 
(Reservoir #1 Pump Station) would require an additional cost of $2.5 million, using the same percentage based 
adjustment factors for engineering, legal, administration, and construction change order allowance that were 
used in the previous cost total, and as noted in Table 4.1.. 

Should the City wish to rehabilitate the desalination plant at a capacity less than 3,125 AFY, the capacity can be 
reduced by modular increments of 625 AFY and the capital costs associated with desalination equipment (line 
item No. 6 in Table 4.1) can be decreased proportionally. The prefiltration system (line item No. 5 in Table 4.1) 
is also modular to some degree as well, however, filter-loading rates should not be increased to accommodate 
reduced capacity. Therefore, the costs are not directly proportional to flow rate reductions. As such, there is no 
reduction in prefiltration costs when capacity is reduced to 2,500 AFY; prefiltration costs are reduced to 
$484,700 at 1,875 AFY and to $409,000 when capacity is reduced to 1,250 AFY. No further cost reductions are 
seen when capacity is reduced to 625 AFY. Other line items presented in Table 4.1 require rehabilitation 
regardless of the final capacity and their costs are therefore not affected significantly, but adjustments should be 
made to the subtotal costs presented (in accordance with the percentages noted) as the capacity changes. 

ESTIMATED OPERATING COSTS 
Table 4.2 presents the unit costs used to develop operating cost estimates. These unit costs consist of 
chemicals and other consumables that constitute operating expenses for the City’s desalination plant. 
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Table 4.1 Estimated Capital Costs 
Desalination Rehabilitation Study 
City of Santa Barbara 

Desalination Plant 
Rehabilitation 

Reservoir #1 
Pump Station 

No. Description Total Total 
1 General Conditions (CSI Divisions 00 & 01) 1 $861,700 - 
2 Intake $1,292,400 - 
3 Feed Pump Station $395,400 - 
4 Chemical Storage and Feed Area $236,600 - 
5 Pre-filtration System $636,100 - 
6 Desalination Equipment $3,497,700 - 
7 Membrane Clean-in-Place System $59,600 - 
8 Product Water Storage and Pumps $373,300 - 
9 Brine Disposal System $138,600 - 
10 Lime System $25,700 - 
11 Filter Backwash Treatment System $163,700 - 
12 Service Water and Instrument Air Systems $129,900 - 
13 Electrical Service Equipment $239,000 - 
14 Control System $1,428,900 - 
 SUBTOTAL DIRECT COST $9,478,600 $1,334,800 
 Contingency 15% $1,421,800 $201,700 
 Subtotal 1  $10,900,400 $1,546,500 
 General Contractor Overhead, Profit & Risk 15% $1,635,100 $231,900 
 Subtotal 2  $12,535,500 $1,788,400 
 Escalation to Mid-Point 2 5.5% $689,500 $97,800 
 Subtotal 3  $13,225,000 $1,876,200 
 Sales Tax 3 7.75% $907,800 $145,400 
 Subtotal 4  $14,132,800 $2,021,600 

 TOTAL CONSTRUCTION COST $14,132,800 $2,021,600 
 Engineering, Legal & Administration Fees 5 15% $2,120,000 $303,300 
 Owner’s Reserve for Change Orders 10% $1,413,300 $202,200 
 TOTAL PROJECT COSTS $17,666,100 $2,527,100 
Notes 
1. Includes contractor mobilization, demobilization, temporary facilities, submittals, testing, start-up and training. Estimate to 

be 10% of other direct costs. 
2.  Assumes 8 months from design to construction notice to proceed; 1-yr Construction Period, 7% annual inflation. 
3.  Sales tax on material costs only. No sales tax on labor or services. 
4.  Based upon existing pump station design (4,000 gpm) and previous cost estimate documented in a City of Santa Barbara 

Interoffice Memorandum from Bob Roebuck to Ken Goodenough (1995 average ENR CCI 5471) - refer to Appendix B. 
Escalated to present day (September 2008 ENR CCI 8407). Excludes costs associated with pipeline replacement along 
Ranchito Vista Road, which is no longer required. 

5.  Includes costs for additional studies (e.g., electrical field studies, etc. - refer to “Summary” in Section 3) required to 
complete bid ready set of contract documents. 
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Table 4.2 Unit Costs 

Desalination Rehabilitation Study 
City of Santa Barbara 

Parameter Units Value 
Power 2 $ per kW-hr 0.086 
Sodium Hypochlorite (12.5%) $ per pound 0.83 
Carbon Dioxide $ per pound 0.04 
Carbon Dioxide Equipment Rental $ per month 3,500 
Ferric Chloride (40%) $ per pound 0.18 
Anti-scalant $ per pound 1.00 
Sodium Bisulfite (38%) $ per pound 0.25 
Zinc Orthophosphate (40%) $ per pound 0.75 
Calcium Hydroxide $ per pound 0.05 
Membrane Elements $ per element 700 
Cartridge Filters $ per filter 14 
Membrane Cleaning Chemicals   

Low pH $ per pound 4.50 
High pH $ per pound 6.00 

Notes 
1. Unit costs based upon September 2008 pricing. 
2.  Power cost is based upon a TOU-8 rate schedule at a Service Voltage of 66,000 Volts. Unit cost reported is based upon the 

average gross cost for electricity for September 2007 through September 2008. 

 

Operating costs are presented in Tables 4.3 and 4.4 for both the “Proposed Membrane Configuration” and the 
“Original Membrane Configuration” conditions to represent improvements resulting from the changes to the RO 
system’s pumping and energy recovery process. The RO feed pumping costs were reduced by nearly  
50 percent, and will save the City an estimated $551,700 per year ($177/AFY). This savings will increase as the 
City’s power cost increases with inflation. 

Estimated operating costs for the City’s 3,125 AFY desalination plant are presented in Tables 4.3 and 4.4 for 
the following scenarios, respectively: 

• Drought condition (Year 1 & 2) 

• Groundwater recovery condition (Year 3, 4 and 5) 

A detailed basis of operating conditions used in the development this operating cost estimate is presented in 
Appendix D where pumping conditions, chemical and equipment use are summarized. 
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Table 4.3 Annual Operation & Maintenance Costs (Drought Condition) 
Desalination Rehabilitation Study 
City of Santa Barbara 

Parameter 
Proposed Membrane 

Configuration 
Original Membrane 

Configuration 
Intake Pumping $58,700 $58,700 
Filter Feed Pumping $132,100 $132,100 
RO Feed Pumping $758,100 $1,368,400 
PX Booster Pumping $58,700 - 
Product Water Pumping $189,100 $189,100 
Misc. Plant Electrical 3 $145,800 $145,800 
Reservoir #1 Pump Station $158,900 $158,900 

Subtotal Electrical Costs $1,501,300 $2,053,000 
Sodium Hypochlorite (Intake) $78,400 $78,400 
Carbon Dioxide (Filter Feed) $15,300 $15,300 
Carbon Dioxide Equipment Rental $42,000 $42,000 
Ferric Chloride (Filter Feed) $16,600 $16,600 
Anti-scalant (RO Feed) $54,800 $54,800 
Sodium Bisulfite (RO Feed) $94,500 $94,500 
Sodium Bisulfite (Brine) - - 
Zinc Orthophosphate (Product Water) $81,600 $81,600 
Calcium Hydroxide (Product Water) $8,100 $8,100 
Carbon Dioxide (Product Water) $5,400 $5,400 
Sodium Hypochlorite (Product Water) $56,400 $56,400 
Membrane Cleaning Chemicals $79,800 $79,800 

Subtotal Chemical Costs $532,900 $532,900 
Cartridge Filters $51,700 $51,700 
Membrane Replacement $105,000 $105,000 
Equipment Replacement Parts and Consumables $300,000 $300,000 
Contract Operations 4 $2,102,000 $2,157,100 

Subtotal Other Operating Costs $2,558,700 $2,613,800 
TOTAL ANNUAL COST $4,592,900 $5,199,700 

COST PER AF $1,470 $1,664 
COST PER 1,000 GALLONS $4.51 $5.11 

Notes 
1. Based upon September 2008 pricing. 
2.  Based upon 365 days of operation per year, 93.6% plant utilization factor (3,125 AF). 
3.  Includes chemical metering pumps, service water pumps, air compressors, mixers, lighting, etc. Refer to Appendix D for 

complete listing based upon electrical one-line drawings. 
4.  Contract labor plus additional operations expenses. Contract labor assumed to include three shifts per day of 5 operators  

(1 California T4 “chief operator”, 3 California T3 “shift operators” and 11 California T2 or T1 licensed operators required). 
Overhead and profit is 10% of all desalination plant operating expenses. Excludes expenses for the Reservoir #1 Pump 
Station. 
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Table 4.4 Annual Operation & Maintenance Costs (Groundwater Recovery Condition) 
Desalination Rehabilitation Study 
City of Santa Barbara 

Parameter 
Proposed Membrane 

Configuration 
Original Membrane 

Configuration 
Intake Pumping $58,700 $58,700 
Filter Feed Pumping $132,100 $132,100 
RO Feed Pumping $758,000 $1,368,400 
PX Booster Pumping $58,700 - 
Product Water Pumping $189,100 $189,100 
Misc. Plant Electrical 3 $145,800 $145,800 
Reservoir #1 Pump Station $28,100 $28,100 

Subtotal Electrical Costs $1,370,500 $1,922,200 
Sodium Hypochlorite (Intake) $78,400 $78,400 
Carbon Dioxide (Filter Feed) $15,300 $15,300 
Carbon Dioxide Equipment Rental $42,000 $42,000 
Ferric Chloride (Filter Feed) $16,600 $16,600 
Anti-scalant (RO Feed) $54,800 $54,800 
Sodium Bisulfite (RO Feed) $94,500 $94,500 
Sodium Bisulfite (Brine) - - 
Zinc Orthophosphate (Product Water) $81,600 $81,600 
Calcium Hydroxide (Product Water) $8,100 $8,100 
Carbon Dioxide (Product Water) $5,400 $5,400 
Sodium Hypochlorite (Product Water) $56,400 $56,400 
Membrane Cleaning Chemicals $79,800 $79,800 

Subtotal Chemical Costs $532,900 $532,900 
Cartridge Filters $51,700 $51,700 
Membrane Replacement $105,000 $105,000 
Equipment Replacement Parts and Consumables $300,000 $300,000 
Contract Operations 4 $2,102,000 2,157,100 

Subtotal Other Operating Costs $2,558,700 $2,613,800 
TOTAL ANNUAL COST $4,462,100 $5,068,900 

COST PER AF $1,428 $1,622 
COST PER 1,000 GALLONS $4.38 $4.98 

Notes 
1. Based on September 2008 pricing. 
2.  Based upon 365 days of operation per year, 93.6% plant utilization factor (3,125 AF). 
3.  Includes chemical metering pumps, service water pumps, air compressors, mixers, lighting, etc. Refer to Appendix D for 

complete listing based upon electrical one-line drawings. 
4.  Contract labor plus additional operations expenses. Contract labor assumed to include three shifts per day of 5 

operators (1 California T4 “chief operator”, 3 California T3 “shift operators” and 11 California T2 or T1 licensed operators 
required). Overhead and profit is 10% of all desalination plant operating expenses. Excludes expenses for the Reservoir 
#1 Pump Station. 
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SECTION 4 – REHABILIATION COSTS AND SCHEDULE 

For the purposes of this report, it is assumed that when the desalination plant is required to operate, the plant 
will operate for up to 5 years. This operating condition may be shorter, as the desalination plant will operate for 
only as long as required to restore the City’s reservoir and groundwater basins to their pre-drought conditions. 
The primary difference between the “Drought Condition” and the “Groundwater Recovery” operating costs 
presented in Tables 4.3 and 4.4 are associated with the operation of the Reservoir #1 Pump Station. It is 
assumed that the Reservoir #1 Pump Station will operate based upon the following conditions: 

• Drought Condition 

– Both the desalination plant and the Ortega Groundwater Treatment Plant supply water to the 
City’s “Low [Pressure] Zone” that fills Reservoir #1. The Cater Water Treatment Plant produces 
water at reduced flows that supplies the City’s “Sheffield Pressure Zone.” 

– Daytime pumping: Ortega plant produces 3 mgd; Desalination plant produces 2.7 mgd. The Low 
Zone demand is 3 mgd, so 2.7 mgd is pumped by the Reservoir #1 Pump Station to the City’s 
Sheffield Pressure Zone. 

– Nighttime pumping: The Low Zone demand drops to 1.1 mgd. The Ortega and Desalination 
Plants continue to produce flows at 3 mgd and 2.7, mgd, respectively. Therefore, 4.6 mgd is 
pumped to the Sheffield Pressure Zone by the Reservoir #1 Pump Station. 

• Groundwater Recovery Condition 

– The Ortega Groundwater Treatment Plant is off-line to facilitate recharge of the groundwater 
aquifer while the City’s Cater Water Treatment Plant and the desalination plant provide water to 
the City’s system.  

– Daytime pumping: The Desalination plant produces 2.7 mgd, which essentially satisfies the City’s 
Low Zone demands. No water is pumped by day to the Sheffield Pressure Zone. 

– Nighttime pumping: The Low Zone demand drops to 1.1 mgd. The Desalination plant continues 
to produce 2.7 mgd and 1.6 mgd is pumped to the Sheffield Pressure Zone by the Reservoir #1 
Pump Station.  

ESTIMATED SCHEDULE FOR REHABILITATION 
An estimated schedule for the delivery of the City’s desalination plant rehabilitation is summarized in Figure 4.1. 
This schedule summary represents delivery of the desalination plant rehabilitation using either a conventional 
design/bid/build approach, or a pre-purchase approach, where the City would pre-purchase materials with long 
lead times to compress the construction schedule. Detailed schedules for both delivery methods, which show 
inter-relationships between tasks, equipment lead times, start-up and testing schedules, etc. are presented in 
Appendix E.  
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ID Task Name Duration Start Finish

1 ENGINEERING & ADMINISTRATION 186 days Mon 1/5/09 Mon 9/21/09

2 Preliminary Investigations 15 days Mon 1/5/09 Fri 1/23/09

3 Desal Plant Rehab 132 days Mon 1/26/09 Tue 7/28/09

4 Prepare Contract Docs 80 days Mon 1/26/09 Fri 5/15/09

5 Prepurchase? 42 days Mon 5/4/09 Tue 6/30/09

6 Bid Phase 52 days Mon 5/18/09 Tue 7/28/09

7

8 Reservoir #1 PS 102 days Fri 5/1/09 Mon 9/21/09

9 Prepare Contract Docs 60 days Fri 5/1/09 Thu 7/23/09

10 Prepurchase? 32 days Fri 7/10/09 Mon 8/24/09

11 Bid Phase 42 days Fri 7/24/09 Mon 9/21/09

12

13 Contract Operations 81 days Wed 5/20/09 Wed 9/9/09

14 Prepare Contract Docs 40 days Wed 5/20/09 Tue 7/14/09

15 Bid Phase 41 days Wed 7/15/09 Wed 9/9/09

16

17 REHABILITATION CONSTRUCTION (Conventional Delivery) 262 days Wed 8/12/09 Thu 8/12/10

18 Construction Activities 262 days Wed 8/12/09 Thu 8/12/10

19 Substantial Completion (Water to System) 1 day Wed 6/30/10 Wed 6/30/10

20 Final Completion 1 day Thu 8/12/10 Thu 8/12/10

21

22 REHABILITATION CONSTRUCTION (Pre-purchase) 204 days Wed 8/12/09 Mon 5/24/10

23 Construction Activities 204 days Wed 8/12/09 Mon 5/24/10

24 Substantial Completion (Water to System) 1 day Fri 4/23/10 Fri 4/23/10

25 Final Completion 1 day Mon 5/24/10 Mon 5/24/10

26

27 RESERVOIR #1 PS CONSTRUCTION (Conventional Delivery) 205 days Tue 10/6/09 Mon 7/19/10

28 Construction Activities 205 days Tue 10/6/09 Mon 7/19/10

29 Substantial Completion 1 day Fri 6/18/10 Fri 6/18/10

30 Final Completion 1 day Mon 7/19/10 Mon 7/19/10

31

32 RESERVOIR #1 PS CONSTRUCTION (Pre-purchase) 165 days Tue 10/6/09 Mon 5/24/10

33 Construction Activities 165 days Tue 10/6/09 Mon 5/24/10

34 Substantial Completion 1 day Fri 4/23/10 Fri 4/23/10

35 Final Completion 1 day Mon 5/24/10 Mon 5/24/10

Substantial Completion (Water to System)

Final Completion

Substantial Completion (Water to System)

Final Completion

Substantial Completion

Final Completion

Substantial Completion

Final Completion

M-1 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 M22
Y1 Y2

Task

Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

Figure 4.1
Estimated Rehabilitation Schedule

 DESALINATION REHABILITATION STUDY
CITY OF SANTA BARBARA



SECTION 4 – REHABILIATION COSTS AND SCHEDULE 

As summarized in Figure 4.1, the project is broken down into the following key elements: 

• Engineering & Administration  

• Desalination Rehabilitation Construction 

• Reservoir #1 Pump Station Construction (if not previously constructed) 

There are three key contracts that the City will need to administer to complete this project: 

• Desalination Rehabilitation Construction Contract 

• Reservoir #1 Pump Station Construction Contract (if not previously constructed) 

• Contract Operations Contract 

The sequence of these contracts is presented in Figure 4.1 with the goal of minimizing the amount of schedule 
slack (i.e., lag time) between completion of one contract and the start of the next related project. Inter-relations 
between the contracts are presented directly on the schedule but can be briefly summarized as follows: 

• Reservoir #1 Pump Station work is completed in time for the functional testing of the product water pump 
station at the desalination plant. This will facilitate the movement of water produced by the desalination 
plant during it’s testing period from the City’s Low Zone to the Sheffield Zone, if necessary. 

• Contract operations contract is awarded in time for contract operators (i.e., supervisors or project 
managers) to participate in the control/programming aspects of the desalination construction project. 
The benefit is to maximize the supervising contract operators’ familiarity with the desalination plant 
operations. 

Lead times for the desalination and related electrical equipment (as long as 26 weeks), and then testing the 
plant’s rehabilitated control system are key schedule drivers. “Slack” in the schedule for construction activities 
that precede these schedule-driving elements are shown for each task in the detailed schedules presented in 
Appendix E, where applicable. Construction activities are shown as starting as soon as possible. However, due 
to the delivery of some of the schedule driving elements, the construction contractor(s) have some leeway (i.e., 
“slack”), in the schedule before these related elements must be finished. Generally, work will be less expensive 
the earlier it is completed due to escalation in material prices. Contractors bidding on a “low bid” contract will 
want to complete work as early as possible, unless specific work restrictions are specified in the City’s bid 
documents. 

Because lead times for certain elements of the project drive the overall project schedule, a pre-purchase option 
may be considered, where the City would purchase long-lead equipment in advance of awarding the general 
contractor portion of the work. These items would be furnished to the contractor for incorporation into the 
Desalination Plant Rehabilitation or Reservoir #1 Pump Station work. The advantage of a pre-purchase 
approach is a reduction in the project schedule (i.e., approximately 3 months reduction in schedule as 
presented in Figure 4.1), should water shortage necessitate a faster construction period. However, the City 
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SECTION 4 – REHABILIATION COSTS AND SCHEDULE 

assumes some risk in this approach because City-furnished materials must be proven to be delivered to the 
contractor in working order. This risk may be mitigated to some degree by specifying factory testing, storage, 
and delivery requirements in the equipment pre-purchase documents. The value of equipment identified as 
schedule impacting and therefore recommended for pre-purchase is estimated to be: 

• Desalination Plant Rehabilitation: $2.7-million 

• Reservoir #1 Pump Station: $200,000 

The decision to pre-purchase equipment should include an evaluation of the benefits of a shorter project 
schedule (i.e., to address water shortages during a drought) versus the cost of these items and the risk 
associated with pre-purchasing these items and being responsible for furnishing them to a contractor in working 
order. 

As presented in Figure 4.1, as the City progresses through the engineering and administration phase of the 
Desalination Plant Rehabilitation Project, decisions would need to be made regarding whether or not to proceed 
with subsequent elements and/or whether or not to pre-purchase equipment with long lead items. These 
decision points are presented as “milestones” in Figure 4.1. The City’s decision may be based upon the current 
state of the drought versus the costs and risks to the City. Again, risks may be either related to water shortage 
or associated with failure of City furnished materials (that have long lead times) to function correctly. 

Points of interest for the schedule presented in Figure 4.1 include: 

• Engineering and Administration 

– Progress decisions to be made based upon the state of the City’s water supply resources 
(presented in order of occurrence:  

 Initiate preliminary investigations and Desalination Plant Rehabilitation engineering work. 

 Initiate Reservoir #1 Pump Station engineering (if not already constructed). 

 Determine whether to pre-purchase desalination rehabilitation equipment. 

 Determine whether to pre-purchase Reservoir #1 Pump Station equipment. 

 Initiate preparation of contract operations documents 

 Award desalination rehabilitation construction contract 

 Award Reservoir #1 Pump Station construction contract 

 Award contract operations contract 
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SECTION 4 – REHABILIATION COSTS AND SCHEDULE 

• Desalination Rehabilitation Contract 

– Completion of the rehabilitation construction work is estimated to drive the overall schedule. 

– Substantial completion (i.e., producing water) estimated to be: 

 Conventional (design/bid/build) approach: approximately 19 months following the start of 
engineering and administration aspects of this work. 

 Pre-purchase approach: approximately 16 months following the start of engineering and 
administration aspects of this work. 

– Estimated construction schedule: 

 Conventional (design/bid/build) approach: approximately 12 months. 

 Pre-purchase approach: approximately 9 months. 

• Reservoir #1 Pump Station Construction Contract (if not already constructed) 

– Engineering work needs to start by Month 5 (i.e., 11 to 14 months in advance of when 
desalination production is required, depending upon project procurement approach) with 
construction work starting by Month 10 (i.e., 7 to 10 months in advance of when desalination 
production is required, depending upon project procurement approach). 

– Construction work to be substantially complete (i.e., functional) on a schedule that will facilitate 
the movement of water produced by the desalination plant during it’s final month of functional 
testing. 

• Contract Operations Contract 

– Contract award required by Month 9 (i.e., 7 to 10 months in advance of when desalination 
production is required, depending upon the project procurement approach). This will allow the 
contract operations supervisors to participate in the control/programming aspects of the 
desalination rehabilitation project, which will help facilitate a smooth transition as they take over 
the plant’s operation. The remaining operations staff will be hired and working before the final 
functional testing of the project (i.e., approximately Month 13 or 14 of the estimated project 
schedule, depending upon the project procurement approach). 
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Section 5 RECOMMENDATIONS AND CONCLUSIONS 

RECOMMENDATIONS 
Rehabilitation Activities 

The City of Santa Barbara has done an excellent job maintaining the right type and amount of equipment at its 
seawater desalination plant over the last 17 years while it has been in long-term storage. This maintenance will 
save the City considerable time and money when this facility is rehabilitated and again used as a drought relief 
and/or drought recovery measure.  

Carollo Engineers has completed a review of the City’s desalination plant with the primary objective being to 
develop a regulatory assessment, capital cost estimate, operating cost estimate and schedule for bringing the 
desalination plant out of long-term storage condition when needed. In addition to performing the right type of 
maintenance to this facility, the City has kept excellent operation and maintenance records for this facility. 
Because of these records, estimated rehabilitation costs and schedule were easier to develop by soliciting input 
directly from the equipment manufacturers involved based upon actual use and condition of specific pieces of 
equipment. As a result of the field investigations, review of existing operating and maintenance record, reliability 
and sustainability assessments, the following general recommendations were made to rehabilitate the 
desalination plant (refer to Chapter 3 for more specifics): 

• Sanitary recommendations: 

– Clean and disinfect piping and tanks. 

• Corrosion control recommendations: 

– Service interior coatings on cast iron valves, steel filter feed pump cans, and steel backwash 
storage tanks exposed to seawater. 

• Replace parts removed for long-term storage: 

– Replace chemical feed equipment with equipment that conforms to new City standards. 

• Reliability recommendations (functionality and spare parts availability): 

– Replace all pneumatic and motorized valve operators. 

– Replace any PVC piping systems that were not painted. 

– Ship pumps and motors 75 HP and larger to factory for off-site testing and service before 
energizing in the field. Replace motors less than 75 HP in size. 

– Replace existing VFDs, RO feed pumping and ERT system. Existing RO feed pumping and ERT 
equipment can be sold for a salvage value immediately, which will reduce the annual 
maintenance costs for the desalination facility.  
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– Modify the five RO arrays from a 24:16 configuration to a 30:0 configuration to facilitate the use of 
newer higher square footage membranes. Salvage remaining 50 vessels for other use or resale. 

– Install four new electrical trailers to distribute power to the five RO trains. 

– Rehabilitate electrical service connection damaged during a prior arc event. 

– Replace all instrumentation. 

– Replace desalination plant control system and update to new City standards. 

Following these recommendations will have the following benefits to sustainable operations at the City’s 
desalination plant: 

• Better chemical feed/dose control using City’s new chemical feed system design standards can reduce 
chemical consumption by more precisely controlling chemical use. 

• Replacing the 600 HP RO feed pumps with 350 HP pumps can reduce the overall connected load for 
the desalination plant from approximately 4,044 KW to an estimated 3,223 KW. The actual electrical 
loads, based upon plant usage, are estimated to be reduced from 2,478 KW (6,347 KW-hr/AF, 
23.4 KW-hr/1,000 gallons) to 1,802 KW (4,615 KW-hr/AF, 17 KW-hr/1,000 gallons). This energy 
reduction will result in an estimated $551,700 per year savings in power costs. 

• Replacing VFDs with newer VFDs that have higher efficiency ratings will reduce energy consumption 
associated with efficiency losses. 

• Reliable operation of the desalination plant will result in less manpower required to maintain 
equipment. 

Additional Studies 

Additional studies would be required prior to commencing any future rehabilitation to fully identify the extent of 
work required in preparation for issuing contract bidding documents. Completing these studies will reduce the 
amount of change orders required to resolve unknown conditions encountered during construction and can 
therefore, reduce the City’s change order allowance and contingency budgets associated with this rehabilitation 
project. As such, these additional studies are best completed as close to the date of construction as possible to 
minimize the potential for future changes in conditions that were documented or inspected. Recommended 
studies include: 

• Dive inspection to assess condition of intake submersible pump concrete vaults and connections to 
intake pipeline (estimated cost: $10,000). 

• Inspect condition of outfall mixing box liner (or concrete mix design) to assess rehabilitation needs 
(estimated cost: $10,000). 

• Inspect condition of media filtration tank and pipe spool interior coatings (estimated cost: $10,000).  
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• Meggar test existing plant cables and replace as required based on test results (estimated cost: 
$25,000). 

• Acquire services of the manufacture for the existing medium voltage switchgear, distribution 
switchgear and motor control centers to inspect and test (estimated cost: $10,000).  

CONCLUSIONS 
Carollo Engineers has completed a review of the City’s desalination plant with the primary objective being to 
develop a regulatory assessment, capital cost, operating cost and schedule for bringing the desalination plant 
out of the long-term storage condition when needed. This review resulted in a series of recommendations 
presented in Chapter 3 and summarized in this Section. These recommendations are based upon rehabilitating 
the desalination plant to reliably serve the City as a drought relief and/or drought recovery measure. Based 
upon the review presented in this report, the following conclusions can be made with regard to cost and 
schedule: 

• The City has maintained the permits required to operate its desalination plant when the facility operation 
is required. No new permits are required, however, an intake entrainment and impingement study may 
be required when the City renews its NPDES permit (or State Lands lease). 

• The capital cost to rehabilitate the City’s desalination plant is estimated to be approximately 
$17.7-million, which includes contingencies, contractor overhead and profit, escalation during 
construction, sales tax, engineering, legal, administration, and a construction change order allowance. If 
not already in place at the time of desalination facility rehabilitation, construction of the distribution 
improvements (Reservoir #1 Pump Station) would require an additional cost of $2.5 million, including the 
same additional costs (i.e., contingencies, etc.) listed previously. 

• Operating costs were estimated based upon two operating scenarios: 

– Drought Conditions (assumed to be Years 1 and 2): $4,592,900/yr ($1,470/AF,  
$4.51/1,000 gallons) 

– Drought Recovery Condition (assumed to be Years 3, 4, and 5): $4,462,100/year ($1,428/AF, 
$4.38/1,000 gallons) 

Both figures are presented in 2008 dollars and represent the cost of operating the desalination plant to 
produce 3,125 AFY using contract operators for operation of the desalination facility only (not the 
Reservoir #1 Pump Station).  

The difference in the operations costs associated with these two operating conditions is solely 
associated with the operation of the Reservoir #1 Pump Station.  

• Schedule - The overall project schedule for completion of all rehabilitation activities will depend upon the 
City’s decision whether or not to pre-purchase long-lead equipment items and furnish these materials to 
the general contractor that completes the rehabilitation effort. With pre-purchase, the construction 
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schedule is estimated to be 16 months (from start of engineering work to production of desalinated 
water). Three additional months would be required if the City does not pre-purchase the long-lead 
materials (assuming a conventional design/bid/build procurement process is followed). A decision to  
pre-purchase materials will depend upon the following: 

– Urgency by which desalinated water is required. 

– Risk the City is willing to assume: city-furnished materials must be proven to be delivered to the 
contractor in working order. This risk may be mitigated to some degree by specifying factory 
testing, storage, and delivery requirements in the equipment pre-purchase documents. The value 
of materials in question is estimated to be $2.9-million. 

It is also assumed that the City would administer three separate contracts for this work: 

– Desalination Rehabilitation Contract 

Drives project schedule 

Engineering work should start 16 months in advance of when production of desalinated 
water is required if the City pre-purchases equipment; 19 months if a more conventional 
project delivery is pursued. 

Construction should start 7 months in advance of when production of desalinated water is 
required if the City pre-purchases equipment; 10 months if a more conventional project 
delivery is pursued.  

– Reservoir #1 Pump Station Contract (if not previously constructed) 

Engineering work needs to start 11 months in advance of when production of desalinated 
water is required if the City pre-purchases equipment; 14 months if a more conventional 
project delivery is pursued. 

Construction should start 7 months in advance of when production of desalination water is 
required if the City pre-purchases equipment; 10 months if a more conventional project 
delivery is pursued.. 

– Contract Operations Contract  

Contract award is required 7 months in advance of when production of desalinated water 
is required if the City pre-purchases equipment; 10 months in advance if a more 
conventional project delivery is pursued. This will allow operations supervisors to 
participated in the start-up of the rehabilitated desalination plant, which will help to 
facilitate a smooth transition as they take over the facility’s operation. 
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Appendix A SUSPENDED USEPA 316(B) PHASE II RULE1

 

NOTE: The USEPA suspended the the 316(B) Phase II Rule in July of 2007 following a 
2nd U.S. Circuit Court of Appeals ruling.

USEPA signed into regulation new requirements for existing cooling water intake structures 
withdrawing over 50 MGD for compliance with Section 316(b) of the Clean Water Act on 
July 9, 2004.  These regulations became effective on September 7, 2004, and are based on 
numeric performance standards.  The Rule at 125.94(a)(1-5) provides facilities with five 
Compliance Alternatives.2   

The Phase II Rule states: 

“Under the fourth compliance alternative, a facility can demonstrate that it 
meets specified conditions and that it has installed and properly operates and 
maintains a pre-approved technology.  USEPA is approving one technology 
at this time: submerged cylindrical wedge wire screen technology to treat the 
total cooling water intake flow.  There are five conditions that must be met in 
order to use this technology to comply with rule: (1) The cooling water intake 
is located in a freshwater river or stream; (2) the cooling water intake 
structure is situated such that sufficient ambient counter currents exist to 
promote cleaning of the screen face; (3) the through screen velocity is 0.5 ft/s 
or less; (4) the slot size is appropriate for the size of eggs, larvae and 
juveniles of any fish and shellfish to be protected at the site; and (5) the 
entire main condenser cooling water flow is directed through the technology 
(small flows totaling less than two MGD for auxiliary plant cooling uses are 
excluded).”   

Submerged cylindrical wedge wire screens, although not thoroughly tested and proven on 
saltwater intake structures, comply with approved USEPA technology to reduce 
impingement and entrainment of aquatic organisms. 

                                                 
1  As of 15 SEP 08, there is no indication that USEPA will disagree with the Third Circuit Court’s findings, among others 

regarding the lawsuit brought by Riverkeepers et al, that restoration is not an alternative and that cost benefit of an 
intake cannot be considered.  The USEPA following a recent fact-finding exercise has informally indicated that the 
Agency will let stand unchallenged the Court’s ruling.  

2  Fed Reg. Vol. 69, No. 131 page 41602. 
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Appendix B RESERVOIR 1 PUMP STATION 
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Appendix C COST DEVELOPMENT 
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Appendix D OPERATING CRITERIA 
 

Table D.1 Basis of Operating Costs 
Desalination Rehabilitation Study 
City of Santa Barbara 

Parameter Unit 
After 

Rehabilitation 
Before 

Rehabilitation 
Raw Water Flow (100% Utilization) gpm 4,600 4,600 
Total Permeate Flow (100% Utilization) gpm 2,070 2,070 
Total Brine Flow (100% Utilization) gpm 2,530 2,530 
Product Water Flow (100% Utilization) gpm 2,070 2,070 
Drought Conditions (Year 1 & 2) 
Reservoir #1 Pump Station Flow (Day Time) gpm 1,938 1,938 
Reservoir #1 Pump Station Flow (Night Time) gpm 3,220 3,220 
Groundwater Recovery Conditions (Year 3 - 5) 
Reservoir #1 Pump Station Flow (Day Time) gpm - - 
Reservoir #1 Pump Station Flow (Night Time) gpm 1,138 1,138 
Desalination Plant Operating Conditions 
Plant Utilization Factor % 93.6 93.6 
Reservoir #1 Pump Station Operating Hours  
(Day Time) 

hrs/day 15 15 

Reservoir #1 Pump Station Operating Hours  
(Night Time) 

hrs/day 9 9 

Intake Pump Station 
Power Source - MCC-3 MCC-3 
No. of Intake Pumps No. 2 2 
No. of Intake Pumps in Service No. 1 1 
Intake Pump TDH ft H2O 47.5 47.5 
Intake Pump Motor Horsepower HP 100 100 
Pump Driver - Motor Motor 
Intake Pump Motor Efficiency % 90 90 
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APPENDIX D – OPERATING CRITERIA 

Table D.1 Basis of Operating Costs 
Desalination Rehabilitation Study 
City of Santa Barbara 

Parameter Unit 
After 

Rehabilitation 
Before 

Rehabilitation 
Filter Feed Pump Station 
Power Source - MCC-3 MCC-3 
No. of Filter Feed Pumps No. 3 3 
No. of Filter Feed Pumps in Service No. 2 2 
Filter Feed Pump TDH ft H2O 47.5 47.5 
Filter Feed Pump Motor Horsepower HP 225 225 
Pump Driver - Motor Motor 
Filter Feed Pump Motor Efficiency % 90 90 
Media Filters 
No. of Primary Filters No. 4 4 
Anthracite (1.0 - 1.2 mm) inch 20 20 
 ft3/filter 541 541 
Sand (0.55 - 0.65 mm) inch 10 10 
 ft3/filter 271 271 
Gravel (size varies) inch 16” 16” 
 ft3/filter 266 266 
Loading Rate    

Normal Operation gpm/ft2 3.7 3.7 
During Backwash gpm/ft2 6.2 6.2 

Backwash Frequency days 1 1 
No. of Secondary Filters No. 3 3 
Anthracite (0.9 -1.0 mm)  inch 16.5 16.5 
 ft3/filter 442 442 
Sand (0.55 - 0.65 mm) inch 9 9 
 ft3/filter 240 240 
Gravel (size varies) inch 19.5 19.5 
 ft3/filter 386 386 

Normal Operation gpm/ft2 4.9 4.9 
During Backwash gpm/ft2 7.3 7.3 

Backwash Frequency days 7 7 
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APPENDIX D – OPERATING CRITERIA 

Table D.1 Basis of Operating Costs 
Desalination Rehabilitation Study 
City of Santa Barbara 

Parameter Unit 
After 

Rehabilitation 
Before 

Rehabilitation 
Cartridge Filter System 
No. of Cartridge Filter Vessels No. 6 6 
No. of Cartridges per Vessel No. 54 54 
Length of Cartridges inch 40 40 
Replacement Frequency days 30 30 
Desalination System 
No. of RO Trains No. 5 5 
No. of RO Feed Pumps No. 5 5 
RO Train Recovery % 45 45 
RO Train Array Configuration  30:0 24:16 
Membranes Per Vessel No. 7 7 
Membrane Life Yr 7 7 
Membrane Cleaning Frequency days 90 90 
RO Feed Pump Suction Pressure psig 64 64 
RO System Feed Pressure (15oC, Yr 2.5) psig 868 868 
RO System Brine Pressure (15oC, Yr 2.5) psig 834 834 
RO Feed Pump Flow gpm 414 920 
RO Feed Pump TDH (15oC, Yr 2.5) ft H2O 1,855 1,855 
RO Feed Pump Efficiency % 72 72 
RO Feed Pump Horsepower HP 350 600 
Pump Driver - VFD VFD 
RO Feed Pump Horsepower Used HP 276 456 
RO Feed Pump Motor Efficiency % 94 90 
RO Feed Pump VFD Efficiency % 97 90 
ERT Efficiency % - 55 
PX Booster Pump Flow gpm 506 - 
PX Booster Pump TDH ft H2O 78 - 
PX Booster Pump Efficiency % 70% - 
PX Booster Pump Motor Horsepower HP 35 - 
Pump Driver - VFD - 
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APPENDIX D – OPERATING CRITERIA 

Table D.1 Basis of Operating Costs 
Desalination Rehabilitation Study 
City of Santa Barbara 

Parameter Unit 
After 

Rehabilitation 
Before 

Rehabilitation 
RO Feed Pump Horsepower Used HP 20 - 
PX Booster Pump Motor Efficiency % 94 - 
PX Booster Pump VFD Efficiency % 97 - 
Product Water Pump Station 
No. of Product Water Pumps No. 3 3 
No. of Product Water Pumps in Service No. 2 2 
Product Water Pump TDH ft H2O 461 461 
Product Water Pump Efficiency % 75 75 
Product Water Pump Motor Horsepower HP 300 300 
Product Water Pump Driver - VFD VFD 
Product Water Pump Horsepower Used HP/ea. 165 165 
Product Water Pump Motor Efficiency % 90 90 
Product Pump VFD Efficiency % 97 90 
Reservoir #1 Pump Station 
No. of Product Water Pumps No. 2 2 
No. of Product Water Pumps in Service No. Varies Varies 
Pump TDH ft H2O 290 290 
Pump Efficiency % 70 70 
Pump Motor Horsepower HP 65 65 
Pump Driver - VFD VFD 
Pump Motor Efficiency % 90 90 
Brine Pump Station 
Power Source - MCC-1 MCC-2 
No. of Brine Pumps No. 2 2 
Brine Pump Horsepower HP 100 100 
Utilization Based Upon Flow Rates % 60 60 
Brine Pump Driver - Motor Motor 
Flush Pump 
Power Source - MCC-2 MCC-2 
No. of Flush Pumps No. 1 1 
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APPENDIX D – OPERATING CRITERIA 

Table D.1 Basis of Operating Costs 
Desalination Rehabilitation Study 
City of Santa Barbara 

Parameter Unit 
After 

Rehabilitation 
Before 

Rehabilitation 
Flush Pump Horsepower HP 75 75 
Utilization Factor (Based upon use) % 5 5 
Flush Pump Driver - Motor Motor 
Service Water Pumps 
Power Source - MCC-2 MCC-2 
No. of Service Water Pumps No. 2 2 
Service Water Pump Horsepower HP 7.5 7.5 
Utilization Factor (Based upon use) % 90 90 
Flush Pump Driver - Motor Motor 
Instrument Air System 
Power Source - MCC-2 MCC-2 
No. of Reciprocating Compressors No. 2 2 
Reciprocating Compressor Horsepower HP 5 5 
No. of Rotary Compressors No. 1 1 
Rotary Compressor Horsepower HP 40 40 
Utilization Factor % 30 30 
Backwash Air Blowers 
Power Source - MCC-2 MCC-2 
No. of Air Blowers No. 2 2 
Air Blower Horsepower HP 30 30 
Blower Driver - Motor Motor 
Utilization Factor (Based upon use) % 5 5 
Backwash Water Treatment System 
Power Source - MCC-2 MCC-2 
No. of Backwash Transfer Pumps No. 2 2 
Backwash Transfer Pump Horsepower HP 7.5 7.5 
Floc Mixer Horsepower HP 5 5 
Sludge Mixer Horsepower HP 5 5 
Utilization Factor (Based upon use) % 90 90 
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APPENDIX D – OPERATING CRITERIA 

Table D.1 Basis of Operating Costs 
Desalination Rehabilitation Study 
City of Santa Barbara 

Parameter Unit 
After 

Rehabilitation 
Before 

Rehabilitation 
Permeate Transfer Pump 
Power Source - MCC-2 MCC-2 
No. of Permeate Transfer Pumps No. 1 1 
Permeate Transfer Pump Horsepower HP 7.5 7.5 
Utilization Factor (Based upon use) % 5 5 
Flush Pump Driver - Motor Motor 
CIP System 
Power Source - MCC-2 MCC-2 
No. of CIP Feed Pumps - 1 1 
CIP Feed Pump Horse Power - 75 75 
Power Source - MCC-1 MCC-1 
No. of CIP Tank Heaters - 2 2 
CIP Tank Heater Kilowatts KW 225 225 
No. of CIP Tank Mixers No. 2 2 
CIP Tank Mixer Horsepower HP 1/2 1/2 
Utilization Factor % 22 22 
Misc Electrical Loads 
Power Source - MCC-1 MCC-1 
Panel A KW 45 45 
Power Source - MCC-2 MCC-2 
Lime System KW 25 25 
Lime System Utilization Factor % 40 40 
Panel C&D KW 9 9 
Power Source - MCC-3 MCC-3 
Panel PA - 9 9 
Chemicals 
Sodium Hypochlorite (Raw Water) mg/L 5 5 
 lbs/day 283 283 
Carbon Dioxide (Raw Water) mg/L 20 20 
 lbs/day 1,302 1,302 
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APPENDIX D – OPERATING CRITERIA 

Table D.1 Basis of Operating Costs 
Desalination Rehabilitation Study 
City of Santa Barbara 

Parameter Unit 
After 

Rehabilitation 
Before 

Rehabilitation 
Ferric Chloride (Raw Water) mg/L 5 5 
 lbs/day 283 283 
Anti-scalant (Raw Water) mg/L 2.9 2.9 
 lbs/day 164 164 
Sodium Bisulfite (Raw Water) mg/L 20 20 
 lbs/day 1,132 1,132 
Sodium Bisulfite (Brine) mg/L As Required As Required 
 lbs/day - - 
Zinc Orthophosphate (Product Water) mg/L 12.8 12.8 
 lbs/day 326 326 
Calcium Hydroxide (Product Water mg/L 19 19 
 lbs/day 484 484 
Carbon Dioxide (Product Water) mg/L 15 15 
 lbs/day 459 459 
Sodium Hypochlorite (Product Water) mg/L 1 1 
 lbs/day 204 204 
CIP Chemicals    

Low pH lbs/CIP 2,000 2,000 
High pH lbs/CIP 2,000 2,000 
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ID Task Name Start Finish Late Start Late Finish Duration

1 ENGINEERING & ADMINISTRATION Mon 1/5/09 Tue 9/22/09 Thu 1/1/09 Mon 9/21/09 187 days
2 Preliminary Investigations Mon 1/5/09 Fri 1/23/09 Thu 1/1/09 Wed 1/21/09 15 days
3 Inspect Off-shore Intake Mon 1/5/09 Fri 1/9/09 Thu 1/15/09 Wed 1/21/09 5 days

4 Inspect Pipe and Tank Coatings Mon 1/5/09 Fri 1/9/09 Thu 1/15/09 Wed 1/21/09 5 days

5 Test Electrical Equipment Mon 1/5/09 Fri 1/23/09 Thu 1/1/09 Wed 1/21/09 15 days

6 Desal Plant Rehabilitation Mon 1/26/09 Tue 7/28/09 Thu 1/22/09 Fri 7/24/09 132 days
7 Prepare Rehab Contract Docs Mon 1/26/09 Fri 5/15/09 Thu 1/22/09 Wed 5/13/09 80 days
8 90% Review Mon 1/26/09 Fri 4/17/09 Thu 1/22/09 Wed 4/15/09 60 days

9 Final Documents Mon 4/20/09 Fri 5/15/09 Thu 4/16/09 Wed 5/13/09 20 days

10 Rehabilitation Contract Bid Phase Mon 5/18/09 Tue 7/28/09 Thu 5/14/09 Fri 7/24/09 52 days
11 Advertise Bids Mon 5/18/09 Fri 6/12/09 Thu 5/14/09 Wed 6/10/09 20 days

12 Rehab Contract - Bid Date Mon 6/15/09 Mon 6/15/09 Thu 6/11/09 Thu 6/11/09 1 day

13 Rehab Contract - Award Contract Tue 7/28/09 Tue 7/28/09 Fri 7/24/09 Fri 7/24/09 1 day

14 Reservoir #1 Pump Station Mon 5/4/09 Tue 9/22/09 Fri 5/1/09 Mon 9/21/09 102 days
15 Reservoir #1 Pump Station Contract Docs Mon 5/4/09 Fri 7/24/09 Fri 5/1/09 Thu 7/23/09 60 days
16 90% Review Mon 5/4/09 Fri 6/26/09 Fri 5/1/09 Thu 6/25/09 40 days

17 Final Documents Mon 6/29/09 Fri 7/24/09 Fri 6/26/09 Thu 7/23/09 20 days

18 Reservoir #1 Pump Station Bid Phase Mon 7/27/09 Tue 9/22/09 Fri 7/24/09 Mon 9/21/09 42 days
19 Advertise Bids Mon 7/27/09 Fri 8/21/09 Fri 7/24/09 Thu 8/20/09 20 days

20 Reservoir #1 PS - Bid Date Mon 8/24/09 Mon 8/24/09 Fri 8/21/09 Fri 8/21/09 1 day

21 Reservoir #1 PS - Award Contract Tue 9/22/09 Tue 9/22/09 Mon 9/21/09 Mon 9/21/09 1 day

22 Contract Operations Wed 6/3/09 Wed 9/9/09 Wed 6/3/09 Wed 9/9/09 71 days
23 Prepare Contract Operations Contract Docs Wed 6/3/09 Wed 7/15/09 Wed 6/3/09 Wed 7/15/09 30 days
24 90% Review Wed 6/3/09 Wed 7/1/09 Wed 6/3/09 Wed 7/1/09 20 days

25 Final Documents Wed 6/17/09 Wed 7/15/09 Wed 6/17/09 Wed 7/15/09 20 days

26 Contract Operations Bid Phase Wed 7/15/09 Wed 9/9/09 Wed 7/15/09 Wed 9/9/09 41 days
27 Advertise Bids Wed 7/15/09 Wed 8/12/09 Wed 7/15/09 Wed 8/12/09 20 days

28 Contract Operations - Bid Date Wed 8/12/09 Wed 8/12/09 Wed 8/12/09 Wed 8/12/09 1 day

29 Contract Operations - Award Contract Wed 9/9/09 Wed 9/9/09 Wed 9/9/09 Wed 9/9/09 1 day

30

31

32 REHABILITATION CONSTRUCTION Wed 8/12/09 Thu 8/12/10 Mon 8/10/09 Thu 8/12/10 262 days
33 Contractor Mobilization Wed 8/12/09 Tue 8/18/09 Fri 1/1/10 Thu 1/7/10 5 days

34 Submittal Review Wed 8/12/09 Tue 9/22/09 Mon 8/10/09 Fri 9/18/09 30 days

35 Construction Activities Wed 8/19/09 Fri 6/25/10 Mon 9/21/09 Thu 8/12/10 223 days
36 INTAKE Wed 8/19/09 Mon 5/3/10 Mon 9/21/09 Mon 5/3/10 184 days
37 Ship pump & check valves to factory Wed 8/19/09 Tue 8/25/09 Fri 1/8/10 Thu 1/14/10 5 days

38 Factory servicing pump & check valves Wed 8/26/09 Tue 10/6/09 Fri 1/15/10 Thu 2/25/10 30 days

39 Pumps & check back on site Wed 10/14/09 Wed 10/14/09 Fri 3/5/10 Fri 3/5/10 1 day

40 Procure cables & other materials Wed 9/23/09 Tue 3/9/10 Mon 9/21/09 Fri 3/5/10 120 days

41 Mobilize Barge Crane Wed 3/10/10 Tue 3/16/10 Mon 3/8/10 Fri 3/12/10 5 days

42 Pig pipeline Wed 3/17/10 Tue 3/23/10 Mon 3/15/10 Fri 3/19/10 5 days

43 Install Pump, Intake Screens and Cable Wed 3/24/10 Tue 4/13/10 Mon 3/22/10 Fri 4/9/10 15 days

44 Testing Wed 4/14/10 Wed 4/28/10 Mon 4/12/10 Mon 4/26/10 11 days

8 days

8 days

Rehab Contract - Bid Date

Rehab Contract - Award Contract

Reservoir #1 PS - Bid Date

Reservoir #1 PS - Award Contract

Contract Operations - Bid Date

Contract Operations - Award Contract

23 days

Pumps & check back on site 102 days

M-1 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21
Y2 Y1

Critical

Critical Split

Task

Split

Progress

Milestone

Slack

Slippage

Summary

Project Summary

Rolled Up Critical

Rolled Up Critical Split

External Tasks

External Milestone

Deadline
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ID Task Name Start Finish Late Start Late Finish Duration

45 Electrical Testing Wed 4/14/10 Fri 4/16/10 Mon 4/12/10 Wed 4/14/10 3 days

46 Piping & Mechanical Testing Mon 4/19/10 Wed 4/21/10 Thu 4/15/10 Mon 4/19/10 3 days

47 Control System Testing Thu 4/22/10 Wed 4/28/10 Tue 4/20/10 Mon 4/26/10 5 days

48 Demobilize Barge Crane Tue 4/27/10 Mon 5/3/10 Tue 4/27/10 Mon 5/3/10 5 days

49 FEED PUMP STATION & CHEMICAL STORAGE Wed 8/19/09 Mon 5/24/10 Thu 12/10/09 Thu 5/20/10 199 days
50 Feed Pump Station Wed 8/19/09 Mon 5/3/10 Wed 1/6/10 Thu 4/29/10 184 days
51 Ship pumps & motors to factory Wed 8/19/09 Tue 8/25/09 Tue 2/2/10 Mon 2/8/10 5 days

52 Factory service pumps & motors Wed 8/26/09 Tue 10/6/09 Tue 2/9/10 Mon 3/22/10 30 days

53 Pumps and motors back on site Wed 10/14/09 Wed 10/14/09 Tue 3/30/10 Tue 3/30/10 1 day

54 Ship valves to factory Wed 8/19/09 Tue 8/25/09 Tue 2/2/10 Mon 2/8/10 5 days

55 Factory service valves (coating repair, seals, etc.) Wed 8/26/09 Tue 10/6/09 Tue 2/9/10 Mon 3/22/10 30 days

56 Valves back on site Wed 10/14/09 Wed 10/14/09 Tue 3/30/10 Tue 3/30/10 1 day

57 Procure materials Wed 9/23/09 Tue 12/15/09 Wed 1/6/10 Tue 3/30/10 60 days

58 Clean Piping & Repair Coatings Wed 8/26/09 Tue 9/8/09 Wed 3/17/10 Tue 3/30/10 10 days

59 Install Pumps, Valves & Replace Instruments Wed 12/16/09 Tue 1/5/10 Wed 3/31/10 Tue 4/20/10 15 days

60 Testing Mon 2/8/10 Mon 5/3/10 Wed 4/21/10 Thu 4/29/10 61 days
61 Electrical Testing Mon 2/8/10 Mon 2/8/10 Wed 4/21/10 Wed 4/21/10 1 day

62 Piping & Mechanical Testing Tue 2/9/10 Thu 2/11/10 Thu 4/22/10 Mon 4/26/10 3 days

63 Control System Testing Thu 4/29/10 Mon 5/3/10 Tue 4/27/10 Thu 4/29/10 3 days

64 Chemical Storage & Feed System Wed 8/19/09 Mon 5/24/10 Thu 12/10/09 Thu 5/20/10 199 days
65 Procure Materials Wed 9/23/09 Tue 12/15/09 Thu 12/10/09 Wed 3/3/10 60 days

66 Clean Tanks Wed 8/19/09 Tue 8/25/09 Thu 2/25/10 Wed 3/3/10 5 days

67 Install chemical systems Wed 12/16/09 Tue 1/19/10 Thu 3/4/10 Wed 4/7/10 25 days

68 Testing Mon 2/8/10 Mon 5/24/10 Thu 4/8/10 Thu 5/20/10 76 days
69 Electrical Testing Mon 2/8/10 Mon 2/8/10 Thu 4/8/10 Thu 4/8/10 1 day

70 Piping & Mechanical Testing Tue 2/9/10 Mon 3/1/10 Fri 4/9/10 Thu 4/29/10 15 days

71 Control System Testing Tue 5/4/10 Mon 5/24/10 Fri 4/30/10 Thu 5/20/10 15 days

72 PRE-FILTRATION Wed 8/19/09 Mon 5/31/10 Fri 2/5/10 Thu 5/27/10 204 days
73 Ship valves to factory Wed 8/19/09 Tue 8/25/09 Fri 2/5/10 Thu 2/11/10 5 days

74 Factory service valves (coating repair, seals, etc.) Wed 8/26/09 Tue 10/6/09 Fri 2/12/10 Thu 3/25/10 30 days

75 Valves back on site Wed 10/14/09 Wed 10/14/09 Fri 4/2/10 Fri 4/2/10 1 day

76 Procure Materials (Filter Media, Pneumatic Operators) Wed 9/23/09 Tue 11/3/09 Mon 3/15/10 Fri 4/23/10 30 days

77 Clean piping & repair coatings Thu 10/15/09 Wed 11/4/09 Mon 4/5/10 Fri 4/23/10 15 days

78 Install media & valves Thu 11/5/09 Wed 11/25/09 Mon 4/26/10 Fri 5/14/10 15 days

79 Testing Mon 2/8/10 Mon 5/31/10 Mon 5/17/10 Thu 5/27/10 81 days
80 Electrical Testing Mon 2/8/10 Mon 2/8/10 Mon 5/17/10 Mon 5/17/10 1 day

81 Piping & Mechanical Testing Tue 2/9/10 Thu 2/11/10 Tue 5/18/10 Thu 5/20/10 3 days

82 Control System Testing Tue 5/25/10 Mon 5/31/10 Fri 5/21/10 Thu 5/27/10 5 days

83 DESALINATION EQUIPMENT Wed 8/19/09 Mon 6/14/10 Thu 9/24/09 Thu 6/10/10 214 days
84 Procure Materials Wed 9/23/09 Tue 3/23/10 Thu 9/24/09 Wed 3/24/10 130 days
85 350 HP RO Feed Pumps & Motors Wed 9/23/09 Tue 3/23/10 Thu 9/24/09 Wed 3/24/10 130 days

86 350 HP VFDs Wed 11/18/09 Tue 3/23/10 Thu 11/19/09 Wed 3/24/10 90 days

87 PX Booster Pumps, 30HP Motors & VFDs Wed 9/23/09 Tue 3/9/10 Thu 10/8/09 Wed 3/24/10 120 days

88 Pressure Exchangers Wed 10/21/09 Tue 3/9/10 Thu 11/5/09 Wed 3/24/10 100 days

Pumps and motors back on site 44 days

Valves back on site 44 days

70 days

23 days

52 days

80 days

13 days

43 days

Valves back on site

1 day

52 days

70 days

1 day

11 days
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ID Task Name Start Finish Late Start Late Finish Duration

89 Membranes Wed 9/23/09 Tue 12/15/09 Thu 12/31/09 Wed 3/24/10 60 days

90 Demolition Wed 8/19/09 Tue 9/8/09 Thu 2/11/10 Wed 3/3/10 15 days

91 RO Feed Pump Trailers Wed 9/23/09 Tue 5/4/10 Thu 3/4/10 Wed 5/5/10 160 days
92 Acoustic Paneling, Patching & Painting Wed 9/23/09 Tue 10/13/09 Thu 3/4/10 Wed 3/24/10 15 days

93 Install new piping, mechanical equipment & membranes Wed 3/24/10 Tue 5/4/10 Thu 3/25/10 Wed 5/5/10 30 days

94 New Electrical Service Trailers Wed 3/24/10 Tue 5/18/10 Thu 4/1/10 Wed 5/19/10 40 days
95 Construct and ship trailers Wed 3/24/10 Tue 4/20/10 Thu 4/1/10 Wed 4/28/10 20 days

96 Install Trailers Wed 4/21/10 Tue 4/27/10 Thu 4/29/10 Wed 5/5/10 5 days

97 Conduit and Wire Termination Wed 5/5/10 Tue 5/18/10 Thu 5/6/10 Wed 5/19/10 10 days

98 Testing Wed 5/19/10 Mon 6/14/10 Thu 5/20/10 Thu 6/10/10 19 days
99 Electrical Testing Wed 5/19/10 Wed 5/19/10 Thu 5/20/10 Thu 5/20/10 1 day

100 Piping & Mechanical Testing Thu 5/20/10 Wed 5/26/10 Fri 5/21/10 Thu 5/27/10 5 days

101 Control System Testing Tue 6/1/10 Mon 6/14/10 Fri 5/28/10 Thu 6/10/10 10 days

102 CIP SYSTEM Wed 8/19/09 Wed 6/23/10 Tue 3/16/10 Wed 6/23/10 221 days
103 Ship pump and motor to factory Wed 8/19/09 Tue 8/25/09 Mon 4/12/10 Fri 4/16/10 5 days

104 Factory service pump and motor Wed 8/26/09 Tue 10/6/09 Mon 4/19/10 Fri 5/28/10 30 days

105 Pump and motor back on site Wed 10/14/09 Wed 10/14/09 Mon 6/7/10 Mon 6/7/10 1 day

106 Procure materials Wed 9/23/09 Tue 12/15/09 Tue 3/16/10 Mon 6/7/10 60 days

107 Clean tanks & piping Wed 8/19/09 Tue 8/25/09 Tue 6/1/10 Mon 6/7/10 5 days

108 Reinstall pump, repair piping and instrumentation Wed 12/16/09 Tue 12/22/09 Tue 6/8/10 Mon 6/14/10 5 days

109 Testing Mon 2/8/10 Wed 6/23/10 Tue 6/15/10 Wed 6/23/10 98 days
110 Electrical Testing Mon 2/8/10 Mon 2/8/10 Tue 6/15/10 Tue 6/15/10 1 day

111 Piping & Mechanical Testing Tue 2/9/10 Thu 2/11/10 Wed 6/16/10 Fri 6/18/10 3 days

112 Control System Testing Mon 6/21/10 Wed 6/23/10 Mon 6/21/10 Wed 6/23/10 3 days

113 PRODUCT WATER STORAGE & PUMPING Wed 8/19/09 Thu 6/17/10 Fri 4/2/10 Tue 6/15/10 217 days
114 Ship pumps & motors to factory Wed 8/19/09 Tue 8/25/09 Fri 4/2/10 Thu 4/8/10 5 days

115 Factory service pumps & motors Wed 8/26/09 Tue 10/6/09 Fri 4/9/10 Thu 5/20/10 30 days

116 Pumps and motors back on site Wed 10/14/09 Wed 10/14/09 Fri 5/28/10 Fri 5/28/10 1 day

117 Clean tanks and piping Wed 8/26/09 Tue 9/1/09 Mon 5/24/10 Fri 5/28/10 5 days

118 Reinstall pumps Thu 10/15/09 Wed 10/21/09 Mon 5/31/10 Fri 6/4/10 5 days

119 Testing Mon 2/8/10 Thu 6/17/10 Mon 6/7/10 Tue 6/15/10 94 days
120 Electrical Testing Mon 2/8/10 Mon 2/8/10 Mon 6/7/10 Mon 6/7/10 1 day

121 Piping & Mechanical Testing Tue 2/9/10 Thu 2/11/10 Tue 6/8/10 Thu 6/10/10 3 days

122 Control System Testing Tue 6/15/10 Thu 6/17/10 Thu 6/10/10 Tue 6/15/10 3 days

123 BRINE PUMP STATION Wed 8/19/09 Fri 2/19/10 Thu 2/4/10 Mon 4/19/10 133 days
124 Ship pumps & motors to factory Wed 8/19/09 Tue 8/25/09 Thu 2/4/10 Wed 2/10/10 5 days

125 Factory service pumps & motors Wed 8/26/09 Tue 10/6/09 Thu 2/11/10 Wed 3/24/10 30 days

126 Pumps and motors back on site Wed 10/14/09 Wed 10/14/09 Thu 4/1/10 Thu 4/1/10 1 day

127 Clean brine sump and piping Wed 8/26/09 Tue 9/1/09 Fri 3/26/10 Thu 4/1/10 5 days

128 Reinstall pumps Thu 10/15/09 Wed 10/21/09 Fri 4/2/10 Thu 4/8/10 5 days

129 Testing Mon 2/8/10 Fri 2/19/10 Fri 4/9/10 Mon 4/19/10 10 days
130 Electrical Testing Mon 2/8/10 Mon 2/8/10 Fri 4/9/10 Fri 4/9/10 1 day

131 Piping & Mechanical Testing Tue 2/9/10 Thu 2/11/10 Mon 4/12/10 Wed 4/14/10 3 days

132 Control System Testing Wed 2/17/10 Fri 2/19/10 Thu 4/15/10 Mon 4/19/10 3 days

71 days

10 days

1 day

115 days

1 day

5 days

1 day

Pump and motor back on site 44 days

80 days

33 days

91 days

Pumps and motors back on site

31 days

77 days

85 days

41 days

Pumps and motors back on site

31 days

77 days

41 days

3 days

41 days
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ID Task Name Start Finish Late Start Late Finish Duration

133 LIME SYSTEM Wed 8/19/09 Fri 6/25/10 Tue 4/6/10 Fri 6/25/10 223 days
134 Procure Materials Wed 9/23/09 Tue 11/3/09 Tue 4/6/10 Mon 5/17/10 30 days

135 Clean Tanks Wed 8/19/09 Tue 8/25/09 Tue 5/11/10 Mon 5/17/10 5 days

136 Install chemical systems Wed 11/4/09 Tue 12/1/09 Tue 5/18/10 Mon 6/14/10 20 days

137 Testing Mon 2/8/10 Fri 6/25/10 Tue 6/15/10 Fri 6/25/10 100 days
138 Electrical Testing Mon 2/8/10 Mon 2/8/10 Tue 6/15/10 Tue 6/15/10 1 day

139 Piping & Mechanical Testing Tue 2/9/10 Thu 2/11/10 Wed 6/16/10 Fri 6/18/10 3 days

140 Control System Testing Mon 6/21/10 Fri 6/25/10 Mon 6/21/10 Fri 6/25/10 5 days

141 BACKWASH TREATMENT SYSTEM Wed 8/19/09 Thu 5/27/10 Thu 3/11/10 Thu 5/27/10 202 days
142 Procure Materials Wed 9/23/09 Tue 11/3/09 Thu 3/11/10 Wed 4/21/10 30 days

143 Repair tank coatings Wed 8/19/09 Tue 9/1/09 Thu 4/8/10 Wed 4/21/10 10 days

144 Install equipment & repair piping Wed 11/4/09 Tue 11/24/09 Thu 4/22/10 Wed 5/12/10 15 days

145 Testing Mon 2/8/10 Thu 5/27/10 Thu 5/13/10 Thu 5/27/10 79 days
146 Electrical Testing Mon 2/8/10 Mon 2/8/10 Thu 5/13/10 Thu 5/13/10 1 day

147 Piping & Mechanical Testing Tue 2/9/10 Mon 2/15/10 Fri 5/14/10 Thu 5/20/10 5 days

148 Control System Testing Fri 5/21/10 Thu 5/27/10 Fri 5/21/10 Thu 5/27/10 5 days

149 SERVICE WATER SYSTEM Wed 9/23/09 Tue 6/22/10 Thu 4/15/10 Fri 6/18/10 195 days
150 Procure Materials Wed 9/23/09 Tue 11/3/09 Thu 4/15/10 Wed 5/26/10 30 days

151 Install equipment & repair piping Wed 11/4/09 Tue 11/17/09 Thu 5/27/10 Wed 6/9/10 10 days

152 Testing Mon 2/8/10 Tue 6/22/10 Thu 6/10/10 Fri 6/18/10 97 days
153 Electrical Testing Mon 2/8/10 Mon 2/8/10 Thu 6/10/10 Thu 6/10/10 1 day

154 Piping & Mechanical Testing Tue 2/9/10 Thu 2/11/10 Fri 6/11/10 Tue 6/15/10 3 days

155 Control System Testing Fri 6/18/10 Tue 6/22/10 Wed 6/16/10 Fri 6/18/10 3 days

156 INSTRUMENT AIR SYSTEM Wed 9/23/09 Tue 2/16/10 Tue 2/9/10 Wed 4/14/10 105 days
157 Procure Materials Wed 9/23/09 Tue 11/3/09 Tue 2/9/10 Mon 3/22/10 30 days

158 Install equipment & repair piping Wed 11/4/09 Tue 11/17/09 Tue 3/23/10 Mon 4/5/10 10 days

159 Testing Mon 2/8/10 Tue 2/16/10 Tue 4/6/10 Wed 4/14/10 7 days
160 Electrical Testing Mon 2/8/10 Mon 2/8/10 Tue 4/6/10 Tue 4/6/10 1 day

161 Piping & Mechanical Testing Tue 2/9/10 Thu 2/11/10 Wed 4/7/10 Fri 4/9/10 3 days

162 Control System Testing Fri 2/12/10 Tue 2/16/10 Mon 4/12/10 Wed 4/14/10 3 days

163 ELECTRICAL SERVICE EQUIPMENT Wed 9/23/09 Fri 2/5/10 Mon 9/21/09 Fri 2/5/10 98 days
164 Procure Materials Wed 9/23/09 Tue 12/29/09 Mon 9/21/09 Fri 12/25/09 70 days

165 Install Equipment Wed 12/30/09 Tue 2/2/10 Mon 12/28/09 Fri 1/29/10 25 days

166 Testing Mon 2/1/10 Fri 2/5/10 Mon 2/1/10 Fri 2/5/10 5 days
167 Electrical Testing Mon 2/1/10 Fri 2/5/10 Mon 2/1/10 Fri 2/5/10 5 days

168 CONTROL SYSTEM Wed 9/23/09 Tue 1/19/10 Wed 9/23/09 Thu 8/12/10 85 days
169 Procure Materials Wed 9/23/09 Tue 11/17/09 Fri 6/18/10 Thu 8/12/10 40 days

170 Programming Wed 9/23/09 Tue 12/15/09 Wed 9/23/09 Tue 12/15/09 60 days

171 Install Equipment Wed 12/23/09 Tue 1/19/10 Mon 3/15/10 Fri 4/9/10 20 days

172 Testing Wed 12/16/09 Tue 12/22/09 Mon 3/8/10 Fri 3/12/10 5 days
173 Factory/Platform Testing Wed 12/16/09 Tue 12/22/09 Mon 3/8/10 Fri 3/12/10 5 days

174 Substantial Completion Wed 6/30/10 Wed 6/30/10 Wed 6/30/10 Wed 6/30/10 1 day

175 Contractor Demobilization Thu 7/8/10 Wed 7/14/10 Thu 7/8/10 Wed 7/14/10 5 days

176 Final Completion Thu 8/12/10 Thu 8/12/10 Thu 8/12/10 Thu 8/12/10 1 day

50 days

48 days

91 days

45 days

53 days

68 days

58 days

88 days

41 days

58 days

41 days

192 days

17 days

58 days

Substantial Completion

Final Completion

M-1 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21
Y2 Y1

Critical

Critical Split

Task

Split

Progress

Milestone

Slack

Slippage

Summary

Project Summary

Rolled Up Critical

Rolled Up Critical Split

External Tasks

External Milestone

Deadline

Date Printed: Thu 3/19/09 Page 4 of 5 



ID Task Name Start Finish Late Start Late Finish Duration

177

178

179 RESERVOIR #1 PUMP STATION CONSTRUCTION Wed 10/7/09 Mon 7/19/10 Tue 10/6/09 Thu 8/12/10 204 days
180 Contractor Mobilization Wed 10/7/09 Tue 10/13/09 Tue 4/13/10 Mon 4/19/10 5 days

181 Submittal Review Wed 10/7/09 Tue 11/17/09 Tue 10/6/09 Mon 11/16/09 30 days

182 Construction Activities Wed 11/18/09 Tue 6/1/10 Tue 11/17/09 Mon 5/31/10 140 days
183 MECHANICAL Wed 11/18/09 Tue 3/23/10 Tue 1/12/10 Mon 5/17/10 90 days
184 Procure Materials Wed 11/18/09 Tue 2/23/10 Tue 1/12/10 Mon 4/19/10 70 days

185 Construction Wed 2/24/10 Tue 3/23/10 Tue 4/20/10 Mon 5/17/10 20 days

186 ELECTRICAL Wed 11/18/09 Tue 5/18/10 Tue 11/17/09 Mon 5/17/10 130 days
187 Procure Materials Wed 11/18/09 Tue 4/20/10 Tue 11/17/09 Mon 4/19/10 110 days

188 Construction Wed 4/21/10 Tue 5/18/10 Tue 4/20/10 Mon 5/17/10 20 days

189 CONTROL Wed 11/18/09 Tue 6/1/10 Tue 3/23/10 Mon 5/31/10 140 days
190 Procure Materials Wed 11/18/09 Tue 1/12/10 Tue 3/23/10 Mon 5/17/10 40 days

191 Programming Wed 12/16/09 Tue 1/12/10 Tue 4/20/10 Mon 5/17/10 20 days

192 Install Equipment Wed 5/19/10 Tue 6/1/10 Tue 5/18/10 Mon 5/31/10 10 days

193 Testing Wed 6/2/10 Tue 6/15/10 Tue 6/1/10 Thu 6/10/10 9 days
194 Electrical Testing Wed 6/2/10 Wed 6/2/10 Tue 6/1/10 Tue 6/1/10 1 day

195 Piping & Mechanical Testing Thu 6/3/10 Fri 6/4/10 Wed 6/2/10 Thu 6/3/10 2 days

196 Control System Testing Tue 6/8/10 Tue 6/15/10 Fri 6/4/10 Thu 6/10/10 5 days

197 Substantial Completion Fri 6/18/10 Fri 6/18/10 Fri 6/18/10 Fri 6/18/10 1 day

198 Contractor Demobilization Mon 6/28/10 Fri 7/2/10 Fri 8/6/10 Thu 8/12/10 5 days

199 Final Completion Mon 7/19/10 Mon 7/19/10 Thu 8/12/10 Thu 8/12/10 1 day

95 days

39 days

39 days

89 days

Substantial Completion

29 days

Final Completion 18 days
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ID Task Name Start Finish Duration

1 ENGINEERING & ADMINISTRATION Mon 1/5/09 Mon 9/21/09 186 days
2 Preliminary Investigations Mon 1/5/09 Fri 1/23/09 15 days
3 Inspect Off-shore Intake Mon 1/5/09 Fri 1/9/09 5 days

4 Inspect Pipe and Tank Coatings Mon 1/5/09 Fri 1/9/09 5 days

5 Test Electrical Equipment Mon 1/5/09 Fri 1/23/09 15 days

6 Desal Plant Rehabilitation Mon 1/26/09 Tue 7/28/09 132 days
7 Prepare Rehab Contract Docs Mon 1/26/09 Fri 5/15/09 80 days
8 90% Review Mon 1/26/09 Fri 4/17/09 60 days

9 Final Documents Mon 4/20/09 Fri 5/15/09 20 days

10 Rehab Contract Equip Prepurchase Mon 5/4/09 Tue 6/30/09 42 days
11 Prepurchase Document Bid Phase Mon 5/4/09 Fri 5/15/09 10 days

12 Equipment Bids Due Mon 6/1/09 Mon 6/1/09 1 day

13 City Council Authorization for Purchase Tue 6/30/09 Tue 6/30/09 1 day

14 Rehabilitation Contract Bid Phase Mon 5/18/09 Tue 7/28/09 52 days
15 Advertise Bids Mon 5/18/09 Fri 6/12/09 20 days

16 Rehab Contract - Bid Date Mon 6/15/09 Mon 6/15/09 1 day

17 Rehab Contract - Award Contract Tue 7/28/09 Tue 7/28/09 1 day

18 Reservoir #1 Pump Station Fri 5/1/09 Mon 9/21/09 102 days
19 Reservoir #1 Pump Station Contract Docs Fri 5/1/09 Thu 7/23/09 60 days
20 90% Review Fri 5/1/09 Thu 6/25/09 40 days

21 Final Documents Fri 6/26/09 Thu 7/23/09 20 days

22 Res #1 PS Contract Equip Prepurchase Fri 7/10/09 Mon 8/24/09 32 days
23 Prepurchase Document Bid Phase Fri 7/10/09 Thu 7/23/09 10 days

24 Equipment Bids Due Fri 8/7/09 Fri 8/7/09 1 day

25 City Council Authorization for Purchase Mon 8/24/09 Mon 8/24/09 1 day

26 Reservoir #1 Pump Station Bid Phase Fri 7/24/09 Mon 9/21/09 42 days
27 Advertise Bids Fri 7/24/09 Thu 8/20/09 20 days

28 Reservoir #1 PS - Bid Date Fri 8/21/09 Fri 8/21/09 1 day

29 Reservoir #1 PS - Award Contract Mon 9/21/09 Mon 9/21/09 1 day

30 Contract Operations Wed 5/20/09 Wed 9/9/09 81 days
31 Prepare Contract Operations Contract Docs Wed 5/20/09 Wed 7/15/09 40 days
32 90% Review Wed 5/20/09 Wed 6/17/09 20 days

33 Final Documents Wed 6/17/09 Wed 7/15/09 20 days

34 Contract Operations Bid Phase Wed 7/15/09 Wed 9/9/09 41 days
35 Advertise Bids Wed 7/15/09 Wed 8/12/09 20 days

36 Contract Operations - Bid Date Wed 8/12/09 Wed 8/12/09 1 day

37 Contract Operations - Award Contract Wed 9/9/09 Wed 9/9/09 1 day

38

39

40 REHABILITATION CONSTRUCTION Wed 7/1/09 Mon 5/24/10 234 days
41 Contractor Mobilization Wed 8/12/09 Tue 8/18/09 5 days

42 Submittal Review Wed 8/12/09 Tue 9/22/09 30 days

43 Construction Activities Wed 7/1/09 Thu 4/8/10 202 days
44 INTAKE Wed 7/1/09 Wed 2/10/10 161 days

8 days

8 days

2 days

Equipment Bids Due

City Council Authorization for Purchase

Rehab Contract - Bid Date

Rehab Contract - Award Contract

20 days

Equipment Bids Due

City Council Authorization for Purchase

Reservoir #1 PS - Bid Date

Reservoir #1 PS - Award Contract

Contract Operations - Bid Date

Contract Operations - Award Contract

2 days

2 days
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ID Task Name Start Finish Duration

45 Ship pump & check valves to factory Wed 8/19/09 Tue 8/25/09 5 days

46 Factory servicing pump & check valves Wed 8/26/09 Tue 10/6/09 30 days

47 Pumps & check back on site Wed 10/14/09 Wed 10/14/09 1 day

48 Procure cables & other materials Wed 7/1/09 Tue 12/15/09 120 days

49 Mobilize Barge Crane Wed 12/16/09 Tue 12/22/09 5 days

50 Pig pipeline Wed 12/23/09 Tue 12/29/09 5 days

51 Install Pump, Intake Screens and Cable Wed 12/30/09 Tue 1/19/10 15 days

52 Testing Wed 1/20/10 Wed 2/3/10 11 days
53 Electrical Testing Wed 1/20/10 Fri 1/22/10 3 days

54 Piping & Mechanical Testing Mon 1/25/10 Wed 1/27/10 3 days

55 Control System Testing Thu 1/28/10 Wed 2/3/10 5 days

56 Demobilize Barge Crane Thu 2/4/10 Wed 2/10/10 5 days

57 FEED PUMP STATION & CHEMICAL STORAGE Wed 8/19/09 Wed 3/3/10 141 days
58 Feed Pump Station Wed 8/19/09 Mon 2/8/10 124 days
59 Ship pumps & motors to factory Wed 8/19/09 Tue 8/25/09 5 days

60 Factory service pumps & motors Wed 8/26/09 Tue 10/6/09 30 days

61 Pumps and motors back on site Wed 10/14/09 Wed 10/14/09 1 day

62 Ship valves to factory Wed 8/19/09 Tue 8/25/09 5 days

63 Factory service valves (coating repair, seals, etc.) Wed 8/26/09 Tue 10/6/09 30 days

64 Valves back on site Wed 10/14/09 Wed 10/14/09 1 day

65 Procure materials Wed 9/23/09 Tue 12/15/09 60 days

66 Clean Piping & Repair Coatings Wed 8/26/09 Tue 9/8/09 10 days

67 Install Pumps, Valves & Replace Instruments Wed 12/16/09 Tue 1/5/10 15 days

68 Testing Wed 1/6/10 Mon 2/8/10 24 days
69 Electrical Testing Wed 1/6/10 Wed 1/6/10 1 day

70 Piping & Mechanical Testing Thu 1/7/10 Mon 1/11/10 3 days

71 Control System Testing Thu 2/4/10 Mon 2/8/10 3 days

72 Chemical Storage & Feed System Wed 8/19/09 Wed 3/3/10 141 days
73 Procure Materials Wed 9/23/09 Tue 12/15/09 60 days

74 Clean Tanks Wed 8/19/09 Tue 8/25/09 5 days

75 Install chemical systems Wed 12/16/09 Tue 1/19/10 25 days

76 Testing Wed 1/20/10 Wed 3/3/10 31 days
77 Electrical Testing Wed 1/20/10 Wed 1/20/10 1 day

78 Piping & Mechanical Testing Thu 1/21/10 Wed 2/10/10 15 days

79 Control System Testing Thu 2/11/10 Wed 3/3/10 15 days

80 PRE-FILTRATION Wed 8/19/09 Wed 3/10/10 146 days
81 Ship valves to factory Wed 8/19/09 Tue 8/25/09 5 days

82 Factory service valves (coating repair, seals, etc.) Wed 8/26/09 Tue 10/6/09 30 days

83 Valves back on site Wed 10/14/09 Wed 10/14/09 1 day

84 Procure Materials (Filter Media, Pneumatic Operators) Wed 9/23/09 Tue 11/3/09 30 days

85 Clean piping & repair coatings Thu 10/15/09 Wed 11/4/09 15 days

86 Install media & valves Thu 11/5/09 Wed 11/25/09 15 days

87 Testing Thu 11/26/09 Wed 3/10/10 75 days
88 Electrical Testing Thu 11/26/09 Thu 11/26/09 1 day

Pumps & check back on site 44 days

2 days

58 days

2 days

Pumps and motors back on site 44 days

Valves back on site 44 days

70 days

2 days

17 days

2 days

80 days

Valves back on site

1 day
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ID Task Name Start Finish Duration

89 Piping & Mechanical Testing Fri 11/27/09 Tue 12/1/09 3 days

90 Control System Testing Thu 3/4/10 Wed 3/10/10 5 days

91 DESALINATION EQUIPMENT Wed 7/1/09 Wed 3/24/10 191 days
92 Procure Materials Wed 7/1/09 Tue 12/29/09 130 days

93 350 HP RO Feed Pumps & Motors Wed 7/1/09 Tue 12/29/09 130 days

94 350 HP VFDs Wed 8/26/09 Tue 12/29/09 90 days

95 PX Booster Pumps, 30HP Motors & VFDs Wed 7/1/09 Tue 12/15/09 120 days

96 Pressure Exchangers Wed 7/29/09 Tue 12/15/09 100 days

97 Membranes Wed 9/23/09 Tue 12/15/09 60 days

98 Demolition Wed 8/19/09 Tue 9/8/09 15 days

99 RO Feed Pump Trailers Wed 9/23/09 Tue 2/9/10 100 days
100 Acoustic Paneling, Patching & Painting Wed 9/23/09 Tue 10/13/09 15 days

101 Install new piping, mechanical equipment & membranes Wed 12/30/09 Tue 2/9/10 30 days

102 New Electrical Service Trailers Wed 12/30/09 Tue 2/23/10 40 days
103 Construct and ship trailers Wed 12/30/09 Tue 1/26/10 20 days

104 Install Trailers Wed 1/27/10 Tue 2/2/10 5 days

105 Conduit and Wire Termination Wed 2/10/10 Tue 2/23/10 10 days

106 Testing Wed 2/24/10 Wed 3/24/10 21 days
107 Electrical Testing Wed 2/24/10 Wed 2/24/10 1 day

108 Piping & Mechanical Testing Thu 2/25/10 Wed 3/3/10 5 days

109 Control System Testing Thu 3/11/10 Wed 3/24/10 10 days

110 CIP SYSTEM Wed 8/19/09 Tue 4/6/10 165 days
111 Ship pump and motor to factory Wed 8/19/09 Tue 8/25/09 5 days

112 Factory service pump and motor Wed 8/26/09 Tue 10/6/09 30 days

113 Pump and motor back on site Wed 10/14/09 Wed 10/14/09 1 day

114 Procure materials Wed 9/23/09 Tue 12/15/09 60 days

115 Clean tanks & piping Wed 8/19/09 Tue 8/25/09 5 days

116 Reinstall pump, repair piping and instrumentation Wed 12/16/09 Tue 12/22/09 5 days

117 Testing Wed 12/23/09 Tue 4/6/10 75 days
118 Electrical Testing Wed 12/23/09 Wed 12/23/09 1 day

119 Piping & Mechanical Testing Thu 12/24/09 Mon 12/28/09 3 days

120 Control System Testing Fri 4/2/10 Tue 4/6/10 3 days

121 PRODUCT WATER STORAGE & PUMPING Wed 8/19/09 Mon 3/29/10 159 days
122 Ship pumps & motors to factory Wed 8/19/09 Tue 8/25/09 5 days

123 Factory service pumps & motors Wed 8/26/09 Tue 10/6/09 30 days

124 Pumps and motors back on site Wed 10/14/09 Wed 10/14/09 1 day

125 Clean tanks and piping Wed 8/26/09 Tue 9/1/09 5 days

126 Reinstall pumps Thu 10/15/09 Wed 10/21/09 5 days

127 Testing Wed 11/18/09 Mon 3/29/10 94 days
128 Electrical Testing Wed 11/18/09 Wed 11/18/09 1 day

129 Piping & Mechanical Testing Thu 11/19/09 Mon 11/23/09 3 days

130 Control System Testing Thu 3/25/10 Mon 3/29/10 3 days

131 BRINE PUMP STATION Wed 8/19/09 Wed 1/27/10 116 days
132 Ship pumps & motors to factory Wed 8/19/09 Tue 8/25/09 5 days

66 days

5 days

15 days

15 days

10 days

5 days

55 days

5 days

5 days

5 days

34 days

Pump and motor back on site 44 days

80 days

34 days

68 days

34 days

Pumps and motors back on site

31 days

19 days

87 days

2 days
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ID Task Name Start Finish Duration

133 Factory service pumps & motors Wed 8/26/09 Tue 10/6/09 30 days

134 Pumps and motors back on site Wed 10/14/09 Wed 10/14/09 1 day

135 Clean brine sump and piping Wed 8/26/09 Tue 9/1/09 5 days

136 Reinstall pumps Thu 10/15/09 Wed 10/21/09 5 days

137 Testing Wed 11/18/09 Wed 1/27/10 51 days
138 Electrical Testing Wed 11/18/09 Wed 11/18/09 1 day

139 Piping & Mechanical Testing Thu 11/19/09 Mon 11/23/09 3 days

140 Control System Testing Mon 1/25/10 Wed 1/27/10 3 days

141 LIME SYSTEM Wed 8/19/09 Thu 4/8/10 167 days
142 Procure Materials Wed 9/23/09 Tue 11/3/09 30 days

143 Clean Tanks Wed 8/19/09 Tue 8/25/09 5 days

144 Install chemical systems Wed 11/4/09 Tue 12/1/09 20 days

145 Testing Wed 12/2/09 Thu 4/8/10 92 days
146 Electrical Testing Wed 12/2/09 Wed 12/2/09 1 day

147 Piping & Mechanical Testing Thu 12/3/09 Mon 12/7/09 3 days

148 Control System Testing Fri 4/2/10 Thu 4/8/10 5 days

149 BACKWASH TREATMENT SYSTEM Wed 8/19/09 Wed 3/10/10 146 days
150 Procure Materials Wed 9/23/09 Tue 11/3/09 30 days

151 Repair tank coatings Wed 8/19/09 Tue 9/1/09 10 days

152 Install equipment & repair piping Wed 11/4/09 Tue 11/24/09 15 days

153 Testing Wed 11/25/09 Wed 3/10/10 76 days
154 Electrical Testing Wed 11/25/09 Wed 11/25/09 1 day

155 Piping & Mechanical Testing Thu 11/26/09 Wed 12/2/09 5 days

156 Control System Testing Thu 3/4/10 Wed 3/10/10 5 days

157 SERVICE WATER SYSTEM Wed 9/23/09 Thu 4/1/10 137 days
158 Procure Materials Wed 9/23/09 Tue 11/3/09 30 days

159 Install equipment & repair piping Wed 11/4/09 Tue 11/17/09 10 days

160 Testing Wed 11/18/09 Thu 4/1/10 97 days
161 Electrical Testing Wed 11/18/09 Wed 11/18/09 1 day

162 Piping & Mechanical Testing Thu 11/19/09 Mon 11/23/09 3 days

163 Control System Testing Tue 3/30/10 Thu 4/1/10 3 days

164 INSTRUMENT AIR SYSTEM Wed 9/23/09 Fri 1/22/10 88 days
165 Procure Materials Wed 9/23/09 Tue 11/3/09 30 days

166 Install equipment & repair piping Wed 11/4/09 Tue 11/17/09 10 days

167 Testing Wed 11/18/09 Fri 1/22/10 48 days
168 Electrical Testing Wed 11/18/09 Wed 11/18/09 1 day

169 Piping & Mechanical Testing Thu 11/19/09 Mon 11/23/09 3 days

170 Control System Testing Wed 1/20/10 Fri 1/22/10 3 days

171 ELECTRICAL SERVICE EQUIPMENT Wed 7/1/09 Tue 11/17/09 100 days
172 Procure Materials Wed 7/1/09 Tue 10/6/09 70 days

173 Install Equipment Wed 10/7/09 Tue 11/10/09 25 days

174 Testing Wed 11/11/09 Tue 11/17/09 5 days
175 Electrical Testing Wed 11/11/09 Tue 11/17/09 5 days

176 CONTROL SYSTEM Wed 9/23/09 Tue 1/19/10 85 days

Pumps and motors back on site

31 days

19 days

2 days

44 days

32 days

50 days

32 days

83 days

32 days

53 days

45 days

53 days

65 days

53 days

90 days

2 days

2 days

41 days

43 days

43 days

M-1 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18
Y2 Y1

Critical

Critical Split

Task

Split

Progress
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Slack

Slippage

Summary

Project Summary

Rolled Up Critical
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External Tasks
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ID Task Name Start Finish Duration

177 Procure Materials Wed 9/23/09 Tue 11/17/09 40 days

178 Programming Wed 9/23/09 Tue 12/15/09 60 days

179 Install Equipment Wed 12/23/09 Tue 1/19/10 20 days

180 Testing Wed 12/16/09 Tue 12/22/09 5 days
181 Factory/Platform Testing Wed 12/16/09 Tue 12/22/09 5 days

182 Substantial Completion Fri 4/9/10 Fri 4/9/10 1 day

183 Contractor Demobilization Mon 4/19/10 Fri 4/23/10 5 days

184 Final Completion Mon 5/24/10 Mon 5/24/10 1 day

185

186

187 RESERVOIR #1 PUMP STATION CONSTRUCTION Tue 8/25/09 Mon 5/24/10 195 days
188 Contractor Mobilization Tue 10/6/09 Mon 10/12/09 5 days

189 Submittal Review Tue 10/6/09 Mon 11/16/09 30 days

190 Construction Activities Tue 8/25/09 Mon 4/5/10 160 days
191 MECHANICAL Tue 11/17/09 Mon 3/22/10 90 days
192 Procure Materials Tue 11/17/09 Mon 2/22/10 70 days

193 Construction Tue 2/23/10 Mon 3/22/10 20 days

194 ELECTRICAL Tue 8/25/09 Mon 2/22/10 130 days
195 Procure Materials Tue 8/25/09 Mon 1/25/10 110 days

196 Construction Tue 1/26/10 Mon 2/22/10 20 days

197 CONTROL Tue 11/17/09 Mon 4/5/10 100 days
198 Procure Materials Tue 11/17/09 Mon 1/11/10 40 days

199 Programming Tue 12/15/09 Mon 1/11/10 20 days

200 Install Equipment Tue 3/23/10 Mon 4/5/10 10 days

201 Testing Tue 4/6/10 Thu 4/15/10 8 days
202 Electrical Testing Tue 4/6/10 Tue 4/6/10 1 day

203 Piping & Mechanical Testing Wed 4/7/10 Thu 4/8/10 2 days

204 Control System Testing Fri 4/9/10 Thu 4/15/10 5 days

205 Substantial Completion Fri 4/23/10 Fri 4/23/10 1 day

206 Contractor Demobilization Mon 5/3/10 Fri 5/7/10 5 days

207 Final Completion Mon 5/24/10 Mon 5/24/10 1 day

134 days

2 days

Substantial Completion

Final Completion

75 days

20 days

20 days

50 days

Substantial Completion

11 days

Final Completion

M-1 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18
Y2 Y1

Critical

Critical Split

Task

Split

Progress

Milestone

Slack

Slippage

Summary

Project Summary

Rolled Up Critical
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External Tasks
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Section 1 INTRODUCTION 

INTRODUCTION 
The City of Santa Barbara (City) has a diverse water supply portfolio that includes local surface water, 
imported water from the State Water Project (SWP), local groundwater, desalinated water, recycled water, 
and water conservation. The City is close to build out conditions and water demands are not anticipated to 
increase substantially. However, the City is updating its General Plan and the Long Term Water Supply Plan 
(LTWSP) and wishes to take a comprehensive look at its water supply for these planning efforts. The 
purpose of this report is to describe the on-going developments and opportunities that could impact the 
City’s water supply availability and reliability.  

AUTHORIZATION 
This report is prepared in accordance with an agreement for the Water Supply Planning Study project 
between the City and Carollo Engineers, P.C. (Carollo) dated October 9, 2008. This report presents the 
findings of the study. 

BACKGROUND 
The City’s General Plan will be updated in 2009. This General Plan Update will provide updated water 
demand projections and will require descriptions of the City’s water supply. The information presented in this 
report will be used for this General Plan update. The City will then use the information from both documents 
to compare the projected demands and supplies to estimate any potential water supply shortfalls. The City 
will also develop a LTWSP that includes a strategic water supply and conservation plan. 

PURPOSE OF STUDY 
The purpose of this study is to assess the City’s existing water supply portfolio and identify opportunities to 
increase the City’s reliability of these supplies. As part of this study, Carollo evaluated the reliability of 
imported water supplies, groundwater banking opportunities, recycled water system expansion 
opportunities, and the opportunities to implement additional water conservation measures. This study also 
includes an assessment of potential local climate change impacts. 

This report provides documentation on the City’s existing water supplies and on-going developments that 
may impact the City’s water supply in the short-term and/or long-term. The City will use information 
presented in this report for the preparation of the LTWSP and the environmental documentation required for 
the General Plan Update. 
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REPORT ORGANIZATION 

This report has been structured to help City staff easily locate and identify information regarding the City’s 

water supplies. The following list provides a brief description of the information provided in each section: 

• Section 1 - Introduction describes the Water Supply Planning Study objectives and background. 

• Section 2 - SWP Supply Reliability describes the City’s SWP water supply reliability and potential 

impacts to this supply associated with climate change and other vulnerabilities. This Section also 

describes the status of planned improvements in the Sacramento-San Joaquin Delta (Delta) to 

increase reliability along with groundwater banking opportunities. 

• Section 3 - Localized Climate Change Impact describes the potential impacts of global warming 

on future climate changes and resulting affect on local water supplies and demand. 

• Section 4 - Recycled Water System Expansion describes the opportunities to increase use of 

recycled water at properties adjacent to the existing recycled water system and to expand the 

existing system to serve new areas. 

• Section 5 - Water Conservation describes the assessment of the City’s ongoing water conservation 

efforts and opportunities to implement additional measures. 

• Section 6 - Overall Supply Management summarizes the conclusions of the previous Sections and 

defines short-term and long-term recommendations to increase water supply availability and 

reliability. 

Several existing reports and studies were reviewed to provide general background information for 

development of this study. These reference documents are listed in Appendix A. Other appendices are 

called out in the report sections. 

ACKNOWLEDGEMENTS 

The following staff members were principally involved in the preparation of this report: 

Partner-in-Charge: Jim Meyerhofer, P.E. 

Project Manager: Inge Wiersema, P.E. 

Task Managers: Karen Johnson, P.E. (Section 2 and 6) 

 Sarah Deslauriers (Section 3) 

 Inge Wiersema, P.E. (Section 4) 

 Bill Maddaus, P.E. (Section 5) 
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Staff Engineers: Kaumudi Atapatu (Section 4 and 5) 

 Carine Manileve, P.E. (Section 4) 

 Mark Bartlett, P.E. (Section 4) 
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 Deepti Chatti (Section 5) 

Technical Review: Jim Hagstrom, P.E. 

 Lou Carella, P.E. 

Carollo wishes to acknowledge and thank City management and staff for their support and assistance in 

preparing this report. Special thanks go to the following people. 

Water Resources Manager: Rebecca Bjork  

Water System Manager: Cathy Taylor, P.E. 

Water Resources Supervisor: Bill Ferguson  

Water Conservation Coordinator: Alison Jordan  
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Section 2 SWP SUPPLY RELIABILITY ASSESSMENT 

INTRODUCTION 
This section provides an overview of City water supplies including the SWP Table A amount of 3,300 acre-
feet per year (afy). Potential impacts to the SWP supply associated with climate change and other 
vulnerabilities are described along with an assessment of SWP supply reliability. The status of planned key 
Delta improvements to increase supply reliability is provided along with an overview of groundwater banking 
opportunities available to the City. 

City Water Supply Sources 

City water supply sources include Gibraltar Reservoir and Mission Tunnel, the Cachuma Project, 
groundwater, Devil’s Canyon Creek, water transfer from Montecito Water District, and desalination. The 
SWP entitlement discussion follows the summary of these supplies. Recycled water is presented in  
Section 4.  

Gibraltar Reservoir and Mission Tunnel 

Gibraltar Reservoir, located eight miles north of the City on the Santa Ynez River, is owned and operated by 
the City. It was completed in 1920, with a capacity increase in 1948 to 22,500 acre-feet (with a useable 
storage volume of 14,400 acre-feet after adjusting for siltation present at that time). Its most recently 
measured storage capacity of 5,300 acre-feet reflects substantial loss of capacity as a result of the 2007 
Zaca Fire that burned 60 percent of the Gibraltar watershed. According to the City, siltation is expected to 
continue due to remaining effects of the fire as well as normal siltation effects, until storage capacity 
stabilizes at approximately 2,500 acre-feet. As presented in Table 2.1, the average annual diversion 
production from Gibraltar Reservoir between 2002 and 2008 was 2,907 afy, reflecting reduced availability 
due to the Zaca fire.  

The City diverts water from the river pursuant to a 1904 Notice of Appropriation. The City’s rights were 
acknowledged by the California Supreme Court in the 1930 Gin Chow Judgment in response to loss of 
storage capacity due to ongoing siltation (CSB, 2004). Water is delivered from the reservoir through the 
Santa Ynez Mountains via Mission Tunnel to Lauro Reservoir and Cater Water Treatment Plant, the City’s 
surface water treatment facility. The hydroelectric facility, located at the western end of Mission Tunnel, is 
currently out of service.  

In the 1980’s, the City planned to raise Gibraltar Dam. However, litigation ultimately led the City to enter into 
the 1989 Upper Santa Ynez River Operations Agreement (USYROA also called “Pass Through” Agreement) 
with most of the parties with water rights on the Santa Ynez River. The agreement allows the City to 
stabilize its Gibraltar yield by “passing through” a portion of its Gibraltar yield to Lake Cachuma as Gibraltar 
Reservoir fills with silt over time. 
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SWP SUPPLY RELIABILITY ASSESSMENT  

The Pass Through Agreement requires the City to track the difference between spills under actual operating 
conditions and under a hypothetical “Base Reservoir” scenario, a fixed capacity at the 1988 reservoir 
capacity of 8,567 acre-feet. The actual reservoir will normally have greater spills than the base reservoir due 
to smaller capacity. The agreement provides for the difference, adjusted for conveyance losses between 
Gibraltar and Lake Cachuma (discussed below), to be available to the City at Lake Cachuma subject to 
losses due to evaporation and spills. The sum of diversions through Mission Tunnel and pass through water 
accumulating at Lake Cachuma is limited to total diversions under the Base Reservoir scenario, per 
operating rules established in the agreement., The City is currently working with the United States Bureau of 
Reclamation (USBR), to develop a Warren Act contract to allow implementation of the pass through mode 
by storing water in Lake Cachuma. 

Cachuma Project 

Bradbury Dam is located on the Santa Ynez River, forming Lake Cachuma 20 miles northwest of the City. It 
is owned and operated by the USBR and was constructed in the early 1950s. Water is delivered through the 
Santa Ynez Mountains in the 6.4-mile Tecolote Tunnel (completed in 1956) to the 24.3-mile South Coast 
Conduit that conveys water to South Coast Member Units, including the Lauro Reservoir that acts as a 
balancing reservoir for water to be treated at the Cater Water Treatment Plant. The Conduit continues east 
past the City to Montecito Water District and Carpinteria Valley Water District. Lake Cachuma has a storage 
capacity of 186,636 acre-feet, with average inflow of about 91,000 afy. Annual spills range from 0 to 
468,000 afy. Deliveries through Tecolote Tunnel have averaged approximately 25,000 afy in recent years. 
The City’s share of normal year project deliveries is 32.19 percent, or 8,277 afy.  

Water is delivered to member units in accordance with a 25-year Master Contract signed in 1996 by the 
USBR, Santa Barbara County Water Agency, and Cachuma member units. Total siltation is projected to be 
approximately three percent of current volume between now and 2030. This is not a substantial reduction in 
supply but should be accounted for in supply planning (CSB 2005). 

Groundwater 

Groundwater is produced primarily from two hydrogeologic units. Storage Unit 1 is the largest basin and is 
located downtown. The Foothill Basin is in the northwest area of the City around upper State Street, 
adjacent to the foothills of the Santa Ynez Mountains. A third unit, Storage Unit 3, to the southwest of 
downtown, is generally of poor quality and limited quantities. The current estimate of usable storage from 
the two basins is approximately 16,000 acre-feet. The perennial yield available to the City is approximately 
1,300 afy. As presented in Table 2.1, average annual groundwater production for the previous seven years 
was 365 afy.  

Natural groundwater recharge via seepage from streams, infiltration of precipitation, and subsurface inflow 
is augmented through releases from Mission Tunnel to Mission Creek and can be augmented through 
injection capability at Alameda Park well and San Roque Park well. However, these wells have not been 
used for recharge since 1993. 
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The groundwater supply is used to augment the surface supplies during dry years and to meet peak 
seasonal demands, primarily June through September. During years when surface supplies are sufficient to 
meet City demands, groundwater is allowed to recharge. There are six wells located in Storage Unit 1 and 
three wells located in Foothill Basin. Production capacity of these wells is 4,500 afy but is used on a limited 
basis to avoid exceeding the long-term perennial yield and avoid seawater intrusion. Seawater intrusion has 
been addressed in part by adding wells further inland at Alameda Park and Santa Barbara High School. 
According to the LTWSP, seawater may be pulled into the Storage Unit 1 aquifer due to pumping beyond 
the perennial yield. This should be investigated further for a better understanding of hydrologic interactions 
to maximize utilization of all basins in the future. 

Groundwater quality is not as good as surface supplies. Untreated, the City’s groundwater supplies often 
exceed secondary drinking water standards for taste and odor, iron, and manganese. In the Foothill Basin, 
these constituents are low enough to allow treatment at the wellhead. In Storage Unit 1, water has 
historically been treated at the Ortega Groundwater Treatment Plant. Planned improvements to Ortega 
Groundwater Treatment Plant will allow for full use of the groundwater supply and will help meet disinfection 
byproducts standards. 

Devils Canyon Creek 

The City maintains a small diversion works on Devil’s Canyon Creek a half mile below Gibraltar Dam, which 
diverts water from Devil’s Canyon Creek into Mission Tunnel. As presented in Table 2.1, the average yield 
for the previous seven years is 41 afy. The longer term average annual yield is 115 afy with a range of 24 to 
557 afy. The primary use of the diversion is to supplement Gibraltar water during periods of high turbidity 
following a storm. Devil’s Canyon water clears up significantly faster than Gibraltar water. This was apparent 
following the Zaca fire as the supply was utilized in February and March of 2008 until Gibraltar turbidity 
levels were low enough to use starting in March 2008. 

Transfer of Water from Montecito Water District 

The City has a water entitlement, through an agreement with Montecito Water District (MWD), to 300 afy of 
water. This water is available to the City in return for having deeded land for the Jamison Lake to MWD 
(CSB 1994).  

Desalination 

The City constructed a reverse osmosis seawater desalination plant as an emergency supply during the 
drought of 1987 to 1991. The original capacity was 7,500 afy. A portion of the filtration capacity was 
subsequently sold leaving a current capacity of 3,125 afy. This capacity is in long-term storage mode to 
reduce maintenance costs; it would require about one year to recommission the facility. The supply could be 
put into the distribution system in both lower and upper pressure zones, and thus could provide a useful 
water supply when needed. However, operating costs are significant so it is not economically advantageous 
to use this supply when other supplies are available.  
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State Water Project Entitlement 

The SWP was built and is managed by DWR, providing water for agriculture and urban uses. The State has 
water rights on the Feather River with storage at Lake Oroville. Water is released from Lake Oroville to the 
Feather River where it flows to the Sacramento River, through the Sacramento River-San Joaquin River 
Delta (Delta), and either through the San Francisco Bay or is exported from the Delta.  

Most exported water is pumped by the Banks Pumping Plant, located in the southern end of the Delta at 
Clifton Court Forebay, to Bethany Reservoir, although some water is exported north of the Delta through the 
North Bay Aqueduct and in river diversions. From Bethany Reservoir, most water is then conveyed south in 
the 444-mile long California Aqueduct. Some water is diverted at Bethany Reservoir to the South Bay 
Aqueduct. From Bethany Reservoir, the California Aqueduct conveys the SWP supply to the San Luis 
Reservoir where up to two million acre-feet of water is stored. San Luis Reservoir is a joint use reservoir for 
both the SWP and the federal Central Valley Project (CVP). Approximately one-half of the reservoir storage 
is reserved for the SWP. Releases are made from San Luis Reservoir to Santa Clara Valley and San Benito 
County, as well as back to the California Aqueduct. Water for the Central Coast is diverted from the 
California Aqueduct near Kettleman City for conveyance through the Coastal Branch Extension to San Luis 
Obispo and Santa Barbara counties. The remaining water in the Aqueduct flows to Kern County and is 
pumped over the Tehachapi Mountains to Southern California feeding multiple turnouts along the way.  

Water destined for Santa Barbara and San Luis Obispo counties is treated at Polonio Pass Water Treatment 
Plant in northeastern San Luis Obispo County before continuing through the 101-mile Coastal Branch 
Extension and the 42-mile Mission Hills/Santa Ynez Extension. Water is diverted at turnouts during 
conveyance. The Coastal Branch Extension ends at Vandenberg Air Force Base while the Mission 
Hills/Santa Ynez Extension ends at Lake Cachuma. Water purveyors from Santa Barbara and San Luis 
Obispo counties participating in the SWP formed the Central Coast Water Authority (CCWA) to finance, 
design, construct, operate, and maintain the treated water portion of the Coastal Branch and Mission 
Hills/Santa Ynez Extensions. Construction was completed in 1997 with the City taking its first delivery of 
SWP supply in 2002. When ordered, SWP water is delivered into Lake Cachuma. From the lake, it is 
conveyed along with Cachuma Project water through the Tecolote Tunnel.  

The City has a Table A amount of 3,300 afy throughout the life of the contract. Table A amounts are not a 
guarantee of supply, but rather an allocation of an individual contractor’s share in relation to the total SWP 
water supply DWR determines is available each year. The anticipated reliability of this supply is discussed in 
the next section. As shown in Table 2.1, during the seven years the City requested a portion of its SWP 
supply, it ordered a minimum of about 600 acre-feet up to 1,733 acre-feet.  

Each CCWA participant has a 10 percent “drought buffer” included in its entitlement. The drought buffer 
water was acquired by CCWA project participants to increase SWP reliability. The capacity of the 
conveyance facilities was not designed to include this 10 percent supply; it was assumed that the extra 
capacity would not be needed during wet years. However, testing of the system has shown that drought 
buffer can be delivered even in 100 percent allocation years.  
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Under the Warren Act, federal facilities can be used to store available non-project water on a year-to-year 
basis to firm up deliveries. The Dry Year Water Purchase Program is operated during most dry years 
including the current water year – 2009 by the State Water Contractors or DWR. Water is purchased from 
sellers and is then sold to contractors wanting to purchase additional supplies. However, because the 
availability and price is often uncertain until mid-year, this source should not be relied on as a long-term 
supply source for the City. 

STATE WATER PROJECT SUPPLY RELIABILITY 
As presented in Figure 2.1, Overview of SWP Supply Vulnerabilities and Impacts, climate change has the 
potential, if not mitigated, to significantly impact SWP supply with serious consequences to long term supply 
reliability. The figure also shows possible impacts from other vulnerabilities such as a seismic event and 
environmental limitations on pumping overlapping climate change impacts. Vulnerabilities other than climate 
change are described following the climate change discussion. 

Climate Change Background 

The questions as to whether or not climate change is occurring and human activities are exacerbating 
change are no longer being asked. Although there are differing opinions regarding the details of climate 
change, the scientific community agrees that temperatures around the world are rising and that climate 
change has been occurring for some time. Even Governor Arnold Schwarzenegger stated back in 2005, 
“California is going to be the leader in the fight against global warming. I say the debate is over. We know 
the science. We see the threat. And we know the time for action is now” (DWR 2006). Smaller, yet still 
important, gaps in knowledge remain over specific increases in sea level due to the rate of glacial melting, 
and whether total annual precipitation is increasing or decreasing locally (although all agree that more 
intense and earlier precipitation events are occurring). Additional analyses underway will continue to 
contribute to identifying more specific and localized impacts. 

According to recent research results, the earth’s climate can be expected to change in a variety of ways due 
to anthropogenic emissions altering the chemical and radiative characteristics of the atmosphere. Naturally 
occurring atmospheric greenhouse gases (GHGs) (e.g., water vapor, carbon dioxide, methane, nitrous 
oxide, and other gases) trap energy from the sun and create a natural greenhouse effect. Without these 
gases in the atmosphere, the earth’s average temperature would be much lower and life could not sustain 
itself. Since the onset of the industrial revolution, however, in addition to nature’s contribution, human-
generated emissions of those GHGs as well as a suite of synthetic GHGs (e.g., chlorofluorocarbons, sulfur 
hexafluoride, and other gases) have been accumulating in the atmosphere at a much faster rate and are 
enhancing the earth’s natural greenhouse effect. 
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Although there are uncertainties about future emissions of GHGs and how and when the earth’s climate will 
respond to the enhanced concentrations of GHGs, various studies report that detectable changes are 
already underway. Among a wide range of climate responses are increases in temperature and subsequent 
changes in precipitation, soil moisture, and sea level, which could have adverse effects on many ecological 
systems, as well as on human health, infrastructure, and economic systems. Because of these changes, 
water managers are increasingly being urged to factor future climate changes into long-term designs for 
infrastructure and water management systems. 

Climate Change Vulnerabilities 

Based on the current status of climate change analyses, if current trends continue, hydrological and climatic 
conditions will become more variable. Vulnerabilities associated with climate change and resulting impacts 
on water resources are summarized in Figure 2.1 and discussed below. Identified impacts are provided for 
short term, and for 2050 conditions wherever possible; however, more data were available for 2100 
conditions. Most of the research conducted to-date has focused on general impacts statewide or in the 
western United States. The Intergovernmental Panel on Climate Change (IPCC) provides an internationally 
respected body of knowledge on climate change; however, various State agencies have taken international 
analyses a step further by localizing estimates of impacts. Quantified impacts that are applicable to the 
Delta watershed are provided here.   

• Heat waves will increase in frequency, magnitude, and duration. Average annual surface 
temperatures will continue to rise. An increase in average temperatures of 5.5 to 10.4 degrees 
Fahrenheit is anticipated by the end of the century, resulting in up to four times as many heat wave 
days in urban centers. Hotter temperatures in crop-growing regions increase irrigation demands, 
which can reduce surface flows and groundwater supplies. 

• About 25 to 40 percent of the Sierra snowpack may be lost by 2050. Higher temperatures increase 
the ratio of rain to snow, delay the onset of the snow season, accelerate the rate of spring snowmelt, 
and shorten the overall snowfall season, leading to more rapid and earlier seasonal runoff. A 70 to  
90 percent loss in Sierra snowpack is anticipated by the end of the century. Since winter snowpack in 
the Sierra Nevada functions as a major water storage system, this will have serious consequences to 
annual supply availability in all systems that rely on surface water runoff. In addition, up to a  
30 percent decrease in hydroelectric generation can be anticipated due to the loss of snowpack. 

• Longer, drier, and more frequent periods of droughts anticipated with up to 2.5 times the number of 
critically dry years by the end of the century. Relatively modest changes in precipitation can have a 
large impact on runoff. Less snowpack and smaller spring and summer inflows may reduce supply 
availability and make it more difficult to repel salinity in the Delta.  

• More frequent dry periods will result in increased groundwater pumping as conjunctive use systems 
rely on available groundwater supplies when surface supplies are reduced. This increased pumping 
coupled with less naturally occurring and artificial recharge will exacerbate and cause declining 
groundwater levels. Higher precipitation in the winter could help recharge aquifers, but not at current 
recharge basin capacity levels; additional storage and/or recharge capacity is needed. Saltwater 
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intrusion into the Delta from sea level rise will reduce available groundwater supplies in areas 
adjacent to the Delta (as well as coastal groundwater supplies). 

• More severe (e.g., frequency, intensity) and warmer winter storms are likely to occur, increasing 
runoff and flooding. Without additional storage, this will impact levees, dams, and flood bypasses 
with higher flows than for which they were designed. Shifting precipitation and runoff patterns may 
direct more water to the Delta during winter, but less during the dry summer months. 

• Mean sea level has risen eight inches in the past century at the San Francisco tide gage. Projected 
sea level rise is 20 to 55 inches by 2100 (mid-range rise 28 to 39 inches). The Delta Vision Blue 
Ribbon Task Force recommends incorporating 55 inches by 2100 into facility designs. Any increase 
in sea levels will increase pressure on Delta levees with a higher likelihood of failure and increased 
tidal salinity intrusion from the San Francisco Bay into the Delta. It is anticipated that 36 inches of 
sea level rise would push the salinity barrier approximately three miles eastward. Without major 
changes to in-Delta facilities, more fresh water will be needed to repel seawater and maintain water 
quality standards, especially during drier years. 

• In addition to mean sea level rise, the mean higher high water level (MHHW) (i.e., the highest tide) is 
increasing at a faster rate i.e., approximately 16 percent faster at the San Francisco tidal gage, than 
mean sea level rise due to meteorological forces such as wind. Trends and fluctuations in MHHW 
level greatly influence the extent of flooding and storm damage.  

• Water quality can be significantly degraded by changing temperatures, flows, runoff rates and timing, 
and the ability of watersheds to assimilate wastes and pollutants. Smaller Delta inflows during 
portions of the year will degrade water quality by increasing temperatures and minimizing the dilution 
effects of runoff and wastewater discharges. Higher winter flows will increase loadings from non-
point sources with flooding exacerbating contaminant loadings. Dischargers and municipalities 
managing stormwater will have to find solutions other than dilution to dispose of polluted inflows. 
Warmer water can accelerate some biological and chemical processes, increasing growth of algae 
and microorganisms, increase depletion of dissolved oxygen, and impact water treatment processes. 
Careful attention to limiting the introduction of nutrients such as ammonia will have to be found. 

• Over 55 percent increase in risk of large wildfires is anticipated. Drier conditions will further stress the 
state’s forests, making them more vulnerable to pests and disease, and more frequent and intense 
fires. These fires will result in changes in vegetation and eventually a reduction in the water supply 
and storage capacity, along with floods following fires which causes water quality degradation and 
supply outages. (Compiled from DWR 2007a, DWR 2008b, CRA 2008a, CAT 2006, Healy 2007, 
IPCC 2008, IPCC 2007, IPCC 2001, Harder 2007, UCSB 2002, DWR 2008h, PI 2009). 

There are numerous analyses documenting potential climate change impacts, with the range of impacts 
narrowing over the past few years as better data become available and methodologies become more 
consistent. However, many studies are occurring now which will allow for a better understanding in the next 
few years of impacts. One common statement is repeated in many analyses: even if the causes of climate 
change were altered, e.g., GHG emissions reduced, it is too late to avoid many of the impacts.  
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The 2008 IPCC report pointed out, and most California water purveyors are beginning to grabble with, 
climate change affects the function and operation of existing water infrastructure and management 
practices. Current water management practices are very likely to be inadequate to reduce the negative 
impacts of climate change on water supply reliability, flood risk, aquatic ecosystems, etc. California is 
leading most states and countries in studying how to modify water management practices and infrastructure 
to accommodate climate change impacts; however, a significant impact to the reliability of the SWP supply 
is certain until major improvements to water management systems can be made.  

Climate Change Effects on SWP Supply Reliability 

Lake Oroville (as well as other large California reservoirs) is a multi-purpose facility capable of flood control 
during the winter wet season. Water levels are typically at their lowest in the fall before the winter season. 
When an extreme storm hits and the reservoir level is high, the flow is temporarily captured then released 
after the storm has passed. During the spring, after the risk of extreme events has passed, the reservoirs fill 
into the flood control reserve area utilizing spring snowmelt with storage typically peaking in early June. The 
drawdown cycle to meet urban and agricultural demands then starts. With reduced spring snowmelt runoff 
associated with climate change, it will be more difficult to fill large reservoirs in dry and average years. In 
addition, the shift in runoff patterns from spring snowmelt into winter runoff will increase the likelihood of 
more extreme storm events. Consequently, more winter flood storage space may need to be kept available, 
reducing the amount of carryover storage available to meet subsequent years’ demands. Since the 
reservoirs were not designed to accommodate these loadings, more releases will need to be made, 
reducing available supplies and possibly increasing flooding downstream, unless additional storage is 
constructed (UCSB 2002). 

DWR has been correlating these general impacts to SWP reliability levels. It recently began an extensive 
five-year analysis and modeling effort to determine the impacts of climate change on California water 
supplies and systems. For The State Water Project Delivery Reliability Report 2007 (referred to here as 
2007 Reliability Report; DWR, 2008i), DWR used the results of the Progress on Incorporating Climate 
Change into Management of California’s Water Resources (DWR 2006) evaluations of future SWP 
deliveries under four scenarios of climate change reflecting various levels of warming and precipitation. 
Calsim II simulations were updated to 2003; restrictions on Delta pumping in accordance with Delta smelt 
interim operating rules (discussed later) were also incorporated. Simulated deliveries under the various 
scenarios of climate change were then interpolated to estimate deliveries in year 2027. However, quantities 
of water needed to flow out of the Delta to repulse salt water intrusion due to rising sea level were not 
examined for the 2007 Reliability Report (DWR, 2008i).  

Under current conditions, annual SWP Table A deliveries from the Delta are predicted to average  
63 percent of the maximum Table A amount of 4,133 thousand acre-feet per year (tafy). Over the 82-year 
simulation period, annual SWP Table A deliveries range from a minimum of 6 percent to 90 percent of the 
maximum amount depending on the year type. This is discussed in more detail under SWP Reliability 
Evaluation. 
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Summary of Current Reports and Analyses 

The list of references sited in this report includes key studies recently conducted for climate change impacts 
that generally or specifically affect the SWP system. Of those documents, the following are highlighted as 
being most relevant to SWP supply or in the case of the IPCC, internationally recognized analyses with 
implications for California. It should be noted that effects of climate change are felt worldwide and that 
similar general impacts can be expected in local watersheds. 

Reports from Intergovernmental Panel on Climate Change 

In 1988, the United Nations Environment Program established the IPCC to evaluate the impacts of global 
warming and to develop strategies that nations could implement to curtail global climate change. The IPCC, 
which is composed of an international group of scientists and representatives of 113 governments, has 
released six reports over the past 20 years. The IPCC reports present data documenting historical global 
warming and projected climate change impacts through this century. The reports are not specific to the 
SWP system but do document impacts associated with climate change that are applicable to California.  

The Fourth Assessment Report on Climate Change (IPCC 2007) indicates that over the next century, 
average global temperatures are predicted to increase 2 to 11.5 degrees Fahrenheit, depending on the 
scenario. The IPCC report does not assess the likelihood nor provide a best estimate or an upper bound for 
sea level rise because the understanding of some important effects driving sea level rise are too limited.  

However, in the event of total elimination of the Greenland Ice Sheet, which now seems increasingly likely, 
sea levels could ultimately rise by 7 meters (23 feet) due to that phenomenon alone if global average 
warming were sustained over millennia. This is consistent with the IPCC Third Assessment Report, Climate 
Change 2001: The Scientific Basis (IPCC 2001) which suggested that continuing GHG emissions could 
trigger polar ice cap melting beyond 2100, resulting in a sea level rise greater than 5 meters (16 feet) within 
the next millennium. Although these future conditions are beyond the planning period of this study, they 
indicate that current assumptions may underestimate climate change impacts. 

Climate Change and Water, Technical Paper of the IPCC (IPCC 2008) provides an evaluation of previous 
IPCC information concerning the impacts of climate change on hydrological processes and regimes and on 
freshwater resources. In addition to projecting a decrease in annual average river runoff and water 
availability in the western United States, increased precipitation intensity and variability are projected to 
increase the risks of flooding and drought in many areas. Water supplies stored in glaciers and snow cover 
are projected to decline reducing water availability during warm and dry periods through a seasonal shift in 
streamflow, an increase in the ratio of winter to annual flows, and reductions in low flows, in regions 
supplied by snowmelt. Higher water temperatures and changes in extremes, including floods and droughts, 
are projected to affect water quality and exacerbate many forms of water pollution from sediment, nutrients, 
dissolved organic carbon, pathogens, pesticides, and salt. In addition, sea level rise will extend areas of 
salination of groundwater and estuaries.  
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Climate Action Team Report to Governor Schwarzenegger and the California Legislature 

The Secretary of Cal/EPA created the Climate Action Team to meet directives in an Executive Order signed 
June 1, 2005 by Governor Schwarzenegger establishing climate change emission reduction targets for the 
State. The Climate Action Team Report focused on strategies to reduce climate change related emissions 
(e.g., GHG) and develop adaptation measures to mitigate adverse consequences to meet the targets. 

Three scenarios of climate change emissions from the IPCC were selected to determine the range of 
possible impacts from climate change. Impacts on water resources were considered based on these 
scenarios (CAT 2006). 

Managing an Uncertain Future: Climate Change Adaptation Strategies for California’s Water 

Managing an Uncertain Future: Climate Change Adaptation Strategies for California’s Water was released 
October 2008 (DWR 2008h) as part of the California Resources Agency Statewide Climate Adaptation Plan. 
It urges a new approach to managing California’s water supplies to address risk and uncertainty associated 
with changing climate patterns. Climate change adaptation strategies identified for state and local water 
managers to improve their capacity to handle change are as follows. 

• Strategy 1: Provide sustainable funding for statewide and integrated regional water management 

• Strategy 2: Fully develop the potential of integrated regional water management 

• Strategy 3: Aggressively increase water use efficiency 

• Strategy 4: Practice and promote integrated flood management  

• Strategy 5: Enhance and sustain ecosystems 

• Strategy 6: Expand water storage and conjunctive management of surface and groundwater 
resources 

• Strategy 7: Fix Delta water supply, quality, and ecosystem conditions 

• Strategy 8: Preserve, upgrade, and increase monitoring, data analysis, and management 

• Strategy 9: Plan for and adapt to sea level rise 

• Strategy 10: Identify and fund focused climate change impacts and adaptation research and analysis 

Delta Vision Strategic Plan 

Executive Order S-17-06 established in September 2006 a Delta Vision Committee to integrate separate 
Delta planning efforts. The committee is comprised of four state Cabinet secretaries and the president of the 
Public Utilities Commission with the primary tasks of reviewing two years of work of the Delta Vision Blue 
Ribbon Task Force (Task Force), a seven member panel appointed by the Governor, and making their own 
recommendations to the Governor and Legislature (DWR 2008d).  
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The Task Force was to “develop a durable vision for sustainable management of the Delta” by finding long-
term solutions to the Delta’s many problems, such as levee fragility and land subsidence, encroachment of 
urbanization and declines of important fish species populations, and by developing a plan to implement that 
vision. The Task Force developed a Delta Vision Strategic Plan (Strategic Plan) with a strategy to restore its 
environmental quality while ensuring a more reliable and stable water system. This Strategic Plan was 
released October 2008.  

The plan relied on co-equal goals: Restore the Delta ecosystem and create a reliable water supply for 
California. These goals are linked because solving one problem without the other is simply unacceptable.  
Currently, water in the Sacramento River destined for SWP and CVP deliveries flows into the Delta from the 
north along with water from the San Joaquin River coming into the Delta from the south. Large pumps in the 
southern Delta deliver water into a conveyance system that exports it south. Due, in large part, to the design 
of (or lack of) levees and canals through the Delta, water in portions of Old River and Middle River within the 
central Delta can flow in a direction opposite to their historical path when pumping demand is high. When 
this happens, pumps can also pull Delta smelt and other species into the fish salvage stations just upstream 
of the pumps. Conveying water through the Delta in a different manner, as being studied, may result in a 
more positive effect on aquatic species. 

The Task Force recommended seven key goals for policymakers. 

1. Legally acknowledge the co-equal goals of restoring the Delta ecosystem and creating a more reliable 
water supply for California. 

2. Recognize and enhance the unique cultural, recreational, and agricultural values of the Delta as an 
evolving place, an action critical to achieving the co-equal goals. 

3. Restore the Delta ecosystem as the heart of a healthy estuary. 

4. Promote statewide water conservation, efficiency, and sustainable use. 

5. Build facilities to improve the existing water conveyance system and expand statewide storage, and 
operate both to achieve the co-equal goals. 

6. Reduce risks to people, property, and state interests in the Delta by effective emergency preparedness, 
appropriate land uses, and strategic levee investments. 

7. Establish a new governance structure with the authority, responsibility, accountability, science support, 
and secure funding to achieve these goals (CRA 2008a). 

Twenty-two Strategies and 73 Actions were identified to implement these goals. Actions related to 
increasing SWP reliability are described later under Overview and Status of Improvements Under 
Consideration. 

August 2009 2-13 



SWP SUPPLY RELIABILITY ASSESSMENT  

Memorandum to Delta Vision Blue Ribbon Task Force on Sea Level Rise 

The Delta Vision Blue Ribbon Task Force requested that the CALFED (Collaboration Among State and 
Federal Agencies to Improve California’s Water Supply) Independent Science Board examine current 
literature and provide recommendations on sea level rise. The response was attached to a letter from Mike 
Healey, CALFED lead scientist, to the Task Force.  

The memorandum states that current projections of sea level rise by the IPCC are very conservative as the 
models used to develop these projections underestimate recent measured sea level rise. Extrapolation from 
empirical models yields significantly higher estimates of sea level over the next few decades than the IPCC 
projections. And, the IPCC reports do not take into account melting of ice in Greenland and Antarctica, 
which recent studies suggest is accelerating. Empirical projections summarized above under Climate 
Change Vulnerabilities may be, according to the memorandum, a better basis for short to mid-term planning 
(Mount 2007). 

OTHER STATE WATER PROJECT VULNERABILITIES 
There is a high likelihood that a significant seismic event will occur in the next 25 years in the Bay Area. A 
seismic event has the potential for extensive levee breeches resulting in SWP export pumps being shut 
down until saline water can be flushed from the Delta. Delta levee failures associated with seismic events as 
well as flooding are related vulnerabilities and therefore discussed together below.  

The Delta smelt and longfin smelt are at the brink of extinction and other pelagic organisms are in decline. 
Factors contributing to the decline of species are the lack of suitable habitat, competition with invasive 
species, toxicity, and water operations. Water quality in the Delta has continued to degrade over time due to 
urban and agricultural development, and cities and farms continue to increase their water demands from the 
Delta or from tributaries feeding the Delta. The health of the Delta is considered by most scientific experts to 
be in serious trouble. In 2007, a court order to protect Delta smelt was issued requiring curtailment of export 
pumps to protect the remaining fish. The Biological Opinion and draft plan to protect the Delta smelt under 
the Endangered Species Act (ESA) was released December 15, 2008 reinforcing these delivery cutbacks. 
These vulnerabilities of the SWP system are described below. 

Delta Levee Failures from Seismic and Flooding Events 

There are approximately 1,120 miles of levees, which have been protecting 700,000 acres of lowland in the 
Delta since the 1860s. Many of the Delta levees started out as three- to five-foot high dikes of peat over the 
original marsh soils. Over time, the weight of the levees compressed and displaced the soft, organic soils 
beneath them. In addition, the organic soils within the island interiors oxidized and were removed by wind 
over time, resulting in significant land surface subsidence. As a result, the levees have to be continually 
raised and broadened, which commonly initiates further settlement, embankment cracking, and loss of 
freeboard. This process will continue until the levees and their foundations stabilize; many reaches have not 
yet stabilized to-date. Delta levees today are now commonly 15 to 20 feet high, and often protect island 
interiors that are up to 30 feet below sea level. Permeable lenses in the levee and foundation, together with 
abandoned pipes, and constant burrowing by various mammals also result in seepage distress and internal 
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erosion (DWR 2008c and e). Continued island subsidence will increase the likelihood of levee failures from 
future stressors such as flooding and seismic events. 

Flooding Risks 

The Delta levee system not only protects the land behind the levees, it protects the Delta from major 
saltwater intrusion from the San Francisco Bay which would render the water unfit for irrigation or human 
consumption. It is acknowledged that Delta levees, in their current form, cannot protect against earthquake 
and flood risks, much less conditions exacerbated by future climate change. Climate change is causing a 
rise in sea levels, thus increasing pressure for seepage through and under the levees, making them more 
vulnerable to failure.  

Climate change is also associated with an increasing magnitude and frequency of flood flows. High storm 
runoff into the Delta and high wind waves can cause water to rise above the tops of the levees or increase 
pressure on the levees causing them to fail. Levee breaches from high flood flows into the Delta are the 
most common and most frequent types of levee failures. 209 failures in the Delta are expected during the 
next 100 years with an average failure rate of 2.09 failures per year. According to the DMRS Phase 1 report, 
12 to 15 simultaneous island failures are likely to occur in a major flood event (major flood event undefined). 
By 2050, the frequency of island flooding from flood events is expected to increase by 50 percent; 
vulnerability of the levees to floods due to seepage and stability from subsidence and sea level rise is 
expected to increase by 10 percent over 2005 conditions. The combined effect would be a 240 percent 
increase in the frequency of island flooding. The increase in overtopping would be additional. Despite these 
anticipated failures, according to the Phase 1 report, no significant export disruptions are expected from 
flood risks (DMRS 2007).  

Seismic Risks 

USGS estimates a more than 60 percent chance that the Bay Area will experience a large-magnitude 
earthquake before 2032 – most likely along one of the six major faults proximate to the Delta. DWR and 
CALFED have estimated that such an event could cause multiple Delta levee failures through liquefaction of 
the levees, causing as many as 30 islands to flood (CRA 2008a). Thousands of homes and farms could be 
flooded and SWP water supplies exported from the Delta could be interrupted for between two months and 
two years (depending on the number and locations of levee breaks and amount of preplanning conducted) 
due to saltwater intrusion into the Delta from the San Francisco Bay. 

The report, Preliminary Seismic Risk Analysis Associated with Levee Failures in the Delta, assumed for 
impact analyses that a 6.5 magnitude earthquake would occur on the Coast Range-Central Valley Boundary 
Thrust Fault, located just to the east of Brentwood in a northwest-southeast alignment. This thrust fault zone 
is located along the western edge of the Central Valley. Its fault traces are buried with relatively little surface 
evidence. Attention was drawn to this fault system by the Coalinga earthquake (magnitude 6.5) in 1983. The 
system has been identified as the possible source of approximately eleven significant earthquakes along the 
west side of the Central Valley during the past 140 years. Using assumptions and scenarios defined in the 
analysis, and the criterion that total dissolved solids (TDS) must be 500 mg/L or less to be pumped, the 
analysis indicated the wet season flows, during the first winter after a July 1 earthquake, were not adequate 
to flush the south Delta enough to allow pumping. In fact, the report continues, water quality would not 
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improve sufficiently until all of the south Delta levee breaches were closed and this source of salinity 
removed. The assumed 50 breach repairs were projected to progress enough to allow partial export 
pumping almost 12 months after the event (CBDA 2005). 

Key observations from this analysis indicate that if severe earthquake damage occurs (e.g., 20 or more 
levee breaches), a period of one or two years or more, of water export disruption can be expected. Large 
volumes of fresh water (6 to 9 million acre-feet) may be needed to flush salinity out of the Delta. If the event 
occurred during or immediately before one or more dry years, the disruption period may be lengthened due 
to less flushing available (CBDA 2005). DWR is currently stockpiling rock and other supplies to block sea 
water intrusion into the southern Delta. Proper damming of sea water intrusion routes could reduce outage 
periods. 

Key findings of DWR’s Draft Delta Risk Management Strategy (DRMS) Phase 1 study indicate the following.  

• Although there is a greater than 60 percent chance that the Bay Area will experience a large-
magnitude earthquake before 2032, there is a 28 percent chance of 30 or more islands failing 
simultaneously in a major earthquake, within the next 25 years.  

• Considering the probability of all seismic levee breaches under 2005 conditions, about 115 failures 
can be expected during 100 years. Repairs could take up to 6.5 years and export of Delta water 
could be disrupted for up to two years with a loss of up to 10 million acre-feet of water.  

• By 2050, the frequency of island flooding from seismic events is expected to increase by 12 percent 
over 2005 conditions (Harder 2007, DWR 2007b). 

Thus, large numbers of islands could potentially be flooded following a seismic event without significant 
preplanning, resulting in a one to two year export outage. This risk would be expected to continue until an 
isolated conveyance facility can be constructed. The DRMS study, initiated in response to Assembly Bill 
1200, claims damage and recovery from such an event could range from $22 million to $91 billion. The 
DRMS program provided a risk analysis of the Delta and Suisun Marsh (Phase 1) and will provide a set of 
improvement strategies to manage those risks (Phase 2). The Phase 1 and Phase 2 reports were 
undergoing revisions and were not yet available as of the time of this writing.  

Environmental and Other Limitations on Delta Deliveries 

Presently, there is a great deal of effort focused on trying to save species in the Delta from certain collapse 
and extinction, called pelagic (i.e., open ocean or sea) organism decline, or POD. However, there are 
conflicting scientific and political opinions regarding cause and therefore solutions to the problems. One 
thing that is agreed upon by most is that decreasing flows, invasive species, degraded water quality, and 
Delta exports are contributing to the decline of fisheries. Several recent actions highlighted below indicate 
the vulnerability of the SWP supply to environmental limitations that may be permanently placed on Delta 
exports. In addition, enforcement of area of origin water rights in the future may have a minor impact on 
SWP supply reliability, as area of origin counties press for exclusion from curtailments of supplies. 
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Biological Opinion on Delta Smelt 

State and federal contracts provide for the export of up to 7.5 million acre-feet of water from Delta pumps 
each year for agricultural and urban uses in central and southern California. Approximately two-thirds of the 
population in California receive at least a portion of their drinking water from the Delta. The two Delta pumps 
near Tracy, USBR’s C.W. “Bill” Jones Pumping Plant and DWR’s Harvey O. Banks Pumping Plant, appear 
to be responsible for some of the declines in fish species, including smelt, shad, salmon, and steelhead. 
Due to the design of levees and canals through the Delta, water in portions of Old River and Middle River 
within the central Delta can flow in a direction opposite to their historical path when pumping demand is 
high. When this happens, the pumps can also pull Delta smelt and other species into the fish salvage 
stations just upstream of the pumps. Delta smelt is a 2- to 3-inch long silver colored, open water fish that 
lives only in the Delta, and is almost extinct. It was once the most common fish in the Delta and is 
considered a bellwether for the overall health of the Delta. The smelt live for about one year, spawn, and 
their larvae drift downstream to Suisun Bay where they grow and repeat the cycle. 

In Natural Resources Defense Council v. Kempthorne (NRDC 2007), U.S. District Court Judge Oliver 
Wanger invalidated the Delta smelt biological opinion. Judge Wanger imposed interim restrictions (Wanger 
Interim Remedy Order) which remained when a new biological opinion was issued by the U.S. Fish and 
Wildlife Service (USFWS) in December 2008 – to reduce pumping from the two Delta pumps by 31 percent 
from December through June. The lawsuit was based on not taking the latest scientific data into account 
when issuing the biological opinion. 

This new biological opinion released in December 2008 almost exclusively focuses on the effects of 
pumping by the CVP and SWP, and requires most of the interim restrictions ordered by the Wanger Court 
curtailing annual deliveries, to become permanent in most years. But it goes further in reducing annual 
deliveries as much as 50 percent (of Table A amounts) in some dry years. In addition to pumping 
restrictions, more water will be required to be released to flush saltwater in the fall of wet years. The opinion 
allows for export pumping to be adjusted based on species location and time of year. However, as more 
water is to be released from reservoirs in the fall, this may conflict with preliminary draft permits for salmon 
requiring additional water stored until spring to ensure colder spring flows. Decreased reliability overall will 
result and additional flexibility will be needed for water management and operations. Several organizations 
and agencies, including the State Water Contractors and federal contractors, are suing over the new 
biological opinion for the same reasons that the last biological opinion was invalidated, that it does not take 
all of the pertinent scientific data into account. 

Listing of Longfin Smelt 

An annual fall survey for longfin smelt identified only 13 fish in 2007 versus thousands in previous decades 
(CCT 2008b). The California Department of Fish and Game (DFG) Commission identified the 5-inch long 
longfin smelt as an endangered species candidate and adopted emergency regulations governing incidental 
take during the one-year candidacy period. The emergency regulations, approved November 2008, could 
reduce pumping from the Delta from December through February. Pumping restrictions would only apply 
while the fish migrate, spawn, and hatch during this three-month period, if a certain number of dead or living 
longfin smelt are found in the sampling locations including at the State and federal pumps.  

August 2009 2-17 



SWP SUPPLY RELIABILITY ASSESSMENT  

The regulations could reduce State and federal deliveries by 600,000 to 1.1 million acre-feet, depending on 
the water year type. These restrictions would be in addition to delivery cutbacks imposed by DWR for the 
current water year due to dry year conditions and that needed at specific times for the Delta smelt. The DFG 
Commission determined in early 2009 that longfin smelt qualify for listing under the State ESA.  

The State Water Contractors filed a lawsuit in December 2008, challenging the DFG Commission on the 
recent decision to potentially impose cuts in SWP deliveries to protect the longfin smelt. This was done 
because of the lack of scientific data to support the allegation that the pumps were responsible for this 
decline. Another suit was filed in March 2009 by Westlands Water District and San Luis & Delta-Mendota 
Water Authority asking for relief from the enforcement of the Delta smelt biological opinion pumping 
restrictions.  

Legal Actions Regarding Salmon 

Judge Wagner ruled in April 2008 that the biological opinion for salmon on the 2004 Operations Criteria and 
Plan for the operation of the SWP and CVP was inadequate and did not incorporate the best scientific data 
available. Judge Wagner ruled in July 2008 that the operation of the State and federal water projects need 
not be modified to protect threatened and endangered salmon populations beyond restrictions already in 
place for Delta smelt, and the court did not order additional restrictions other than those being planned for 
by DWR. The remaining listed salmonid species – winter-run Chinook salmon, Central Valley spring-run 
Chinook salmon, and Central Valley steelhead – represent a collapse of the Central Valley salmon 
populations and an unprecedented closure of the commercial salmon fishery in California in 2008 and 
anticipated again in 2009. A new biological opinion for salmon is expected in 2009. 

Public Trust Doctrine Lawsuit 

In addition to the above legal activities impacting SWP reliability, a consortium (California Sportfishing 
Protection Alliance, California Water Impact Network [C-Win], and retired federal biologist Felix Smith) filed 
a lawsuit in December 2008 against the USBR, DWR, and SWRCB. The C-WIN lawsuit is employing the 
Public Trust Doctrine to stop water deliveries from the Delta until export pumping comes into compliance 
with current laws regarding clean water, constitutional prohibitions against unreasonable uses of water, and 
a law that requires dams be operated in a way that protects fish (CCT 2008a). This suit was recently 
dropped, but there are likely many lawsuits in the pipeline that could affect the reliability of Delta supplies. 
This one is mentioned only because it exemplifies the seriousness of ecosystem-water supply conflicts by 
demanding the courts to curtail Delta exports entirely due to the state of the Delta ecosystem. 

Delta Vision Recommendations 

Delta Vision recommends that the SWRCB revise the Bay-Delta Water Quality Control Plan to include new 
spring Delta outflow objectives and require fall outflows to provide habitat equivalent to the pre-2000 period. 
The largest spring flow increases will occur in dry and average years, while wet years will generally require 
no increase. These variable percentage increases for spring flows allow greater water supply diversion 
during wet winter and spring periods. Among proposed recommendations are that in the fall following a 
below normal, above normal, and wet year, the flow requirements should provide two months (between 
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August and November) in which Delta outflows are between one and one-half to two times those during the 
1990s.  

Area of Origin Vulnerabilities 

California has several “area of origin” protection statutes which first surfaced in 1931 during the 
development of the SWP and later the CVP. The statutes were sought to protect the future interests of the 
counties of origin, on the assurance that water supplies will be made available when needed for 
appropriations within the originating watershed. Consumptive use of water by jurisdictions within the areas 
of origin are increasing. The area of origin statutes remain uncertain due to the lack of clarity of the statutes 
themselves and the lack of court decisions interpreting them.  

Several water agencies filed suit in August 2008 against DWR for its decision to curtail SWP supplies by  
65 percent for water year 2008-09. The Solano County Water Agency, Napa County Flood Control and 
Water Conservation District, Yuba City, and Butte County joined together to challenge the allocations based 
on Article 18 (a) in the contract with DWP for SWP water. Article 18 (a) states that “The foregoing provisions 
of the subdivision [proportional reduction of entitlements during supply shortages] shall be inoperative to the 
extent necessary to comply with subdivision (c) of this article and to the extent that a contractor’s annual 
entitlement for the respective year reflects established rights under the area of origin statutes precluding a 
reduction in deliveries to such contractor.” 

The suit alleges DWR breached its contracts by cutting supplies to the agencies with rights to the SWP’s 
“area of origin”. The agencies claim that the contracts protect them from water cuts during shortages 
because their jurisdictions lie within areas where the water originates; the other 25 agencies with state water 
contracts only have rights to surplus water and have to bear larger reductions during dry spells. However, 
even if this suit is successful, the impact on the reliability of the SWP system may be only about 50,000 afy, 
(about 1 percent of total Table A amounts). It should also be noted that the “area of origin” agencies are 
being sued by other SWP contractors for their assertion of exemption from shortages. 

STATE WATER PROJECT DELIVERIES EVALUATION  
Future deliveries of SWP water to the City of Santa Barbara, without improvements made to the SWP 
system, are assessed here. An overview of key improvements being considered follows, along with potential 
benefits to reliability and a range of improvement costs. 

Future Deliveries Without Improvements  

Recent DWR modeling analysis of SWP delivery reliability (2007 Reliability Report) indicates SWP Table A 
water deliveries will be lower in most cases than under past reliability analyses. The analysis produced 
estimates of annual SWP Table A deliveries from the Delta for average years and for various dry periods. 
Deliveries under current conditions, 2027 conditions, and interim timeframes were analyzed. Table 2.2, 
Santa Barbara Table A Delivery Reliability, presents this analysis applied to the City’s maximum Table A 
amount of 3,300 acre-feet. Table 2.2 shows estimated annual deliveries as a percent of the total Table A 
amount for average year and various dry periods, along with the corresponding annual acre-foot delivery 
amount for these year types. Data in Table 2.2 were obtained from Table 7.1 in the 2007 Reliability Report 
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(DWR 2008i). The median value of the high and low estimates was used in Table 2.2 to calculate reliable 
supply quantities for 2027 conditions.  

Current delivery reliability assumes current facilities; Delta pumping constraints for Delta smelt protection 
based on the interim decision; and a repeat of historical precipitation and runoff patterns from 1922 to 2003. 
Future delivery reliability assumes these same flow constraints as well as climate change scenarios, with 
the exception of sea level rise, as discussed below. A range of climate change scenarios was used in the 
analysis to describe future SWP delivery reliability. 

1. Weak temperature warming and weak precipitation increase in California under model Parallel Climate 
model (PCM). 

2. Modest warming and modest drying under model PCM. 

3. Modest warming and modest drying under Geophysical Fluid Dynamic Lab model (GFDL) v. 2.0. 

4. Weak temperature warming and weak precipitation increase in California under model GFDL v. 2.0. 

In addition, a “no climate change” scenario was included. All five of these scenarios were analyzed under 
two simulations due to uncertainty in which Old River and Middle River flow targets may apply (Delta smelt 
interim decision). The reliability analysis estimates climate change impact to SWP deliveries by interpolating 
between future studies that assume no climate change and studies that assume 2050 emissions. Sea level 
rise and the expected accompanying increase in Delta salinity (as the salinity barrier moves eastward into 
the Delta) are not included in the climate change assumptions because “the tools to evaluate this impact of 
climate change have not yet been completed” (DWR 2008i). Levee failures and other catastrophic events 
were also not assessed in the 2007 Reliability Study. 

It is recommended that the City use Table 2.2 dry year sequences for SWP supply reliability planning. The 
lower end range of the two-year drought under both current and 2027 conditions should be used for multiple 
dry year supply planning needs because it provides a more conservative factor for the City. To use dry year 
sequences other than those presented in Table 2.2, spreadsheets from Appendix B of the 2007 Reliability 
Report are available to aid in calculations (DWR 2008f). Table B.3 is appropriate to use for current (2007) 
conditions. Table B.7 should be used for calculating future 2027 conditions for multiple year sequences 
because it reflects the lowest overall average deliveries and the lowest average deliveries during a five-year 
drought reflecting years 1988 through 1992.  

These conservative assumptions should be revisited after DWR releases its 2009 reliability report as they 
may not be conservative enough. The 2009 report is anticipated to include impacts to deliveries associated 
with sea level rise and flushing requirements to maintain water quality standards, which will further decrease 
delivery reliability. The City is fortunate to have a SWP contract for Table A supplies which can be used and 
augmented with Article 21 supplies when available, and stored for use when local supplies are limited. 
Management recommendations for the SWP contract supply are discussed further in Section 6.  
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The Delta Vision Strategic Plan (Action 4.2.5) recommends that all purveyors be required to develop an 
integrated contingency plan by 2015 to plan for drought as well as a catastrophic event curtailing Delta 
supplies (CRA 2008a). It recommends that purveyors “include a schedule of reductions from (a) drought 
conditions which reduce a purveyor’s water supply by 40 percent for two years, and (b) a one-year loss of all 
surface water imports from the Delta”. Since DWR’s reliability report indicates lower deliveries than this 
under two- and four-year drought scenarios, the 40 percent reduction is not conservative enough for SWP 
supplies, but may be for other City supplies.  

To plan for supply following a catastrophic event, the Strategic Plan recommends that water purveyors be 
required to plan for a one-year loss of all surface water imports from the Delta. Catastrophic events 
triggering this outage could be due to seismic events and flooding causing levee failure, as described 
previously under Other State Water Project Vulnerabilities. Planning for a one (to two) year outage for a 
catastrophic event is consistent with other study results discussed in this section. 

Overview and Status of Improvements Under Consideration 

There are numerous studies being conducted on improvements to the Delta and its watershed to increase 
reliability of SWP supplies. Key improvements are summarized here. It is important to note that since the 
1982 Statewide election voting down the “Peripheral Canal”, the population in California has increased 
significantly, the health of the Delta is now in serious decline, and the reliability of water supplies is very low. 
As a sign of how times have changed, environmental organizations are no longer united in defeating, and in 
fact several are promoting, proposals that include an isolated delivery system around the Delta, as long as 
there is something in a new proposal to fix the Delta ecosystem. 

Delta Conveyance 

The Delta Vision Strategic Plan recommends a dual conveyance approach to physically separate natural 
tidal movements from the conveyance of water supplies in the Delta: improve the existing channel through 
the Delta, likely Middle River, and construct a second channel to carry water to export pumps (Action 5.1.1), 
building upon the Bay-Delta Conservation Plan effort described next. The Task Force recommends that the 
performance of conveyance systems be considered in terms of the ability to divert water during wet periods; 
that is, the ability to deliver, move, and store more water during wetter periods and reduce water diversions 
in drier periods (CRA 2008b). Increasing diversions during wet periods and decreasing dry period diversions 
should improve ecosystem conditions for aquatic species. The Delta Vision Committee approved 
implementation recommendations on December 16, 2008, which will be sent to the Governor and 
Legislature. These recommendations include pursuing the dual Delta conveyance system as described 
above (CRA 2008c).  

The Delta Vision Strategic Plan recommends that the Bay Delta Conservation Plan (BDCP) be completed 
and permits acquired to keep water exports in compliance with species protection laws, improve quality of 
exported water, and protect water supplies against earth quakes and floods (DWR 2008g). The BDCP is 
being prepared to provide a comprehensive regional conservation plan to address compliance with federal 
and California endangered species laws and regulations covering activities by various entities in the Delta. 
The purpose is to help recover endangered and sensitive species and habitats in the Delta using an 
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ecosystem based approach while providing for increased reliability of water supplies. The BDCP will identify 
and implement ecologically friendly ways to move fresh water through and/or around the Delta and to 
provide a framework and funding to implement the plan. 

To meet both ecosystem and water supply goals, the BDCP Steering Committee agreed to consider 
potential habitat benefits realized by implementing a “dual conveyance” using the natural watercourses of 
the Delta along with an isolated canal. Conveyance also requires infrastructure such as pumping plants and 
power supply, diversion structures, fish ladders, and fish screens to move water through and/or around the 
Delta. The dual conveyance would send some water through the Delta waterways and some in a new canal 
to skirt the Delta on the eastern (or possibly western) side. Figure 2.2, Dual Conveyance Facility Core 
Elements, presents the most current planning concepts. More information on these core elements can be 
found in Overview of the Draft Conservation Strategy for the Bay Delta Conservation Plan (DWR 2009a). 

The BDCP Conveyance Working Group is currently identifying specific changes needed to conveyance 
infrastructure. These potential changes will be actions, intended to become conservation measures in the 
Conservation Plan. The Conservation Strategy draft environmental documents are scheduled to be released 
the end of 2009. A final EIR/EIS will be released in 2010, permitting and final design anticipated in 2011, 
and construction of facilities projected to occur starting in 2012 and continuing through 2016. However, this 
schedule assumes no delays due to lawsuits or unanticipated conditions, and assumes an aggressive level 
of effort is maintained through construction.   

Flood Protection 

By January 1, 2012, DWR and the Central Valley Flood Protection Board will prepare and adopt a Central 
Valley Flood Protection Plan that includes actions to improve integrated flood management and consider the 
expected impacts of climate change. The plan will provide strategies for emergency preparedness, 
increasing the use of floodway corridors, increased use of setbacks and easements, and integration of flood 
management with all aspects of water resources management and environmental stewardship (DWR 
2008h). Other actions to be identified include the DRMS Phase 2 results which will identify levee 
improvements needed to reduce risks to water supply. Support from the Delta Vision Committee is 
anticipated for these improvements.  

The Delta Vision Strategic Plan recommends changed operations to improve water supply reliability. For 
example, Action 5.2.1 recommends changing the operating rules of existing reservoirs to incorporate and 
reflect modern forecasting capabilities. Levee improvements are also addressed; Strategy 6.3 provides five 
action items for a comprehensive long-term levee investment strategy.  

Water Storage and Conjunctive Management 

Better management of surface storage reservoirs and the construction of new reservoirs can provide 
benefits including capturing greater quantities of peak flows, providing cold water releases for fish, and 
making releases to repulse seawater intrusion. Better management of groundwater storage is needed to 
take advantage of opportunities to store additional water and eliminate existing overdraft which is evident in 
some areas of California. There are several surface storage feasibility studies taking place including DWR’s 
Sites Reservoir Investigation (located on the west side of the Sacramento Valley), Upper San Joaquin River 
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Basin Storage Investigations, Contra Costa Water District’s Los Vaqueros Reservoir Expansion 
Investigation, and the USBR’s Shasta Lake Water Resources Investigation. Figure 2.3 presents the location 
of surface storage projects currently being studied by CALFED.  

Increased storage capacity is recommended in the Delta Vision Strategic Plan with the size and location of 
new storage and conveyance facilities to be determined by the end of 2010. According to the Strategic Plan, 
groundwater storage is a critical and preferable part of any successful storage system. Actions to better 
integrate groundwater storage into water planning throughout the state are needed. The intent is to recharge 
aquifers during wet periods so withdrawals can be made during dry periods, reducing strain on water 
supplies conveyed through the Delta and in other areas in dry years. Groundwater storage must be further 
developed regionally and conveyance capacity improved and linked to existing aqueducts, pipelines, and 
local storage basins. The Task Force recommends substantial development and construction of new 
surface and groundwater storage and associated conveyance facilities by 2020 with the goal of completing 
all planned facilities by 2030 (Action 5.1.3). 

Potential Benefits to Reliability 

Benefits associated with the BDCP’s conveyance plans were identified by DWR. 

• Protection afforded to state supply system against threat of sea level rise, earthquakes, continued 
land subsidence, and higher winter flood flows. 

• Flexibility to help maintain water quality for in-Delta agriculture and other interests. 

• Provide opportunities for habitat restoration that otherwise would not exist. 

More specific benefits will be identified once the Conservation Plan environmental analysis recommends a 
final conveyance alignment.  

Estimated Costs of Improvements 

Although the Delta Vision Strategic Plan does not currently provide the level of detail on project and 
program costs needed for a finance plan, a finance strategy was developed. According to the Delta Vision 
Finance Strategy, which does not include storage projects, most financing will come from state revenue 
bonds and general obligation bonds, federal appropriations including new authorizations, and financing by 
water users and property owners. Most repayment would come from water charges, user fees and 
assessments, federal and state tax revenues, and revenues from services provided including ecosystem 
services (Mann 2008). 
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The Finance Strategy identifies program purposes, beneficiaries, finance tools, capital repayment, and 
operations and maintenance payments for the program components. The SWP beneficiaries are identified 
as funding conveyance facilities for water supply and quality and some levee programs through water 
charges, service fees, user fees tied to debt service, and user fees tied to operation and maintenance 
(O&M) costs. Other costs may include costs of the CDEW plan, operating costs of the CDEW Council, 
science costs, costs of other governance changes, and other administration, operations, maintenance, 
monitoring and evaluation, repair, and capital replacement costs (Mann 2008). 

Therefore, although the actual costs for proposed SWP reliability improvements (BDCP conveyance, 
ecosystem projects, and levee improvements) have not yet been identified, early estimates range from  
$11 to $33 billion and will generally be repaid through water charges and O&M fees (Mann, 2008), thus 
potentially greatly impacting the City of Santa Barbara. However, in the short-term, the form of charges for 
services might be constrained by existing contracts.  

GROUNDWATER BANKING 
Significant groundwater banking opportunities exist for the City. These opportunities are unique to the City 
because of the combination of the City being a SWP contractor and therefore having access to SWP 
facilities for conveyance, because groundwater basins are being considered for banking development along 
the conveyance of the Coastal Branch, and because the City is not yet fully relying on its maximum Table A 
amount. Opportunities are briefly discussed here along with feasibility criteria and recommended 
investigations. 

Groundwater Banking Opportunities 

Following an overview of groundwater banking, statewide and regional opportunities are provided. 

Background 

Groundwater banking is the ability to use available aquifer space to store water during wet years, pump the 
stored water, and use it during dry years. Water can be stored directly in the aquifer with the use of recharge 
basins, river or streambeds, unlined conveyance canals, and injection wells. The stored water can then be 
pumped out and conveyed to the entity, which stored the water, or another entity. In-lieu (instead of) storage 
is to store water by supplying surface water in-lieu of intended groundwater pumping, thus the groundwater 
is retained in storage. During water shortages, the stored water is pumped out and either conveyed directly 
to the City, or used by farmers or others in exchange for their surface water allocations, which would then be 
delivered to the City. Withdrawals would be dictated by contractual terms. 

For example, Metropolitan Water District of Southern California (Met) has banking arrangements with 
several entities. Its arrangement with Semitropic Water Storage District, a member of the Kern County 
Water Agency that is a SWP contractor, is to store water during wet years in the Semitropic Water Bank. 
During wet years, farmers use SWP surface water supplies from the California Aqueduct and reduce 
pumping, thus storing the water in-lieu. During dry years or when Met wants to retrieve its water supply, up 
to one third of the stored water can be pumped and transported into the California Aqueduct annually and 
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conveyed to Met (pump back). Semitropic could pump groundwater instead of its SWP supply so 
Semitropic’s supply can be conveyed in-lieu through DWR facilities.  

Statewide and Regional Programs 

There are several large water banks in the State such as Kern Water Bank, and those managed by 
Semitropic Water Storage District, Rosedale-Rio Bravo Water Storage District, Arvin Edison Water Storage 
District, etc. These entities would be the least complicated groundwater banks for the City to utilize because 
they are SWP contractors with established, proven programs. As demonstrated with the banking example, 
these banks can store wet year and surplus water in the basin by delivering SWP surface water to farmers 
in their district for irrigation (in-lieu recharge). The banked water is returned to the SWP to deliver to banking 
partners by either pumping groundwater directly into the California Aqueduct or by using groundwater in-lieu 
of its surface water SWP entitlement. The banking partner either receives groundwater supplies or SWP 
supplies through the State facilities.  

CCWA, of which the City is a member, could be used as an intermediary to develop a program for the City 
with either a statewide entity such as those mentioned above and other entities. CCWA aided in the 
development of the recent “interim recharge project”, a long-term water banking partnership involving Kern 
County Water Agency, Rosedale-Rio Bravo Water Storage District (Rosedale), Irvine Ranch Water District 
(IRWD), Met, and Carpinteria Valley Water District (CVWD). Rosedale-Rio Bravo has infrastructure 
available to convey water to and from the California Aqueduct, IRWD has financing means and a need for 
water, and CVWD has Table A water but needed reliability without incurring high costs. Under the program, 
CVWD diverts water to Kern County Water Agency that transfers the water to Rosedale for recharge. IRWD 
assumes full costs to own, operate, and maintain the bank. CVWD banks water in the basin and withdraws 
50 percent minus half of the evaporation losses of the banked supply when needed; IRWD withdraws the 
remaining 50 percent minus half of the evaporation losses when needed (CCWA 2008) and receives a 
credit from Met for all or a part of the water. The primary cost to CVWD is a $50 per afy storage fee while 
the water remains in storage. There are additional opportunities available with other SWP contractors with a 
managed groundwater basin. The City could work through CCWA to set up a similar program to bank the 
unused portion of its SWP entitlement when available and pay with exchanged water instead of monetary 
compensation.  

CCWA is working with agencies along the Coastal Branch, investigating banking programs for and with its 
member agencies. According to CCWA, a program under investigation with the City of Santa Maria and 
Santa Barbara County could be very promising for the City. This program may be developed in three to five 
years. Another regional banking program being investigated involves CCWA and the County of San Luis 
Obispo. However, this program may have higher costs than the Santa Barbara County/Santa Maria program 
due to piping requirements and the possibility of some in-basin water quality issues. This program is likely 
seven to 12 years away from being developed. The City of Paso Robles is also investigating banking in its 
aquifers. 
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Feasibility Considerations for Evaluating Banking Programs 

The evaluation of established statewide banking programs should be focused primarily on cost criteria or the 
quantity of water paid instead of monetary costs, as well as length of time stored water can remain in the 
bank. Factors to be considered in evaluating programs are provided. Many factors are appropriate for 
established statewide banks and others for investigating the start up of new banking programs.  

Costs 

• Costs of established banks can vary significantly depending on the volume of water stored, facilities 
available, and negotiations with the banking entity. Monetary costs can include one time buy-in fees, 
charges to put water in the bank, administration fees to store the water, and charges to withdraw 
water including pumping, conveyance, and other operating costs.  

• Costs can be paid with a percentage of water instead of as a monetary cost.  

• Costs can include capital costs for new conveyance, wells, pumps, and/or recharge facilities versus 
repayment costs associated with utilizing existing infrastructure.  

• Separate operation and maintenance costs from that charged by the bank, can include conveyance, 
pumping, and distribution. 

Hydrologic Considerations  

• For new banks, aquifer characteristics conducive to storing and extracting volumes of water, e.g., 
determination of basin storage capacity and perennial yield while avoiding long-term overdraft or 
seawater intrusion.  

• For new banks, recharge methods that allow for maximum recharge with minimal maintenance 
requirements (e.g., in-lieu recharge program).  

• Evaporation, conveyance, and migration and other storage losses anticipated.  

• For new banks, water quality of groundwater basin that is compatible as a blended supply for the 
intended use(s).  

• Future water quality not anticipated to degrade from natural, anthropogenic, or imported water 
sources. 

Engineering Considerations  

• Proximity to existing SWP conveyance facilities as a means of conveyance (capacity availability, 
contractual needs).  

• Flexibility to convey supplies when available or when needed without capacity restrictions.  

• Ability to provide/sell banked water to another entity. 
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• For new banks, groundwater quality and quantity data availability and established monitoring 
program for long term sustainability of the bank.  

• For new banks, environmental impacts hopefully will be minimal to beneficial. No fatal flaws 
anticipated. 

Institutional Considerations 

• For established banks, quantity of water that can be withdrawn annually versus amount stored. 
Rates of recharge and withdrawal allowed. 

• For established banks, the length of time allowed to store water before losing it or paying additional 
fees. The ability to recover banked water. 

• For new banks, minimal or no opposition to banking program.  

• For new banks, groundwater rights are clearly defined. No potential conflicts with overlying land 
owners. In-stream recharge rights clearly defined in relation to surface water rights.  

• Governance of managing entity either has a proven record or is set up to be able to manage well. All 
partners have legal rights to enter the program and are committed to success.  

• Ease of implementation is important if banking is considered an immediate implementation activity. 
Otherwise, participating in the development of the program may take longer and be more difficult, but 
may provide more control for the City and reduce costs. 

• Financing arrangements clearly defined. 

• Will managing entity consider storing recycled water in the bank in future? 

• Third party impacts. 

• For new banks, risk and uncertainty of implementation.  

Recommendations for Further Investigation 

If ease of implementation or lack of interest in funding a program is important, the City should consider 
investigating established banking programs to better understand opportunities available to increase the 
quantity of Table A entitlement available during dry years. 

• Hold discussions with entities such as IRWD and Rosedale through CCWA to investigate details of 
what could be required to bank in an established San Joaquin Valley groundwater program by paying 
with water. 

The City should consider investigating new banking opportunities partnering with CCWA.  

• The City should utilize CCWA’s recent experience and knowledge in finding partners to develop a 
new program or join a developing banking program. 
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• Work with CCWA to develop a banking program along the Coastal Branch or Extension. The Santa 
Maria-County of Santa Barbara program may be considered a high priority for further investigation. 

• All water purveyors or irrigation districts with aquifer storage and SWP entitlements should be 
investigated for partnering potential. Entities with overdraft conditions are currently being pursued by 
water purveyors looking for banking partners. SWP contractors with aquifers in various states of 
management include Chino Basin, Calleguas Municipal Water District, San Gorgonio Pass Water 
Agency, Antelope Valley East Kern Water Agency, Palmdale Water District, and others. Some 
agencies need to work through local public concerns over groundwater management before being 
able to fully develop and utilize their groundwater basin for conjunctive use, not to mention banking. 

And finally, climate change may actually result in hydrological opportunities for groundwater banking in the 
future. Climate change will increase precipitation in the Sierra Nevada during winter months and melt 
snowpack earlier in the year than historically. This potential for higher stream flows and flooding could be 
tapped into through the use of water banking. The City should investigate working with another SWP 
contractor in San Joaquin Valley that has the need to expand their aquifer storage program and capture 
increased Sierra runoff, but may be looking for partners to finance additional recharge basins. Irrigation 
districts along with a third party with a SWP entitlement could be contacted to determine interest in 
discussing further.  

RELIABILITY CONCLUSIONS  
In the near future, the City will not receive deliveries from the SWP as originally envisioned. Climate change 
impacts to supply, environmental limitations on Delta exports, and increased demand on the SWP system 
will all result in a decline in the reliability of supplies. In addition, the risk is significant of a catastrophic event 
from seismic activity creating a Delta export supply outage of a couple of months up to one year or more. 
Some shorter outages can also be anticipated due to increased Delta levee failures from flooding and other 
events, causing seawater intrusion into the Delta. 

State and federal activities are currently underway to restore the Delta ecosystem and increase reliability of 
water supply deliveries. Isolated conveyance facilities are likely to be constructed in conjunction with 
necessary habitat restoration to restore the Delta ecosystem and improve supply reliability (Conservation 
Strategy). This is likely because the Delta ecosystem is no longer sustainable and two-thirds of the state’s 
population now depends on the Delta as a drinking water supply source.  

Within the planning period of 2027, supply deliveries may continue to be lower than Table A amounts and 
will likely be lower than the 2007 Reliability Report indicates. Once Delta conveyance facilities and 
ecosystem improvements are implemented, it will still take time to gradually increase deliveries to ensure 
that the system remains in a sustainable condition. Although DWR’s 2007 Reliability Report assumptions 
reflect the best data available for reliability planning, it is recommended that the City use the most 
conservative estimates provided in the report in planning its reliance on SWP supplies, particularly during 
single and multiple dry years. When released, DWR’s 2009 recommended reliability assumptions are 
anticipated to provide a more conservative estimate of deliveries due to the incorporation of future 
operational constraints acknowledged in the 2007 Reliability Report. 
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Until these Delta issues are resolved, a greater range in variation of SWP deliveries anticipated annually 
and seasonally will require the City to be more flexible in managing its diverse portfolio of water supplies. 
Physical restoration and reliability activities in the Delta will increase reliability, but are only in the planning 
stages.  

Supply management recommendations to address supply reliability are provided in Section 6, Water Supply 
Management Assessment. Recommendations include a summary of groundwater banking 
recommendations provided above and supply planning recommendations to take full advantage of the City’s 
available supplies, including recycled water and conservation. The City must plan for increased flexibility in 
meeting its needs, particularly for single and multiple dry years and seasonal delivery shortages in average 
and wet years.  
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 LOCALIZED CLIMATE 
Section 3 CHANGE IMPACT ASSESSMENT 
 

The purpose of this section is to report on the findings of a scientific literature review of the effects of global 
warming on future climate changes through 2030 relevant to the City’s local surface water supplies 
(specifically, Lake Cachuma and the Gibraltar Reservoir). Specifically reviewed were annual quantities of 
rainfall; rainfall intensity and distribution; and drought intensity, duration and frequency, in addition to effects 
on irrigation demand as far as is practical to determine.  

The scientific literature referenced in this section includes key studies recently analyzing climate change 
impacts, which generally or specifically affect Santa Barbara’s surface water supplies and irrigation demand. 
The literature is identified as being the most relevant to local surface water supplies or in the case of the 
IPCC, internationally recognized analyses with implications for California. 

CLIMATE CHANGE IMPACT ANALYSIS 
Historically, much of California (including the Santa Barbara area) has warm, dry summers and cool, wet 
winters, close to that of a Mediterranean-type climate (UCSB 2002). The proximity of the Pacific Ocean 
moderates Santa Barbara's climate resulting in an average temperature of 60 degrees Fahrenheit, with an 
average maximum of 70 and an average minimum of 50 degrees based on observations collected at Santa 
Barbara’s NOAA weather station (World Climate 2008). 

The San Rafael and Sierra Madre Mountains cover nearly three-quarters of Santa Barbara County. The 
southernmost quarter of Santa Barbara County is covered by the Santa Ynez Mountains, which are a 
component of another landform, the east-west trending Transverse Ranges. The mountains in eastern 
Santa Barbara County attain elevations of about 7,000 feet (DWR 2005). The coastline runs almost due 
East/West with approximately 40 miles on either side of the City of Santa Barbara. While the Channel 
Islands offshore help to dampen the force of ocean storms and surf, the Santa Ynez Mountains running 
along the coast produce an orographic effect (Dickson 2008). Storms (air masses) approaching from the 
Pacific Ocean are forced upward due to the mountains (orographic uplift) resulting in a forced precipitation 
as the air mass increases in elevation.  

On average, more than 80 percent of California’s annual precipitation occurs between November and April. 
Historical precipitation within the County of Santa Barbara (County) varies greatly from season to season 
and with each location. Average annual precipitation ranges from a minimum of about 8 inches in the 
Cuyama Valley to over 36 inches at the top of the Santa Ynez Mountains, with an average of 19 inches in 
Santa Barbara (Dickson 2008). As rainfall is variable, streamflow is also highly variable. The county is 
divided into six major watersheds each varying in their dominant geography and by types and quality of 
water supply. Streamflow is directly from rainfall with no significant snowmelt and little base flow from 
headwaters. Most streams are dry in the summer (SBCWA 2004). 
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Although precipitation events within the County are moderate on average, occasionally they are subject to 
short duration of very high intensity. Both the maximum and minimum annual rainfall were recorded at a rain 
gauge in downtown Santa Barbara - approximately 47 inches in 1998 and approximately 4.5 inches in 1877, 
respectively. Minor amounts of snow are common at the County's highest elevations (at an altitude greater 
than 6,600 feet).  

Historically, drought periods have occurred regularly and lasted as long as a decade or more. During the 
last drought, from 1987 to 1992, Gibraltar Reservoir was completely depleted and water storage in Lake 
Cachuma was nearly depleted, resulting in the City developing the desalination facilities and obtaining State 
Water Project entitlement (SBCWA 2004).  

Local Surface Water Supplies 

The management of Lake Cachuma and Gibraltar Reservoir needs to accommodate increased variability 
brought by climate change, as described in Section 2. As projections of climate change impacts will never be 
perfect, flexibility must be a fundamental tactic, especially regarding water system operations (DWR 2008h, 
Madsen and Figdor 2007). 

The following sections will provide a summary of current trends and projected climate change impacts on 
Lake Cachuma and Gibraltar Reservoir in terms of annual rainfall, rainfall intensity, and distribution 
throughout the year, and drought intensity, duration, and frequency. 

Annual Rainfall 

Current Trends. The change in trend of total annual rainfall across the U.S. is already measurable. The 
results of a recent study performed using two data sets of global rainfall from 1925 through 1999 showed 
increased annual precipitation in temperate regions of the Northern Hemisphere (Zhang et al. 2007). Since 
about 1970, total annual precipitation across the U.S. has tended to remain above the twentieth-century 
mean and averaged about 5 percent more than the previous 70 years (Karl et al. 1996). More importantly, in 
the western mountains of the U.S., approximately 74 percent of weather stations showed an increase in the 
fraction of annual precipitation falling as rain rather than snow from 1949 through 2004 (Knowles et al. 
2006).  

Figures 3.1, 3.2, and 3.3 show the total annual precipitation recorded at the City of Santa Barbara (El Estero 
Wastewater Treatment Plant), Lake Cachuma, and Gibraltar Reservoir rain gauges, respectively. All three 
data sets show an increase in the spread of data points - that is the minimum and maximum levels of total 
annual precipitation have decreased and increased, respectively, over time. Though it appears that there is 
a slightly increasing trend for total annual precipitation at all three locations, it is not statistically significant at 
this point. 

3-2 August 2009 



LOCALIZED CLIMATE CHANGE IMPACT ASSESSMENT 

0

10

20

30

40

50

1959 1964 1969 1974 1979 1984 1989 1994 1999 2004 2009

Water Year

To
tal

 A
nn

ua
l P

re
cip

ita
tio

n (
inc

he
s)

 
Figure 3.1 Annual Precipitation at the City’s WWTP Gauge  
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Figure 3.2 Annual Precipitation at Lake Cachuma Gauge 
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Figure 3.3 Annual Precipitation at Gibraltar Reservoir Gauge 

 

Future Projections. To examine the potential future impacts of global warming, scientists have developed 
computer models (general circulation and regional climate models) simulating climate. While projected 
temperature changes are broadly consistent across most modeling efforts, projected changes in total annual 
precipitation have varied widely across models and emissions scenarios (Kiparsky and Gleick 2003, 
Madsen and Figdor 2007). In addition, as models are run at finer levels of geographic resolution (e.g., 
regional or metropolitan level) the accuracy decreases.  

California’s precipitation patterns vary in different parts of the region. General circulation models (GCMs) do 
not reproduce detailed precipitation patterns accurately. The usefulness of these models is judged based on 
their ability to reproduce recent changes. Precipitation relies on meteorological conditions that occur at 
scales smaller than GCMs currently resolve. In recent years, they have become increasingly accurate and 
have been applied to more regions of the country. However, most regional studies performed in California 
have focused on Northern California, and there is still no consensus on projections for total annual 
precipitation for the Santa Barbara area. Therefore, it is recommended that long term planning be based on 
current trends of total annual precipitation analyzed on a monthly basis. Monthly trending would provide 
more specific information on general trends observed elsewhere of increasing rainfall as snowfall 
decreases, and the timing of precipitation events occurring earlier in the water year. This is discussed 
below. 
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Rainfall Intensity and Distribution 

Although projections for total annual precipitation vary significantly, most regional climate model results in 
the United States suggest that the extreme daily precipitation rate will increase relative to changes in the 
annual mean precipitation rate. During times of high intensity precipitation, runoff rates increase rapidly 
resulting in less groundwater recharge, decreased surface water quality, and increased reservoir inflow. It is 
important to consider the potential impact global warming could have on the City’s precipitation 
characteristics (intensity and distribution throughout the year) in order to anticipate necessary modifications 
to the operational management of the surface water supplies and storage capabilities, specifically Lake 
Cachuma and Gibraltar Reservoir. 

Current Trends. The Environment California Research and Policy Center (ECRPC) released a study in 
December 2007 evaluating trends in the frequency of extreme levels of precipitation (rainfall or snowfall) 
across the contiguous U.S. (as well as finer levels of geography). The analysis considered daily precipitation 
records obtained from the National Climatic Data Center (NCDC) spanning from 1948 through 2006 at more 
than 3,000 weather stations in 48 states. Patterns in the timing of heavy precipitation relative to the local 
climate at each weather station were examined (Madsen and Figdor 2007). The results were found to be 
consistent with many studies performed previously, including a study completed in 1999 by researchers at 
the Illinois State Water Survey and the NCDC examining the period from 1931 to 1996 (Kunkel et al. 1999). 

The 2007 ECRPC study focused on storms with extreme 24-hour precipitation totals that are defined relative 
to the local climate, selecting those with an average recurrence interval of 1 year or more. With 95 percent 
confidence, records show that the average increase in frequency of extreme precipitation events lies 
between 22 and 26 percent across the continental U.S. since 1948. The largest increases occurred across 
New England, New York, the Great Lakes area, the upper Midwest, in addition to Louisiana, New Mexico, 
Northern Washington, and Southern California (Madsen and Figdor 2007).  

At the state level, the trend toward increasingly frequent extreme precipitation events remains consistent. 
Records show a 26 percent increase in frequency of extreme precipitation events in California since 1948. 
Detection of statistically significant trends in the frequency of extreme precipitation events becomes more 
difficult at the metropolitan level. However, 55 of the 248 metropolitan areas (as defined by the U.S. Census 
Bureau) showed a statistically significant increase in the frequency of extreme precipitation events. A review 
of extreme precipitation for an area including Santa Barbara, Santa Maria and Lompoc showed a 69 percent 
average increase in frequency of extreme precipitation events since 1948 (Madsen and Figdor 2007). 

Future Projections. Further changes in precipitation patterns are projected to occur under global warming. 
Both general circulation and regional climate models project the intensity of precipitation is likely to increase 
around the world, with the most significant increases occurring in the middle to high latitudes (Meehl 2005). 
Global simulations show the percentage increase in extreme precipitation is greater than the percentage 
increase in mean rainfall. Kharin and Zwiers project the probability of 24-hour precipitation events 
considered to be extreme will increase by a factor of about 2 by the period of 2046 to 2065 and by a factor 
of 3 by the end of the 21st century relative to those that occurred during the period of 1981 to 2000. This 
means that return periods of 10, 20, 50, and 100 years for 24-hour precipitation events will be reduced by a 
factor of 2 or more (meaning they will occur 2 or more times as often) by the year 2100 due to climate 
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change (Kharin and Zwiers 2005, Kharin et al. 2007). Across the U.S, Karl and Knight show the annual 24-
hour precipitation event with the highest amount of rainfall turned out to be the one projected to return more 
frequently (Karl and Knight 1998). Projected changes in regions of California are less accurate and do not 
cover the area of Santa Barbara. They are mainly associated with changes in moisture flowing in from the 
Pacific Ocean and the increase in elevation of freezing levels during the winter. By the year 2100, northern 
California is projected to experience an increase in both low and high intensity events (Dettinger 2005).  

Although there is a lack of model simulation results relevant to projections for the Central Coast, including 
the area in and around the City of Santa Barbara, it is recommended that long term planning be based on 
the current trends of an increase in frequency and change in distribution within the year of extreme levels of 
precipitation, as opposed to increases or decreases in average annual precipitation.. 

Drought Intensity, Duration, and Frequency 

Current Trends. Drought is defined as “deficiency of precipitation (relative to some long-term average) over 
an extended period of time, usually a season or more” (SBCWA 2004). This definition of a drought does not 
align completely with the City’s definition of a critical drought period, which is a five year period of below 
average annual rainfall that causes Lake Cachuma water levels to drop significantly.  Historical records 
show that critical drought periods have historically recurred about every forty years .  

During the last prolonged drought in California (1987 to 1992), the City of Santa Barbara's Gibraltar 
Reservoir was completely empty by late 1989. Lake Cachuma was drawn down to only 14 percent of 
capacity by February 1991, its lowest level since the reservoir first filled in 1957.  

Future Projections. As with an increase in extreme precipitation events in the winter months anticipated to 
increase in the future in California, it is also projected that there will be a subsequent increase in the number 
of dry days in summer months, thus extending California’s already long dry season. As discussed in Section 
2, longer, drier, and more frequent periods of drought are anticipated with up to 2.5 times the number of 
critically dry years by the end of the century. Until more accurate scientific information and regional model 
results are available and show otherwise, DWR recommends that local agencies assume a 20 percent 
increase in the frequency and duration of future dry conditions to prepare communities for future droughts 
(DWR 2008h). 

Irrigation Demands 

The City seeks to understand whether climate change due to global warming will significantly impact the 
City’s water demand, specifically irrigation demands. Evaluating whether a significant change in irrigation 
demand by City water customers can be anticipated due to climate change requires an understanding of key 
climatic and non-climatic variables. Table 3.1 shows a list of these variables. Examples of climatic variables 
include atmospheric temperature and concentrations of carbon dioxide while non-climatic variables include 
irrigated area and plant water use efficiency (WUE, water use per unit of biomass).  
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Table 3.1 Climatic and Non-Climatic Variables Affecting Irrigation Demand 

Climatic Non-Climatic 
Atmospheric Temperature Irrigated Area 

Precipitation Variability Crop/Plant Type 
Atmospheric Carbon Dioxide Concentration Plant Water Use Efficiency (WUE) 

Evaporation Water Supply 
Evapotranspiration Water Use 

  Service Area Population 

 

Climate change will affect water demand in multiple ways, but it is not clear what the net effect will be. For 
example, warmer temperatures will likely increase evapotranspiration rates and extend growing seasons, 
thereby increasing the amount of water that is needed for the irrigation of many crops, urban landscaping 
and environmental water needs. In addition, reduced soil moisture and surface flows will disproportionately 
affect the environment and other water users that rely on annual rainfall (DWR 2008h).  

Increased levels of carbon dioxide in the atmosphere reduce stomatal conductance (rate at which water 
vapor or carbon dioxide pass through the stomata) in woody plants and temperate grasses and crops, 
however experimental studies show that the effects of reduced stomatal conductance vary considerably 
between species and depend on nutrient and water availability (Kundzewicz et al. 2007). Plant WUE 
therefore may increase substantially (Morison 1987), leading to a reduction in transpiration. However, 
increased levels of carbon dioxide may also be associated with increased plant growth, compensating for 
increased WUE, and plants may acclimatize to higher carbon dioxide concentrations (Döll 2002). 

In general, plant evapotranspiration increases with temperature. Higher carbon dioxide levels reduce water 
consumption (at least in laboratory tests), and seem to increase yield. The higher water consumption with 
warmer temperatures will likely only be partially offset by the carbon dioxide-based reductions. Thus, the net 
result could be slightly higher irrigation requirements. Crop evapotranspiration and water requirements are 
an important area of investigation. Further modeling and experimental work is needed (Kiparsky and Gleick 
2003). 

In summary, assessing the potential impacts to irrigation demand is complicated and it is not clear what the 
net effect will be. There are likely to be changes in water use, in addition to changes in water supply. Until 
scientific information and climate model results of future conditions are available on a regional level, it is 
recommended that the City perform a preliminary analysis and continue to update the analysis regularly (e.g., 
every 5 years) on historical and existing irrigation demands to estimate the influence climate change may have 
on City irrigation demands in the future. The preliminary analysis should investigate both climatic and non-
climatic variables affecting customer irrigation practices within the City.  
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Table 3.2 provides a recommended list of climatic and non-climatic variables to include in the City’s preliminary 
analysis. Climatic and non-climatic variables in conjunction with general assumptions regarding projected 
levels of carbon dioxide, temperatures, evapotranspiration rates, and increasing variability of precipitation are 
required to determine the net effect on the City‘s irrigation water demands (DWR 2008h, Jones 2000, Schoups 
et al. 2009). 

 
Table 3.2 Variables Recommended for a Preliminary Analysis of Climate Change Effects to 

Irrigation Demands 

Climatic Non-Climatic 
Average Monthly Atmospheric Temperature Monthly Customer Irrigation Demand1

Average Monthly Precipitation  
Monthly Evaporation  

Note  
1. If this data is not readily available, estimate customer irrigation demand by subtracting the wastewater treatment 

plant’s monthly influent from monthly potable water production. 

 

Sea Level Rise 

Consequences of global warming also include increased melting of land ice (specifically in Greenland and 
Antarctica) and thermal expansion of the marine mixed layer of the ocean, both of which contribute to sea 
level rise. Independent of climate change, vertical land movements also contribute to relative sea level 
change and astronomical tides can cause changes in water level along the California coast of about 
3 meters (10 feet) (Cayan et al. 2006). Since the processes contributing to sea level changes all have 
significant spatial variability, it has been suggested that there will be considerable geographic variability in 
changes in the rate of relative sea level rise (Walsh 2005). 

In the IPCC’s Fourth Assessment Report, the range in projected rise in mean sea level is 0.18 to 
0.59 meters (7 to 23 inches) by the year 2100 relative to 1990 levels. However, these projections are based 
on physical models that do not reproduce the current rate at which the polar ice caps are melting. During the 
past year, there have been major advances in the science of sea level rise. As mentioned in Section 2, 
peer-reviewed studies now estimate a rise in mean sea level of between 0.51 to 1.40 meters (20 to 
55 inches) by 2100 and recommended that 1.40 meters (55 inches) be used for climate change adaptation 
planning. The IPCC conservative estimates should be viewed as minima for planning purposes (Healy 
2007).  
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Future rates of sea level rise are likely to accelerate. Figures 3.4 and 3.5 show the monthly mean higher-
high water (MHHW) level relative to mean sea level at two tide gauges located nearest to Santa Barbara 
from 1933 to 20071; in addition to the range of sea level rise projections determined by the IPCC and ISB to 
the year 2100, the elevation of both the Charles Meyer Desalination Facility and the El Estero Wastewater 
Treatment Facility is noted for reference (approximately 12 feet above MSL) (PSES and Towill Inc. 2001). 
Some uncertainty exists, due to uncertainty about the emissions of greenhouse gases, population growth 
rates, government policies to address emissions, and the actual dynamics of the oceans and ice sheets. 
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Figure 3.4 Historical and Projected Sea Water Levels at the Santa Monica Tide Gauge 

 

                                                           
1 Santa Barbara’s tide gauge was established relatively recently (1975) and consisted of large data gaps. Therefore, 

the two nearest tide gauges, in Santa Monica and Port San Luis, were selected. 
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Figure 3.5 Historical and Projected Sea Water Levels at the Port San Luis Tide Gauge 

 

Per Executive Order S-13-08 by the Governor of the State of California, DWR, California Energy 
Commission, California's Coastal Management Agencies, and the Ocean Protection Council, will request the 
National Academy of Sciences to create an independent panel to complete the first California Sea Level 
Rise Assessment Report no later than December 1, 2010. It will advise how California should plan for future 
sea level rise. The report is to include: (1) relative sea level rise projections specific to California, taking into 
account issues such as coastal erosion rates, tidal impacts, El Niño and La Niña events, storm surge and 
land subsidence rates; (2) the range of uncertainty in selected sea level rise projections; (3) a synthesis of 
existing information on projected sea level rise impacts to state infrastructure (such as roads, public 
facilities, and beaches), natural areas, and coastal and marine ecosystems; and (4) a discussion of future 
research needs regarding sea level rise for California. 

Figure 3.6, Risks from Sea Level Rise, present recent analyses of impacts associated with the 55-inch sea 
level rise by 2100 for flooding and erosion (PI 2009). In terms of climate change adaptation planning, while 
both the Charles Meyer Desalination Facility, recycled water treatment facilities, and the El Estero 
Wastewater Treatment Plant may not be impacted during the 2024 planning period, they will be impacted by 
2100. In addition, water, sewer, and recycled water pipelines and pumping facilities will also be affected by 
flooding and/or erosion, based on areas of impact in Figure 3.6. It is recommended that the City use the new 
estimate of sea level rise of 1.40 meters (55 inches) by 2100 and the IPCC conservative estimates as 
minima for future planning purposes.  
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SUMMARY AND RECOMMENDATIONS 
No single weather event can be blamed on global warming. However, increasing trends in extreme 
precipitation events occurring in the Santa Barbara area are consistent with scientists’ projections of 
changes in a warming climate. 

Operation of Lake Cachuma and Gibraltar Reservoir will need to accommodate increased variability brought 
by climate change. Flexibility must be a fundamental tactic, especially regarding water system operations 
(DWR 2008h, Madsen and Figdor 2007). The following are recommendations related to projected impacts 
due to global warming on Lake Cachuma and Gibraltar Reservoir in terms of annual rainfall, rainfall intensity 
and distribution throughout the year; and drought intensity, duration, and frequency, in addition to projected 
changes in irrigation demand and sea level rise. 

In terms of annual rainfall, data indicate that the slight increase in recent years is not significant enough to 
indicate a trend for the Santa Barbara area. Unless future data indicates otherwise, current average annual 
precipitation assumptions should be used. However, seasonal intensity and distribution pattern changes 
may already be occurring. It is recommended that long term planning be based on an analysis of historical 
trends of changes to the distribution of monthly precipitation. More information is needed on how statewide 
trends discussed in Section 2 for the SWP of increased winter precipitation and decreased summer 
precipitation may already be impacting local supply availability for the City. Results of these analyses should 
be used to determine if changes are needed to the operations of Lake Cachuma and Gibraltar Reservoir in 
regards to when to store and release flows. Additional storage (local, regional, or out of area banking) may 
be needed to maintain availability of current supplies since local storage is currently limited and there may 
not be a lot of flexibility in changing timing of releases. 

In terms of rainfall intensity and distribution, until more accurate projections are generated from regional 
climate models for the Santa Barbara area, it is recommended that long term planning consider the current 
trend of an increase in the frequency and change in distribution of extreme levels of precipitation - an 
average increase in frequency of 69 percent since 1948 (Madsen and Figdor 2007). 

In terms of drought intensity, duration, and frequency, until more accurate projections are generated from 
regional climate models, DWR recommends for long term planning that local agencies assume a 20 percent 
increase in the frequency and duration of future dry conditions (DWR 2008h) to prepare communities for 
future droughts. 

Until scientific literature and regional climate model results detailing the impacts of climate change on 
irrigation demand relevant to the Santa Barbara area are available, it is recommended, as a conservative 
measure, to perform a preliminary analysis of potential changes to irrigation demands associated with 
climate change. A thorough analysis of potential changes to irrigation demands should take into 
consideration both climatic (e.g., atmospheric temperature and concentrations of carbon dioxide) and non-
climatic (e.g., irrigated area, crop type, and plant water use efficiency) variables of current irrigation usage 
based on the best data and projections available in peer-reviewed scientific literature. 
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In addition, the State of California is encouraging - through both financial and technical assistance - 
Integrated Regional Water Management plans be prepared by 2011. They are to address specific elements 
to adapt to a changing climate, including the following. 

• An integrated flood management component. 

• A drought component that assumes, until more accurate information is available, a 20 percent 
increase in the frequency and duration of future dry conditions. 

• Aggressive conservation and efficiency strategies. 

• Integration with land use policies that: 

– Help restore natural processes in watersheds to increase infiltration, slow runoff, improve 
water quality and augment the natural storage of water. 

– Encourage low-impact development that reduces water demand, captures and reuses 
stormwater and urban runoff, and increases water supply reliability. 

• A plan for entities within a region to share water supplies and infrastructure during emergencies such 
as droughts. (DWR, 2008h) 

In terms of sea level rise, while both the Charles Meyer Desalination Facility and El Estero Wastewater 
Treatment Facility are not projected to be impacted during the planning period through 2027, it is 
recommended the City use the new DWR estimate of sea level rise of 1.40 meters (55 inches) by 2100 and 
other IPCC conservative estimates as minima for future climate change adaptation planning. 

As part of the California Water Plan Update process, every 5 years DWR will provide revised estimates of 
changes to sea level, droughts, and flooding that can be expected over the following 25 years (DWR 
2008h). 
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Section 4 RECYCLED WATER EXPANSION ASSESSMENT 
 

Recycled water is a key water resource for the City in addition to water supplies described in Section 2. It is 
of great value because of its high level of reliability and the offset of potable supply use. The City currently 
provides approximately 850 acre-feet of recycled water per year (afy) from El Estero Wastewater Treatment 
Plant on a year-round basis with a maximum month demand (MMD) of 1.5 mgd. The City is investigating the 
feasibility of increased recycled water utilization to further offset potable water use. An overview of 
opportunities and challenges associated with the expanded use of recycled water is provided in this section. 

This section starts with a description of the existing and pending recycled water regulations. This discussion 
is followed by a discussion of the City’s existing recycled water system, including the recycled water 
supplies, demands, distribution system, and facilities. Subsequently, the opportunities for expanding the 
City’s existing recycled water system are discussed and the issues related to expanded use are described. 
This section concludes with recommendations for the City’s future recycled water expansion program. 

RECYCLED WATER REGULATIONS 
A summary is provided of existing and proposed federal and State regulatory requirements governing the 
existing and future reuse of wastewater in the City.  

Federal and State Regulations 

Wastewater discharges are governed by both federal and state requirements. California has regulations 
pertaining to the use of recycled water and recycled water design standards. The primary laws regulating 
water quality are the federal Clean Water Act (CWA) and the California Water Code (CWC).  

Under the CWA, the Environmental Protection Agency (EPA) or a primacy agency regulates the discharge 
of pollutants into waterways through the issuance of National Pollutant Discharge Elimination System 
(NPDES) permits. NPDES permits set limits on the amount of pollutants that can be discharged into the 
waters of the United States. The CWC and the Porter-Cologne Act, a provision of the Code, require the 
State to adopt water quality policies, plans, and objectives for the protection of the State’s waters. The State 
Water Resources Control Board (SWRCB) and nine Regional Water Quality Control Boards (RWQCB) 
implement NPDES permits in California. The City falls under control of the Central Coast RWQCB. The 
SWRCB and RWQCBs also have regulatory authority along with the California Department of Public Health 
(DPH) over projects using recycled water. The interagency involvement between the SWRCB, Central 
Coast RWQCB, and DPH is discussed below. 

In California, the current state policy towards recycled water is outlined in the CWC, Division 7, Water 
Quality, Chapters 7 & 7.5, Sections 13500 through 13583. According to CWC Section 13522.5, all water 
purveyors that use or propose to use recycled water, must file a report with the appropriate RWQCB, which 
is overseen by the SWRCB. The RWQCB in consultation with DPH, evaluates the request. If necessary to 
protect public health, safety, or welfare, the RWQCB may prescribe water recycling requirements where 
recycled water is proposed or used.  



RECYCLED WATER EXPANSION ASSESSMENT 

4-2 August 2009 

The 1996 Memorandum of Agreement between the DPH, SWRCB, and the RWQCBs on the use of 
recycled water allocates primary areas of responsibility and authority between these agencies. The DPH is 
the primary State agency responsible for public health, whereas the SWRCB and the RWQCB are the 
primary State agencies charged with protection, coordination, and control of water quality. These agencies 
work together to develop discharge permits for recycled water projects.  

The DPH is required to establish uniform statewide recycling criteria for the various uses of recycled water 
to assure protection of public health where recycled water use is involved (CWC Section 13521). DPH has 
approved regulatory criteria in Title 22, Division 4, Chapter 3, Section 60301 et seq. of the California Code 
of Regulations (CCR). Title 22 regulatory criteria include specified approved uses of recycled water, 
numerical limitations and requirements, treatment method requirements and performance standards. In 
addition, DPH and the RWQCBs also enforce Title 17, Division 1, State Department of Health Services, 
Chapter 5, Sections, 7583 through 7605. This Title outlines regulations that prevent recycled water from 
back flowing into domestic water supplies. 

The recycled water uses allowed by Title 22 are dependent on the effluent quality of the supply source. For 
El Estero Wastewater Treatment Plant (WWTP), the plant effluent is classified as ‘Disinfected Tertiary 
Recycled Water’ as defined by Title 22. Table 4.1 summarizes the criteria needed for unrestricted Title 22 
use of disinfected tertiary recycled water for irrigation, impoundment, cooling, and other uses. 
 
Table 4.1 Effluent Quality for Unrestricted Title 22 Use 

Treatment Oxidized, Filtered, and Disinfected 
BOD5 Not Specified 

TSS Not Specified 

2 NTU (Average) Turbidity 
5 NTU (Maximum) 

2.2/100 ml (Average) Total Coliform MPN(1) 
23/100 ml (Max in 30 days) 

Source: DPH, 2008 
Note 
(1)  No sample shall exceed a mean probable number (MPN) of 240 total coliform bacteria per 100 milliliters during any 

30 day period. 
 

The effluent from El Estero WWTP is not able to meet these requirements without blending with potable 
water. Currently, tertiary effluent turbidity is often above 2.0 NTU. The City cannot continue to meet turbidity 
requirements through blending. Turbidity requirements must be satisfied prior to blending according to  
Title 22. In order to meet requirements, several areas in the treatment process are currently under 
examination and are discussed later in this chapter. Once treatment modifications have improved turbidity, 
recycled water may be used for most applications without blending, subject to mineral issues as discussed 
later in this report. A list of unrestricted Title 22 Uses is provided in Appendix B, Recycled Water System 
Information. 
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A summary of existing statutes, regulations, and pertinent guidance documents, and draft legislation  
is provided in Table 4.2. For more information on Title 22 requirements, please consult the latest  
compilation of recycled water laws (formerly known as the “Purple Book”) at: 
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/Lawbook.aspx. 
 
Table 4.2 Summary of California Recycled Water Regulations 

Recycled Water Regulations 

Regulations 
Title 22, Division 4, Environmental Health, Chapter 3 
Title 17, Division 1, State Department of Health Services, Chapter 5 

Statutes 
Health and Safety Code, Division 6, Part 1, Sanitary Districts Act of 1923, Chapter 4 
Water Code, Division 7, Water Quality, Chapters 7 & 7.5 

Guidance Documents 
Preparation of an Engineering Report for the Production, Distribution and Use of Recycled Water 

Draft Legislation 
Groundwater Recharge Reuse 
Statewide Recycled Water Policy including Draft General Waste Discharge Requirements for 
Landscape Irrigation Uses 

Sources: 
http://www.cdph.ca.gov/healthinfo/environhealth/water/Pages/Waterrecycling.aspx 
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/Lawbook.aspx 

 

Regardless of the approved regulatory uses listed in Table 4.2, the City is limited to those uses stated in 
either its individual permit, or in a general permit that covers multiple users in the area. Any additional use of 
recycled water that falls outside an identified use in the permit would need approval from the RWQCB. 

State Legislation Currently Under Development 

As listed in Table 4.2, new State policies are in development for both a Statewide recycled water policy and 
for the use of recycled water for groundwater recharge. 

Statewide Recycled Water Policy 

The impetus for the development of a statewide-recycled water process stems from the current water crisis 
and the need to streamline and expedite the use of recycled water around the state. The purpose of the 
policy is to provide direction to the RWQCBs and the public on appropriate criteria for issuing permits for 
recycled water projects. The policy follows Title 22 requirements and intends to streamline recycled water 
use through the following measures. 

• Permitting Criteria – The policy will establish criteria that will streamline the permitting process for 
recycled water projects in a consistent manner. These criteria will expedite projects and will also 
allow the RWQCBs to focus resources on projects with site-specific conditions. The SWRCB is in the 

http://www.cdph.ca.gov/certlic/drinkingwater/Pages/Lawbook.aspx
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/Lawbook.aspx
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environmental documentation and public review stage of a draft general permit for landscape 
irrigation uses of recycled water.  

• Mandated Recycled Water Use – The SWRCB would establish a mandate to increase the use of 
recycled water by 200,000 afy by 2020 and by an additional 300,000 afy by 2030. Agencies not 
providing a downstream beneficial use for recycled effluent would be required to make it available on 
reasonable terms. Existing legislation considers it a waste if recycled water is not utilized when 
available (Water Code sections 13550 et seq.). As part of this new policy, the SWRCB would 
exercise its authority pursuant to Water Code section 275 to enforce the aforementioned mandates. 
The mandates are contingent on the availability of sufficient capital funding for the construction of 
recycled water projects from private, local, state, and federal sources. 

• Salt Nutrient Management Plans – Within 5 years all basins would have to develop salt and nutrient 
management plans. Such plans will help areas meet water quality objectives on a basin-wide basis 
instead of restricting individual recycled water projects. 

• Streamlining of Recycled Water Use Permits – Applications would be approved within 120 days by 
the Regional Board if certain criteria are met. 

• Anti-Degradation – Groundwater recharge projects would be approved depending on a basins 
capacity to assimilate the increased concentrations of chlorides and other compounds that are 
present in recycled water. If necessary, projects would need to implement anti-degradation measures 
in order to gain approval. Recycled water use projects that meet streamlined criteria in a basin with a 
salt and nutrient management plan do not need to perform an anti-degradation investigation. 

• Funding – The SWRCB will request priority funding for storm water and recycled water projects from 
Department of Water Resources (DWR). 

Additional measures would be implemented to avoid that recycled water use would adversely affect 
groundwater basin quality. Such measures include the following: 

• Monitoring of Groundwater Basins – Monitoring wells would be required. Data would be submitted to 
the RWQCB every three years. 

• Constituents of Emerging Contaminants – An expert panel will recommend a monitoring program for 
these contaminants. 

• Landscape Irrigation Projects – Landscaping projects using recycled water would be required to 
control the incidental runoff of recycled water through measures that include, but are not limited to, 
the following practices: proper sprinkler heads; an operations and management plan (can apply to 
multiple sites); and limited irrigation during precipitation events. 

The policy affects a City such as Santa Barbara by re-emphasizing the mandate on use of recycled water 
when it is available and by providing potential funding. The City is currently evaluating the expanded use of 
recycled water. The City should monitor the implementation of this policy for requirements and funding 
assistance. 
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Groundwater Recharge  

Currently, regulations (Title 22) call for the RWQCBs to review groundwater recharge projects on a case-by-
case basis with input from the DPH. The DPH issued Draft Groundwater Recharge Reuse Regulations in 
August 2008 that contain treatment requirements for projects with an indirect potable reuse or recharge 
component (DPH 2008). These requirements have been implemented for past projects and require such 
constraints as a minimum detention time, (e.g., recharged groundwater must be underground for six months 
prior to extraction by a well).  

Further analyses would be needed to determine the feasibility of utilizing recycled water for groundwater 
recharge: ability to meet detention time requirements, minimize salt loading impacts, and cost effectiveness 
of conveying the supply to the areas of recharge which provide the most benefit to the City’s groundwater 
supply. Please see draft regulations at the DPH website for further information (DPH 2009). 

City Regulations and Ordinances 

The City’s current policies require recycled water for irrigation at: multiple family developments, 
developments with common area irrigated lots, and commercial developments that are adjacent to the 
recycled water mainline (pursuant to Santa Barbara Municipal Code 14.23.010-14.23.030). The City’s 
policies work within the existing state regulatory framework to provide additional requirements for recycled 
water that exceed that current State mandated policies.  

The City’s policy is to encourage but not require all other uses. There are plan specifications that must be 
followed for recycled water, a user agreement recorded, and other review requirements that all sites must 
go through before a recycled water meter is issued. The City’s recycled water use requirements are as 
follows. 

• Recycled water and spray shall be confined to the authorized use area. 

• Signs shall be provided to inform the public that recycled water is being used. For golf courses, 
notification shall also be placed on scorecards. 

• Use of recycled water shall be accomplished at a time and in a manner that minimizes ponding, 
runoff, and the possibility of public contact with sprayed materials. 

• Recycled water piping, controllers, valves, etc., shall be marked to differentiate the recycled water 
facilities from the potable water facilities. 

• Recycled water valves, outlets, quick couplers, and sprinklers shall be of a type, or secured in a 
manner, that permits operation only by User’s authorized personnel. 

• Use or installation of hose bibs on the recycled water system shall not be permitted. 

• In accordance with DPH requirements, there shall be at least a 10-foot horizontal and 1-foot vertical 
separation between all pipelines transporting recycled water and those transporting potable water, 
with the potable water pipeline above the recycled water pipeline. If this is not feasible, special 
construction measures shall be followed in accordance with DPH requirements. This is intended to 
be for all new construction. 
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• An air-gap separation or reduced-pressure-principle device shall be provided at all potable water 
service connections to recycled water use areas. There shall be no connection between potable 
water supply and recycled water piping. Supplementing recycled water with any other source shall 
not be allowed except through an air-gap separation. 

• Drinking water facilities shall be protected from direct or wind blown recycled water spray. 

• There shall be no recycled water irrigation or impoundment within 100 feet of any well used for 
domestic supply. 

• Inspection, supervision, and employee training shall be provided by user to assure safe and proper 
operation of the recycled water system. User should maintain records of inspection and training. 

• Spray, mist, or runoff of recycled water shall not enter a dwelling, food handling facility, or a place 
where the public may be present. 

• Recycled water shall not enter into a swimming pool where the water is recirculated for disinfection. 

• Recycled water shall be applied when the grounds have maximum opportunity to dry before use by 
the public unless provisions are made to exclude the public from areas during irrigating with recycled 
water and while the areas are drying. 

Single-family residential parcels adjacent to the recycled water main line are not currently required to use 
recycled water, but are encouraged to do so.. Although encouraged, there are no City ordinances that 
require installation of dual plumbing or use of recycled water for appropriate non-irrigation uses. 

Ahwahnee Principles Agreement 

As an element of managing its water resources, the City recently adopted the Ahwahnee Principles for 
Resource Efficient Land Use, joining a growing number of local communities. These principles outline 
stewardship actions in water resource management to improve water quality, reduce costs, and maximize 
water supply. They stipulate that dual plumbing for gray water, which will allow gray water from showers, 
sinks, and washers to be reused for subsurface landscape irrigation, be included in the infrastructure of new 
development. In addition, the principles stipulate that community design maximize the use of recycled water 
for appropriate applications including outdoor irrigation, toilet flushing, and commercial and industrial 
processes.  

EXISTING RECYCLED WATER SYSTEM  
Recycled Water Supply  

The water supply for the City’s recycled water system is the El Estero WWTP. Constructed in 1979, the  
El Estero WWTP provides full secondary treatment and partial tertiary treatment, in conformance with  
Title 22.  

Historical influent flow to the plant is shown on Figure 4.1. Influent has declined in recent years. Average 
flow is currently 7.8 mgd, compared to historical wet season flows averaging around 9.5 mgd. The decline in 
wastewater flows is largely attributed to the success of infiltration and inflow (I/I) reductions and water 
conservation efforts.  
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Figure 4.1 El Estero WWTP Historical Wastewater Flows 
 

Based on WWTP historical flows, it is expected that influent flows will remain above 6 mgd even with 
additional conservation efforts and I/I reduction program. Accordingly, the minimum daily availability on an 
Average Dry Weather Flow (ADWF) basis is assumed to be at least 6 mgd. The projected minimum flow of 
6 mgd into the plant would vary during the day, as shown in Figure 4.2. The diurnal flow variation of the 
effluent flow shown on this figure was obtained on September 8 and 9, 2008, which is assumed 
representative of a typical day. 

Although the minimum average daily flow is at least 6 mgd, as shown in Figure 4.2, this flow varies between 
8.5 and 2.5 mgd with the minimum flow of 2.5 mgd occurring at about 4:00AM. Since the supply variations 
do not match demand patterns, the City must utilize storage so that effluent can be distributed to meet 
demand. 

Current Recycled Water Demand 

For existing customers, average day demand (ADD) was generated from existing billing records. For 
consistency, all existing customers were assumed to have the same ratio between ADD and maximum 
month daily demand (MMD). This was also the case for potential new customers addressed later in this 
report. This ratio was estimated based on historical demand trends and is referred to as the MMD factor, 
which is equal to 2. Consequently, this same factor was used for all potential and existing customers for 
calculating MMD based on ADD. The MMD factor was considered to also represent maximum day demand 
(MDD) because usage of recycled water is typically fairly constant on a seasonal basis and does not show a 
substantial difference between MDD and MMD as is often seen in potable water systems.  
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Figure 4.2  Typical El Estero WWTP Diurnal Flow and Average Flow (ADWF)  
 

Existing Customer Average Day Demand 

Based on the City’s billing records, 83 recycled water user accounts received recycled water in the past five 
years (2003 through 2007). These accounts reflect a variety of user categories, however it should be noted 
that most recycled water demands reflect irrigation usage only, with a small but growing portion to serve 
toilet flushing at City parks. As shown in Table 4.3, this list of accounts was consolidated into 62 recycled 
water user sites. As shown in Figure 4.3, golf courses account for the largest portion of the City’s recycled 
water demand. These sites are presented in Figure 4.4.  

Parks
22%

Commercial/Industrial 
(Irrigation Use)

13%

Schools
16%

Golf Courses
44%

Residential
7%

 
 
Figure 4.3 Distribution of Existing Recycled Water Demand by Customer Category 
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Table 4.3 Existing Recycled Water Users (Use averaged for years 2003 through 2007)  

Annual Demand (ADD) (1)(2) Model 
I.D. 

Account 
Number User Site Description (afy) (gpd) 

 Phase 1 Customers   
2 103642 Bird Refuge 0.03 29 
5 21591 Cabrillo Ball Field 6.92 6,173 
6 106264 Cal Trans (Quarantina) 12.54 11,190 
9 105463 Palm Park Restroom (East) 1.09 971 
9 103387 Palm Park (West)- Irrigation 1.75 1,563 
9 21588 Palm Park (East) 19.06 17,007 
9 21585 Palm Park (Middle) San Bar St Parking Lot 3.20 2,858 
10 106249 Palm Park Expansion Restroom(3) 3.15 2,810 
10 106248 Palm Park Expansion Irrigation 4.83 4,308 
12 100341 Dwight Murphy 7.96 7,104 
14 104180 El Escorial 8.67 7,736 
15 105159 El Estero Wwtp(4) 0.15(4) 138 
17 101874 Double Tree Inn 27.04 24,125 
18 107568 Garden Street Restroom(3) 1.09 970 
18 106434 99 Garden Street Median 0.50 450 
18 106403 11 Garden Street Irrigation 1.43 1,278 
19 21584 15 Garden St Parking Lot 0.29 256 
20 101144 Shoreline Median  0.05 45 
20 21577 Harbor Lot/Marina 2 6.85 6,112 
25 21566 Leadbetter Beach 3.50 3,126 
25 109522 801 Shoreline Drive (Ledbetter Beach Parks Rest Room)3  1.25 1,112 
28 109796 Marbourg N.Quarantina St. 1.42 1,268 
28 108694 Marborg Industries (Union St) 0.92 821 
28 107466 Marborg Industries 0.66 592 
30 34 Montecito Country Club 168.77 150,570 
31 103386 Municipal Tennis Courts 0.61 548 
33 103446 Ortega Park 4.97 4,430 
34 21548 Pershing/Plaza Del Mar 12.50 11,149 
38 104092 City College Main Campus(3) 28.15 25,117 
38 104091 City College West Campus(3) 27.04 24,123 
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Table 4.3 Existing Recycled Water Users (Use averaged for years 2003 through 2007)  

Annual Demand (ADD) (1)(2) Model 
I.D. 

Account 
Number User Site Description (afy) (gpd) 

39 103384 Santa Barbara High School 19.65 17,528 
40 103385 Santa Barbara Jr High (South) 3.84 3,424 
40 51 Santa Barbara Jr High (North) 18.05 16,099 
42 106175 Sea Landing  0.95 850 
43 104190 Boys Club 2.41 2,150 
44 103390 Santa Barbara Zoo (042837) 10.49 9,354 
44 103389 Santa Barbara Zoo (1520839) 7.22 6,439 
45 108859 NMC Parking – 2 N. Calle Cesar Chavez 0.63 565 
46 107293 Shoreline Beach Café (3) 0.35 308 
47 108941 1100 Shoreline Drive (La Marina to Leadbetter) 4.22 3,766 
48 103383 Shoreline Park (East) 9.72 8,672 
48 21563 Shoreline Park (West) 8.57 7,641 
52 108724 Villas del Mar (214 E. Yanonali Street) 1.53 1,364 

204 103695 Lash Water Truck 1214830 0.27 241 
205 107988 Venco Sweeping 2" 0.07 61 
205 107975 Venco Sweeping 3" 0.06 49 
209 110299 Insituform Technologies, Inc - Water Truck 2.28 2,034 
211 108007 Montecito Sanitary District - - 
212 103624 Water Tanker Truck - Parks Dept #562 0.00 0 
213 105462 1 State Street Restroom(3) 2.04 1,820 
215 105159 Wastewater Vactor #669 0.15 138 
215 104973 Wastewater Vactor #668 0.03 28 
215 106842 Wastewater Vactor #667 0.05 42 

  Total Phase I  449.05 400,624 
 Phase II South Customers   

3 109949 
Arroyo Burro Estuary Restoration Project City of SB, Creeks 
Division 0.43 385 

4 104704 Arroyo Burro Beach 2.42 2,159 
16 104676 Elings Park 44.77 39,942 
21 104707 Hidden Valley Park 1.36 1,210 
22 18368 Housing Authority Of - Meigs Rd 1.56 1,393 
22 18324 Housing Authority - Elise Wy 1.65 1,468 
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Table 4.3 Existing Recycled Water Users (Use averaged for years 2003 through 2007)  

Annual Demand (ADD) (1)(2) Model 
I.D. 

Account 
Number User Site Description (afy) (gpd) 

24 104708 La Mesa Park 3.81 3,399 
29 104706 Monroe School 7.39 6,596 
49 104857 Shoreline Condominiums (222 Miegs Road) 0.79 707 
51 104711 Val Verde - Torino Road 10.67 9,521 
51 104710 Val Verde 1315357 25.42 22,677 
53 104709 Washington School 7.91 7,058 

206 108717 Braemar Lift Station 0.89 798 
207 108723 Golf Course Reservoir Yard 0.03 29 
208 108868 Sprint PCS - Cliff Dr 0.11 94 

  Total Phase II S. 109.21 97,435 
 Phase II North Customers   

1 104582 Adams School 5.09 4,539 
7 107133 Cal Trans (San Marcos Pass) 12.95 11,555 
7 104659 Cal Trans (Las Positas) 20.63 18,404 
11 104660 Municipal Golf Course 202.67 180,816 
13 104757 Earl Warren Showgrounds 5.76 5,139 
23 104677 La Cumbre Junior High 18.46 16,470 
26 104696 Mackenzie Lawn Bowling (shrub irrigation) 1.05 937 
27 107169 Mackenzie Lawn Bowling Restroom3 0.05 42 
27 104679 Mackenzie Park (irrigation) 8.25 7,361 
32 104678 Oak Park 3.01 2,681 
35 104657 Pilgrim Terrace Coop Homes 7.15 6,380 
36 104614 Pilgrim Terrace Park 1.60 1,431 
37 105547 Rockhar Mini-Storage 0.17 150 
41 104658 Samarkand 2.27 2,028 
50 108122 Sprint PCS - Las Positas Rd. 0.02 22 
  Total Phase II N. 289.14 257,954 

Total Phase I, Phase II N., and Phase II S. 847 755,811 
Notes 
(1) Source: City of Santa Barbara, Recycled Water User 5-Year Consumption History (Santa Barbara, 2008) 
(2)  This is average demand between the years 2003 to 2007; however, if the average value was 15 percent less than the 

2007 value, the 2007 value was used instead.  
(3)  Toilet flushing 
(4)  Recycled water provided as process water for the plant was not included in this tabulation. 
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As listed in Table 4.3, the existing average annual customer ADD for this five year period was 847 afy. 
However, ADD is an average value for demand on a daily basis used as a baseline for system demand. 
Factors are applied to ADD for projecting both maximum month and peak hour demands based on historical 
patterns between ADD and MMD. As shown in Table 4.4, the minimum and maximum demand values per 
month vary significantly. 

 
Table 4.4 Recycled Water Utilization History  

Average Annual Demand (1)(2) 2003 2004 2005 2006 2007 
Total Annual Demands (afy) 702 824 710 656 846 

Average Day Demands (mgd) 0.63 0.74 0.63 0.59 0.76 

Month with Minimum Demand Jan March March April Jan 
Minimum Month (acre-feet) 8.9 17.2 5.9 7.6 25.7 

Minimum Month (mgd) 0.10 0.19 0.06 0.08 0.28 

Minimum Month Peaking Factor 0.1 0.2 0.1 0.1 0.3 
Month with Maximum Demand Sept Aug July July Aug 
Maximum Month (acre-feet) 131 123 116.6 116.7 127.0 

Maximum Month (mgd) 1.43 1.33 1.27 1.27 1.38 
Maximum Month Peaking Factor 2.2 1.8 2.0 2.1 1.8 
Notes 
(1)  Source: City of Santa Barbara, Recycled Water User 5-Year Consumption History (Santa Barbara, 2008) 
(2)  Annual consumption numbers were used to gauge the fluctuations in demand on a yearly basis and do not 

reflect the actual per month consumption. Actual monthly consumption varies as shown between the minimum 
and maximum consumption numbers. 

 

About 260,000 gpd of recycled water is also used at El Estero WWTP for plant processes such as spray and 
washwater. This use is not included in the above table. At full capacity, tertiary facilities must accommodate 
this additional process water flow. Ultimately, the effluent available from the tertiary facilities is reduced by 
260,000 gpd since the tertiary filters and the chlorine contact basin must accommodate this internal 
demand. 
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204     Lash Construction Water Truck
205     Venco Sweeping (No Location)
206     Braemar Lift Station
207     Golf Course Reservoir
208     Sprint PCS
209     Insituform Water Truck
211    Montecito San. District
212    Park Dept. Water Truck
213    State Street Restroom
215    Wastewater Vactor

No  Customer Name
  1   Adams School
  2   Andree Clark Bird Refuge
  3    Arroyo Burro Estuary Restoration Project
  4   Arroyo Burro Beach Park
  5   Cabrillo Ball Field
  6   Caltrans (US 101) (East)
  7   Caltrans (US 101) (West)
  8   Charles Meyer Desalination Facility
  9   Chase Palm Park
 10  Chase Palm Park Expansion
 11  City Golf Course
 12  Dwight Murphy Field
 13  Earl Warren Showgrounds
 14  El Escorial Villas
 15  El Estero Wastewater Treatment Plant
 16  Elings Park
 17  Fess Parker's Double Tree Inn
 18  Garden Street Ext
 19  Garden Street Parking Lot
 20  Harbor Lot/Shoreline Median
 21  Hidden Valley Park
 22  Housing Authority of Santa Barbara
 23  La Cumbre Jr High School
 24  La Mesa Park
 25  Leadbetter Beach
 26  MacKenzie Lawn Bowling
 27  Markenzie Park
 28  Marborg
 29  Monroe School
 30  Montecito Country Club
 31  Municipal Tennis Courts
 32  Oak Park
 33  Ortega Park
 34  Pershings Park/Plaza Del Mark
 35  Pilgrim Terrace Coop Homes
 36  Pilgrim Terrace Park
 37  Rockhar Mini Storage
 38  SB City College
 39  SB High School
 40  SB Junior High School
 41  Samarkand Retirement Cummunity
 42  Santa Barbara Visitors Center
 43  Santa Barbara Boys And Girls Club
 44  Santa Barbara Zoological Gardens
 45  Sea Landing Parking Lot
 46  Shoreline Beach Cafe
 47  Shoreline (La Marina to Leadbetter)
 48  Shoreline Park
 49  Shoreline Villas
 50  Sprint Sites on Las Positas Rd
 51  Valle Verde Baptist Homes
 52  Villas Del Mar (CPH)
 53  Washington School

Caltrans Right of Way

Existing Recycled Water Customers
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Existing Customer Maximum Month Demand 

Monthly demands can vary significantly from ADD. In the summer, monthly irrigation demand is high when 
compared to ADD. Typically, this difference is quantified as a ratio between MMD and ADD called the MMD 
peaking factor. MMD is calculated as ADD times the MMD peaking factor. This factor is estimated from 
historical billing data, and is assumed to quantify an irrigation trend. Figure 4.5 presents average annual 
production (demand) billing data for each month for the years 2005 through 2008. As shown in Figure 4.5, 
average monthly demands for recycled water were about 60 AF and median maximum month demands 
were about 120 AF for each year. Accordingly, the MMD factor was 2.0 for existing customer demand. It is 
considered appropriate to use the same MMD factor for analyzing demand by potential new customers, as 
discussed later in this report.  
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Figure 4.5  El Estero WWTP Recycled Water Production  
 

Diurnal Patterns 

In addition to seasonal demand variations, recycled water systems are characterized by substantial 
variations in demand during the day. These variations create a peak hour demand (PHD). Figures 4.6 and 
4.7 present the diurnal curve of hourly demand for different types of customers. As shown on  
Figure 4.7, the recycled water demand for irrigation users in the City occurs for 9 hours during the night and 
morning, resulting in a peaking factor of 2.7 (24/9). It was assumed that commercial customers (using City 
billing classifications this small group of customers includes hotels, some parks and gardens, homeowner 
associations, limited retail, etc.) use recycled water for 12 hours in a 24-hour period, resulting in a peaking 
factor of 2.0. The peaking factors used in this study are summarized in Table 4.5. These peaking factors 
were applied to MMD factors to obtain PHD. 
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Figure 4.6 12-Hour Diurnal Curve for Commercial Users  
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Figure 4.7 9-Hour Diurnal Curve for Irrigation Users 
 



RECYCLED WATER EXPANSION ASSESSMENT 

August 2009 4-17 

Summary of Existing Customer Demands 

Billing records were used to estimate ADD for both existing and potential customers except for customers 
without a separate irrigation meter. For these customers, an ADD factor of 2 afy was applied to each acre. 
The MMD peaking factor of 2.0 was estimated based on historical trends and PHD factors were estimated 
based on representative diurnal patterns. Accordingly, Table 4.5 provides a summary of peaking factors and 
Table 4.6 provides a summary of existing demands by distribution zone. As shown, the maximum month 
demand peaking factor from the billing records is consistent with the seasonal variation in production as 
listed in Table 4.4. 

 
Table 4.5 Summary of Peaking Factors 

Demand Condition Peaking Factor 
Average Day Demand  - 
Maximum Month Demand 2.0*ADD 
Peak Hour Demand  

9-hour usage(1) 2.7*MMD or 5.4*ADD 
12-hour usage(2,3) 2.0*MMD or 4.0*ADD 

Notes 
(1) Irrigation of golf courses. 
(2) Irrigation of highway medians, schools, parks, cemeteries, and new developments 
(3) Car washes and commercial laundry usage. 

 

Recycled Water Treatment and Distribution Facilities 

El Estero WWTP provides effluent for the downstream distribution system that includes pipes, reservoirs 
and pump stations. The locations of these major components of the recycled water system, including 
treatment and distribution, are shown schematically on Figures 4.8 and 4.9. Recycled water facilities consist 
of the following primary components. 

• El Estero WWTP recycled water treatment facilities, including a flocculation basin, anthracite filters, 
associated chlorine contact basin, and recycled water transfer pumps. 

• El Estero WWTP on-site recycled water reservoir and distribution pump station complete with a 
surge protection system. 

• The Phase I and Phase II distribution system that includes piping, pressure blow-off assemblies, and 
check valve assemblies. 

• Golf course recycled water reservoir and pump station. 

• La Mesa Park booster pump station. 

A map of the system is provided on Figure 4.10. The following sections describe these key facilities. 
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PHASE II
  SOUTHERN SERVICE AREA

Average 
Annual

Demand
Acre-feet/yr

Flow 
ConditionZone

Phase II Service Area 
Southern Section

Existing 109 17.9 0.19 0.52

Maximum
Month

Demand
(Summer
August)

Acre-feet

Maximum
Month

Demand
(August)

mgd

Peak Hour
Demand 
(August)

mgd

PHASE II 
 NORTHERN SERVICE AREA

Zone

Phase II Service Area 
Northern Section

Existing 289 47.4 0.51 1.39
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CITY OF SANTA BARBARA

PHASE II
  SOUTHERN SERVICE AREA

Average 
Annual

Demand
Acre-feet/yr

Flow 
ConditionZone

Phase II Service Area 
Southern Section

Existing 109 17.9 0.19 0.52

Maximum
Month

Demand
(Summer
August)

Acre-feet

Maximum
Month

Demand
(August)

mgd

Peak Hour
Demand 
(August)

mgd

PHASE II 
 NORTHERN SERVICE AREA

Zone

Phase II Service Area 
Northern Section

Existing 289 47.4 0.51 1.39

GOLF COURSE TANK/
PUMP STATION

CHECK
VALVE ASSEMBLY

ELINGS
PARK

PHASE I
  SERVICE AREA

Average
Annual

Demand
Acre-feet/yr

Flow 
ConditionZone

Phase I Service Area Existing (1)740 (1)108.5
(1)1.14

Maximum
Month

Demand
(Summer
August)

Acre-feet

Maximum
Month

Demand
(August)

mgd

(1)2.5

Peak Hour
Demand
(August)

mgd

HGL
324’

LEGEND
CITY OF SANTA BARBARA

RECLAIMED WATER SYSTEM

PIPING

USER SITES

DESIGN FLOW RATES

RESERVOIR STORAGE CAPACITY

SYSTEM OPERATING CRITERIA

PHASE I;

PHASE II;

TOTAL;

PHASE I;

PHASE II;

TOTAL;

PHASE I;

PHASE II;

PHASE I;

PHASE II;

TOTAL;

RESERVOIR 
FILLING;

SITE USE;

6.11 MILES OF PIPE 4”-18” C-900/905 PVC

8.58 MILES OF PIPE 4”-18” C-900/905 PVC

13.69 MILES

32 SITES

33 SITES

65 SITES

3200 GPM @ 117 PSI (El Estero P.S.)

1230 GPM @ 45 PSI (L.H. Pumps, La Mesa P.S.)

525 GPM @ 108 PSI (H.H. Pumps, La Mesa P.S.)

2950 GPM @ 160 PSI (Golf Course P.S.)

670,000 GALLONS ABOVE GROUND STEEL TANK

1,500,000 GALLONS BURIED REINFORCED CONCRETE TANK

2,170,000 GALLONS

6 A.M.-9 P.M. DAILY

9 P.M.-6 A.M. DAILY

NOTE:

Represents the minimum
delivery hydraulic gradeline

(HGL) at the key location.

HGL
xxxHGL

543’
HGL
220’

HGL
334’

HGL
234’ HGL

324’

HGL
288’HGL

434’

Average 
Annual

Demand
Acre-feet/yr

Flow 
Condition

Maximum
Month

Demand
(Summer
August)

Acre-feet

Maximum
Month

Demand
(August)

mgd

Peak Hour
Demand 
(August)

mgd

LA MESA
BOOSTER 
STATION

5

(1) Includes El Estero WWTP Process Water.
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Table 4.6 Summary of Existing Customer Demands 

Recycled Water Demand Areas 
ADD Demand (1) 

(mgd) 
MMD Demand 

(mgd) 
PHD Demand 

(mgd) 
Phase I System 0.400 0.800 2.16 
Phase II System South 0.097 0.194 0.524 
Phase II System North 0.258 0.516 1.39 
Phase II System Total, North & South 0.355 0.710 1.92 
Total, Phase I and Phase II 0.76 1.5 4.0 
El Estero WWTP Process Water 0.26(2) 0.34(3) 0.34(4) 
Total, System Phases and Process Water 1.0 1.8 4.35 
Notes 
(1) Based on average demand, years 2003 - 2007. See Table 4.3. 
(2) Based on the average use from 2006-2008. 
(3) Based on monthly average use data from 2006 -2008 and a peaking factor of 1.3. Maximum month use typically occurred 

in late spring or late summer and the peak value was approximately 30 percent greater than the average. 
(4) Hourly data on El Estero WWTP process water was not available. Typically, plant process water demand is constant 

throughout the day with more use occurring during staffed hours when additional processes are in operation (such as 
sludge dewatering); consequently peak demand does not coincide with the peak demand from the recycled water 
distribution system. 

 

El Estero Wastewater Treatment Plant 

Table 4.7 provides a summary of treatment processes at El Estero WWTP with associated facility 
capacities. 

As summarized in Table 4.7, the liquid stream treatment process at El Estero WWTP consists of raw 
sewage pumping, grit removal, primary sedimentation, biological activated sludge, flocculation, tertiary 
filtration, and disinfection. Treated secondary effluent is either discharged through an ocean outfall or 
diverted, prior to the chlorine contact step, to tertiary filters where coagulant and flocculent aids are added. 
This diverted effluent is treated to meet California Title 22 requirements for unrestricted recycled water use. 
Once the filtered water has undergone disinfection, it is pumped to a 670,000-gallon storage tank. The 
recycled water is then pumped into the recycled water distribution system.  

Recycled Water Distribution System 

The City’s recycled water distribution system was developed in two phases. Phase I was completed  
July 1989 and Phase II completed May 1991. Phase I and Phase II combined include approximately  
14 miles of distribution piping. Pipe diameters range from 2-inches to 18-inches. Phase II Service Area is 
divided into two pressure zones: Phase II northern zone is located generally north of Highway 101 with 
Phase II southern zone located generally south of Highway 101. The phasing of the distribution pipelines is 
shown on Figure 4.9 and Figure 4.10. Design criteria for booster pump stations and reservoirs are described 
in the following sections. 
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Table 4.7 Summary of Liquid Stream Treatment Process 

Process Description Number of Tanks/Units Average Annual Capacity 
Raw Sewage Pumping Influent Pump Station  11 mgd 
Grit Removal Aerated Grit Removal 1 11 mgd 
Primary Treatment Sedimentation 5 11 mgd 
Secondary Treatment Biological Activated 

Sludge 
7 11 mgd 

Process Description Criteria Value 
Tertiary Treatment Flocculation Basins   

  Quantity 1 
  Cells 1 
  Length 8 ft 
  Width 10 ft 
  Side Water Depth 22 ft 
  Detention Time at Filter 

Capacity (4.4 mgd) 
7.3 min 

Process Description Number of Tanks/Units Average Annual Capacity 
Tertiary Treatment Filtration   

  Type Gravity 
  Media Type Anthracite 
  Number of Cells 4 
  Surface Area 14 ft x 14 ft 
  Loading Rates  
  All Filters In-Service 3.9 gpm/sq ft 
  One Filter In Backwash 5.2 gpm/sq ft 
  One Filter in Backwash 

and One Filter Out-of -
Service 

7.6 gpm/sq ft 

  Rated Capacity 4.4 mgd 
Disinfection Chlorination   
 Chlorine Contact 

Basin 
  

  Quantity 1 
  Number of Passes 4 
  Side Water Depth 8.25 ft 
  Length (Ea Pass) 86 ft 
  Width (Ea Pass) 8.5 ft 
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Table 4.7 Summary of Liquid Stream Treatment Process 

Process Description Number of Tanks/Units Average Annual Capacity 
  Volume 180,000 gal 
  Efficiency 75 percent 
Disinfection El Estero Reservoir   
  Quantity 1 
  Baffles Yes 
  Side Water Depth 6 ft 
  Diameter 72 ft 
  Volume 182,000 gal 
  Efficiency 75 percent 
Disinfection Total Capacity   
  Volume 362,000 gal 
  Contact Time 90 min 
  Efficiency 75-percent 
  Rated Capacity 4.3 mgd 

(2.16 mgd without use of 
reservoir for contact) 

Transfer Pumps Pumping Capacity   
  Quantity Pumps 2 
  Pump Capacity (Ea) 3000 gpm 
  Rated Capacity w/ one 

unit in standby 
4.3 mgd 

 

Storage Facilities 

Storage facilities consist of a 670,000 gallon steel, above-ground storage tank located at El Estero WWTP, 
a 1.5 million gallon below-ground reinforced concrete reservoir, and a hydopneumatic tank at the Municipal 
Golf Course. The locations of these reservoirs are depicted on Figure 4.10; design criteria are provided in  
Table 4.8. 

Booster Stations  

Booster pump stations consist of El Estero Reclamation Pump Station, La Mesa Pump Station, and Golf 
Course Hydro-pneumatic Pump Station. The locations of these pump stations are depicted on Figure 4.10 
while the design criteria are summarized in Table 4.9. 
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Table 4.8 Storage Facilities 

Name 
El Estero Water Reclamation 

Reservoir Golf Course Reservoir 
Location El Estero WWTP Phase II System, North 

Type Steel, cylindrical Below ground, reinforced concrete, 
cylindrical 

Capacity 487,000 gallons(1) 1,500,000 gallons 
Height 16 feet(1) 25 feet 

Diameter 72 feet 105 feet 

Min. Water Level 6 feet 6 feet 
Max. Water Level 21.5 feet 22 feet 

Note 
(1)  Does not include the 6 feet of sidewater depth used for additional chlorine contact time. 

 
Table 4.9 Booster Pump Stations 

Name 

El Estero  
Water Reclamation 

Pump Station 
La Mesa 

Pump Station 

Golf Course  
Hydro-pneumatic 

Pump Station 
Location El Estero WWTP La Mesa Park City Golf Course 

Type Vertical Turbine Vertical Turbine Vertical Turbine 
Number of 

Pumps 
2 variable speed 
3 constant speed 

2 Low-Head 
2 High-Head 

5 constant speed 

Pump Station 
Capacity 

Distribution Pumping to Phase I: 
3,200 gpm (4.6 mgd)  

at 117 psi 
Conveyance Pumping to Phase II (1): 

1,700 gpm (2.5 mgd)  
at 145 psi(2). 

LH Pumps:  
1,230 gpm (1.8 mgd)  

at 45 psi 
HH Pumps:  

525 gpm (0.75 mgd)  
at 108 psi 

2,950 gpm (4.24 mgd) 
 at 160 psi 

Pump Rated 
Capacity 

2 Variable speed pumps: 
 1080 gpm each at 117 psi 

(100 HP) 
3 Constant speed pumps: 
 710 gpm each at 117 psi 

(75 HP) 

2 LH Pumps: Variable 
Speed, 1230 gpm each 

at 45 psi (50 HP) 
2 HH Pumps: Variable 
Speed, 525 gpm each  

at 108 psi (50 HP) 

5 Constant speed 
pumps: 

600 gpm each  
at 160 psi (75 HP) 

Additional 
Information 

1 Compressor, surge tank – 3000 
gal at 150 psi 

Space exists for two 
future pumps 

Hydropneumatic tank – 
42’ 4” long and 10’ 2” in 

diameter with a  
25,857 gal capacity. 

Notes 
(1)  Unassisted by the La Mesa Booster Pump Station. 
(2)  Exact operating pressure for this flow rate is approximated based on known hydraulic information. 
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Operations 

The El Estero recycled water pump station pressurizes the system such that night time production is used 
directly to serve user demand in the Phase I portion of the system. During the day, water is conveyed to 
Golf Course Reservoir via a 14-inch and 12-inch diameter Phase I pipeline between the treatment plant and 
Shoreline Park and a 16-inch diameter Phase II pipeline between Shoreline Park and Golf Course 
Reservoir. The recycled water is boosted, as necessary, midway by La Mesa Pump Station, located after 
Shoreline Park to maintain sufficient pressure to reach Golf Course Reservoir.  

At night, water is pumped from Golf Course Reservoir by the Golf Course Pump Station. The 16-inch 
diameter Phase II transmission line between Shoreline Park and the Golf Course Reservoir acts as a 
distribution main. During this time, the Phase II pipeline is hydraulically isolated from the Phase I system by 
the La Mesa check valve. Since the pressure of the Phase II system is considerably greater then the Phase 
I system pressure, the check valve seals the Phase I system. Also, during this time, two high-head pumps at 
the La Mesa Pump Station pump recycled water from the Phase I distribution zone to the Phase II 
distribution zone. When distribution-pumping ceases for the Phase II system 16-inch diameter pipeline, the 
pressure in this pipeline declines and conveyance flows from Phase I system resume since the Phase I 
system is constantly pressured.  

The Phase II system serves customers along the 16-inch diameter transmission pipeline (the South Zone) 
and customers on an extension of the system to the North Zone. This extension originates from the Golf 
Course Pump Station with a 14-inch diameter distribution line extending east and south to La Cumbre Junior 
High School and a 10-inch diameter branch conveying water north to McKenzie Park. Figure 4.10 illustrates 
this portion of the Phase II system. The Golf Course Pump Station works in conjunction with a hydro-
pneumatic tank to supply water from Golf Course Reservoir to these two pressure zones in the Phase II 
area. The North Zone distribution line is pressurized on a full time basis. During the day, motor controlled 
valves isolate the North Zone from the main 16-inch diameter transmission line. During the night, the valves 
open and Golf Course Pump Station pressurizes both the main transmission line and the North Zone 
pipelines. A system of pressure reducing valves regulates the pressure for sites downstream of Golf Course 
Reservoir. 

Existing System Limitations 

As previously discussed, El Estero WWTP consists of full secondary treatment followed by anthracite media 
filtration, and chlorination. Both the distribution system and upstream treatment processes pose constraints. 
Capacity constraints are discussed for the following five areas. 

• Disinfection 

• Booster Pumping Capacity 

• Storage 

• Tertiary Treatment 

• Distribution Pipelines 
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Disinfection 

According to State regulations, the disinfection process must provide a CT value (concentration multiplied 
by contact time) of not less than 450 mg-min/L with a modal detention time of not less than 90 minutes. The 
hydraulic detention time is determined using the total volume of the contact tank. The modal contact time is 
less than the calculated hydraulic detention time. This is due to short-circuiting and other mixing factors and 
the fact that the basin is not completely efficient.  

Currently, the WWTP’s chlorine contact basin is operated in tandem with El Estero WWTP Recycled Water 
Reservoir in order to provide sufficient contact time. A minimum depth of 6-feet is maintained in the reservoir 
through level monitors that halt pumping when the water surface drops to the minimum 6-feet. When 
operated alone, the existing chlorine contact basin provides about 2.16 mgd of capacity (theoretical value is 
2.88 mgd, the basin is 75 percent efficient). When the basin is operated with the minimum 6-ft side water 
depth in the reservoir, the total capacity is 4.3 mgd (theoretical value is 5.8 mgd, the efficiency is  
75 percent). The current MMD for the system is approximately 1.8 mgd (Table 4.6), and the current filter 
capacity is 4.4 mgd, so the disinfection process does not limit the system at the current demand level. 
Treatment processes are only designed for maximum month flows since peak hourly flows are buffered by 
downstream distribution system storage.  

The current method of extending contact time by using the recycled water reservoir in tandem with the 
chlorine contact basin is not an ideal option for expanding this process. Utilization of the reservoir for this 
purpose is an inefficient use of an existing facility because it effectively reduces usable storage capacity. 
The City could examine methods for increasing the efficiency of the existing contact basin. Increased 
efficiency in the contact basin could increase the capacity of the basin while reducing reliance on the 
reservoir for contact time. 

The current method of operation could be continued; however, the drawbacks to such an option are as 
follows. 

• Future Need of Reservoir: In the future, the distribution system may need to be expanded, but could 
be constrained by the lack of available storage.  

• Operational Control: Currently the filters and disinfection system are run in a batch mode. When 
required, filters and associated contact basin are operated to provide the desired amount of recycled 
water. The limitation on reservoir capacity limits the ability to run the filters and disinfection process 
on a continuous basis. The reservoir acts as a buffer and reduction of this buffer means that the 
plant cannot operate the filters as freely on a continuous basis since the plant would lose the ability 
to buffer excess flows. The plant would benefit from this operational flexibility since it will allow the 
filters to run in a more reliable steady state regime. 

When available storage becomes a constraint in the future, the most practical solution would be to expand 
the current plant disinfection process, so it mirrors the capacity of the upstream tertiary filters. This upgrade 
would insure that the filters could be fully utilized in the future. This recommendation was also made in the 
2001 Miscellaneous Improvements Project for the El Estero WWTP. A summary is provided in the 
Recommendations portion of this section.  
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To summarize, the disinfection process limits the amount of recycled water for two different scenarios. 

• Overall System: recycled water supply is limited to 2.16 mgd if the reservoir is out of service. 
Currently, this capacity alone is sufficient for peak periods since the current MMD is 1.8 mgd. In the 
future, this capacity may not be sufficient for peak periods if MMD exceeds 2.16 mgd, however, 
capacity could be sufficient for off peak periods if ADD in combination with El Estero process water is 
less than 2.16. Consequently, in the future, planned outages of the reservoir could be scheduled 
during off peak periods, but unplanned outages could have to be controlled by demand 
management, if an outage occurs during MMD. 

• Overall System: recycled water supply is limited to 4.3 mgd with both the contact basin and the 
reservoir in service. 

With current recycled water MMD of 1.8 mgd (Table 4.6), the existing disinfection process, as currently 
operated, meets demand. It would continue to do so until demand approaches one of these two limiting 
scenarios. 

Distribution 

The constraints imposed by the distribution system are a consequence of existing pipelines, pump station, 
and/or storage capacity.  

Distribution Pipelines. The existing recycled water distribution pipelines were modeled in a hydraulic 
model created in H2O Map® modeling software. According to model results, the existing pipes have sufficient 
capacity to convey the existing demands without any system pressure limitations. The capacity in the 
existing pipelines is also adequate to convey the future demands from potential expansion projects 
proposed in this chapter while meeting pressure criteria. While the existing distribution pipes currently do not 
limit system demand anywhere in the system, additional projects beyond the planning horizon of this report 
should be evaluated in the model to understand the potential pipeline limitations on system pressures.  

Pump Station Capacity. The amount of flow that can be supplied to the Phase I and Phase II zones is 
limited by the existing capacity of the pump stations. The pump stations are sized to accommodate peak 
hour flows to customers during their respective distribution periods. Table 4.10 summarizes delivery 
limitations for the three pumping scenarios. 

Until recycled water demands approach one of these three limitations, current pump stations will meet 
demands. 



RECYCLED WATER EXPANSION ASSESSMENT 

August 2009 4-29 

 
Table 4.10 Delivery Limitations Based on Booster Pump Capacity 

Scenario 
Pump Station 

(PS) Name 
Rated PS 
Capacity 

Available 
Distribution 

Time 

PS Capacity 
During 

Distribution 
Time(3) 

Current MMD 
During 

Distribution 
Time(4) 

Phase I Nightly Distribution El Estero 3,200 gpm 9 hrs 1.7 MG 0.94 MG(5) 
Phase II Nightly Distribution Golf Course 3,000 gpm 9 hrs 1.6 MG 0.71 MG(4) 

Phase II Daytime Conveyance  
to Golf Course Reservoir 

El Estero and 
La Mesa 1,650 gpm(1) 15 hrs 1.5 MG(2) 0.71 MG(4) 

Notes 
(1) Combined pumping capacity of El Estero and La Mesa. 
(2) Note that daily delivery capacity is limited by reservoir volume. 
(3) Assumes pump station runs at the rated capacity. The volumes shown are the maximum amounts the pump stations can 

transfer during the stated time. These volumes are greater than the MMD amount shown in the next column, indicating that 
the pump station need not operate at the rated capacity during peak demand periods; consequently, spare capacity is 
available. 

(4) Demanded volume during available time for distribution or conveyance, as applicable. 
(5) Demanded volume (including plant process water) during available time for distribution or conveyance, as applicable. 

 

Storage Capacity. Most of the demand on the system occurs at night in a nine-hour window between the 
hours of 9 p.m. and 6 a.m. when WWTP flow often averages about 2.5 mgd in the early morning, as shown 
previously on Figure 4.2. Consequently, supply is limited to storage in combination with the nightly plant flow 
during this time period. Storage is limiting for the following three scenarios: 

• Phase I demand in excess of the capacity of El Estero Reservoir in combination with nightly flow 
from the filters. 

• Phase II demand in excess of the capacity of Golf Course Reservoir, except to the extent augmented 
with flow from the Phase I area by the La Mesa Pump Station in high head mode.  

• Overall system demand in excess of total storage volume in combination with nightly flow from the 
filters. 

Currently, the filters are operated as a batch process. During the day, the plant fills both the Golf Course 
reservoir and the El Estero Reservoir to their maximum levels. The filters are activated when the level in the 
El Estero Reservoir drops to 10 feet (above the reservoir floor) and the filters are deactivated when the level 
in the reservoir rises to 20 feet (above the reservoir floor). Considering that the first 6 feet of the reservoir is 
required for contact time, the filters do not activate until about 3/4 of the reservoir’s available 0.49 MG 
capacity is depleted (since useful range is between 22 and 6 feet of sidewater depth). Based on current 
MMD, about 740,000 gallons is required for the Phase I system at night, and according to this value, the 
reservoir will reach the 10 foot level after about 4 hours. The irrigation period begins at 9pm, so the filters 
would activate at about 1 am when the flow into the plant averages about 2.5 mgd. Considering that the 
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irrigation period will last for an additional 5 hours, about 0.50 MG is available from the filters as additional 
supply. 

Delivery to the Phase I zone is limited to the amount of flow that is stored in El Estero Reservoir plus the 
amount of flow coming from the filters at night. As previously described, for the worst case scenario, about 
0.5 MG is available from the filters at night plus 0.5 MG stored during the day, providing a total of 1.0 MG 
without blending. If MMD demand in the Phase I system exceeds 1.0 mgd, then additional reservoir capacity 
will be needed for Phase I.  

Delivery to the Phase II zone is limited to the amount of flow that can be stored in the golf course reservoir 
during the day. If MDD surpasses the 1.5 mgd capacity of Golf Course Reservoir, additional storage 
capacity will be needed. 

Delivery to the overall system is limited to the amount of recycled water that can be stored during the day 
(2.0 MG) plus the amount of flow treated at night (0.5 MG), totaling 2.5 MG as shown in Table 4.11.  

 
Table 4.11   Delivery Limitations Based on Current Storage (without blending) 

Day Storage 2.0 MG (1.5 Golf Course and 0.49 El Estero) 

Supply at Night (Amount Treated) 0.5 MG (2.5 mgd x 5/24 day) 

Total Supply Available for Distribution 2.5 MG 

 

If the City wants to increase the quantity of recycled water to the system, it can increase the amount of 
storage. Increasing storage is the only means for increasing the available supply for the Phase II zone. For 
the Phase I zone, the City could also increase available supply by altering the operational procedure for the 
tertiary filters. Running the filters on a continuous basis provides more effluent than batch operation. If the 
City decides to increase storage, the upper limit for system storage is the amount of recycled water that is 
processed by the filters during 15 hours of the day when distribution pumping is not occurring. This value is 
2.75 MG (15/24 x 4.4 mgd). The current storage volume is less than this limiting amount, meaning that 
overall system storage would become a constraint before the treatment capacity of El Estero WWTP. 

To summarize, storage limits the amount of recycled water for three different scenarios: 

• Phase II system: recycled water demand is limited to 1.5 mgd. 

• Phase I system: recycled water demand is limited to 1.0 mgd 

• Overall System: recycled water demand is limited to 2.5 mgd. 

Until demands approach one of these three limiting scenarios in the near future, current storage meets 
demands. 
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Analysis of Blending Effects on Capacity 

On average, blending practices boost the supply of recycled water by a factor of 1.4, as discussed in the 
Water Quality section. This factor is based on the amount of potable water needed to meet target total 
dissolved solids (TDS) and chloride levels for the blended recycled water. The increase in flow due to 
blending affects the previous analysis. 

• Disinfection capacity provides a flow of 4.3 mgd increased by the 1.4 factor for blending water for an 
output of 6 mgd, assuming both the reservoir and the contact basin are used for contact time. For the 
chlorine contact basin operating alone, the capacity of 2.16 mgd is increased by the 1.4 factor for 
blending. Consequently, the system supply is limited by the chlorine contact basin to 3 mgd if the 
reservoir is out of service.  

• As presented in Table 4.12, the overall supply from daytime storage in combination with the treated 
night diurnal flow is 2.7 mgd. Although the amount of system storage remains unchanged (2.0 MG), 
the nighttime supply is increased to 0.7 MG (1.4 times 0.5 MG).  

• Even though the filters are producing 4.4 mgd, the output could potentially be 6.0 mgd because of 
blending (1.4 times 4.4 mgd). Consequently, the filters would not need to be upgraded until blending 
is no longer required and MMD surpasses the 4.4 mgd value. 

 
Table 4.12 Supply Limitations Based on Current Storage and Blending 

Day Storage 2.0 MG (1.5 Golf Course and 0.49 El Estero) 

Supply at Night 0.7 MG (2.5 x 1.4 mgd x 5/24 day) 

Total 2.7 MG 
 

Summary of System Limitations 

Table 4.13 summarizes limitations for the overall system and for each system phase. Limitations are 
summarized for blending and no blending options.  

Table 4.13 illustrates that the overall limiting facility is storage and that the existing system, under current 
operational procedures, is estimated to be able to serve a MMD of 2.5 mgd without blending and 2.7 mgd 
with blending. With an existing MMD of 1.8 mgd, the existing system is able to serve 0.7 mgd of additional 
MMD. This is equivalent to approximately 0.35 mgd of ADD or 392 afy.  

Given that Phase 1 distribution demand plus process water demand is currently at or near 1.0 mgd, and that 
the desired elimination of blending would reduce the effective Phase 1 storage capacity, storage is likely to 
become a limitation in the Phase 1 area first. Increasing storage capacity, either by constructing more 
storage or increasing chlorine contact chamber capacity, or operating the filters on a continuous basis (or a 
combination of both) would address this limitation.  
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Table 4.13 System Delivery Limitations  

Scenario Disinfection Booster 
Pumps 

Storage(2) Tertiary Filtration 

Without Blending     
Phase I  Limited to amount not 

utilized by the Phase II 
zone 

1.7 mgd 1.0 mgd(2) Limited to amount not 
utilized by the Phase II 

zone 

Phase II  Limited to amount not 
utilized by the Phase I 

zone 

1.6 mgd 1.5 mgd(3) Limited to amount not 
utilized by the Phase I 

zone 

System Overall 4.3(1) mgd 3.3 mgd 2.5 mgd 4.4 mgd 
With Blending     
Phase I  Limited to amount not 

utilized by the Phase II 
zone 

1.7 mgd 1.2 mgd(2) Limited to amount not 
utilized by the Phase II 

zone 
Phase II   Limited to amount not 

utilized by the Phase I 
zone 

1.6 mgd 1.5 mgd(3) Limited to amount not 
utilized by the Phase I 

zone 

System Overall 6.0(1) mgd 3.3 mgd 2.7 mgd 6.0 mgd 
Notes 
(1)  Assumes that both the contact basin and the reservoir are used for the required 90 minutes contact time. 
(2)  For the Phase I zone, the available supply is fixed by the volume of storage and the method of operation of the 

tertiary filters. For the Phase I zone supply can be increased by either increasing storage or altering the method of 
operation of the tertiary filters. 

(3)  For the Phase II zone, the available supply is fixed by volume of storage. Supply can be increased for Phase II only 
by increasing storage 

 

In the Phase 2 area, current MMD of 0.71 mgd is considerably below the 1.5 MG storage capacity of the 
Golf Course Reservoir, which defines the delivery limitation in the Phase 2 area, so increased storage in this 
part of the system is not likely to be needed soon.  

On a system wide basis, increasing storage could increase the system capacity to up to 3.3 mgd, which is 
the limitation imposed by the current booster pumping system.  

The system limitations noted in Table 4.13 could potentially be reduced if the City could use secondary 
effluent as process water instead of filtered (and potentially demineralized) recycled water. A detailed 
evaluation of this option is recommended when expansion of storage capacity to address the first system 
limitation is being considered. 
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Operating Costs 

The cost of operating the recycled water system is a combination of operating costs for additional treatment 
(including tertiary filtration and disinfection) and operating costs for the distribution system. Treatment 
upstream of tertiary filters is provided to entire plant influent flow regardless of recycled water system. 
Typical operations and maintenance costs for treatment are shown below in Table 4.14. 
 
Table 4.14 Treatment Operations and Maintenance Costs  

Description 
Tertiary Treatment Flow 

AAD Value 
1.015(1) 

Units 
mgd 

Operation    
Full Time Employees (FTE) 0.5 per year 

Cost $60,000 per year 
Cost/Year $30,000  

Chemical(2)    
Coagulant Dose 20 mg/L 

Coagulant Aid Dose 0.5 mg/L 
Flow 705 gpm 
Time 24 hrs 

Coagulant Cost $0.40 $/lb 
Coagulant Aid Cost $0.70 $/lb 

Cost per Day $68  
Cost/Year $24,718  

Power    

Filter Supply Pumps    
Flow 705 gpm 

Pressure 30 Psi 
Hydraulic Power 12 Hp 

Efficiency 82%  
Brake Horsepower 15 Hp 

Daily Time of Operation 24 hrs 
Energy Used per Day 269 kWh 

Cost of Electricity $0.10 $/kWh 
Cost/Year $9,800  

Filter Backwash Blowers    
Number of Filters 4  

Daily Backwash Cycles 2 per Filter 
Backwash Duration 10 minutes 

Daily Total Backwash Time 80 minutes 
Brake Horsepower 25 hp 

Energy Used per Day 25 kWh 
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Table 4.14 Treatment Operations and Maintenance Costs  

Description 
Tertiary Treatment Flow 

AAD Value 
1.015(1) 

Units 
mgd 

Cost of Electricity $0.10 $/kWh 
Cost/Year $900  

Total Tertiary Treatment Cost $65,418 per year 
Total Tertiary Treatment Cost $57 per acre-foot 
Disinfection Treatment Flow 0.755 mgd 

Operation    
FTE 0.25 per year 
Cost $60,000 per year 

Cost/Year $15,000  
Chemical    

NaOCl Dose 17 mg/L 
Flow 705 gpm 

Daily Time of Operation 24 hrs 
NaOCl Cost $0.83  

Cost per Day $119  
Cost/Year $43,597  

Power    
Reclaimed Water Transfer Pumps    

Flow 705 gpm 
Pressure 20 psi 

Hydraulic Power 8 hp 
Efficiency 82%  

Brake Horsepower 10 hp 
Daily Time of Operation 24 hrs 

Energy Used per Day 180 kWh 
Cost of Electricity $0.10 $/kWh 

Cost/Year $6,600  
Total Disinfection Cost  $65,197 per year 

Total Disinfection Cost $57 per acre-foot 
Total Treatment Cost  $130,615 per year 

Total Treatment Cost $115 per acre-foot 
Sources: City of Santa Barbara, Zetag, and Tertiary Filter Rehab Report. 
Notes 
(1)  Includes plant process water flow. 
(2)  Chemical costs based on TM 2 of the 2009 Filterability Improvement Evaluation Project. 
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The treatment costs shown in Table 4.14 are for the flows indicated. Costs are calculated regardless of 
existing treatment limitations. Costs assume that the facilities can accommodate flows indicated. For the 
current production flow, treatment costs are approximately $115 per acre-foot. 

Distribution Costs. Distribution costs assume current operational practices discussed previously. Energy 
costs for the Phase I system are lower on a per acre-foot basis because pumping only occurs once, 
whereas Phase II system pumping occurs multiple times.  
 
Table 4.15 Distribution Operations and Maintenance Costs 

Description AAD Value Units 
Plant Process Water 0.26 mgd 
Demand Phase I Zone 0.40 mgd 
Demand Phase II Zone, North 0.26 mgd 
Demand Phase II Zone, South 0.097 mgd 
Demand System Total 1.015 mgd 
Cost Electricity $/hp-hr $0.11 $/hp-hr 
Cost Electricity $/kWh $0.15 $/kWh 
Phase I System   
Phase I Demand 0.66(1) mgd 
El Estero Water Reclamation PS (9 hrs, Night)  

Flow 1,238 gpm 
Pressure 99 psi 

Hydraulic Power 71 hp 
Efficiency 82%  

Brake Horsepower 87 hp 
Daily Time of Operation 9 hrs 

Energy Used per Day 582 kWh 
Cost/Year $31,900  

Phase I kWh/AF 287  
Phase I Distribution Cost $31,900 per year 

Phase I Distribution Cost 43 per acre-foot 
Phase II System   
Phase II Demand 0.36 mgd 
El Estero Water Reclamation Pump Station  (15 - hrs, Day)  

Flow 370 gpm 
Pressure 96 psi 

Hydraulic Power 21 hp 
Efficiency 82%  

Brake Horsepower 25 hp 
Daily Time of Operation 15 hrs 
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Table 4.15 Distribution Operations and Maintenance Costs 

Description AAD Value Units 
Energy Used per Day 283 kWh 

Cost/Year $15,500  
La Mesa Pump Station. (15 - hrs, Day)  

Flow 370 gpm 
Pressure 93 psi 

Hydraulic Power 20 hp 
Efficiency 82%  

Brake Horsepower 24 hp 
Daily Time of Operation 15 hrs 

Energy Used per Day 274 kWh 
Cost/Year $15,000  

Golf Course Pump Station. (9 hrs, Night)  
Flow 666 gpm 

Pressure 141 psi 
Hydraulic Power 55 hp 

Efficiency 82%  
Brake Horsepower 67 hp 

Daily Time of Operation 8 hrs 
Energy Used per Day 399 kWh 

Cost/Year $21,900  
Phase II kWh/AF 876  

Phase II Distribution Cost $52,400 per year 
Phase II Distribution Cost $132 per acre-foot 

Sources: City of Santa Barbara. 
Note 
(1)  Includes plant process water demand. 

 

For Table 4.15, current ADD is used as the flow basis for each power calculation. This ADD flow in gpm is 
peaked by the appropriate factor based on the time of operation per day (e.g. 9 hours over a 24 period gives 
a factor of 24/9 or 2.7). Pressure is based on the static head plus an estimate of dynamic headloss. 
Hydraulic horsepower is based on the pressure head and flow. For each pump an efficiency of 82 percent is 
assumed to calculate brake horsepower. Brake horsepower is converted to kilowatts, multiplied by the time 
of operation to obtain the energy used by day. The cost per year is based on the stated cost per kilowatt 
hour.  
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It is assumed for Phase I that the El Estero Water Reclamation PS runs during a 9-hour distribution period 
at night. During the remaining 15 hours of the day, it is assumed that the El Estero PS is utilized for the 
Phase II system. It is assumed for the Phase II system that the El Estero Water Reclamation PS boosts flow 
to La Mesa PS, which then boosts flow to Golf Course Reservoir. This operation occurs during the 15 hours. 
In the remaining 9 hours, it is assumed for Phase II that the Golf Course PS is operational for distributing 
recycled water deposited in Golf Course Reservoir during the prior 15 hours.  

WATER QUALITY 
Current Blending Practices and Treatment Issues 

Due to high turbidity levels and TDS concentrations, distributed recycled water consists of a blend of tertiary 
treated effluent and potable water. Potable water is added to: 

• Maintain chloride levels below 300 milligrams per liter (mg/L) during the irrigation season,  

• Maintain TDS levels below 1,500 milligrams per liter (mg/L), and 

• Maintain blended water turbidity at 2.0 NTU or less (Title 22). 

Table 4.16 indicates blending practices that have occurred over a recent five-year period. On average, the 
outgoing recycled distribution water is comprised of 70 percent tertiary effluent flow and 30 percent potable 
water. Hence, the amount of potable blend is approximately equivalent to 40 percent of the Tertiary Effluent 
flow (0.30 / 0.70). Consequently, blending practices boost the supply of recycled water by a factor of 1.4. 

 
Table 4.16 Average Annual Recycled Water Production  

Year 2002 2003 2004 2005 2006 Average 
Tertiary Effluent Flow (mgd) 0.93 0.91 0.71 0.59 0.75 0.78 
Potable Water Addition (mgd) 0.29 0.21 0.50 0.46 0.18 0.33 
Recycled Water Production (mgd) 1.22 1.12 1.21 1.05 0.93 1.11 
Potable Water Blend (percent)  24% 19% 41% 44% 19% 30% 
Potable Water Blend (acre-foot ) 325 235 560 515 201 367 
Note 
(1)  Potable water is metered as it is added to the reservoir at El Estero WWTP. The tertiary effluent flow was calculated 

by subtracting potable water flow from recycled distribution flow. 

 

According to Title 22, turbidity requirements must be satisfied prior to blending, but blending is allowed for 
mineral requirements such as TDS and chloride. There are many issues to be addressed by the City to 
produce the desired effluent quality required by recycled water regulations. These issues include the 
following. 



RECYCLED WATER EXPANSION ASSESSMENT 

4-38 August 2009 

1. Filter age and condition: The filters are approaching the end of their useful life. The filters are corroded, 
media needs replacement, and existing instrumentation is out-of-date. 

2. Demineralization: Target mineral levels for chlorides and TDS can only be met through either blending 
or additional desalting processes such as reverse osmosis or electro-dialysis reversal. 

3. Filter Particle Removal: The secondary effluent is not conditioned properly for filtration. Consequently, 
turbidities downstream of filters are above the maximum 2 NTU. 

The City’s 2007 tertiary filter rehabilitation analysis evaluated the best alternative for both replacing the 
existing filter system and meeting target mineral requirements. Additional studies were performed to identify 
alternatives for conditioning the secondary effluent for maximum particle removal in the filters. The 
recommendations from these investigations are summarized as follows: 

• Modify the operational strategy of the filters so that filters are run at a consistent rate. Discontinue the 
practice of running the filters as a batch process. This will require operational changes at the  
El Estero WWTP. Additional changes in system storage and disinfection may be required. 

• Modify the aeration distribution, control, and dissolution to improve the filterability of the secondary 
effluent. 

• Increase operating solids retention time (SRT) to a level that improves filterability, while staying out 
of nitrification. 

• Upgrade the tertiary chemical feed system to allow optimum chemical conditioning of the secondary 
effluent. 

• Upgrade tertiary chemical feed system to allow optimum chemical conditional of secondary effluent. 

• Upgrade existing tertiary filters.  

In addition, a preliminary analysis of demineralization options was conducted, as discussed later in this 
report. Table 4.17 presents the water quality of tertiary treated effluent, potable water, and blended recycled 
water. Recycled distribution water values are the year round measured averages for the period 2002 to 
2007. A weighted average calculation of potable water quality (reflecting surface and groundwater) was 
used with the recycled distribution values to calculate the estimated tertiary effluent values, assuming  
30 percent potable water blending. 

Table 4.18 summarizes the degree of use restrictions for the City’s potable water and recycled water per 
Ayers and Wescot (1985), which has for many years been the City’s primary reference source on 
horticultural aspects of recycled water quality. 
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Table 4.17 Water Quality Parameters  

Parameter Unit 

Measured 
Recycled Dist. 
Water Value (4) 

 Calculated 
Potable Water 

Value(1) 

Calculated 
Tertiary Effluent 

Value(1) 

TDS mg/L 1,127 573 1,350 

Electroconductivity µmhos/cm 1,722 960(2) 2,250(2) 
SAR -- 3.3 -- 4.1 

Adjusted SAR -- 7.7 -- 10 

Sodium mg/L 151 41 194 
Calcium mg/L 88 86 88 

Magnesium mg/L 45 40 46 

Potassium mg/L 20 2.4 26 

Chloride mg/L 285 23 408 
Nitrate as Nitrogen mg/L 3.1 0.14 4.2 

pH -- 8.0 8.05 8.03 

Hardness as CaCO3 mg/L 415 377 429 
Alkalinity as CaCO3 mg/L 238 176 264 

Chlorine mg/L 3(2) N/A 12(2) 

Notes 
(1)  Calculated by the weighted average method. 
(2)  Calculated 
(3)  Assumes 30 percent of the recycled distribution water is potable blend water. 
(4)  Refers to tertiary effluent blended with potable water. 

 

EXPANDED RECYCLED WATER USAGE OPPORTUNITIES 
Investigation of Potential Customers 

Opportunities to increase the use of recycled water fall into four categories: 

• Further displacement of potable water use at current recycled water use sites; 

• Additional connections to serve existing development immediately adjacent to the current distribution 
system; 

• Extensions of the distribution system to serve new customers; and 

• Future development anticipated adjacent to the distribution system. 
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Table 4.18 Recycled Water Restrictions for Potable Water and Recycled Water 

Degree of Use Restriction 
Parameter Potable Water Recycled Water 

TDS (Salinity) Slight to Moderate Slight to Moderate 
Electro conductivity Slight to Moderate Slight to Moderate 
SAR (Permeability) Slight to Moderate Slight to Moderate 
Sodium Slight to Moderate Slight to Moderate 
Chloride (2) Slight to Moderate Slight to Moderate 
Nitrate as Nitrogen None None 
pH Slight to Moderate Slight to Moderate 
Hardness as CaCO3 Slight to Moderate Slight to Moderate 
Notes 
(1) Definitions of “The Degree of Use Restriction” terms: 

None = Water can be used similar to the best available irrigation water. 
Slight = Some additional management will be required above that with the best available irrigation water in terms 
of leaching salts from the root zone and/or choice of plants. 
Moderate = Increased level of management required and choice of plants limited to those which are tolerant of the 
specific parameters. 
Severe (not applicable) = Typically cannot be used due to limitations imposed by the specific parameters. 

(2) Chloride concentrations are severe for the produced recycled water without blending. 
(3)  Refers to tertiary effluent blended with potable water. 

 

To identify these opportunities, water usage data sets, provided by the City, were sorted to generate lists of 
the largest water users. Aerial photographs, road maps, and lists of City parks were examined to locate 
potential recycled water customers. Potential customers identified from one source were crosschecked with 
another source to verify customer location and demand. Once the customer location, irrigated area, and 
potential water demand were verified, a number was assigned to each customer based on the order in 
which they were initially identified.  

Potential Customer Average Day Demand  

Similar to existing customers, billing records were used to estimate ADD for potential customers. Most 
potential customers had billing accounts exclusively for uses that are suitable for recycled water. Such uses 
include industrial and commercial process water, and irrigation water. In a few instances, potential 
customers lacked a separate irrigation meter. Consequently, ADD for these special cases could not be 
determined from billing records since irrigation use could not be separated from potable water uses. For 
such special cases it was necessary to create an irrigation water use factor that was used to estimate 
irrigation demands based on land area and apply it to irrigable land acreage. This factor was not used to 
estimate irrigation needs for customers with the requisite billing information; however, it was tested on a few 
customers with known irrigation demands in order to gauge accuracy. The calculated irrigation demand 
value of 2.0 acre-feet per acre per year was within 5 percent of the billing data of the test case. This process 
is described in more detail in Appendix B.  
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Historical potable water usage data were available for all City accounts. Historical data consisted of monthly 
billing records for the period January 2006 through August 2008. The City has eight billing classifications. 
The following six classifications were considered as potential recycled water customer demand. 

• Irrigation multi-family residential 

• Irrigation commercial 

• Irrigation industrial 

• Irrigation agriculture 

• Commercial 

• Industrial 

Multi-family residential customers, such as housing complexes and apartment buildings, were included in 
the potential recycled water customer list. Generally, only users who use over 4,000 gpd of water for 
irrigation during the summer months were included in the potential customer list. Customers that were not 
included in the potential customer list are by no means excluded from being serviced by recycled water. 
Although the list was used to determine recycled water service alternatives, non-identified customers 
located on or near recycled water pipelines can and should be added to the distribution network, where 
feasible. 

A total of 56 potential customers were identified. These include Irrigation/Agricultural, Commercial, and 
Industrial customers. Commercial and industrial customers are limited in the City of Santa Barbara. Some 
commercial customers (laundries and car washes) are labeled as industrial, while some parks are labeled 
commercial. The 56 potential customers are shown on Figure 4.11 and listed in Table 4.19.  

Hydraulic Model  

A hydraulic computer model was created using H2OMAP modeling software from MWH Soft. Inc. 
Information from the City’s Geographical Information System *(GIS) and existing as-built plans were used to 
digitize existing recycled water pipelines and facilities. Junctions were created to model existing and 
potential customer demands. The treatment plant, reservoirs, and booster stations were also added. The 
model has two scenarios, one for the existing distribution system and one for the future system expansions. 
The main purpose of the hydraulic model was to size pipelines. Therefore, the model does not include 
diurnal curves and advanced controls to conduct extended period simulations. 

New pipelines were added to connect potential customers with the existing recycled water distribution 
system. Pipelines were sized so the velocity in the pipe did not exceed 7 feet per second (fps) in the model. 
A steady state analysis was used to evaluate both pipeline velocity and system pressure. In general, the 
pipes were also sized so that system pressures of 40 psi and above would be maintained. 

Figure 4.12 displays the location of potential pipeline projects and the customers served. Each existing and 
potential customer is represented by a separate node in the model. The customer IDs presented on  
Figure 4.12 correspond with the customer IDs listed in Table .19. The proposed pipe sizes are also 
indicated on the figure. 
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Increased Usage at Current Recycled Water User Sites 

Currently, a number of existing recycled water customers supplement their recycled water use with potable 
water. Ideally, this supplemental potable water could be converted to additional recycled water demand. 
Customers that currently supplement recycled water with potable water are listed in Table 4.20.  

Except for Samarkand, the customers in the top section of Table 4.20 are using potable water for irrigation 
purposes because of water quality concerns when using recycled water. For the golf courses, potable water 
is used for irrigating putting greens since grass species typically used on putting greens are sensitive to the 
relatively high mineral levels, particularly sodium and chloride. Parks and zoological gardens are not 
expected to be as sensitive, but concerns have been raised here as well. This issue is further addressed 
later in this report section.  

 
Table 4.20 Project 1 – Potential Increased Usage at Current Sites 

ID Customer Billing Category 
ADD 
(afy) 

ADD 
(mgd) 

MMD 
(mgd) 

PHD 
(gpm) 

Primarily Irrigation Usage      

57 & 112 Samarkand 
Retirement Irrigation, Commercial 5.6 0.005 0.01 20.8 

64 Montecito Country 
Club Irrigation, Recreation 11.2 0.01 0.02 41.7 

115 Santa Barbara 
Zoological Gardens Commercial 38.1 0.034 0.068 141.7 

54 & 92 City Golf Course Irrigation, Recreation 22.4 0.02 0.04 83.3 
65 Chase Palm Park Irrigation, Recreation 14.6 0.013 0.026 54.1 

Primarily Toilet Flushing      
131 Harbor Lot/Marina 2(1) Irrigation, Recreation 1.6 0.0014 0.0028 5.8 

132 Shoreline Park(1) Irrigation, Recreation 0.4 0.00038 0.00076 1.6 

133 Elings Park (1) Irrigation, Recreation 1.9 0.0017 0.0034 7.1 
134 Cabrillo Field(1) Irrigation, Recreation 0.4 0.0004 0.0008 1.6 

135 La Mesa Park(1) Irrigation, Recreation 0.1 0.000095 0.00019 0.395 

  Total 96.3 0.085 0.17 358 
Note 
(1)  Includes toilet flushing 
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The toilet flushing opportunities identified in the second part of Table 4.20 are for parks and other municipal 
areas around the City adjacent to the recycled water line. Such bathrooms are allowed to use recycled 
water for toilet flushing as they are institutional structures run by the City. The City should continue its efforts 
to retrofit City restrooms as determined to be cost effective.  

Table 4.20 shows the estimated maximum amount of recycled water that could be used to displace potable 
water use at existing sites. However, this number would be significantly lower if golf courses are not able to 
increase their recycled water allocation due to water quality concerns. 

New Opportunities Adjacent to Existing System 

The next most economical project, after increasing use at existing sites, is adding customers adjacent to the 
existing recycled water system. Table 4.21 lists potential recycled water customers adjacent to the existing 
system. Ideally, Projects 1 and 2 should be completed first. The City should first evaluate increasing 
recycled water use at existing sites. The second priority is to connect customers that are immediately 
adjacent to the existing system 

Tables 4.20 and 4.21 present the potential customers of Project 1 (increased use at existing recycled water 
sites) and Project 2 (customers adjacent tot the existing system), respectively. Other potential customers 
identified with City staff are listed in Table 4.22. The basis of demand estimates is also included in this table. 
As applicable, these sites were incorporated into various project groups. 

 
Table 4.21 Project 2 - New Opportunities Adjacent to Existing System 

ID Customer Billing Category 
ADD 
(afy) 

ADD 
(mgd) 

MMD 
(mgd) 

PHD 
(gpm) 

73 Harbor View Inn Irrigation, 
Commercial 2.3 0.002 0.004 7.8 

94 Elise Court 
Owners 

Irrigation, 
Residential-
Association 

5.0 0.004 0.009 16.7 

86 Stone Creek 
Owners Assoc. 

Irrigation, 
Residential-
Association 

8.8 0.008 0.016 29.4 

125 & 118 
Mission Linen 
Supply Industrial 42.7 0.049 0.099 185.2 

127 The Armory Irrigation Commercial 2.0 0.002 0.004 6.7 

130 Mission Terrace  Irrigation, Residential 
- Association 3.3 0.003 0.006 10.9 

  Total 64.1 0.07 0.14 256.7 
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Table 4.22 Potential Customers Identified by City 

ID Customer Use Remarks 
127 The Armory Irrigation Demand based on 1 acre of irrigation 
128 Hotel Mar Monte Irrigation Demand based on 0.4 acres of irrigation 
129 Santa Barbara Inn Irrigation Demand based on 0.75 acres of irrigation 
N/A Park Ave. Apartments Irrigation Could not locate in City’s billing records 

73 Hotels & Motels, W. 
Cabrillo Blvd Irrigation Found 1 potential user, Harbor View Inn 

N/A Coast Guard Irrigation Could not locate potential irrigable acres through either 
City database or aerial photography. 

94 Reef Court Irrigation Found in City’s billing data. 
86 Stone Creek Condos Irrigation Found in City’s billing data. 
57 Samarkand Irrigation Found in City’s billing data. 

130 Mission Terrace Irrigation Found in City’s billing data. 

N/A S&P Cement Concrete 
Mixing 

Not suitable for recycled water due to the current 
mineral quality of water (TDS and chlorides). 

204 Lash Rock Crush Yard Dust 
Control Already an existing customer. 

131 Marina Toilet 
Flushing Found in City’s billing data. 

132 Shoreline Park Toilet 
Flushing 

Found in City’s billing data. Toilet flushing demand was 
considered to be 70% of the non-irrigation demand. 

133 Las Positas Tennis 
Courts 

Toilet 
Flushing 

Found in City’s billing data. Toilet flushing demand was 
considered to be 70% of the non-irrigation demand. 

133 Elings Park Toilet 
Flushing 

Found in City’s billing data. Toilet flushing demand was 
considered to be 70% of the non-irrigation demand. 

134 Cabrillo Park 
Toilet 

Flushing 
Found in City’s billing data. Toilet flushing demand was 
considered to be 70% of the non-irrigation demand. 

135 La Mesa Park Toilet 
Flushing 

Found in City’s billing data. Toilet flushing demand was 
considered to be 70% of the non-irrigation demand. 

126 Rametto Road Irrigation Found City’s billing data. Not included in any project due 
to financial considerations. 

Note 
(1)  Includes toilet flushing. 

System Extensions to New Areas 

Several other projects to extend the existing system into new areas were also identified. These projects are 
listed in Tables 4.23 through 4.29. The locations of these projects are depicted on Figure 4.12, while the 
estimated costs for each project are listed in the next section. 
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Table 4.23 Project 3 – Extension to New Area 

ID Customer Billing Category 
ADD 
(afy) 

ADD 
(mgd) 

MMD 
(mgd) 

PHD 
(gpm) 

121 Fiesta Car Wash Industrial 3.0 0.003 0.005 10.1 
120 Ablitt's Fine Cleaners Industrial 4.7 0.004 0.008 15.9 
124 St. Paul Cleaners Industrial 3.0 0.003 0.005 10.2 
123 Dalee Car Wash Industrial 4.4 0.004 0.008 14.6 

119 Santa Barbara Hand Car 
Wash Industrial 5.9 0.005 0.010 19.7 

59 County of Santa Barbara Irrigation, Recreation 3.7 0.003 0.007 12.4 
80 Ralphs Grocery Irrigation, Commercial 11.3 0.010 0.020 38.0 

67 City of Santa Barbara - 
Alameda Park Irrigation, Recreation 11.8 0.011 0.021 39.4 

63 City of Santa Barbara - 
Alameda Park Irrigation, Recreation 11.8 0.010 0.021 39.4 

66 City of Santa Barbara - 
Alice Keck Park Irrigation, Recreation 11.0 0.010 0.020 36.7 

  Total 70.6 0.1 0.1 236.0 

Project 3 would serve the additional customers located along State Street as shown in Figure 4.12. This 
project would expand demand for the Phase I zone. 

 
Table 4.24 Project 4 - Extension to New Area 

ID Customer Billing Category 
ADD 
(afy) 

ADD 
(mgd) 

MMD 
(mgd) 

PHD 
(gpm) 

90 Franciscan Villas 
Association 

Irrigation, Residential-
Association 10.6 0.009 0.019 35.6 

109 
Santa Barbara 
Auto Group Irrigation, Commercial 3.3 0.003 0.006 11.1 

88 Towbes Group Inc Irrigation, Residential-
Association 6.6 0.006 0.012 22.1 

122 
Educated Car 
Wash Industrial 9.7 0.009 0.017 32.6 

  Total 30.3 0.027 0.054 101.4 

Project 4 would expand demand for the Phase II North zone as shown in Figure 4.12.  
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Table 4.25 Project 5 - Extension to New Area 

ID Customer Billing Category 
ADD 
(afy) 

ADD 
(mgd) 

MMD 
(mgd) PHD (gpm) 

116 Launderland Commercial 18.5 0.017 0.03 62.0 

85 Villa Constance 
South 

Irrigation, Residential-
Association 3.2 0.003 0.01 10.7 

98 Villa Constance 
North 

Irrigation, Residential-
Association 4.8 0.004 0.01 15.9 

  Total 26.5 0.024 0.047 88.6 

Project 5 would also expand demand for the Phase II North zone as shown in Figure 4.12.  

 
Table 4.26 Project 6 - Extension to New Area 

ID Customer Billing Category ADD (afy) 
ADD 

(mgd) 
MMD 
(mgd) 

PHD 
(gpm) 

136 Sunflower Park Irrigation, Recreation 0.5 0.000 0.001 1.7 

137 
Eastside 
Neighborhood Park Irrigation, Recreation 3 0.003 0.005 10.0 

138 
Franklin Park and 
School Irrigation, Recreation 11.2 0.010 0.020 37.5 

  Total 14.7 0.013 0.026 49.2 

Project 6 would expand demand for the Phase I zone as shown in Figure 4.12. 

 
Table 4.27 Project 7 - Extension to New Area 

ID Customer Billing Category 
ADD 
(afy) 

ADD 
(mgd) 

MMD 
(mgd) 

PHD 
(gpm) 

78 Vista Madera 
Owners Association 

Irrigation, Residential-
Association 4.6 0.004 0.008 15.4 

89 Las Positas 
Meadows HOA 

Irrigation, Residential-
Association 5.7 0.005 0.010 19.0 

  Total 10.3 0.009 0.018 34.4 

Project 7 would expand demand for the Phase II North zone as shown in Figure 4.12. 
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Table 4.28 Project 8 - Extension to New Area 

ID Customer Billing Category 
ADD 
(afy) 

ADD 
(mgd) 

MMD 
(mgd) 

PHD 
(gpm) 

99 Vista Pacifica 
Home 

Irrigation, Residential-
Association 4.4 0.004 0.01 14.7 

10
7 

Vista Pacifica 
Home 

Irrigation, Residential-
Association 3.8 0.003 0.01 12.7 

10
5 Shifco 

Irrigation, Residential-
Association 

3.9 0.007 0.01 27.4 

  Total 12.1 0.015 0.022 55 

Project 8 would expand demand for the Phase II South zone as shown in Figure 4.12. 

 
Table 4.29 Project 9 - Extension to New Area 

ID Customer Billing Category 
ADD 
(afy) 

ADD 
(mgd) 

MMD 
(mgd) 

PHD 
(gpm) 

128 Hotel Mar Monte 
Irrigation, Residential-

Association 0.8 0.001 0.001 2.5 

129 Santa Barbara Inn 
Irrigation, Residential-

Association 1.5 0.001 0.003 5.0 

  Total 2.3 0.002 0.004 7.5 

Project 9 would expand demand for the Phase I zone as shown in Figure 4.12. 

Cost Estimates for Pipeline Extensions 

The hydraulic model was used to size pipelines to serve customers under peak hour demand conditions. 
The length and pipeline sizing information obtained from the hydraulic model was then used to prepare 
construction and capital cost estimates. Based on a depreciation period of 30 years, capital costs were 
converted to an annual cost and a unit cost in $/acre-foot of displaced potable water use. These projects 
were prioritized according to unit costs ($/acre-foot). A summary of the estimated pipeline extension costs 
by project is provided in Table 4.30.  



RECYCLED WATER EXPANSION ASSESSMENT 

August 2009 4-55 

 

 Table 4.30 Estimated Pipeline Extension Costs 

Project 
Demand  

(afy) 
Construction 

Cost 
Capital  
Cost(3) 

Annual 
Amortized 
Costs(1)(2) 

Project Unit 
Cost 

($/acre-foot) 

1 96 N/A(4) N/A(4) N/A(4) N/A(4) 

2 64 N/A(4) N/A(4) N/A(4) N/A(4) 

3 71 $302,400 $511,056 $37,128 $526 

5 26 $228,800 $386,672 $28,091 $1,061 

4 30 $301,400 $509,366 $37,005 $1,221 

6 15 $213,600 $360,984 $26,225 $1,784 

7 10 $149,375 $252,444 $18,340 $1,786 

8 12 $233,000 $393,770 $28,607 $2,358 

9 2 $68,750 $116,188 $8,441 $3,752 

Total 326 $1,497,325 $2,530,480 $183,837 N/A 

Notes 
(1) Estimate based on a payment with a payback period of 30 years. 
(2) Interest rate of 6 percent. 
(3) Includes a 30 percent contingency and markups. 
(4)  Projects 1 and 2 are listed as not applicable (N/A) because no pipeline extensions are involved 

 

The nine projects that involve pipeline extensions are prioritized according to unit cost (dollars per acre-

foot). As shown in Table 4.30, in general, higher numbered projects have a higher unit cost. A detailed 

breakdown of the costs for each project is included in Appendix B, Recycled Water System Information. As 

discussed below, there will be additional costs associated with each site conversion, some of which may be 

cost prohibitive.  

It should be noted that Figure 4.12 only includes pipeline extensions where a potential customer was 

considered close enough to be served cost effectively. For example, customer number 126, as shown on 

Figure 4.11 just north of the Montecito Golf Course, is interested in obtaining recycled water for the irrigation 

of their 3-acre property, but the project costs of extending existing pipelines would be cost-prohibitive.  

Future Development 

Future uses of recycled water adjacent to the existing recycled water system include the following new 

project developments or major improvements. 

• Proposed development along Garden Street between Cabrillo Blvd and the 101 Highway (Wright 

Properties) 

• Proposed Fess Parker Waterfront Hotel 
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• Pedestrian improvements at West Beach 

• Elings Park improvements 

• Veronica Meadows housing development near Las Positas Road and Cliff Drive 

• Proposed Hillside House development on Veronica Springs Road 

• Proposed new housing at Valle Verde Retirement Community 

• National Guard Armory 

• Cottage Hospital 

Future developments were not included as potential future customers because of the lack of specific 
information on potential recycled water usage, but the amount of demand could be significant.  

 

ISSUES RELATED TO EXPANDED USE  
With regard to expanded use of recycled water, a number of issues should be considered such as 
requirements for toilet flushing, car washes and commercial laundries. Other considerations include 
irrigation water quality requirements, treatment costs, and costs to expand the uses. These considerations 
are discussed in more detail below. 

Urban Toilet Flushing 

 California Water Code Section 13553, related to toilet flushing, states the following. 

“The Legislature hereby finds and declares that the use of potable domestic water for toilet and urinal 
flushing in structures is a waste or an unreasonable use of water within the meaning of Section 2 of 
Article X of the California Constitution if recycled water, for these uses, is available to the user and 
meets the requirements set forth in Section 13550, as determined by the State Board after notice and 
a hearing.” 

“(c) For the purposes of this section and Section 13554, "structure" or "structures" means 
commercial, retail, and office buildings, theaters, auditoriums, condominium projects, schools, hotels, 
apartments, barracks, dormitories, jails, prisons, and reformatories, and other structures as 
determined by the State Department of Public Health.”  

Accordingly, recycled water can be used for toilet flushing for any of the aforementioned structures as long 
as the requirements in Article 5 of Title 22 (dual plumbing requirements) are met. In addition, the City should 
be aware that specific requirements for dual plumbed systems in buildings are outlined in Chapter 16, Part II 
of the California Plumbing Code. These requirements are in accordance with Title 22 and provide specific 
guidance to the City for the installation of recycled water system in non-residential buildings. Topics covered 
in the code include Drawings and Specifications, Pipe Material/Pipe Identification, Installation, Signs, 
Inspection and Testing, Sizing, and Approved Uses of Recycled Water.  
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As the California Plumbing Code does not allow any sort of interconnection between potable and recycled 
water plumbing in a building, the City should be aware of system reliability in regard to toilet flushing. The 
City should have a backup system that is adequate to meet demand for toilet flushing requirements. 
Currently, in the event of a recycled water outage, the City’s recycled water system can be fed with potable 
makeup water at both the El Estero and Golf Course reservoirs. The City should be aware of the capacities 
of these connections. In the future, toilet flushing demand should be less than the capacity of the City’s 
backup system for supplementing potable into the recycled system. If toilet flushing demand exceeded the 
City’s backup capabilities, lack of recycled water for flushing could pose a health hazard.  

Ordinances requiring such use have been passed throughout the State, starting with the Irvine Ranch Water 
District (IRWD) and recently in the City of Redwood. Dual plumbing in newly constructed office buildings is 
generally the most cost effective interior use of recycled water (other than industrial processes with high 
volume) due to the concentration of bathroom facilities in the same location on each floor. Many agencies 
are retrofitting their own public facilities to demonstrate to the public the use of recycled water, as the City 
has been doing with it restrooms at City parks. For example, East Bay Municipal Utility District in Oakland 
retrofitted its headquarters bathrooms on the floor that the public can access.  

IRWD uses recycled water for toilet flushing in over 40 office buildings constructed with dual plumbing 
systems, including its own facilities. IRWD has not conducted cost and feasibility analyses on dual plumbing 
because the program implements a District policy to maximize use of recycled water. Staff indicated that 
there are no user impacts other than initial construction costs for a dual system; minor IRWD operating 
costs include the District (in conjunction with the owner) testing on-site pressures once every one to four 
years (IRWD, 2009a). In addition, dual plumbed systems require an approved, testable Reduced Pressure 
Principal backflow prevention assembly installed on all potable water connections. This device should be 
installed as near to the potable water meter as possible. IRWD indicated that potable water demands in 
office buildings using recycled water for toilets and urinals have dropped as much as 75 percent due to 
recycled water use (IRWD, 2009b).  

Industrial Reuse 

Industrial reuse applications include applications such as cooling towers, ash sluicing, commercial vehicle 
washing, laundry facilities, dust control, fire protection, and waste dilution. In addition, petroleum refineries, 
chemical plants, and metal working facilities have recycled water uses beyond cooling purposes. Of these, 
only car washes and commercial laundries are applicable for the City. Parameters of concern include 
calcium, magnesium, and hardness. As the concentrations of these parameters are similar in the City’s 
blended recycled water and potable water supplies, recycled water is considered suitable for these uses.  

For laundry facilities, water must be non-staining. Generally, this means that the water should be low in iron, 
manganese and color. The City would therefore need to verify that the constituents present do not stain. 
Commercial laundries are listed as potential recycled water users by the EPA (Guidelines for Water Reuse, 
US EPA, 2004).  

Car washes are also listed as potential recycled water users by the EPA. For car washes, TDS levels need 
to be at or below 30 mg/L for the final rinse cycle. The City’s recycled water is above this value; however, so 
is the City’s potable supply. Consequently, most car washes in Santa Barbara probably have a reverse 
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osmosis or another treatment system to lower TDS to the desired level and mitigate the effects of chlorine 
and hardness on the treatment systems. The use of recycled water should therefore not pose a problem if a 
carwash currently reduces TDS with an onsite process for its final rinse cycle (www.moderncarcare.com/  
articles/water_issues/694_651selfserv.html). The City would need to verify the onsite facilities at each 
carwash before considering a carwash as a potential recycled water customer and initiating a conversion 
project. 

Mineral Content and Demineralization 

Mineral Content 

Mineral content is an important factor for irrigation reuse feasibility. As presented in Table 4.17, the mineral 
content of tertiary effluent is double that of potable water, averaging almost 1,350 mg/L with a maximum of 
almost 1,700 mg/L. The City blends potable water to control TDS and to maintain a maximum chloride level 
of 300 mg/L during the irrigation season. The amount of potable water used for blending is typically about 
367 afy. From 1993 to 2003, the City collected soil samples twice annually at 41 sampling points at selected 
recycled water usage sites to determine whether there was a trend of salt build-up in the soil as a result of 
recycled water use. Samples were collected in spring and fall to assess salt content following winter rains 
and following the irrigation season. Measurements of SAR, chloride, boron, and conductivity were made. 
The overall trend was flat from year to year, with generally lower levels in spring and generally higher levels 
in fall, as would be expected due to the relative effects of rainfall and irrigation. While this did not address 
suitability of the water for particular plants, it demonstrated that management techniques in use were 
sufficient to prevent a long-term build up of salts in the soil. 

Historically, the City has used the Ayers and Westcot guidelines (as summarized in Table 4.18) to guide 
decisions regarding blending and other issues related to mineral content of recycled water. Table 4.18 
indicates a “slight to moderate” degree of use restriction for key parameters. However, the City continues to 
hear concerns from some landscape professionals regarding the mineral content of its recycled water. The 
City also notes that the Ayers and Westcot analysis does not include the more recent use of an Adjusted 
Sodium Adsorption Ratio (Adjusted SAR) addressing the key concern of the effect of sodium on soil 
permeability. This adjusted ratio was developed to assess irrigation water with relatively high bicarbonate 
levels, which applies to the City’s recycled water. Accordingly the City is interested in more recent criteria 
that might be the basis for a revised target for mineral content. 

In 2004, the EPA published “Guidelines for Water Reuse” which, among other useful information, includes 
Table 2-7, “Recommended Limits for Constituents in Reclaimed Water for Irrigation.” Further information on 
the EPA guidelines is provided in Appendix B, along with a comparison of the City’s recycled water quality 
data to the Ayers and Westcot criteria. While the EPA recommended limits do not include a standard for 
SAR or Adjusted SAR, they do identify a TDS level of 1,000 mg/L as the point at which effects on a broader 
range of plants can be expected. This value could be the basis for a revised target if the City decides it 
would be valuable to pursue an improved mineral content standard. In addition, continued monitoring of key 
water quality parameters (including chloride, sodium, Adjusted SAR, and boron) will be important. 

http://www.moderncarcare.com/
http://www.moderncarcare.com /articles/water_issues/694_651selfserv.html
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Demineralization Costs  

As a part of the 2008 Tertiary Filter Rehabilitation Project, Carollo did a preliminary review of 
demineralization alternatives that would allow the City to achieve a TDS level of 1,000 mg/L for the recycled 
distribution water. Alternatives included the use of potable water for blending and several different 
configurations of mineral removal technology. 

Much of the filter rehabilitation project is dependent on pending improvements to the secondary treatment 
process. However, it is not likely that the level of dissolved minerals in the secondary effluent will be 
significantly different from current levels, regardless of the approach on the secondary process. Therefore, 
the demineralization findings of the Tertiary Filter Rehabilitation Study can be used as a preliminary 
estimate of the cost of meeting a TDS target of 1,000 mg/L. The analysis assumed an annual recycled water 
demand of 622.6 MG or 1,911 afy. 

For the potable blending option, the cost is approximated by assuming the use of 573 afy (30 percent 
blending of a total future demand of 1,911 afy) with an assumed potable water cost of $250/AF, for a total 
annual cost of $143,250. This equates to $75/AF ($143,250/1,911), not including any savings related to 
reduced filter costs resulting from this blending option. 

For the mineral removal approach, the cost estimate can be based on Alternative 5 in Table 13 of the report. 
This alternative assumed DynaSand filters and a slipstream of the filter effluent treated with microfiltration 
followed by reverse osmosis for mineral removal. Subtracting filter related costs in Table 10 from the total 
project costs in Table 13 suggests that the demineralization effort would have the approximate costs listed 
in Table 4.31. 

 
 Table 4.31 Estimated Demineralization Costs 

Parameter Amount Notes 
Amortized Capital Cost $403,185 $4,624,500(1) amortized at 6 percent over 20 years(2) 

O&M Annual Cost $249,000 $308,000(3) less $59,000 for filter related O&M costs. 

Total Annual Cost $652,185  
Unit Cost $341/AF Total annual cost divided by 1,911 afy 

Notes 
(1)  From the Tertiary Rehabilitation Study - Table 15: Cost Alt 5 ($6,387,000) less Cost Alt. 2 ($1,763,000). 
(2)  The amortized capital costs in the Tertiary Rehabilitation Study were calculated for a 20 year period, but were 

inadvertently reported as a 30-year calculation. 
(3) From Tertiary Rehabilitation Study - Table 13. 
 

When the cost of potable water reaches $1,135 per acre-foot, the costs for both the blending approach and 
the mineral removal approach would be equivalent at about $341 per acre-foot.  

These values are very preliminary, but are useful to give a general idea of costs compared to other water 
supply alternatives. Additionally, it will be important to thoroughly evaluate the projected water quality in 
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terms of how removal rates for each specific constituent affects the Adjusted SAR value. It is possible that 
removal rates for calcium and magnesium would exceed those for sodium, which may have the effect of 
increasing the Adjusted SAR. 

Costs of Expanded Use 

The costs of pipeline extensions are relatively straightforward to estimate and are listed in Table 4.30. In 
addition, all proposed projects would have also have customer conversion costs, including: 

• Customer Connections 

• Backflow Prevention 

• On-Site User Modifications 

These customer conversion costs have the potential to limit the cost effectiveness of a project. The 
allocation of responsibility for these various costs will be an important policy decision for the City as it moves 
forward with expanded uses. Additionally, it will be important to inform potential new users of the 
significantly lower water rates charged to recycled water customers. 

Customer Connections. Connections are required for serving recycled water from the distribution pipelines 
to customer properties. Items included in the connection cost are: tapping the distribution mains and 
installing service laterals, meters, pressure reducing valves (PRVs), and a backflow prevention device on 
the potable water system. The minimum size for laterals is one inch. The City’s current standard installation 
costs are $2,041 for a 1-inch service connection and 5/8-inch meter and $2,506 for a 1-inch service 
connection and 1-inch meter.  

Backflow Prevention. The use of recycled water on a property triggers a requirement for a Reverse 
Pressure Principal backflow device on all potable connections serving the property. For 
commercial/industrial connections and multi-family residential properties that are master metered, this will 
be a relatively minor part of the overall cost. However, for individually metered dwelling units, the number of 
backflow devices can be greatly increased. For example, the Stonecreek property (customer number 86) 
has approximately 100 dwelling units and each is individually metered. At an estimated installed cost of 
$300 per 5/8-inch backflow device, this represents an additional cost of approximately $30,000 which has in 
the past resulted in this project not being cost effective.  

On-Site User Modifications. Except for new development projects, all expansion sites will involve one-time 
retrofit costs associated with separating the customer’s existing water system from a new recycled water 
system. Examples include isolation of the irrigation system from the on-site potable domestic system for a 
commercial property and isolation of lavatory faucets and drinking fountains from the toilet piping in a 
restroom retrofit. Conversion of golf course greens may involve a range of soil modifications depending on 
species in use and current design of the greens. Commercial uses will have their own unique requirements 
as well. Additional costs include posting signs that identify recycled water is being used. 
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RECOMMENDED RECYCLED WATER EXPANSION PROGRAM 
Recommendations on ordinances and development policies, expansion of the system, and treatment 
process improvements are summarized below. 

Recommended Ordinances and Development Policies  

To maximize the feasible use of recycled water, it is recommended that the City adopt an ordinance that 
requires dual plumbing to provide recycled water for flushing all toilets and urinals in new commercial and 
industrial buildings. With a dual plumbing ordinance, many future developments adjacent to the system 
would have dual plumbing, thus providing a large potential demand for the future system. Such an 
ordinance is recommended as it would require a small initial cost in comparison to the long term cost 
savings. The City could also require that existing structures larger than a specified size (square footage or 
height) be retrofitted during renovations to use recycled water for toilet flushing, but retrofitting buildings for 
interior recycled water use is generally not cost effective. 

Cost Effective Recycled Water Use Expansion 

As previously discussed the City’s first priority should be to maximize recycled water use at existing sites. 
Potential increases totaling 96 afy could occur at two golf courses, Samarkand, the Zoological Gardens, 
Chase Palm Park, and various public restroom facilities (Table 4.20). Compatibility of existing landscaping 
with recycled water will be a primary issue for the City to address.  

Once this option is exhausted, the City should expand to new sites adjacent to the existing system. As 
indicated in Table 4.21, about 6 potential customers have been identified immediately adjacent to the 
existing system. With a combined demand of 64 afy. The costs would be limited to installation of service 
connections and on-site modifications as discussed above. 

Several extension projects are shown on Figure 4.12 and listed in Tables 4.23 through 4.29. These projects 
were prioritized in Table 4.30 by pipeline extension cost per acre-foot. The customer conversion costs, as 
discussed before, would be in addition to this amount.  

Implementation of these expanded uses is dependent upon the cost-effectiveness of expanding the recycled 
water system compared to the City’s other water supply options. The implementation of the nine projects 
depicted on Figure 4.12 would increase City recycled water use from 846 afy to 1,170 afy (1,460 afy if  
El Estero process water is included). This equates to a MDD of 2.4 mgd with El Estero process water or  
80 percent of the current recycled water production capacity of the El Estero WWTP chlorine contact basin if 
blending is assumed. The average unit pipeline extension cost of these projects is estimated at $542/acre-
foot of displaced potable water usage. The implementation of these projects would provide a reliable supply 
source and offset City potable water demands.  

Capital Costs 

If all expansion projects were implemented, the capital cost of pipeline extensions is approximately  
$2.8 million. The City should phase implementation of each project based on costs. Such a basis will allow 
the City to compare costs of the project over 30 years to the cost of additional imported water. The costs per 
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acre-foot are shown in Table 4.30. At the current cost of imported water of $575/acre-foot, Project 2 and 3 
immediately become feasible. If all projects are grouped together, the pipeline cost per acre-foot is about 
$618/acre-foot. This is close to the cost of imported water. The cost of imported water is expected to 
continue to rise and reliability to continue to be an issue. Consequently, it is recommended that the City 
evaluate the implementation of the first five projects against conservation and other supply alternatives to 
develop the best long-term program.  

Operating Costs 

Tables 4.14 and 4.15 show the current annual estimated operating costs for both treatment and distribution 
that can be associated with the recycled water system only. The current annual treatment cost is $115 per 
acre-foot. As the City expands operation of the recycled water system, this price can be expected to 
decrease slightly due to economies of scale.  

The current annual cost for distribution is $43 per acre-foot for Phase I zone and $132 per acre-foot for 
Phase II zone. If all projects are implemented, an additional 326 afy of recycled water would be supplied by 
the system. The cost for the Phase II system is much greater due to the recycled water being pumped 
multiple times. Projects 4, 5, 7, and 8 are in the Phase II system and have a higher operating cost, while 
Projects 3, 6 and 9 are in the Phase I system and have a lower operating cost.  

Treatment Process Recommendations 

According to current regulations, recycled water produced by the City is suitable for industrial reuse, toilet 
flushing applications, and irrigation applications. In addition, the current City-established chloride limits of 
300 mg/L and RWQCB-established TDS limits of 1,500 mg/L are suitable for continued irrigation purposes 
at existing user sites. However, the City would like to eventually end the practice of blending and is also 
exploring ways to facilitate broader use of recycled water for irrigation. Demineralization, as discussed 
above, would be a means of addressing both issues. The costs of such an approach should be evaluated in 
comparison with a program to reduce discharge of sodium (from water softening) into the collection system 
and potential reduction in infiltration of saline groundwater that may result from future sewer main and lateral 
improvements in proximity to the ocean.  

The City should also discuss with current and potential users the important goal of expanding recycled water 
use to determine the appropriate mix of species substitution, management practices, and TDS reduction to 
allow further conversion from potable to recycled water use. This effort should include continued educational 
efforts and promotion of examples of attractive, well planned recycled water landscapes. Another possible 
approach is to consider establishing a timeline for sites adjacent to the recycled water system to convert to 
plant material suitable for recycled water use.   

As recommended in other documents, the City should consider altering aspects of the El Estero WWTP 
process to provide the 2 NTU value for the filter effluent. The following changes are recommended. 

• Modify the operational strategy of the filters so that filters are run at a consistent rate. Discontinue the 
practice of running the filters as a batch process. This will require operational changes at the  
El Estero WWTP. Additional changes in system storage and disinfection may be required. 
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• Modify the Aeration Distribution, Control, and Dissolution to improve the filterability of the secondary 
effluent. 

• Increase operating solids retention time to a level that improves filterability, while staying out of 
nitrification. 

• Upgrade the tertiary chemical feed system to allow optimum chemical conditional of the secondary 
effluent. 

• Upgrade tertiary chemical feed system to allow optimum chemical conditional of secondary effluent. 

• Upgrade existing tertiary filters.  

If all expanded uses are implemented, MMD will be about 2.4 mgd compared to the current value of 1.8 
mgd. This volume is not high enough to exceed the available supply output from both storage and the plant 
according to current operational methods, depending on which zone the demand is added to. 

If Phase II demand exceeds MMD of 1.5 mgd, more storage will be needed. For Phase I zone, the City 
could either construct more storage or alter the operation of the filters so that they operate on a continuous 
basis (thus providing more supply). In addition, for Phase I zone, the City could evaluate baffling that could 
increase the efficiency of the chlorine contact basin. Such an improvement could potentially increase the 
capacity of the existing chlorine contact basin thus reducing reliance on the El Estero reservoir for additional 
contact time. Such an improvement would increase the useful capacity of the El Estero reservoir. Reservoir 
capacity could also be increased by constructing an additional chlorine contact basin adjacent to the north 
wall of the existing basin. This new basin should mirror the construction of the existing basin. Constructing a 
new basin will allow the plant to increase the storage capacity for Phase I by freeing up space in the 
reservoir that is currently used for contact time. In addition, it would be possible to remove the baffles in the 
reservoir, which have often been an operational problem, and the increased storage volume would also 
provide the plant greater flexibility if the City chooses to run the filters continuously. Such continuous 
operation would also aid filter effluent quality, thus helping to bring the filter effluent turbidity value below  
2 NTU. 

Site constraints for an expanded contact basin may require that the new chlorine contact basin be 
constructed with a deeper sidewall depth or in an “L” shaped configuration to provide the needed volume 
within the available site. The chlorine contact flow pattern would route the recycled water through the new 
basin and then through the existing basin to achieve required contact time.  

Site surveys have also identified another alternative site. Space exists on the eastern side of the existing 
desalination pumping and chemical facility that could provide an optimum site for the needed chlorine 
contact volume. The estimated 2001 capital cost (not including contingency) for constructing this second 
basin is $1,300,000. 

Before such a decision is made, the City may want to perform an evaluation of new processes that could be 
used in lieu of additional hypochlorite disinfection. Such processes could include UV radiation or an ozone 
UV combination. Such an evaluation would take future conditions into consideration so the City could select 
the most sustainable process.  
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Planning for New Development 

The City should develop and maintain an inventory of potential recycled water demand from new 
development as a tool in planning the optimal use of the recycled water system. This would include 
landscaping as well as demand from a potential ordinance to require dual plumbing for toilet flushing in new 
development, which could provide a relatively large potential use of recycled water. Such tabulation would 
aid in the planning for use of available capacity and provide for smooth integration of recycled use 
requirements in the development review process. The City should also continue to expand its demonstration 
uses of recycled water where cost effective. 

 



Section 5 WATER CONSERVATION OPPORTUNITIES 

INTRODUCTION 
The purpose of this chapter is to evaluate the City of Santa Barbara’s existing water conservation program, 
and identify appropriate conservation opportunities that would further reduce the City’s already low per 
capita water use. The City’s water use patterns were analyzed, based on water consumption data from City 
staff, and water loss was examined. The City’s existing conservation program was compared to the 
California Urban Water Conservation Council’s (CUWCC) new best management practices (BMPs). The 
effectiveness of their current programs was analyzed, and recommendations for moving forward were made 
based on a comparison of the efficacy of the current program with the direction provided by the new 
CUWCC BMPs. 

Background 

The City has been a member of CUWCC since 1992. The City’s Water Conservation Program initially began 
as a response to the drought in the late 1970s. In 1988, the Water Conservation Program was increased as 
a result of recommendations from the City’s Five-Year Water Policy Action Plan. As a result of the 1986 to 
1991 drought, the City accelerated implementation of the Water Conservation Program. 

The City’s current Water Conservation Program is a combination of the City’s commitment to carrying out 
CUWCC BMPs and the City’s dedication to water conservation as an element of water supply planning. The 
City has been actively carrying out 14 BMPs that were required of CUWCC signatories of the MOU until 
now. Effective July 1, 2009, the City will be expected to comply with new and revised CUWCC BMPs.  

CURRENT WATER USE PATTERNS 
Production versus Consumption 

Water production data for the City was analyzed on a monthly basis for the period January 1998 through 
December 2007. Shown in Figure 5.1 is total consumption versus total production for the City. Water 
production was measured at the sources, prior to treatment. Water consumption was measured at customer 
meters. As can be seen from the figure, the City does not experience significant losses of water in its 
system between the sources and users.  

The difference between the amount of water produced and the amount of water billed is termed 
Unaccounted for Water (UFW). It is also quantified by what is called “metered sales ratio” or the ratio of 
sales to production. Tracking UFW or metered sales ratio is important to understand the losses that are 
being experienced by the system. The City of Santa Barbara reports that the metered sales ratio has 
typically been in the range of 90 to 94 percent. The CUWCC BMP 3 goal is to have metered sales ratio 
above 90 percent (or UFW less than 10 percent).  
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Figure 5.1 Water Production and Consumption 

 

Consumption by User Category 

The City has several different types of water users. The various user categories in the City may be generally 
classified as single family residential, multifamily residential, commercial, industrial, irrigation, and recycled. 
The City of Santa Barbara is a mostly residential community, with little industry or farming. Therefore, the 
largest category of users of water in the City is the single-family residential users that consume almost half 
of the water sold. Shown in Figure 5.2 is the annual consumption of the various user categories, based on 
the calendar year 2006 water use data from the City1. Total average consumption was 11.3 mgd in 2006.  

Residential use is 69 percent of the total, typical of a city without significant commercial or industrial uses. 
Since single family residential uses formed the major portion of the City’s water use (45 percent), it was 
analyzed further. Shown in Figure 5.3 is the breakdown of single-family residential use as indoor and 
outdoor based on the assumption that indoor use is roughly equal to the minimum use in the winter, 
although some outdoor water use may be included in winter consumption data. The year 2001 (a year of 
above average rainfall) was selected for this profile as it was assumed that there was little if any winter 
watering of landscape in this year. Using this method, the “indoor use” was 57 percent in 2001 and ranged 
for other years (1998 through 2007) up to an estimated 68 percent. Indoor use for the City as a whole (all 
categories combined) was estimated at 62 percent. These estimated indoor use figures are based on total 
consumption and not total production (which would yield lower percentages). Such an analysis will help the 
water conservation planning staff in targeting conservation messages.  

                                                           
1 2006 was considered an average weather year, representative of typical City water use.  

5-2 August 2009 



WATER CONSERVATION OPPORTUNITIES 

 

Single family
45%

Multi family
24%

Commercial
17%

Industrial
3%

Irrigation
5%

Recycled w ater
6%

 
Note: Figure is based on 2006 water use data.  

 
Figure 5.2 Annual Consumption by User Category  
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Note: Figure is based on 2001 water use data.  

 
Figure 5.3 Estimated Single Family Residential Water Use: Indoor vs. Outdoor 

August 2009 5-3 



WATER CONSERVATION OPPORTUNITIES 

As seen in Figure 5.3, it is estimated that 57 percent of the average single-family water use is indoors. This 
figure excludes the residential irrigation meters as all irrigation meters were treated as a single class (called 
“Irrigation”) in this analysis. Including these meters with the single-family class would lower the indoor use 
percent to perhaps closer to 50 percent. The resulting indoor-outdoor split could be the result of many 
variables including climate, age of housing and of extensive landscape conservation programs. The City has 
multiple landscape programs including the Garden Wise Guys, Green Gardener Program, California 
Landscape Budgets Program, California Irrigation Management Information System, Smart Irrigation 
Controller Distribution Program, Watering Index and Landscape Watering Calculator, and Free Rain Sensor 
Program.  

The seven charts that follow show the average monthly usage per account per day for the seven types of 
customers including recycled water. All categories exhibit a strong seasonal pattern where water use is 
higher in the summer. The data is normalized to usage in gallons per account per day to remove the effect 
of growth in accounts. 

The number of accounts from 1998 to 2007 has grown as follows. 
• Single Family ~0.1 percent/year  
• Small Multi-family ~0.8 percent/year  
• Large Multi-family ~1 percent/year  
• Commercial ~0.3 percent/year  
• Industrial ~negative 0.2 percent/year  
• Irrigation - Potable ~2 percent/year  
• Recycled Water ~1.1 percent/year  

Residential account growth was in the multifamily category. The number of commercial and industrial 
accounts has change very little. Irrigation accounts are growing the fastest, a probable indication that some 
mixed use metered accounts are being converted to building-only meters and irrigation-only meters as well 
as larger new accounts having a separate irrigation meter. Recycled water accounts have grown more than 
one percent per year. 

With the exception of abnormally wet and dry years (1998 was wet and 2007 was dry), single-family usage 
per account was very stable over the last decade. Single-family usage was about 300 gallons per day per 
account. Small and large multifamily usage declined 7 to 8 percent over the last decade. Commercial usage 
per account also grew very slowly and industrial usage declined more than 15 percent over this period. The 
irrigation usage increased about 15 percent per account whereas recycled water use per account was 
stable. 
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Figure 5.4 Single Family Consumption Per Account Per Day  
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Figure 5.5 Small Multifamily (1-4 units) Consumption Per Account Per Day  
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Figure 5.6 Large Multifamily (5 units or greater) Consumption Per Account Per Day  
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Figure 5.7 Commercial Consumption Per Account Per Day  
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Figure 5.8 Industrial Consumption Per Account Per Day  
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Figure 5.9 Potable Irrigation Consumption Per Account Per Day  
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Figure 5.10 Recycled Water Consumption Per Account Per Day  

 

Commercial water use has a very slight upward trend suggesting larger new accounts are being added. 
Industrial water use is declining. Such a decline is a nationwide trend as high water using industry is sent 
overseas and industry also has become more efficient due to wastewater charges.  

Irrigation account water use exhibits an upward trend suggesting new accounts have been larger. Recycled 
water use per account has been stable over the years. 

The age of housing was analyzed for the City from the 2006 census data and provided in Table 5.1. The 
table shows that the age of the City homes is mostly older with about 50 percent of the homes built before 
1960. Typically, older homes have older fixtures and more leaks and therefore have higher indoor usage. It 
would be expected that commercial and governmental buildings are of a similar age. Building age is 
important in determining what types of plumbing fixtures were in the buildings when constructed. California 
began modifying plumbing codes starting in 1977. The latest, requiring 1.6 gallon/flush toilets and low flow 
showers and faucets (US Energy Policy Act), took effect nationally in 1992. Since that time only about  
five percent of the buildings in Santa Barbara would have been built with these newer fixtures. Prior to 1977 
toilets flushed with 4.5 to 7 gallons and there was no requirement on showers and faucets.  

However, the age of a building is only an indicator of its water usage. Additional analysis is required to 
determine the number of homes that have been remodeled or upgraded with more water efficient fixtures. 
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This often occurs at the rate of 3 to 5 percent fixture replacements per year. The City has sponsored rebates 
for fixtures and given away conservation kits, which may reflect a greater saturation of water saving devices.  
 
Table 5.1 Age of Housing 

Year Structures Built Units Percentage 
Cumulative 
Percentage 

Built 2005 or later 583 1.6 100 
Built 2000 to 2004 714 2.0 98.4 
Built 1990 to 1999 1,564 4.4 96.4 
Built 1980 to 1989 3,393 9.5 92.0 
Built 1970 to 1979 5,639 15.8 82.5 
Built 1960 to 1969 6,232 17.4 66.7 
Built 1950 to 1959 5,464 15.3 49.3 
Built 1940 to 1949 4,047 11.3 34.0 
Built 1939 or earlier 8,081 22.6  
Total 35,717 100  
 

The breakdown of indoor versus outdoor use along with the age of buildings indicates that further 
conservation efforts of City staff focused on indoor water use may be warranted. However, prior to 
undertaking this effort, further research is needed to determine the saturation of water efficient fixtures due 
to rebates, replacements, and remodels. Subsequent sections of this chapter describe conservation 
programs already conducted by the City, and recommend further programs that the City could consider.  

Analysis of Large Users 

An analysis was conducted of the City’s top 100 commercial/industrial water users. The users were 
organized by type of customer such as hotels, hospitals, and businesses. It is noted that the top  
10 accounts have an average use of more than 25,000 gallons per day. The average daily use falls off 
dramatically; user ranked No. 100 uses about 7,500 gallons per day. The higher the use per day the more 
productive conservation efforts are because of the opportunities to save a significant amount of water. The 
major top users fall into the following categories. 
• City of Santa Barbara (parks and city 

buildings) 
• Schools 
• Large hotels/motels 
• Country clubs 

• Hospital 
• Commercial laundries 
• Zoo 
• Caltrans 
• Retirement Homes

The average use for all 2,370 commercial customers is 850 gallons per day. This is about three times the 
use of a typical single family home. Most likely many of the commercial accounts use less water than a 
home. The average use for 53 industrial customers is 6,300 gallons per day. 
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One use of this data would be to set a goal of water use reduction through targeted conservation efforts. If 
the City set a goal to save 10 percent of Commercial/Industrial/Institutional (CII) water use that would 
amount to 10 percent of 2.33 mgd or 0.233 mgd. This goal could be achieved by working with all 2,420 CII 
customers and attempting to average 10 percent savings from each or by savings of 14 percent on average 
from the top 100 customers. The City has been working with these larger customers, and assuming that 
they are open to additional conservation opportunities, working with fewer accounts would be an easier and 
more cost-effective task. Identifying additional opportunities for large commercial accounts may require 
special auditing expertise to determine customer-specific characteristics for water savings.  

Analysis of Per Capita Use 

Total gross per capita use for the City is calculated as total production (potable plus recycled water), divided 
by service area population, divided by 365 days and includes residential and nonresidential uses. Per capita 
in 2006 was approximately 130 gallons per person per day (gcd). This includes both potable and recycled 
water use, for a total average water production of 12.16 mgd and a service area population of 93,400  
(2006 California Department of Finance estimate plus estimated out-of-City customers). The City’s per 
capita use is below the national average of approximately 160 gcd, the Statewide average of 229, the 
central coast average of 179, and the south coast average of 2082.  

A further breakdown of the residential per capita water use was made assuming the low winter month 
represented primarily indoor use and all use above that level is outdoor consumption. Converting the uses 
into per capita uses allows for a comparison to national norms for indoor use and validation that it is in the 
reasonable range. As shown in Table 5.2 the estimated per capita use for single family residential in 2006 
was 107 gcd, with an estimated 61 gcd used indoors. The multifamily residential use in 2006 was 67 gcd, 
with 59 gcd used indoors. These indoor use values are very typical and fall within the range as found in the 
American Water Works Association Research Foundation Residential End Use Study published in 1999.  

 
Table 5.2  Residential Per Capita 

Customer Category 
Total Water Use 

(gcd) 
Estimated Indoor Water Use 

(gcd) 
Single Family Residential 107 61 

Multifamily Residential 67 59 
Note 
(1)  These are estimates based on current information. Additional analyses will provide further refinement of these 

numbers. 

 

Jobs data provided by the City enabled a calculation of water use by employees. Use by commercial and 
industrial categories, excluding irrigation meters, translated into a per employee use of 37 gallons per 
employee per day (ged). Of this amount 29 ged is used indoors. This value of 37 ged is low by national 

                                                           
2 These are 1995 values from Table 4-10 of the California Water Plan Update, Bulletin 160-98. 
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averages, confirming that nonresidential uses are not related to water intensive manufacturing or like uses. 
It would also indicate that conservation potential is therefore relatively low. 

As discussed in more detail in Appendix C, Additional Conservation Information, the City’s per capita use is 
below the average of 223 gcd for utilities in Region 9 serving from 10,000 to 100,000 populations. The City’s 
UFW is also well below Region 9 and national averages for this size category (UFW of 18 and 15 percent, 
respectively). Hence the City would appear to have a lower water conservation potential than the average 
utility of a comparable size. 

CURRENT WATER CONSERVATION PROGRAMS 
Description of Current Programs 

The City’s current and recent water conservation programs are described here. They are organized by the 
current list of 14 CUWCC BMPs. 

BMP 1 – Water Surveys for Residential Customers 

The City’s Water Resources Specialist conducts home and business water surveys (water checkups) upon 
request by water customers. A water checkup includes checking all water uses on the property including, 
and providing recommendations to the customer for improved efficiency including offering low-flow 
showerheads and toilet tank displacement devices. Also, if there is an irrigation system, staff will review the 
system’s operational efficiency, checking for leaks, and offering a recommended irrigation schedule and a 
soil probe. The City has conducted an average of 400 surveys per year for a total of 8,480 surveys since 
June 1990. Savings for this program of 400 afy for the 20-year period are projected in the LTWSP. 

BMP 2 – Plumbing Retrofit 

Free 2.5 gpm showerheads are given to City customers. Since August 1988, 43,200 showerheads were 
distributed. Showerheads are distributed at the Public Works Department building at 630 Garden Street and 
on water checkups.  

Toilet tank displacement devices are also distributed on water evaluations. Since 1998, 160 tank 
displacement devices were distributed. 

BMP 3 - Distribution System Water Audits, Leak Detection and Repair 

This BMP requires a full-scale system audit if system loss is greater than 10 percent. Currently, the City’s 
system UFW is less than 10 percent. The City implements an annual water main replacement program. 
Age, material, and break history of water mains are tracked to determine overall condition of main in order to 
determine the priority of mains to be replaced. The City replaces approximately three miles per year of the 
275 miles of main in the distribution system.  

BMP 4 - Metering and Billing by Volume of Use 

The City meters all customers and has an inclining block rate structure. 
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BMP 5 – Large Landscape Programs 

Garden Wise Guys. Garden Wise Guys is a thirty-minute television show about designing and maintaining 
a sustainable landscape. The quarterly show is produced by City TV and funded by the Santa Barbara 
County Water Agency, the City of Santa Barbara Public Works Department, and the Goleta Water District. It 
is hosted by two local landscape architects: Owen Dell and Billy Goodnick. With a unique sense of humor, 
the Garden Wise Guys will give viewers the basic information they need to start making changes in their 
own yard.  

Green Gardener Program. The City of Santa Barbara and the Santa Barbara County Water Agency began 
in March 2000 the Green Gardener Program (GGP) along with eleven other partnering agencies and 
organizations. The GGP trains gardeners in resource efficiency and pollution prevention landscape 
maintenance practices. In order to be certified, gardeners attend a ten-week training session (two and half 
hour class per week) offered in both English and Spanish covering topics including water efficiency, non-
point source pollution reduction, fertilizing, integrated pest management, and reduction of air pollution 
emissions and green waste. A basic test covering training material is required for certification plus annual 
ongoing educational requirements. An advanced training of an additional ten-week training session is 
offered to certified green gardeners to cover topics in more depth. Certified gardeners receive a soil probe, 
hat and a binder of reference materials. This program includes promotion of the certified gardeners through 
advertising and a list of certified gardeners distributed by partnering agencies. So far, the GGP countywide 
has trained 900 gardeners with 100 of those receiving an Advanced Certification.  

California Landscape Budgets Program (CLBP). This program provides monthly water use reports via 
www.landscapebudgets.com for the properties served by dedicated irrigation meters and compares the 
usage to a weather-based water allocation calculation. The goal is to provide education to the customers, as 
well as monthly reporting, identifying ways to help customers irrigate more efficiently. Currently, all City 
dedicated landscape irrigation meters billing is based on a water budget calculated from historical 
evapotranspiration (ET) data.  

California Irrigation Management Information System (CIMIS). A CIMIS weather station owned by the 
California Department of Water Resources (DWR) is located on the City’s Golf Course and staff assists in 
maintenance of the station. CIMIS is a network of weather stations that automatically read and collect 
information on wind speed and run, average vapor pressure, air temperature, relative humidity, dew point, 
solar radiation, soil temperature, and precipitation. The information is transmitted to a central computer data 
base in Sacramento which gives daily ET rates that can be accessed on DWR’s website. The ET data are 
used locally by the Weather TRAK ET controllers to schedule irrigation and by large landscape sites 
including City Parks Division.  

Smart Irrigation Controller Distribution Program. In May 2002, the Santa Barbara County Water Agency, 
City of Santa Barbara, and Goleta Water District began implementing the Smart Irrigation Controller 
Distribution Program. The program involves distribution and installation of Weather TRAK ET irrigation 
controllers at no cost to residential customers with significant landscape water usage. The Weather TRAK 
ET controller automatically calculates a scientifically based irrigation schedule based on several factors, 
including plant and soil type. It then adjusts the irrigation schedule as local weather changes. To date,  
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178 irrigation controllers have been installed in the City. A CUWCC organized data analysis on statewide 
smart irrigation controller programs is currently taking place including Santa Barbara’s data and accurate 
savings data will be available from that analysis. 

Watering Index and Landscape Watering Calculator. Landscape Watering Calculator: This is an easy-
to-use web-based tool that helps estimate the right amount of water to give a landscape. The calculator has 
been designed to give a weekly irrigation schedule. Information needed is zip code of the site, the type of 
plants watered by a particular station on the irrigation system, the soil type, and the sprinkler type. Available 
at www.sbwater.org and www.SantaBarbaraCa.gov/water.  

Watering Index: On many irrigation controllers there is a feature called “water budget”, or seasonal adjust, 
which one can easily adjust the watering schedule as the weather changes. Set the water budget to the 
weekly watering index (W.I.), which represents the recommended percentage setting for the water budget 
feature. The W.I. is normally 100 percent for much of July and August. Over the course of the year, the W.I. 
changes to reflect the landscape’s changing need for water as climatic conditions change. As new W.I. 
values are published weekly, the controller’s water budget feature should be changed to match to current 
W.I. value. For the weekly watering index, visit sbwater.org or SantaBarbaraCA.gov/water.  

Free Rain Sensor Program. Free rain sensors are now available from the City of Santa Barbara and 
Goleta Water District. Rain sensors automatically shut off the sprinkler timer during and immediately after it 
rains, thus saving tremendous amounts of otherwise wasted water. There are two options to receive a rain 
sensor: 1) receive a voucher of up to $50 and purchase a rain sensor from approved list, or 2) receive a free 
rain sensor with a brief training on how to install it. They goal of the rain sensor rebate program is to reduce 
the amount of water wasted by automatically shutting off irrigation controllers during rain events. The 
program will distribute 450 rebates (225 for City of SB and 225 for GWD), which will equate to an 
approximate 15.2 afy savings. Since April 2008, 75 rain sensors have been distributed to City customers. 

Graywater. The City promotes the use of graywater as permitted by the California Plumbing Code Chapter 
16 and its Appendix G. 

BMP 6 – Residential Washing Machine Rebate Program 

Smart Rebates Program. The Smart Rebates Program is co-funded through Proposition 50 grant received 
by CUWCC and participating water suppliers throughout California. The program provides rebates for water 
users to improve their efficiency through appliance and equipment retrofits and replacements. The City is 
participating with 75 water broom (high efficiency pavement washers) rebates at $50 each, 150 residential 
high efficiency clothes washers at $150 each, 80 high efficiency/ultra low flow residential toilet rebates at 
$100 each, and 12 cooling tower controller rebates at $1,200 each.  

BMP 7- Public Information  

Conservation Hotline. The Hotline handles the incoming calls for the Water Conservation Program. Hotline 
staff schedule water checkups and provides administrative assistance to the program. 

Water Conservation Brochures and Handouts. Brochures and handouts are distributed as both hard 
copy and via the website on indoor water conservation, efficient irrigation, and sustainable landscaping. 
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Video Loan. Videos on sustainable landscaping, water conservation, efficient irrigation, and water supply 
are available to the public to loan. 

Media Campaign. The City’s current water conservation media campaign is the “20 Gallon Challenge” 
focusing on water customers saving an additional 20 gallons of water per day. An online 20 Gallon 
Challenge pledge promotes all the water conservation options available for both indoor and outdoor savings. 
This campaign is being promoted in conjunction with the Santa Barbara County Water Agency and funding 
from water purveyors countywide. 

Water Bill Message. A monthly water conservation message is printed directly on the water bill. 

Website. The City’s Water Conservation Programs website is SantaBarbaraCA.gov/water, click on “Water 
Conservation”. Additionally the City promotes the regional water conservation program website, sbwater.org.  

Demonstration Gardens. The Water Conservation Program has two low-water using demonstration 
gardens, at Alice Keck Park Memorial Garden in conjunction with the Parks Department and the Firescape 
Garden in conjunction with the Fire Department. 

BMP 8- Water Education 

Water education presentations are given in approximately 90 classes and summer camps per year. Water 
education materials are provided to schools. Tours of the City’s water treatment facilities with free bus 
transportation are provided. The City participates in the Annual Water Awareness High School Video 
Contest. 

BMP 9 - Commercial, Industrial, and Institutional (CII) Programs 

CII Toilet Rebates. 2,995 toilets at commercial sector sites were retrofitted during the City’s Toilet Rebate 
Program from August 1988 through June 1995. 

Save Water, Save a Buck CII Rebate Program. This rebate program offers rebates for the installation of 
water efficient fixtures for CII water customers. The expected outcome is to replace toilets, urinals, and 
clothes washers with water efficient fixtures. The program is being coordinated by the Santa Barbara County 
Water Agency. Participating water purveyors include: City of Santa Barbara, Goleta Water District, City of 
Santa Maria, City of Lompoc, Carpinteria Valley Water District and Montecito Water District. This program is 
funded by the California Department of Water Resources Proposition 13 Water Use Efficiency Grant 
Program and the partnering agencies. Rebates issued to date: toilets (1.6 gpf) = 25, toilets (1.3 gpf) =10, 
urinals =4, and washers = 32. 

Rinse & Save Pre-Rinse Spray Valve Program. Through Rinse & Save, an innovative door-to-door 
installation program, restaurants in the City received a free 1.6 gpm pre-rinse spray valve. 199 spray valves 
were installed in the City in 2003, and 104 from January to September 2005, for a total of 303. Each 
replaced valve will save approximately one acre-foot (326,000 gallons) of water over five years. Rinse & 
Save Program is administered by the CUWCC and funded by a grant from the California Public Utilities 
Commission and the participating agencies.  
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Lodging Industry Water Conservation Program. This program consists of table tents and door hangers 
encouraging patrons to conserve water for lodging industry as well as educational videos for lodging 
industry staff. 

Currently, water broom and cooling tower conductivity controller rebates are available. See information on 
Smart Rebates Program in BMP 6 section. 

BMP 10 – Wholesale Agency Assistance Programs – applies to wholesale agencies. 

Regional Cooperative Programs. The City participates in many regional water conservation programs with 
neighboring water purveyors including displays at community events, media campaigns, regional grant 
programs, and the Girl Scouts Water Patch Day. The Santa Barbara County Water Agency’s regional water 
conservation program administers these programs. 

BMP 11 – Conservation Pricing 

The City meters all customers and has an inclining block rate structure. 

BMP 12 – Conservation Coordinator 

The City’s Water Conservation Program staff includes the FTE of one Water Resources Specialist, 
administrative support from one Senior Office Specialist, and 10 hours per week from a temporary Water 
Resources Technician. 

BMP 13- Water Waste Prohibition 

City Ordinance No. 4558, adopted on February 1989, prohibits the waste of water defined as gutter flooding 
and failure to repair leaks in a timely manner. 

BMP 14- Residential Toilet Rebate Program  

The City’s Toilet Rebate Program was in place from August 1988 through June 1995. An $80 rebate was 
issued per toilet retrofitted to a 1.6 gallon or less per flush toilet. The rebate was reduced to $40 for the 
period July 1994 to June 1995. The total number of residential rebates that were issued is 18,842. 
Approximately 50 percent of multifamily dwelling units have been retrofitted and 34 percent of single family 
dwelling units. The Toilet Rebate Program for the residential sector achieved an estimated permanent 
reduction of 660 afy of potable water supply. Current toilet rebates available. See information on Smart 
Rebates Program in BMP 5 above. 

Additional Program Components Beyond CUWCC BMPs 

Landscape Design Standards. On August 12, 2008, the City Council adopted the revised Landscape 
Design Standards for Water Conservation, Resolution No. 08-083. The Landscape Design Standards were 
originally adopted by resolution of the City Council on June 27, 1989. There has been much progress in 
irrigation technology and sustainable landscaping practices in the last 19 years; therefore, it was time to 
bring the standards up to date. Chapters 14.23 and 22.80 of the Santa Barbara Municipal Code require 
projects that are subject to design review to comply with Landscape Design Standards.  
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City Facilities Water Conservation Retrofit Program. City facilities are equipped with the latest in water-
saving devices, including waterless urinals, low-flow toilets and showerheads. Many City facilities and parks 
are landscaped with water-wise plants. City facility and parks irrigation systems continue to upgrade with 
smart irrigation controllers, rain sensors and state-of-the-art irrigation equipment. To date, 145 low-flow 
showerheads, 317 low-flow toilets, and 22 waterless urinals are installed in City facilities. Eight City public 
restrooms are plumbed with recycled water for toilet flushing. In one City facility retrofitted two years ago 
with four waterless urinals, the building’s water use has decreased by 45 percent.  

City Facility Requirements for New Construction and Renovations at City Facilities. Require state-of-
the-art water conservation technology for landscape, irrigation and plumbing for new construction and 
renovations at City Facilities. Approved by Resolution No. 08-008 on February 5, 2008. 

Market Penetration 

Summarized in Table 5.3 are the City’s conservation programs, participation rates, and program goals. As 
shown, the City is meeting its current goals. One purpose of this study is to establish appropriate overall 
goals for the future. 

EFFECTIVENESS OF CURRENT WATER RATES 
This section provides an evaluation of price signals for typical water rate structures and the City’s water rate 
structure, and a comparison to water rates of other cities with conservation programs. In addition, this 
section presents recommended modifications to the City’s existing rate structure, along with potential new 
rate structures consistent with the existing billing structure that could further promote water conservation.  

Water Rate Structure Price Signals 

Water rates provide the City a tremendous opportunity to convey a price signal to its water customers. 
Therefore, when rates are designed to recover costs, consideration must be given to the price signal sent 
from the designed rates. There are several rate objectives that can drive the rate design process, ranging 
from revenue sufficiency, consumption efficiency, resource conservation, and affordability. Based on the 
City objectives, the City can choose to use various rate alternatives to meet its objectives. There are 
multiple rate structures that the City could utilize. Typical rate structure alternatives consist of the following. 
1. Fixed Rates 
2. Uniform Rates 
3. Declining Block Rates 
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Table 5.3 Water Conservation Program Participation Data 

Pre-2006 2006 2007 2008 (To Date) Average 

Total 
Participants To 

Date 
Total Devices 

To Date 
Program 

Goal Program Goal 

Program Name Customer Class 

Number of 
Participating 

Accounts 

Percent of 
Total 

Accounts 

Number of 
Participating 

Accounts 

Percent of 
Total 

Accounts 

Number of 
Participating 

Accounts 

Percent of 
Total 

Accounts 

Number of 
Participating 

Accounts 

Percent of 
Total 

Accounts 

Percent of 
Total 

Accounts 
Number of 
Accounts 

Number of 
Devices 

Percent of 
Total 

Accounts 
Number of 

Devices 

ET Controller Distribution Program Residential 109 0.5% 12 0.1% 2 0.0% 1 0.0% 0.5% 124 177  190 

City Toilet Rebate Program All classifications 7637 30.5% N/A  N/A  N/A  30.4% 7637 21,194 30.0%  
County Commercial Rebate 
Program - Toilets, Urinals & 
Clothes Washers  

Commercial N/A  3 0.1% 8 0.3% 6 0.3% 0.7% 17 77 1.0%  

HETs       6  0    10   
ULFTs       0  2    22   
CUWCC’s Smart Rebates 
Program 

Residential (HEWs & 
HETs) 

N/A  N/A  66 0.3% 168 0.7% 1.0% 234 252  469 

HETs       44  121       
ULFTs       4  12       
 Commercial 

(waterbrooms) 
N/A  N/A  1 0.0% 3 0.1% 0.2% 4 13  29 

Water Check-ups All classifications 4991 19.4% 396 1.5% 452 1.7% 375 1.4% 24.1% 6214  15.0%  
Rain Sensor Program All classifications N/A  N/A  N/A  67 0.3% 0.3% 67 75  225 
CUWCC’s Rinse & Save Program Commercial/ Food 

Service Providers 
238 10.1% 6 0.3% N/A  N/A  10.3% 244 316  250 

CA Landscape Budgets Program All Irrigation (except 
ag) 

N/A  N/A  100 15.00% 278 41.80%  378  90.00%  

Low-Flow Showerhead Distribution 
Program 

All classifications           43,250 80.00%  

Total # of Accounts SFR MFR COMM INDS IRRG REC H2O TOTAL        
Pre-2006:  16,850   5,786   2,364   53   680   76   25,809         

2006:  16,871   5,779   2,366   53   674   78   25,821         
2007:  16,878   5,837   2,373   51   702   77   25,918         
2008:  16,864   6,005   2,380   48   720   77   26,094         

Average (for Column L data)  16,866   5,852   2,371   51   694   77   25,911         
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In addition, there are specific rate setting alternatives targeted to promote conservation that the City is using 
to some extent and that could be enhanced to help meet its objectives of increasing conservation. These 
rate structure alternatives include the following. 

1. Increasing Block Rates 

2. Seasonal Pricing 

3. Water Budget Based Rates 

Each of these rate structures is briefly described below. 

Uniform Rates 

The simplest type of volumetric rate consists of a uniform rate, in which the same unit price applies to all 
water use. Uniform rates are simple, easy for customers to understand, and typically involve low 
administrative costs. Uniform rates are generally compatible with equity and fairness. Uniform rates can be 
coupled with fixed, or service charges, ensuring that fixed costs are recovered and revenue stability is 
maintained. Uniform rates facilitate conservation by charging higher volume users more than a fixed water 
rate that is not tied volume of use.  

Declining Block Rates 

A declining block rate is a rate structure in which the unit price of each succeeding block of usage is lower 
than the unit price of the previous blocks. In areas where water supplies are more limited, declining block 
rates do not generally send the appropriate price signals for conservation and are advantageous primarily in 
cases where system costs decrease with increasing water usage. Declining block rates can be coupled with 
fixed, or service charges, ensuring that fixed costs are recovered and revenue stability is maintained. 

Increasing Block Rates 

A typically used water rate structure is the inclining block rate structure, in which the applicable unit price 
increases with higher use. The conceptual basis for the increasing block rate is to promote conservation and 
recognize the increased costs to obtain additional water supply. Though the intent of increasing block rates 
lies in recognizing the marginal cost (the increase in total cost in increasing a unit of water supply), typically, 
increasing block rates are set to provide a politically acceptable conservation price signal. Increasing block 
rates can be coupled with fixed charges or with service charges. 

Increasing block rates tend to result in more revenue volatility since a proportionally greater percentage of 
customer costs is recovered through higher consumption levels. Therefore, with seasonal variation and 
consumption trends, the revenue generated can fluctuate. Service providers employing increasing block 
rates need to have a good understanding of the water demand by each customer class and should consider 
developing stabilization reserves to draw from during revenue shortfalls. 

August 2009 5-19 



WATER CONSERVATION OPPORTUNITIES 

Seasonal Rates 

Seasonal rates are time-differentiated rates in which higher prices are charged in the peak season when 
costs are higher and/or supply is lower. The intent of seasonal rates is to reduce peak use and appropriately 
charge customers for such use. These rates provide a price signal to the consumer related to the high cost 
of providing water resources during peak periods. 

Seasonal rates can be coupled with fixed service charges and increasing block rate structures. Seasonal 
rates are most attractive to water service providers that have significant fluctuations in usage during different 
times of the year, where facilities have to be constructed to meet peak demands that remain idle during off-
peak periods. In order to send appropriate price signals with seasonal billing, monthly billing is most 
appropriate to encourage customer response. Seasonal rates can be implemented simply as a peak/off-
peak rate coupled with inclining blocks, or coupled with excess consumption rates.  

Water Budget Based Rates 

Water budgets are volumetric allotments of water to customers based on customer specific characteristics 
and conservative resource standards. Water budget rate structures are attractive to water agencies 
searching for increased water use efficiency. Typically, rates are tailored to send price signals based on the 
water requirements of the landscape. According to AWWA research, water budget based rates meet cost-
of-service requirements. 

Most modern, database-centered, utility billing systems can be adapted to incorporate water budgets with 
reasonable effort. IRWD, City of San Juan Capistrano, Otay Water District, and Centennial Water and 
Sanitation District all implemented their water budget programs in less than 12 months with mostly in-house 
staff resources. IRWD confirmed that water budget rates increased outdoor efficiency by 60 percent. San 
Juan Capistrano’s rate structure reduced consumption by 35 percent while Otay experienced a 20 percent 
decline in usage. Centennial Water and Sanitation District in Colorado experienced a 25 percent decrease 
in use. 

To be successful, water budgets must be tied to measured customer data rather than self-reported data. 
Water budgets are more likely to gain acceptance when connected to a well-designed and communicated 
rate structure and system rather than a self-reported system or a penalty based system. Typical 
measurements used to establish water budgets include the average monthly ET rate, square feet of irrigable 
property, number of water fixtures, and number of customers in the household. Geographic information 
systems and other relational database systems have been used by various utilities to calculate and manage 
the data for these measurements. 

In addition, water budgets are an excellent way to impose drought restrictions. Drought water budgets can 
be established well before a drought during the development of the regular water budgets, providing a more 
reliable and effective way to implement drought related conservation since it is already pre-planned. In 
addition, water budgets facilitate enforcement of mandatory demand curtailment. Simple queries can be 
used to determine which customers have complied with drought restrictions. If higher rates being charged 
are not sufficient to elicit cooperation, additional fines can be considered. This method is far more effective 
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than water enforcement patrols that are costly and can only catch violators “in the act.” A water budget 
provides a regular automatic check on which customers are in compliance. 

Rate Structure Analysis 

The following sections outline the existing City water billing structure and compare it to other conservation 
water rate structures to identify possible improvements. 

City of Santa Barbara Water Billing Structure 

The City’s existing rate structure, as governed by the current rate resolution, consists of differing rates on an 
inclining block rate structure based on customer class. The rate structure can be found in Appendix D. The 
water rate consists of the following. 

1. Monthly service charge 

2. Usage fee 

Customers are charged a monthly service charge based on water meter size, regardless of actual use of 
water. In addition, customers are assessed metered water charges based on user classification. The City’s 
user classifications are as follows. 

1. Residential single family detached 

2. Multifamily less than or equal to four units 

3. Multifamily equal to five or more units 

4. Commercial 

5. Industrial 

6. Irrigation Potable 

a. Agriculture - Meters serving commercial agricultural water use. Amount of water made available in 
each block is based on area irrigated. 

b. Recreation - Meters serving areas primary used for passive or active recreation. Water allotment 
for each block is based on area irrigated. 

c. Commercial - Meters serving commercial, industrial, or institutional use. 

d. Residential - Meters serving properties primarily residential areas. 

7. Recycled water 

8. Outside City limits 

The City’s current rate structure for its residential, commercial, and industrial customers is based on an 
inclining block rate structure based on measured units of use in 100 cubic feet (hcf). Appendix D provides 
City water rates. Single-family residential and multifamily dwellings are charged according to the same rate 
structure. Industrial and commercial customers are charged their allotment at the rate of the second tier for 
single family and multifamily residential customers. The potable irrigation customers are charged based on 
an increasing block structure that is structured on an allotment per customer category based on acreage. 
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Base allotments are determined using the most recent monthly consumption during January through June. 
New allotments are made available in July and unused allotments are not carried forward. 

Effectiveness of Current Rate Structure  

The City’s existing water rates promote conservation through its inclining block rate structure. The average 
single family residential monthly water consumption based on consumption data from 1998 to 2007 showed 
annual average consumption to equal 12 hcf. According to the Los Angeles Department of Water and 
Power, the average water consumption in Southern California is approximately 20 hcf (500 gallons per day 
per family), about 40 percent greater. Therefore, it can be argued that the existing rate structure promotes 
participation in the City’s Water Conservation Program and a “conservation awareness” resulting in 
decreased consumption. 

There are additional steps the City could consider taking to further promote conservation through its water 
rates. These steps include increasing the number of tiers in the increasing block rate structure in order to 
further differentiate users, and to incorporating water budget based rates for all customers. These 
considerations are discussed in the following sections. 

Water Rate Structure Comparison 

In order to determine the effectiveness of the City’s rates at promoting conservation, the single-family 
residential rate structure was compared to that of other cities and water agencies with conservation 
programs. Water purveyors whose rate structures were compared to Santa Barbara include the following. 

• Los Angeles County 

– City of Long Beach 

– City of Pasadena 

– City of Santa Monica 

• Orange County 

– City of Anaheim 

– City of Garden Grove 

– City of Huntington Beach 

• San Diego County 

– City of Carlsbad 

– City of Del Mar 

– City of San Diego 
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• Other Areas 

– San Francisco Public Utilities Commission (Retail Division) 

– City of Santa Clara 

– City of Santa Rosa 

Table 5.4 summarizes the single-family residential rate structures and the estimated monthly residential 
water rate for a residence served by a 5/8-inch water meter. The average city water consumption is 12 hcf 
or 8,977 gallons per month or approximately 300 gallons per day. Average monthly water bills were 
estimated assuming an average monthly water consumption of 12 hcf. Figure 5.11 presents the monthly 
water bill comparison. 
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Figure 5.11 Monthly Single Family Residential Water Bill Comparison 
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As seen from Table 5.4, all of the evaluated water providers have a fixed monthly fee and a user charge. A 
majority of the single family residential rates were structured in an inclining block rate structure. The City of 
Pasadena implements a two-tiered seasonal rate. Of the evaluated cities, only the cities of Anaheim, 
Huntington Beach, and Santa Clara did not have tiered rate structures. 

In comparison to the other water purveyors, Santa Barbara has the highest unit charge per hcf for the first 
tier of water consumption. The only other city in this survey that has a similarly high water rate is the City of 
Santa Rosa. 

The City’s percent rate increases from the first to second tier, and second to third tiers, are 68 percent and  
5 percent, respectively. By comparison, most other cities provided smaller increases from the first to second 
tier followed by larger increases in the next tiers. For example, the Santa Monica, which has four tiers, 
increased its rates 50 percent from the first to second, and second to third tier, followed by a  
56 percent increase from the third to fourth tier. Santa Rosa has three tiers similar to the City with similar 
first tier rates. It increases rates by 25 percent from the first to second tiers and by 50 percent from the 
second to third. 

Based on the rate comparison and the average Santa Barbara water consumption, it appears that the City’s 
inclining block rate structure, in conjunction with the City’s Water Conservation Program, provides 
conservation incentives. Additional rate-based conservation incentives that could be implemented are 
further discussed below. 

RATE MODIFICATIONS FOR ADDITIONAL CONSERVATION INCENTIVES 
Although the City has a well-established conservation program and the current City residential rate structure 
provides incentives for water conservation, there are additional rate modifications the City could implement 
to promote further conservation for both its residential rates, as well as its irrigation rates. These include the 
following: 

1. Increase in the number of tiers (Residential Rates) 

2. Implementation of a seasonal inclining block rate (Residential and Non-Residential Rates) 

3. Implementation of a water budget based rate (Residential and Non-Residential Rates) 

Additional rate structure modifications that could provide further conservation incentives are discussed 
below. 
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Table 5.4 Water Rate Structure Comparison 

Water Rate 

County/City 
Base 

Rate(1) Unit Rate Tiers 
Increase 

(%) 

Monthly 
Water 

Bill Website Link Notes 
City of Santa Barbara $11.55 $2.74 First 4 HCF  $59.31  
  $4.60 Next 16 HCF 68   
  $4.84 Over 20 HCF 5   

Based on consumption data, average SFR monthly usage is 12 hcf. 

Los Angeles County      
City of Long Beach $0.36 $1.89 First 5 Units   $34.99 
   $2.10 Next 10 Units 11  

   $3.16 Over 15 Units 50  

 
http://www.lbwater.org/paying_for_water/wr.html 

 
The base rate is also charged daily. 

City of Pasadena $5.94 $0.52 April - Sep Rate in Block A 11 $18.04 
  $0.47 Oct - Mar Rate in Block A   
  $0.52 CIC for April - Sept for Block A 6  
  $0.49 CIC for Oct - March for Block A   
  $0.15 Fire protection surcharge for Block A   

http://www.ci.pasadena.ca.us/waterandpower/pdf/ 
WaterRates062007.pdf 

Water rates are based on water blocks that are determined by volume of use. 
Residential customers on a 5/8" meter using 0-12 hcf per month fall within the first 
block with lower rates. The service charge is based on the City service area the 
account falls within. The lower rate has been used in this calculation. The City also 
has a seasonal rate for capital improvement charges. In addition, the City has a fire 
protection services surcharge. 

City of Santa Monica $9.49 $1.65 0 - 14 Units   $29.29 
  $2.47 15 - 40 Units 50   
  $3.70 41 - 148 Units 50   

  $5.78 149 + Units 56   

http://www01.smgov.net/epwm/utilities/wat/rates2.htm  

Orange County        
City of Anaheim $5.00 $0.50 per hcf  $11.00 

 
http://www.anaheim.net/utilities/waterrules/SCHDWR.pdf 

 
Additional pumping surcharges are added at times. 

City of Garden Grove $5.04 $2.05 0 - 36 Units  $30.33 
  $2.12 37 - 250 Units 3  
  $2.19 251 - 500 Units 3  
  $2.25 > 500 Units 3  

  $0.69 Capital capacity charge   

http://www.ci.garden-grove.ca.us/?q=finance/waterrates Rates are charged bi-monthly. Presented rates are per month. 

City of Huntington Beach $0.36 $1.56 per hcf  $29.44 http://www.surfcity-
hb.org/Residents/City_Services/municipal_billing.cfm 

Fixed charge is per day. 30 days per month was assumed for the monthly rate 
calculation. 

San Diego County      
City of Carlsbad $12.12 $2.12 per hcf  $37.56 

 
http://www.carlsbadca.gov/finance/wdrate.html 

City of Del Mar $17.08 $2.60 1 - 28 Units   $48.28 
  $3.25 29 - 84 Units 25  

  $4.88 85 + Units 50  

 

http://www.delmar.ca.us/NR/rdonlyres/AA871706-9B96-
41E7-95FA-
536768B7DF05/0/BiMonthlyUtilityRates7108.pdf 

City of San Diego $16.32 $2.51 First 14 hcf  $46.38 
  $2.72 Second 14 hcf 8  
  $3.05 28+ hcf 12  

http://www.sandiego.gov/water/rates/rates.shtml 

A lower conservation rate is applied based on a pre-assigned monthly usage 
allocation and meter size. For example, residents with a 5/8" meter who use less 
than 7 hcf per month qualify for the lower rate. Rate shown is starting January 
2009. 

San Francisco Public Utilities Commission $4.70 $2.28 0 - 6 hcf  $35.72 
  (Retail Division)  $2.89 > 7 hcf 27  

http://sfwater.org/detail.cfm/MC_ID/18/MSC_ID/123/MTO
_ID/527/C_ID/4049/Keyword/water%20rates  

For retail division (within City and County of SF) only. 

      

City of Santa Clara $6.60 $2.31 per hcf  $34.32 

 
http://santaclaraca.gov/pub_utility/ws_water_rate_ 
schedule.html 

 

      
City of Santa Rosa $6.57 $3.51 per 1,000 gal up to 8,000  $65.31 
  $4.38 per 1,000 gal 8,000-30,000 25  
  $6.57 per 1,000 gal up to >30,000 50  

 . 
http://ci.santa-rosa.ca.us/departments/finance/ 
revenue/utilbill/Pages/ CurrentResRates.aspx  

Notes 
(1) Base rate based on charge for a 5/8" water meter. 
(2) 12 hcf is equal to 14,961 gallons. 
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Restructuring of Tiers 

The City single and multifamily residential water rate is currently determined using the three tiers as presented 
in Table 5.5. 

 
Table 5.5 City of Santa Barbara Water Rate Tiers 

Tier 
Rate(1) 

($/hcf) 
Percent 
Increase 

First 4 hcf $2.74 --- 
Next 16 hcf $4.60 68 
Over 20 hcf 5 $4.84 
Note 
(1) Presented tiered rate is used to calculate the user charge. In addition to this charge, the City water bill includes a 

fixed charged based on meter size. 

 

The first tier at 4 hcf largely promotes conservation. However, most customers are likely to require more than  
4 hcf per month of residential water consumption for their daily uses. The next tier, with a 68 percent rate 
increase from the first tier provides incentives for customers to reduce consumption, but fails to maximize on 
potential conservation through rates by providing too large a range in consumption within the tier.  

The second tier where the next 16 units are charged at a rate that is 68 percent higher than the first tier then 
captures a large amount of the remaining water accounts that use the average LADWP water consumption of 
20 hcf per month. Because there is such a large range accounted for within the second tier, there are no rate 
incentives for the customers who use between 5 and 20 hcf per month, other than the relatively high rate of 
$4.60 per hcf. Given that the average consumption in Santa Barbara is 12 hcf, providing additional tiers, and 
therefore rate incentives in this range could promote conservation for accounts that fall within this range that 
have discretionary water uses. The smaller five percent increase in unit cost beyond 20 hcf then provides little 
added incentive for the higher volume residential users to reduce their water usage and little incentive for 
customers slightly above the average 20 hcf water consumption to reduce discretionary use.  

In order to provide further rate incentives using a tiered structure, the City should consider providing additional 
rate tiers in the 5 to 20 hcf use category. For example, the City could increase rates for each additional 4 units of 
usage with a smaller rate increase between each tier such that the first 4 units are charged at $2.74, the next  
4 units at a higher rate, the next 4 units at an even higher rate, etc. Such a rate structure would encourage users 
within the 5 to 20 hcf per month of consumption to look at methods to further conserve water. 
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In addition, to promote conservation by the higher volume residential users, the City could have a higher rate 
increase than the current five percent from tier 2 to tier 3. A thorough billing analysis where the consumption 
characteristics of the customers are correlated to the revenue generated should be conducted prior to change in 
tiers. In order to provide customers an easy to understand rate structure, the City should consider implementing 
only a total of three to four tiers. The City should also conduct a rate study to ensure revenue sufficiency prior to 
implementation of any changes to the existing rate structure. 

Implement a Seasonal Inclining Block Rate 

The City could consider implementing a seasonal, inclining block rate that reflects the difference in cost of 
service during the winter and summer months. The higher summer month rates, with increase in per unit charge 
with increase in use would provide price signals to users to minimize discretionary water consumption. This rate 
modification would apply to both residential and non-residential rates. 

Implementing a seasonal rate would require the City to perform a cost of service rate study and determine the 
additional cost of providing water during peak months. In addition, the City would need to define the seasonal 
periods and the optimal seasonal billing period. The City could analyze water consumption patters to define the 
peak, mid-peak, and off-peak months and develop tiered rates for these periods as practical. Since the City’s 
current billing system is able to accurately and frequently obtain meter readings, the City should continue to bill 
customers on a monthly basis. This will help ensure that meter readings and billings more accurately coincide 
with the beginning and end of peak seasons and encourage customers to modify their consumption while within 
the peak billing period. 

Similar to the proposed tiers for the rate structures above, the City could consider a restructuring of tiers for the 
0 to 20 hcf of use to maximize price incentives for water conservation in the average consumption range within 
the seasonal rate structure. This strategy would however increase the complexity of water rates. For ease of 
implementation and maximization of conservation incentives, it is recommended that the City implement a 
maximum of three seasonal rate structures; namely during the peak, mid-peak, and off-peak seasons. 

Implement a Water Budget Based Rate 

Another method in which the City could provide further incentives with the water rate structure is to use a water 
budget based rate for all customers (residential and non-residential). The City’s current irrigation customer 
billing method is already based on a water budget because the rate is calculated on a tiered structure using 
allotments based on irrigated acreage that charges by acreage irrigated for residential irrigation, recreational 
irrigation, and agricultural irrigation accounts. The allotment per acreage and customer group is based on 
annual ET. Commercial irrigation accounts are provided a base irrigation allotment that is based on the average 
monthly consumption during the most recent January through June period as for commercial and industrial 
accounts.  
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However, in addition to this allotment based on current consumption and acreage, the City could further 
maximize conservation through customization of allotments per customer account. The current acreage rates 
could be integrated with the Landscape Budgets Program data on irrigable land data and irrigation use by 
customer account to determine an allotment per account. This customized water budget data could be 
integrated with the monthly ET data used for the Landscape Budgets Program rather than the annual ET data 
used for the current allotment. Coordination of this information provides an opportunity to use customer specific 
data rather than general data, further encouraging individual customer conservation. The customer specific data 
to be coordinated include current consumption data, irrigable area data, daily weather data downloaded from 
the CIMIS network, including ET, and the customized monthly water budget per account. Using this information 
and a water budget based rate structure, a tailored water budget based bill could be generated for each 
irrigation customer account. For simplicity, the City should consider charging commercial irrigation customers 
using a similar ET based allotments rather than the average wet-season consumption based allotments. Such 
measures provide price incentives for existing customers to change the types of crops grown and landscaping 
plants used to those that are more conducive to the water availability in the area. Such an allotment also 
allocates water to all customers based on the same metric. 

In addition to modification of the method of base use allocation for irrigation customers, the City should consider 
implementing water budget based rates for its single-family residential, multifamily residential, commercial, and 
industrial customers. In order to implement single-family water budgets, the City could either base the rate on 
the number of water fixtures, such as toilets, tubs, taps, etc.; develop a budget based on the average 
consumption; or a use a per-capita water rate. Typical single-family water budgets range from 6 to 9 hcf per 
month depending on the agency. Of these alternatives, the most complex to implement would be a rate based 
on the number of water fixtures, or a per-capita allotment since these both require the City to conduct 
inspections and maintain an extensive database of information that needs to be updated regularly.  

For multifamily customers, the City could develop water budgets based on a per unit basis. This would require 
the City to have valid information on the number of units, and/or residents per unit, at each multifamily 
residence.  

In case of commercial and industrial customers, the City could determine the water budget based on adjusted 
historic use, area or number of seats (for restaurants and food service industries), or number of employees in a 
building. Implementing such a water budget would again require the City to maintain extensive data on its 
users. 

Although use of water budget based rates requires careful data management, the City’s existing billing software 
system could likely be modified to accommodate such rates. An additional study would need to be conducted to 
evaluate the cost and effort to modify the City’s current billing system, versus integration and use of specialized 
software that has been developed specifically to support water budget based rate calculation and billing.  
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POTENTIAL NEW CONSERVATION PROGRAMS 
This section compares the current City programs to the new CUWCC BMPs that take effect in 2009. At the end 
of the section, potential future programs relevant to the City are described. 

Best Management Practices 

A BMP is “an established and generally accepted practice among water suppliers that results in more efficient 
use or conservation of water3.” Agencies that are signatories to the CUWCC’s MOU commit to implementing 
the BMPs as presented in the MOU. The CUWCC BMPs were recently revised into five categories. 

1. Utility Operations 

2. Education 

3. Residential 

4. Commercial, Industrial, and Institutional 

5. Landscape 

Categories 1 and 2 are considered “Foundational” BMPs as they are considered essential and ongoing water 
conservation activities with no time limits. The remaining BMPs are “programmatic BMPs”. An analysis of the 
City programs compared with the new CUWCC BMPs is shown in Table 5.6.  

According to Table 5.6, the City has some remaining items to complete in order to comply with all provisions of 
the new MOU. Major tasks include the following. 

• Conduct market research to evaluate effectiveness of conservation message 

• Create a brand/theme for City’s Water Conservation Program 

• Provide regulations for new development or incentives to comply with the WaterSense new home 
program 

• Implement a CII program capable of reducing CII consumption 10 percent in 10 years or 0.23 mgd 

• Expand incentives for replacing inefficient CII equipment 

• Offer site specific assistance for irrigators whose water use is more than 20 percent over budget 

• Provide irrigation water use surveys for 1.5 percent of CII accounts with mixed use meters each year 

                                                           
3 California Urban Water Conservation Council’s website: http://www.cuwcc.org/terms-section-1-definitions.aspx. 

5-30 August 2009 

http://www.cuwcc.org/terms-section-1-definitions.aspx


WATER CONSERVATION OPPORTUNITIES 

 
Table 5.6 Analysis of City Conservation Programs vs. New CUWCC BMPs 

Measures Required by CUWCC Signatories 

Measures the City Should 
Implement to Comply with 

the New CUWCC BMPs  
Measures the City has 

Already Undertaken 
1. Utility operations (Foundational BMP) 
1.A. Operational Practices 
• Conservation Coordinator for program 

management, tracking, planning, and 
reporting on BMP implementation 

• Water waste prevention 

• City has employed a 
coordinator 

• City Ordinance No. 
4558, adopted on 
February 1989, 
prohibits the waste of 
water defined as gutter 
flooding and failure to 
repair leaks in a timely 
manner 

• City has new landscape 
design standards, 
Resolution 08-083 

• City complies with BMP 
3, 4, 11 

• City Building Code 

• None 
• May need to develop 

regulations for new 
development that covers 
efficient indoor use 

• No action on BMP 3, 4, 
11 

To be included 
1.B. Pricing (BMP 11) 
1.C. Metering (BMP 4) 
1.D. Water loss control (BMP 3) 
2. Education programs (Foundational BMP) 
2.A. Public education programs 
• Provide speakers 
• Paid and public service advertising 
• Billing information to customers (use for 

last billing period compared to same period 
year before) 

• Information on water conservation 
measures 

• Coordinate with other government 
agencies, industry, public interest groups, 
and media. 

• Social marketing (to change attitudes and 
influence behavior)- brand, theme, or 
mascot 

• Input from public to shape conservation 
message 

• Public presentations 
and provides speakers 

• Brochures and 
handouts 

• Monthly message 
printed on customers 
bill 

• Demonstration 
gardens, video loan, 
website, hotline 

• Media Campaign 
• Coordinate with other 

government agencies, 
industry, public interest 
groups and media 

• Create a brand, theme or 
mascot for City’s 
conservation program 

• Conduct market research 
to evaluate effectiveness 
of conservation message 

• Offer more talks on water 
conservation using 
invited speakers 

• Conduct workshops to 
get input from various 
stakeholders on the 
conservation message 

• Train non-City staff 
members to spread the 
conservation message 

 
 
 
 
 

August 2009 5-31 



WATER CONSERVATION OPPORTUNITIES 

Table 5.6 Analysis of City Conservation Programs vs. New CUWCC BMPs 

Measures Required by CUWCC Signatories 
Measures the City has 

Already Undertaken 

Measures the City Should 
Implement to Comply with 

the New CUWCC BMPs  
2.B. School education programs 
• Implement a school education program to 

promote water conservation and its 
benefits 

• Supply grade appropriate materials to 
public and private schools 

• Classroom presentations that identify 
urban, agricultural, and environmental 
issues and conditions in the local 
watershed 

• Water education 
presentations are given 
in approximately 90 
classes and summer 
camps per year 

• Water education 
materials are provided 
to schools 

• Tours of the City’s 
water treatment 
facilities with free bus 
transportation are 
provided 

• The City participates in 
the Annual Water 
Awareness High School 
Video Contest 

• None 

3. Residential (Programmatic BMP) 
3.A. Residential assistance program 
• Residential surveys, on-site leak detection 

assistance, efficiency suggestions 
• Provide showerheads and faucet aerators 

that meet the WaterSense specifications 
• Landscape water survey, irrigation system 

check, measure landscape area, develop 
customer irrigation schedule based on 
precipitation rate, provide customer with 
information packet, provide customer with 
evaluation results and recommendations 

• High efficiency clothes washers (HECW) - 
provide incentives or institute ordinances 
requiring their purchase that meet an 
average water factor value of 5.0. 

• WaterSense Specification Toilets - provide 
incentives to replace 3.5 gpf 

• City’s Water Resources 
Specialist conducts 
home and business 
water surveys (water 
checkups) upon 
request 
recommendations for 
efficiency are provided 

• Low flow showerheads 
and toilet tank 
displacement devices 
offered 

• City is participating in 
Smart Rebate Program 
with water brooms, 
HECW, HET (WSS 
toilets), cooling tower 
controller rebates 

• Provide site-specific leak 
detection assistance 

• Provide faucet aerators 
• Continue the toilet rebate 

program with water 
sense specification 
toilets (HET or ULFT) to 
replace 3.5 gpf or more 
until market saturation of 
75% is reached 

• Continue the HECW 
rebate program 

• Offer incentives for new 
residential development 
to comply with 
WaterSense 
specifications for new 
homes 
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Table 5.6 Analysis of City Conservation Programs vs. New CUWCC BMPs 

Measures Required by CUWCC Signatories 
Measures the City has 

Already Undertaken 

Measures the City Should 
Implement to Comply with 

the New CUWCC BMPs  
4. Commercial, Industrial, and Institutional (CII) (Programmatic BMP) 
• Implement measures to achieve 10% 

savings within 10 years 
• Offer incentives for installation of the 

following: HET, HE urinals, ultra low 
volume urinals, zero consumption urinals, 
commercial high efficiency clothes 
washers, cooling tower controllers pH and 
conductivity, connectionless food 
steamers, medical equipment steam 
sterilizers, water efficient ice machines, 
water brooms, dry vacuum pumps 

• Save Water, Save a 
Buck CII rebate 
program (HETs, urinals, 
HECW) 

• Cooling tower and 
waterbroom rebates 
available 

•  

• Continue the HETs, 
urinals, and HECW 
program 

• Start a program of 
rebates, connectionless 
food steamers, medical 
equipment steam 
sterilizers, water efficient 
ice machines, dry 
vacuum pumps 

5. Landscape (Programmatic BMP) 
• Identify accounts with dedicated irrigation 

meters and assign ETo-based water-use 
budgets equal to no more than an average 
of 70% of ETo (reference 
evapotranspiration) of annual average 

• Provide notices each billing cycle to 
accounts with water-use budgets showing 
the relationship between the budget and 
actual consumption 

• Offer site-specific technical assistance to 
reduce water use to those accounts that 
are 20% over budget 

• Develop and implement a strategy 
targeting and marketing large landscape 
water-use surveys to commercial/ 
industrial/institutional (CII) accounts with 
mixed-use meters; offer financial incentives 

• In un-metered service areas, actively 
market landscape surveys to existing 
accounts with large landscapes, or 
accounts with landscapes which have been 
determined by the purveyor not to be 
water-efficient; offer financial incentives 

• Garden Wise Guys 
• Green Gardener 

Program 
• California Landscape 

Budgets Program 
(CLBP) 

• California Irrigation 
management 
Information System 
(CIMIS) 

• Smart Irrigation 
Controller Distribution 
Program 

• Watering Index and 
Landscape Watering 
Calculator 

• Free Rain Sensor 
Program 

• Currently developing 
Smart Landscape 
Program (rebates for 
efficient irrigation and 
water wise 
landscaping) 

• Offer site-specific 
assistance to sites over 
their water budget by 
more than 20 percent 

• Complete irrigation water 
use surveys for at least 
15 percent of CII 
accounts with mixed use 
meters within 10 years 
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Programs Implemented by Other Agencies 

Appendix C provides a survey of conservation measures of other agencies. The City offers all of the listed 
programs; therefore, it can be stated Santa Barbara has a very “robust” program.  

Possible New Conservation Measures 

Sixty nine percent of the City’s domestic water use is by residential users. Single family uses 45 percent, and up 
to 57 percent is used indoors4. Consequently, many of the remaining water conservation measures relate to 
residential conservation programs and these are expected to produce the most savings. The City could 
consider measures that go beyond the CUWCC BMPs. It is recommended that the City consider the following. 

• Implement policy to significantly reduce new development water use. The amount of reduction in use 
below similar existing buildings will depend on required fixtures and devices specified in a new 
development ordinance. The City should pay close attention to the large buildings scheduled for 
development such as hospitals or hotels that require significant water supply. Extra effort should be 
taken to ensure that heavy water using buildings are designed as efficiently as possible with high-
efficiency fixtures, as well as low water use landscaping. Dual plumbing and use of recycled water could 
be required where a source of recycled water is near. Reducing the future water demand by these large 
buildings is easiest during the initial design and construction phase rather than as a later retrofit. Dual 
plumbing (for future recycled water use in toilets, and other non-potable uses) can reasonably be a part 
of new construction, but is not practical as a retrofit. Major impacts can often be made during initial 
planning and design phases to significantly reduce future water use.  

• Provide an annual “Water Use” status report to senior management to ensure they are informed for 
decisions related to projects that require new water resources. Therefore, water use planning would be 
integrated into the project decisions made by senior management.  

• Develop a prioritized list of conservation measures as a guide for future water conservation efforts, and 
also look for additional opportunities to save water. For example, use new water-efficient technologies 
as it becomes available and identify new water efficiency opportunities.  

New technology should be constantly evaluated for opportunities to save water within the City. A current list of 
new technology includes the following. 

Residential 
• High Efficiency Toilets (HETs) (<1.28 gallons per flush) 

• High Efficiency Washers (HEWs) (4.5 to 7.5 gallons per cubic foot of laundry) 

• High Efficiency Showerheads and Faucets (less than 2 gpm) 

• Efficient Hot Water Systems (Structured Plumbing and Hot Water On Demand) 

                                                           
4 2006 City of Santa Barbara water use 
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• Use of Automatic Meter Infrastructure (AMI) (an extension of Automatic Meter Reading) to identify 
customer leaks and over application of irrigation water. 

Nonresidential 

• HETs and HEWs 

• High Efficiency Urinals/Waterless Urinals 

• Devices listed in the new Commercial Industrial Institutional Flex Track Menu including: 

– Commercial high-efficiency single load washers 

– Connectionless food steamers 

– Medical equipment steam sterilizes 

– Water efficient ice machines 

– Pressurized water brooms 

– Dry vacuum pumps 

The City offers some of the above devices through the Smart Rebates Program and the County’s Save Water, 
Save a Buck Rebate Program. Also the City is currently considering partnering with SCE and Southern 
California Gas for rebates on ice machines and food steamers. It is recommended to continue these programs 
and partnerships and investigate additional devices. 

Potential Water Savings From An Expanded Water Conservation Program 

Table 5.7 includes example agencies from across the nation and provides the per capita water use and 
quantifies the costs and savings a utility in the United States might expect from a long-term water efficiency 
program. In an attempt to help the City prepare for and plan for water efficiency, this table describes the 
following. 

1. Range in 30-year water savings (percent of production) and per capita savings  

2. Range in per capita costs from long-range cost-effective conservation programs. (Approximate average 
cost per person has been found to be $5.00 to $5.70 per person per year) 

The table describes over 10 different water utilities across the United States of various sizes and the projected 
costs and savings of their conservation programs (AWWA Manual M52). The total population covered in these 
utilities is over 6 million and includes the states of Florida, Georgia, California, Idaho, and Colorado. The results 
table shows detailed information on each utility. The goal of the table is to provide a benchmark for realistic 
expectations for customer long-term conservation programs  
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All of the costs presented in the table have been generated in the last 10 years for water conservation plans 
using the Least Cost Planning Demand Management Decision Support System, which is an end use cost-
benefit tool. The use of such a model reduces the amount of guesswork currently required in planning, and 
facilitates funding long-term water conservation programs. 

The table clearly shows that the City could expect to save significant amounts of water by following a carefully 
planned program. Savings will accrue from continued implementation of the plumbing code plus continued 
implementation of existing programs and the addition of new programs. While accurate forecasts cannot be 
made at this time, 30-year savings in the range of 5 to 10 percent would appear feasible. This range includes 
passive program effects (plumbing codes) and active programs (City’s programs). By implementing further 
technical analysis with a conservation model, the City can determine a more accurate forecast of savings and 
optimize conservation investments. 

Because the City’s per capita use is below average and its building stock is older, it is expected that per capita 
costs of such a program would be above the average shown in the table; per capita costs above $4/person per 
year (which is an extrapolation of planned current expenditures to 2010) should be expected. Without further 
analysis it is not known whether achieving these savings is cost-effective compared to alternative ways the City 
could meet future water needs. 

RECOMMENDATIONS FOR FURTHER ANALYSIS 
This chapter presents conclusions and recommendations based on the evaluation of current conservation 
programs and the current rate structure, and an analysis of additional conservation obtained through new 
programs and alternate rate structures. 

Conclusions 

From the analysis of the City’s unique characteristics including current water use profile, demographics, and 
additional conservation potential, the following conclusions can be made.  

1. Overall per capita water use at 130 gcd is relatively low, about 15 percent below the national average pf 
160 gcd. It would be even lower if reuse of recycled water were not included (124 gcd). Reasons for the low 
per capita use include the following. 

a. Presence of a long-term water conservation program, including inclining block rates 

b. Customers motivated to do the right thing on environmental issues 

c. Presence of a recycled water system for landscape irrigation 

d. Minimal industrial water use  

e. Coastal weather 

2. The City has a robust water conservation program that has accomplished a considerable amount of 
conservation. However, there are opportunities to expand and improve the program.  
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3. To save significant amounts of water, the cost of the program will be above average, on a per capita basis 
compared to other cities where goals can be met by low cost measures such as fixture and landscape 
regulations on new development. This is due to the limited conservation savings potential because of 
considerable efforts made to-date, the need to work primarily with existing accounts, and lack of significant 
planned growth. 

4. The City will need to budget additional money if it expects to increase water savings. 

5. The City’s current inclining block rate structure and acreage based irrigation rates provide conservation 
incentives. Additional measures and restructuring of these rates could provide further incentives. 

6. No conclusions have been reached at this time as to the cost-effectiveness of expanding the City’s 
conservation program. Further analysis is needed to determine this. 

Recommendations 

The analysis presented in this report identified that additional conservation could be accomplished. The 
question is what more should be done? To answer that will require a technical analysis of water savings from 
specific conservation measures and a benefit-cost analysis of those measures. It is recommended that these be 
conducted to complete the analysis of the City’s Water Conservation Program. In the interim, some preliminary 
recommendations can be made. 

Existing Accounts 

In order to “get the incentives right” and encourage account holders to replace aging and inefficient fixtures 
before they wear out, the City should offer sufficient rebates, giveaways, and other incentives to make it easy 
and inexpensive for customers to retrofit. Because so many of the buildings are more than 50 years old, the 
following conservation measures could be considered. However, it should be determined that the current 
saturation of efficient fixtures in City homes is lower than desired (subject to additional research on the current 
level of efficiency). 

1. Align the City’s program with the new CUWCC BMPs, emphasizing those that make sense for the City’s 
situation and deemphasizing those that do not. 

2. After a review and saturation analysis, replacement of water efficient fixtures in old homes. 

3. Continue to replace old toilets and urinals with high efficiency models 

a. Rebates could be used until 2014 when these toilets will be mandated. 

4. Continue to replace old washing machines with high efficiency washers. 

5. Encourage removal of inefficient irrigation systems and grass with replacement with water wise 
landscaping. 

6. Conduct a billing analysis to determine the customer consumption characteristics within each tier of the 
existing rate structure to evaluate potential for restructuring of the existing tiers to maximize conservation.  
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7. Provide more tiers and/or restructure the existing tiers in the tiered rates for residential customers. 

8. Consider individually tailored water budget based billing for irrigation customers by coordinating the current 
billing system with the data collected as part of the Landscape Budgets Program 

9. Offer irrigation customers who are over budget incentives such as water surveys and rebates for equipment 
upgrades. 

10. Offer the larger nonresidential customers a water survey and incentives for replacing inefficient fixtures and 
irrigation systems. 

11. Focus commercial efforts on large commercial users (greater than 15-25,000 gallons/day) 

12. Continue to provide rebates for commercial fixtures in high use situations only, such as toilets in 
restaurants, washers in coin-op laundries, showerheads and faucets in health clubs and schools. 

New Accounts 

The City is not planning significant growth so opportunities to save water through creating more efficient new 
accounts will be limited. Nevertheless the new General Plan process should be followed closely to determine 
which types of account groups are likely to grow significantly, if any, and develop programs to ensure these new 
accounts will use water efficiently. Some approaches to consider include: 

1. Vigorously enforce the City’s new landscape ordinance; consider making it apply to large landscape only 
projects. 

2. Provide assistance with state of the art irrigation systems including smart irrigation controllers. Since the 
controllers are expensive, assistance could be provided in the form of rebates for purchase of controllers or 
for contractor installation. In addition, a telephone or internet hot line or site visits could be offered to assist 
customers as needed.  

3. In addition to the Green Gardener training program, require that all irrigation systems be installed by 
contractors/installers certified by the Irrigation Association (a national organization of irrigation system 
designers and contractors). 

4. Encourage or mandate the new EPA program “Water Sense for New Homes”. Extend the concept to new 
nonresidential accounts, including high efficiency Water Sense specified toilets, showerheads, urinals and 
clothes washers. 

5. Consider incentives to upgrade plumbing fixtures and equipment when buildings are sold or the name on 
the water account changes to speed up the natural replacement process. 

Financing the New Program 

Recognize that the City may need to spend an above average amount of money per person to achieve its goals 
because of the low per capita water use and the need to focus on existing accounts. Consider using a new high 
tier block in the City’s rate structure to generate new revenue that could be used to fund the City’s increased 
conservation program. 
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Overall Water Conservation Master Plan Recommendations 

This analysis assisted the City in contributing to the development of a Water Conservation Master Plan. Base 
data were collected and water conservation potential identified. The following steps are recommended to further 
develop a conservation master plan. 

1. Assess the need for new water and the avoided costs of new water supply deferred due to water 
conservation. Such information is needed to evaluate cost-effectiveness of program expansions. 

2. Develop new demand projections without additional conservation as a baseline. Develop projections of new 
accounts by customer category. 

3. Develop a list of continuing and potential new conservation measures. 

4. Conduct market research to evaluate the effectiveness of conservation message 

5. Develop a brand/theme for City’s Water Conservation Program 

6. Conduct a billing analysis to correlate consumption patterns within each tier of the existing rate structure. 

7. Consider changes to the City’s water rate structure, such as restructuring and/or adding more tiers to the 
single-family rates and/or adjusting the use thresholds for the rate blocks. 

8. Integrate data from the Landscape Budgets Program to the City’s existing billing system. 

9. Conduct a billing software analysis to identify billing software modifications required to support selected 
billing system changes. 

10. Conduct a water rate study to ensure that the any modifications made to the existing rate structure is 
compliant with cost of service requirements and meets City revenue requirements. 

11. Hold a conservation measure-screening workshop to narrow the list to be evaluated further. 

12. Evaluate water savings, benefits and costs through technical and economic analysis for the short list of 
measures. 

13. Develop alternate programs made up of the best measures. 

14. Assess the cost-effectiveness of expanding the City’s program. 

15. Select a program as the basis for the conservation plan and set water savings goals. 

16. Develop the Master Plan report and identify budget and staffing needs. 

17. Prepare a technical memorandum on the water savings and cost-effectiveness analysis. 

18. Secure approval of the plan from the City Council as part of the LTWSP process. 
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Section 6 WATER SUPPLY MANAGEMENT ASSESSMENT 

CURRENT PLANNING AND MANAGEMENT 
The City has a very diverse portfolio of water supplies. However, future reliability is expected to decrease 
due to climate change impacts, increased demands on limited supplies, and environmental limitations 
imposed on Delta exports. Management of existing supplies will become more difficult in the future.  

Management of Existing City Supplies 

The City relies on the Gibraltar supply to the extent possible thus using the lowest cost supply first. To 
increase reliability of the Gibraltar supply, the City has worked with Santa Ynez River entities to ensure the 
City’s continued use of Gibraltar Reservoir supply in light of siltation reducing storage capacity. The City’s 
proactive preservation and management of supplies will benefit it in the future, particularly as surface water 
storage increases in value as storage capacity is needed to compensate for reduced dry year and overall 
reduced supply availability.  

With local climate change, local surface supplies may be available on a more sporadic basis. Since 
precipitation is expected to change in intensity and distribution, less supply will be available if the flows 
cannot be captured and stored. To accommodate increased precipitation earlier in the year and lower flows 
and higher demands on the system due to higher temperatures, the City may need to modify its water 
operations by using local surface supplies when available to reduce the potential for increased spills. An 
analysis of historical (e.g., 1950 to present) monthly precipitation patterns (total quantity and rainfall 
intensity) is recommended for a better understanding of historical changes in precipitation due to climate 
change and to aid in the projection of future impacts on precipitation distribution and intensity. This analysis 
of potential impacts on local supplies, together with an understanding of the changing reliability of imported 
supply, will provide data to determine operational changes for Gibraltar Reservoir and Lake Cachuma as 
well as the need to pursue banking of imported supplies. 

The City’s groundwater basins are operated conjunctively with surface supplies, allowing for dry year and 
peak demands to be augmented without overdrafting the basins and/or inducing seawater into the aquifer. 
With local climate change however, the availability and quality of this supply, as well as Mission Tunnel 
groundwater seepage, may be reduced.   

The desalination project was originally developed working cooperatively with MWD and CVWD. This backup 
water supply, available with about one year’s notice, gives the city additional flexibility. However, the 
facilities are expensive to operate, particularly on an infrequent basis. 

The City’s recycled water program provides a reliable supply during all year types. As higher levels of indoor 
conservation and collection system infrastructure replacement are implemented, however, recycled water 
supply quantities may decrease. The recycled water program is currently limited by water quality concerns, 
e.g., high sodium levels, and existing infrastructure, not by availability of supply. 
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The City should optimize its high level of regional self-sufficiency and increase the flexibility of the supplies 
to adapt to climate change and other vulnerabilities. The City should start planning for wider variations in the 
availability of each water supply, by providing more surface or groundwater storage, for example, to utilize 
available supplies. In particular, the SWP supply provides the City with flexibility in working with regional and 
statewide entities. Higher salinity levels of future surface water and groundwater may require increased 
treatment flexibility in accommodating a greater range of water quality. 

State Imposed Actions and Recommendations for Water Management 

DWR is considering options to compel local agencies to incorporate climate change adaptation into regional 
water planning. Such options would ensure that local agencies consider energy requirements in regional 
supply planning and in the construction and operation of facilities (CAT 2007). Statewide regulations are 
also being considered to reduce GHG emissions. Developing local supplies such as desalination and 
recycled water to reduce reliance on imported water is also being encouraged. However, it is not clear how 
desalination and recycled water can be considered energy efficient or will contribute to reducing the City’s 
carbon footprint.  

Regarding supply reliability planning, the Delta Vision Strategic Plan recommends that water purveyors 
develop a schedule of supply reduction and outage from: 1) drought conditions which reduce deliveries by 
approximately 40 percent of total allocations for two years; and 2) a one-year loss of all surface water 
imports from the Delta. These shortage plans will be required to be incorporated in the UWMPs submitted 
for 2015.  

SUPPLY MANAGEMENT OPPORTUNITIES 
Because of the severe impacts associated with decreased reliability of several of the City supplies, it is 
recommended that the City not give up any supplies nor do anything to potentially reduce current supplies. 
The City should work with regional and statewide partners to firm up the reliability of its existing supply 
portfolio to be able to adapt to challenges posed by climate change, reduced deliveries, and catastrophic 
events. Recommendations are provided for short-term and long-term implementation based on the length of 
time needed to investigate the options.  

Immediate or Short Term Recommendations 

• Integrated regional plans will be required for many sources of funding in the near future. Continue to 
work with regional agencies on the Santa Barbara County Integrated Regional Water Management 
Plan to ensure that projects that could increase supply reliability for the City are included. For 
example, grants are available for planning and implementation of regional groundwater banking 
programs, and may be available for regional desalination programs, if the entities have an up-to-date 
regional plan that meets DWR guidelines as well as other requirements. 

• Investigate the groundwater basins, particularly Storage Unit No. 1, Foothill Basin, and bedrock 
aquifer supplies, for a better understanding of aquifer characteristics and transport mechanisms. More 
information is needed to be able to optimize the use of the groundwater supply, which will increase in 
value as surface water variability increases. In maximizing the operations of the groundwater basins, 

6-2 August 2009 



WATER SUPPLY MANAGEMENT ASSESSMENT 

the City may need to utilize the groundwater injection capabilities, and may consider pressure 
injection. More data are also needed to determine maximum quantities that can be pumped without 
causing seawater intrusion now and in the future due to rising sea levels, and evaluate the option of 
using injected recycled water as a barrier to intrusion, if increased potable supply can then be 
withdrawn.   

• The quality of the recycled water currently requires blending with potable water to meet TDS and 
turbidity guidelines. The City should increase the quality of the supply to increase its utilization and to 
reduce the required amount of potable supply needed to blend. The City should expand the existing 
recycled water system where cost-effective to offset potable water demands. Implementation of the 
projects presented in Section 4 would increase City recycled water use from 846 afy to 1,200 afy 
(1,500 afy if El Estero process water is included). This equates to a MDD of 2.5 mgd with El Estero 
process water or 82 percent of the current recycled water production capacity of the El Estero 
WWTP chlorine contact basin if blending is assumed and the reservoir is out-of-service. 
Implementation of these projects would provide a reliable supply source and offsets City potable 
water demands. 

• The City should investigate banking its SWP supply in an established groundwater bank such as 
Rosedale-Rio Bravo Water District. The arrangement should consider payments of a percentage of 
water instead of financial payments and no long-term commitments, in case the City decides to 
participate in a start-up local groundwater bank in the future.  

• The City already has a relatively low per capita consumption rate (130 gcd) due partly to the coastal 
weather, but also due to the City’s efforts in informing the public of the need to conserve water. The 
State is pushing urban water suppliers to reduce per capita water use sufficient to achieve a 
statewide average 20 percent reduction by 2020. This is to be achieved partly through more 
aggressive volumetric water pricing and expanded outreach and public information programs (CRA 
2008c).  

• The best areas for additional water conservation in the City of Santa Barbara include: 

– Fixture replacement in old homes (although more information is needed first on market 
saturation); 

– Irrigation accounts on separate meters that exceed their water budget; and 

– Large commercial users (greater than 15,000 to 25,000 gpd). 

• The State is considering establishing, by 2015, goals for increased infiltration and direct use of 
stormwater runoff (Action 4.2.3; CRA 2008a and c). The City should track requirements as they 
develop to integrate stormwater into its portfolio of non-potable supplies. The low impact 
development concept is to design development projects, especially streets and parking lots, to 
reduce peak flows through infiltration, naturally filter stormwater runoff to decrease pollutant 
transport, and decrease impermeable surfaces.  
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• The Metro (Portland metropolitan area) green streets design principles are a model of low intensity 
development practices specifically for streets (Metro 2002). The principles can be accomplished by 
designing projects that encourage pedestrian-oriented street and road designs, curb designs that 
encourage diffuse stormwater runoff, dedicated runoff areas (like parks and large irrigated turf play 
fields which can also be designed for recharge), and onsite improvements including decreasing 
impermeable areas, planting native vegetation, and collecting rain water in cisterns for on-site use. 
Most principles having the benefit of reducing potable consumption and increasing natural 
groundwater recharge.  

Long-Term Recommendations 

• The Delta Vision Strategic Plan and Committee recommendations encourage coastal agencies to 
triple statewide capacity for ocean and brackish water desalination by year 2030 (Action 4.2.2; CRA 
2008a and c). As the cost of highly reliable water continues to increase, the City should investigate 
the feasibility of operating the desalination facilities in most types of water years. Many SWP 
agencies will be looking to provide financial assistance to others for the construction and operation of 
desalination projects in exchange for SWP supply. The City (and possibly local partners) would 
maintain ownership and operation of the desalination plant and use the desalinated supply in-lieu of 
diverting SWP supplies. The financing partner would either use the City’s SWP supply or bank it for 
use in dry years.  

There are many different arrangements the City could consider in utilizing its desalination capacity 
such as selling an exchanged supply during non-dry years for others to bank and use in dry years, or 
selling an exchanged supply in dry years at a higher price and the City provides SWP water banked 
in the San Joaquin Valley in-lieu of the desalinated supply. This could result in a cost effective 
operation of the desalination plant for dry year and emergency supplies for the City.  

• The City could even consider conveying Storage Unit 3 water to an expanded desalination facility to 
increase the supply. A better understanding is needed on the ability to increase groundwater 
production (pumping and treating) without increasing the risk of seawater intrusion, particularly under 
future rising sea level scenarios. 

• Consider participating in the development of a groundwater bank proximate to the Coastal Aqueduct, 
such as the Santa Maria-Santa Barbara County program CCWA is investigating. The City’s SWP 
supply could be fully utilized by banking any unused entitlement. A semi-local bank such as along 
the Coastal Aqueduct would be advantageous in responding to a Delta supply outage. A bank in this 
location would require additional institutional arrangements to exchange or sell stored supply during 
dry years or during Delta outages with entities downstream of the Coastal Aqueduct turnout on the 
California Aqueduct. 

• In the future when Gibraltar Reservoir capacity is severely reduced due to siltation, consider silt 
removal or enlargement by raising the dam. Surface water storage will be a more valuable 
commodity in the future as a tool to increase supply flexibility in adapting to climate change impacts 
on supply reliability. As dry year and seasonal imported and local supplies become less available 
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and local wet year supplies are needed to be carried over, storage capacity in Gibraltar Reservoir will 
be needed.  

• Investigate exchange agreements with neighboring water purveyors or organizations, such as 
Montecito Water District or La Cumbre Golf Course, for recycled water capacity that the City cannot 
cost effectively utilize.  

• Consider the long-term need for increased surface water storage in Lake Cachuma. Surface water 
supplies will continue to increase in value, both economically and operationally, and Lake Cachuma 
has the “green” benefit of low energy requirements.  
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Appendix B RECYCLED WATER SYSTEM INFORMATION 

 

Appendix B provides additional recycled water information to supplement Section 4. This appendix contains 
information on the following topics. 

• Unrestricted Title 22 Recycled Water Uses 

• Irrigation Demands for Customers without Billing Data 

• Use of Recycled Water for Irrigation 

• Detailed Cost Information 

UNRESTRICTED TITLE 22 RECYCLED WATER USES 
Once treatment modifications have been made to El Estero WWTP to improved turbidity, recycled water 
may be used for unrestricted Title 22 applications as listed in Table B.1. 

IRRIGATION DEMANDS FOR CUSTOMERS WITHOUT BILLING DATA 
For customers without exclusive irrigation usage data, ADD was estimated by using a landscape irrigation 
factor applied to irrigable land acreage. Typically, the calculated irrigation demand value from the factor was 
within 5 percent of the recorded value from the billing data.  

These factors were based on average evapotranspiration (ET) and rainfall data for the study area. Basically, 
the difference between plant ET (plant water loss) and rainfall creates an irrigation requirement. This 
requirement was calculated per month. The calculated monthly requirements do not exactly match past 
recorded trends in monthly irrigation, and they do not need to match monthly trends since they are only 
used to gauge a rough ADD value over the course of a year. For this purpose, the calculated monthly 
requirements were within an acceptable accuracy.  

Evapotranspiration was calculated per the following formula. 

ETL = KL*ET0  (1) 

Where: 
ETL = Evapotranspiration of landscaped areas (in inches). 
KL = Landscaped area crop coefficient. 
ET0 = Reference Evapotranspiration (in inches). 

The ET0, reference evapotranspiration, was obtained from the California Irrigation Management Information 
System (CIMIS) ET zoning map.  
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The KL, landscaped area crop coefficient, was estimated using information contained in the Guide to 
Estimating Irrigation Water Needs of Landscape Plantings in California by DWR (DWR, 2000). The 
landscaped area crop coefficient is the product of an average species factor (ks), density factor (kd), and  

 
Table B.1 Unrestricted Title 22 Recycled Water Uses 

Irrigation 
Food crops where recycled water contacts the edible 
portion of the crop, including all crop roots 

Any other irrigation uses not prohibited by other provisions of 
the California Code Requirements 

Parks and Playgrounds Cemeteries 
School Yards Freeway Landscaping 
Residential Landscaping Pasture for milk producing animals for human consumption 
Unrestricted-access golf courses Fodder and fiber crops and pasture for animals not 

producing milk for human consumption 
Impoundment 
Non-restricted recreational impoundments, with 
supplemental monitoring for pathogenic organisms 

Landscape Impoundments without decorative fountains 

Restricted recreational impoundments and publicly 
accessible fish hatcheries. 

 

Cooling and Air Conditioning 
Industrial or commercial cooling or air conditioning 
involving cooling tower, evaporative condenser, or 
spaying that creates mist. 

Industrial or commercial cooling or air conditioning not 
involving cooling tower, evaporative condenser, or spaying 
that creates mist. 

Other Uses  
Groundwater Recharge (Permits issued on a case-by-
case basis by the RWQCBs) 

 

Flushing toilets and urinals Consolidation of backfill material around potable water 
pipelines 

Priming drain traps Artificial snow making for commercial outdoor use 
Industrial process water  that may contact workers Commercial car washes, not heating the water, excluding 

the general public from washing processes 
Structural fire fighting Industrial process water that will not come into contact with 

workers 
Decorative Fountains Industrial boiler feed water 
Commercial Laundries Nonstructural fire fighting 
Soil Compaction Mixing Concrete 
Dust control on roads and streets Cleaning roads, sidewalks and outdoor work areas 
Flushing sanitary sewers  
Source: DPH, 2008 
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microclimate factor (kmc). The values used for each factor are shown below in Table B.2. The bold values 
were used to calculate a landscaped area crop coefficient of 0.5 (which is equal to ks x kd x kmc). 

 
Table B.2 Landscape Coefficient Factors 

 Species (ks) Density (kd) Microclimate (kmc). 

High 0.7 - 0.9 1.1 - 1.3 1.1 - 1.4 

Moderate/Average 0.4 - 0.5 - 0.6 1.0 1.0 

Low 0.1 - 0.3 0.5 - 0.9 0.5 - 0.9 

Once ETL is known, the amount of recycled water required for irrigation was calculated using the following 
formula. 

Required Irrigation = [ETL - Rainfall*RE] *LF/IE. (2) 

Where: 
IE. = Irrigation Efficiency, 85 percent (average value from Carlos and Guitjens, University of Nevada) 
LF = Leaching Fraction, 115 percent (average value from Ayers and Westcot, 1985). 
RE = Rainfall Effectiveness, 25%. While evapotranspiration occurs continuously throughout the month, in 
southern California, rainfall events typically only occur for 5 of 30 days in a month during the rainy season. 
This factor accounts for the fact that rainfall is not evenly distributed throughout the month, which is why 
irrigation requirements still exist in the winter, even though rainfall is greater than the reference ETL.

The net amount of irrigation required was calculated in Table B.3 using these equations.  The calculated 
January and February requirements were negligible. As shown in Table B.3, the calculated net annual 
average landscape irrigation requirement in the study area was approximately 24 inches per year or 2 feet 
per year. Based on this data, ADD factor for irrigation use was estimated at 2.0 afy for each irrigated acre.   

Table B.4 presents the use of the ADD factor of 2.0 acre-feet per year to calculate ADD for 441 existing 
acres (acreage estimate supplied by City). This calculated value was compared to the known value from 
billing data in order to confirm the factor’s validity as an estimating tool. As shown in Table B.4, the 
estimated factor closely mimics observed demand. As previously stated, this factor is only applied to 
potential customers without billing data.  
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Table B.3 Average Annual Landscape Irrigation Requirements 

Month 
ETo 

(inches)(1)

ETL

(inches)(1)
Rainfall 

(inches)(2)
Net Irrigation Requirement 

(inches)(3)
Percent of 

Annual (%)(4)

January 1.67 0.84 3.95 0.00 0 
February 2.24 1.12 4.49 0.00 0 
March 3.43 1.72 3.21 1.23 5 
April 4.94 2.47 1.16 2.95 12 
May 4.99 2.50 0.27 3.28 14 
June 5.24 2.62 0.10 3.51 15 
July 5.29 2.65 0.03 3.57 15 
August 5.33 2.67 0.06 3.59 15 
September 3.89 1.95 0.39 2.50 10 
October 3.51 1.76 0.49 2.21 9 
November 2.22 1.11 2.20 0.76 3 
December 1.86 0.93 2.57 0.39 2 

Total 18.92 24.00 100 
    2.00 feet/year  
Notes: 
(1) California Irrigation Management Information Service, Station 107 Santa Barbara. 
(2) California Irrigation Management Information Service, Station 107 Santa Barbara.. 
(3) [ETL - Rainfall] *1.15/0.85. Where 0.85 = 85 percent Irrigation Factor (average value from Carlos and Guitjens, University 

of Nevada) and 1.15 = 15 percent Leaching Fraction (average value from Ayers and Westcot, 1985). 
(4) Current month net irrigation requirement divided by total net irrigation requirement. 

 
Table B.4 Average Annual Landscape Irrigation Requirements Year 2007 

Values From Records Calculated 
Irrigation Factor - 2.00 

Acres - 441 
Total Demand 846 afy 882 afy 

ADD 70 acre-feet/month (846/12) 73.5 acre-foot/month 

 

USE OF RECYCLED WATER FOR IRRIGATION 
Both Ayers and Westcot (Ayres and Westcot, 1985) and Rowe and Abdel-Magrid (1995) have published 
recommended limits for constituents in recycled water for irrigation. The Abdel-Magrid recommendations are 
referenced by EPA as guidelines for limiting constituents. EPA guidelines compared to recycled water 
effluent quality is shown in Table B.5.  
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Table B.5 Comparison of Water Quality Values - EPA (1)

Irrigation 
Water Key 

Quality 
Parameter 

Recommended 
Limit 

Recycled 
Distribution 

Water 
(Blended) 

Secondary 
Effluent  Remarks 

TDS 450 -  
2,000 mg/L 

1,127 mg/L 1,350 mg/L Below 500 mg/L, no detrimental effects 
are usually noticed. Between 500 and 
1000 mg/L, TDS in irrigation water can 
affect sensitive plants. At 1,000 to 
2,000 mg/L, TDS levels can affect 
many crops and careful management 
practices should be followed.  Above 
2,000 mg/L, can be used regularly only 
for tolerant plants on permeable soils. 

pH 6.0 8.0 8.0 Most effects of pH on plant growth are 
indirect (e.g. pH effects on heavy 
metals toxicity) 

Free 
Chlorine 

< 1 mg/L(1) N/A(2) N/A(2)  

Notes 
(1)  The EPA guidelines also recommend a free chlorine residual of <1 mg/L. The free chlorine residual 

concentrations greater than 5 mg/L causes severe damage to most plants and some sensitive plants may be 
damaged at levels as low as 0.05 mg/L. 

(2)  Combined residual. 

A comparison of Table B.5 with the City’s recycled water quality indicates that, current TDS values can 
affect sensitive plants and an increased level of management is required. However, recycled water is still 
suitable for irrigation use with the caveat that proper management practices are instituted.  

Recycled distribution water quality and secondary effluent quality in comparison to the Ayers and Westcot 
criteria is provided in Table B.6. As shown in Table B.6, recycled water has slight to moderate restrictions 
for those constituents in the Ayers and Westcot criteria.  

 
Table B.6 Comparison of Water Quality Values - Ayers and Westcot(1)

Established Criteria 
Degree of Use Restriction (2,3,4) City Water Quality 

Irrigation Water Key 
Quality Parameter Units None 

Slight to 
Moderate Severe 

Recycled 
Distribution 

Water (5)
Secondary 
Effluent (8)

Salinity ECw dS/m <0.7 0.7 - 3.0 >3.0 1.7 1.8 
TDS mg/L <450 450 - 2,000 >2,000 1,127 1,350 

Permeability (6)   ECw = 1.5    
 SAR = 0 - 3 and ECw  >0.7 0.7 - 0.2 <0.2 NA NA 
 SAR= 3 - 6 and ECw  >1.2 1.2 - 0.3 <0.3 3.3 1.8 
 SAR (7) = 6 - 12 and ECw  >1.9 1.9 - 0.5 <0.5 NA NA 
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Table B.6 Comparison of Water Quality Values - Ayers and Westcot(1)

Established Criteria 
Degree of Use Restriction (2,3,4) City Water Quality 

Irrigation Water Key 
Quality Parameter Units None 

Slight to 
Moderate Severe 

Recycled 
Distribution 

Water (5)
Secondary 
Effluent (8)

 SAR = 12 - 20 and ECw  >2.9 2.9 - 1.3 <1.3 NA NA 
 SAR = 20 - 40 and ECw  >5.0 5.0 - 2.9 <2.9 NA NA 
Sodium (Na)       

Surface SAR <3 3 - 9 >9 8.2 NA 

Sprinkler mg/L <70 >70 No 
Value 157 194 

Chloride (Cl)       
Surface mg/L <140 140 - 355 >355 290 401 

Sprinkler mg/L <100 > 100 No 
Value 290 NA 

Boron (B) mg/L <0.7 0.7 - 3.0 >3.0 0.6 NA 
Bicarbonate mg/L <90 90 - 500 >500 295 322 
pH --- 6.5-8.4 (normal range) 8.0 8.0 
Ammonia (NH4) mg/L (see combined N values below) 12 13.3 
Nitrate (NO3) mg/L (see combined N values below) 2 4.2 
Combined Nitrogen (N) mg/L <5 5-30 >30 20 17.5 
Notes 
(1) Adapted from University of California Committee of Consultants (1974), and Ayers and Westcot (1994). 
(2) Method and Timing of Irrigation: Assumes normal surface and sprinkler irrigation methods are used. Water is 

applied as needed, and the plants utilize a considerable portion of the available stored soil water (50% or more) 
before the next irrigation. At least 15 percent of the applied water percolates below the root zone (leaching 
fraction [LF] > 15%). 

(3) Site Conditions: Assumes soil texture ranges from sandy loam to clay with good internal drainage with no 
uncontrolled shallow water table present. 

(4) Definitions of “The Degree of Use Restriction” terms: 
None = Recycled water can be used similar to the best available irrigation water. 
Slight = Some additional management will be required above that with the best available irrigation water in 
terms of leaching salts from the root zone and/or choice of plants. 
Moderate = Increased level of management required and choice of plants limited to those which are tolerant of 
the specific parameters. 
Severe = Typically cannot be used due to limitations imposed by the specific parameters.  

(5) Average Recycled Distribution Water value, 2002 through 2006 
(6) Permeability is evaluated based on the combination of adjusted SAR and Electrical Conductivity (EC) values. 
(7) Adjusted SAR (adj. RNa) includes the effect of bicarbonate/calcium ratio (Cax). 
(8)  El Estero WWTP calculated secondary effluent quality.  
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DETAILED COST INFORMATION 
Additional information on pipeline costs associated with each of the recommended recycled water 
expansion projects is provided in the following tables, with the exception of Projects 1 and 2 as these 
projects do not include any pipelines. 
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Appendix C ADDITIONAL CONSERVATION INFORMATION 

Appendix C provides additional conservation information to supplement Section 5. This appendix contains 
information on the following topics. 

• Per Capita Water Use Comparison 

• Conservation Programs of Others 

PER CAPITA WATER USE COMPARISON 
To place the City of Santa Barbara’s total per capita use of 137 gallons per capita per day (gcd) into context, a 
summary of “Impact of the National Plumbing Efficiency Standards on Water Infrastructure Investments” 
provides national and regional averages for per capita use. The project was conducted for the American Water 
Works Association (AWWA) Technical and Education Council (TEC), documented the value of continued 
implementation of the water fixture standards in the Energy Policy Act. The impetus for the research was efforts 
by some in Congress to repeal the national standards. In order to develop information on the value of the 
national plumbing standards, a nationwide survey of water utilities was conducted. The twenty-question survey 
was sent to 3,700 utilities located across the United States using the AWWA weekly fax service mailing list. 
About 660 utilities responded. 

The TEC project team focused on entering the data into an MS Access database and analyzing water savings 
and benefits from the plumbing standards on a national basis. Utilities responding to the survey were grouped 
into one of 10 EPA Regions and then subdivided by population served into three categories: less than  
10,000 persons served; 10,000 to 100,000 served; and more than 100,000 served. Two of the regions were 
consolidated with others where water use patterns were similar and to increase sample size. 

Shown in Figure C.1 is the geographic distribution of the survey respondents by system size and EPA Regions. 
Figure C.2 shows a map of EPA Regions and Table C.1 shows a listing of EPA Regions and corresponding 
States. Note that most of the largest number of respondents with system size less than 10,000 is from EPA 
Region 5. For larger systems most of the respondents were from Region 9 in the western United States. 

The database created for this project was queried and data compiled to evaluate the benefits of retaining the 
national plumbing codes on a regional basis. Relevant statistics from the regional sample are shown in Table 
C.2. The data is displayed by EPA region and size categories of: less than 10,000 persons served; 10,000 to 
100,000; and greater than 100,000 persons served. EPA Regions 1 and 2 were combined as described above. 
Of the 660 respondents, 570 had usable data and were included in the sample. These 570 respondents 
represent over 68 million people served or about 25 percent of the population of the United States. The 
representation may be slightly less since the sample includes water wholesalers and potentially some of their 
retail utilities, which serve the same population, may have also responded to the survey. 

August 2009 C-1 
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Figure C.1  Geographic Distribution for Survey Respondents 

 

 
Figure C.2   EPA Regions Used in Analysis  
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Table C.1 Summary of EPA Regions & Corresponding States for Report Analysis 

EPA Region States 

1/2 Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont, New 
Jersey, New York, Puerto Rico, U.S. Virgin Islands 

3 Delaware, Maryland, Pennsylvania, Virginia, West Virginia, District of Columbia 

4/6 Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, 
Tennessee, Arkansas, Louisiana, Oklahoma, Texas 

5 Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin 
7 Iowa, Kansas, Missouri, Nebraska 

8/6 New Mexico, Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming 
9 Arizona, California, Hawaii, Nevada, Pacific Islands and Tribal Nations subject to US law 

10 Alaska, Idaho, Oregon, Washington 
 

Key characteristics from Table C.2 include the following. 

• The average population served per utility in each size range is 4,700, 37,000, and 570,000, respectively. 

• Water production ranges from 0.9 mgd at the lower range to 6.1 mgd for the middle range and 86.3 mgd 
for the larger utilities.  

• Peak day ratios decline with increasing system size from 2.0 down to 1.7.  

• Average per capita use ranges down slightly from 178 gallons/person/day (gcd) to 161 and 160, 
respectively, with per capita use generally higher in the west for all size categories. 

The reporting of unaccounted for water (UFW), the difference between water production and reported water 
sales, ranged considerably. Reported values that were less than 2 percent or higher than 40 percent were 
eliminated since these values are unrealistic and probably reported incorrectly. The remaining sample ranged 
from a low of UFW 6.74 percent to a high of 18.9 percent with most values around 14 to 16 percent. For the 
sample, most of the smaller utilities used primarily groundwater (67 percent of total production) whereas the 
larger utilities used surface water (81 percent of total production). The intermediate size was split nearly evenly. 

Clearly the City’s per capita use is below not only the national average but also well below the average of 
223 gcd for those utilities in Region 9 of the survey serving from 10,000 to 100,000 populations. The City’s 
unaccounted for water is also well below the Region 9 and national average for this size category (which had 
UFW of 18 and 15 percent, respectively). Hence the City would appear to have a lower water conservation 
potential than the average utility of a comparable size. 

CONSERVATION PROGRAMS OF OTHERS 
Water agencies in California, Oregon, and Washington were surveyed to identify conservation programs offered 
to customers. Table C.3 provides survey results for the 16 water agencies. Out of 16 agencies surveyed, only 
one offers all of the programs listed (Contra Costa Water District). Santa Barbara offers all of the listed 
programs. 
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Table C.2 Water Use Characteristics of Samples by Region and System Size 

Region Size Category 

No. of 
Utilities 
in Data 

Set 

Average 
Population 

Served 

Total 
Population 

Served 

Average per 
Utility Water 
Production

(mgd) 
Peak day 

ratio 

Per Capita 
Use 

(gcd) 

Unaccounted 
for water 

(%) 

% of 
Production 

that is Surface 
Water 

<10,000 19 4,707 89,430 0.60 1.94 159.36 16.08 31.5 
10,000-100,000 32 35,751 1,144,029 5.03 1.93 140.24 16.75 43.8 1/2 

>100,000 11 439,091 4,830,000 55.33 1.72 126.06 11.71 80.6 
<10,000 25 3,847 96,163 0.66 1.94 165.78 18.94 36.8 

10,000-100,000 19 26,826 509,700 2.93 1.80 111.39 14.65 53.5 3 
>100,000 11 690,085 7,590,931 87.56 1.46 125.43 17.53 86.3 
<10,000 31 5,462 169,316 1.05 1.79 180.76 10.38 40.0 

10,000-100,000 56 41,475 2,322,615 6.87 1.62 164.07 14.71 54.2 4/6 
>100,000 24 524,038 12,576,917 84.80 1.64 166.76 12.63 73.5 
<10,000 62 5,042 312,609 0.83 1.89 172.70 14.81 21.0 

10,000-100,000 44 37,859 1,665,807 5.37 1.77 138.41 13.46 61.4 5 
>100,000 12 925,541 11,106,491 144.07 1.61 154.36 16.22 80.9 
<10,000 30 4,433 132,975 0.72 1.74 164.53 15.34 27.1 

10,000-100,000 9 44,444 400,000 6.27 1.59 157.73 12.79 57.2 7 
>100,000 5 493,929 2,469,645 72.58 2.09 179.87 14.22 72.2 
<10,000 21 5,097 112,140 0.99 2.33 180.64 8.80 42.0 

10,000-100,000 18 28,805 518,484 5.08 2.02 173.19 17.78 56.4 8/6 
>100,000 6 320,653 1,923,916 63.64 2.03 196.52 NA 91.0 
<10,000 27 5,040 136,086 1.10 2.21 188.53 14.72 29.5 

10,000-100,000 28 44,473 1,245,242 10.34 1.85 223.16 18.09 35.5 9 
>100,000 24 639,743 15,353,842 107.81 1.58 175.44 6.74 67.9 
<10,000 31 4,242 131,496 0.94 2.03 215.24 10.97 37.3 

10,000-100,000 20 39,430 788,599 6.70 2.01 180.42 13.74 63.3 10 
>100,000 5 539,200 2,696,000 74.58 1.76 151.91 10.28 97.0 

TOTAL  570  68,322,433      
Average <10,000 30.8 4,734 147,527 0.9 2.0 178.4 13.8 33.1 
Average 10,000-100,000 28.3 37,383 1,074,310 6.1 1.8 161.1 15.2 53.2 
Average >100,000 12.3 571,535 7,318,468 86.3 1.7 159.5 12.8 81.2 



APPENDIX C 

August 2009 C-5 

 
Table C.3 Programs Implemented by Other Agencies 

State 

Name of 
Agency and 

Details Public Education 

Residential 
Toilet 

Rebate 
Residential 

Washer 
Residential 

Audits 
Multifamily 
Programs 

Commercial 
Cooling Towers 

Commercial 
Business 

(ICI) Audits 

Commercial 
Toilet 

Rebate 
Commercial 

Washer Landscape Other 

Arizona 
City of Tucson 

 
Retailer 

 
(1) Water Smart 

Business 
Program (self 
audits, water 
management 
plans, and water 
budgets) 

(2) Water Smart 
Workshops 
(classes that 
cover irrigation 
timers, desert 
landscaping, 
rainwater 
harvesting, drip 
irrigation 
installation)  

(3) Pamphlets 
available  

$120-$200 rebate 
for 

HET 
(<1.3gpf) 

No  

(1) $100 rebate for 
HET (<1.3gpf) 

(2) Rebates for 
water use 
audits, weather 
based timers, 
efficient spray 
heads and 
irrigation sub 
meters. Rebates 
of up to $5000 
are available 

No  $100 rebate for HET 
(<1.3gpf) No 

 
(1) Watering 

efficiency and 
rainwater 
harvesting tips 
on the website 

 
(1) Water Cops to 

enforce 
ordinances. These 
ordinances include 
water waste 
guidelines, 
plumbing codes, 
landscape 
regulations, and 
mandatory water 
conservation 
strategies for use 
in a water supply 
emergency 

(2) Free pre-rinse 
nozzles for 
restaurants and 
commercial 
kitchens 

California 

Alameda 
County Zone 7 

 
Wholesaler 

4 urban 
members + raw 

ag water 

 
(1) Has “Grassroots 

Issues” water 
conservation 
video on website 
(in conjunction 
with retailer) 

(2) A part of the 
Water Saving 
Hero Campaign  

(3) Has pointers to 
use less water, 
and waste less 
water on its 
website 

 
$150 rebate for 

HET (1.28 gpf or 
less) 

Run through 
retailer 

 
$200 rebate 
Run through 
retailer (in 

conjunction with 
PG&E) 

 
Run through retailer No No No  

Run through retailer 
 

Run through retailer 

 
(1) Landscape Low 

Water use plant 
list on website 

No 
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Table C.3 Programs Implemented by Other Agencies 

State 

Name of 
Agency and 

Details Public Education 

Residential 
Toilet 

Rebate 
Residential 

Washer 
Residential 

Audits 
Multifamily 
Programs 

Commercial 
Cooling Towers 

Commercial 
Business 

(ICI) Audits 

Commercial 
Toilet 

Rebate 
Commercial 

Washer Landscape Other 

California 

Alameda 
County Water 

District 
 

Retailer 
Serve 318,000 

people 
in 3 cities  

 
(1) Water Wise 

Gardening in the 
Bay Area 
educational video 
available  

(2) Free school 
education to 
25,000 kids 
annually 

(3) Designated 
Landscape 
Partnership (large 
landscape owners 
are shown their 
actual 
consumption 
versus 
recommended) 

(4) Drought tolerant 
demonstration 
garden 

No 
(but offers a “Water 

Saver Kit” 
containing one high 

quality shower 
head , one toilet 

flapper valve, 
faucet aerators, 
leak detection 

tablets, and flow 
meter bag in 

conjunction with 
Niagara 

Conservation 
Corporation) 

$125-$200 rebate 
(in conjunction with 

PG&E) 
No No 

 
(1) $900-$1200 for 

Cooling tower 
conductivity 
controllers  

(2) $2000 for X-Ray 
Film Processor 
Recirculation 
Systems 

 
 

$150 rebate for toilets 
and urinals 

 
$350 rebate 

(in conjunction with 
Union Sanitary 
District and San 
Francisco Public 

Utilities Commission) 

 
(1) Lawn Watering 

Guide on 
website  

(2) Drought tolerant 
plant traits on 
website 

 

California 

Santa Clara 
Valley Water 

District 
 

Wholesaler 
15 member 
agencies 

10 reservoirs 
Avg 210 mgd 

 
(1) Demonstration 

Gardens / Garden 
Tours 

(2) Water Efficient 
Landscaping 
Classes 

 
$125 for 1.6 gpf & 

Dual flush 

 
$125-$200 rebate 

 
(1) Residential 

Irrigation 
System 
Hardware 
Rebate Program 
(RISHRP) up to 
$1000 rebate 
available 

No No 

No 
(1) Water Efficient 

technologies 
(WET)- up to 
$50,000 rebates 
available  

Free High Efficiency 
toilet and installation 

 
$400 for commercial 

washers 

 
(1) Landscape 

Water Audit 
(2) Low Water use 

plant list on 
website 

(3) Water Budget 
Class 

(4) Irrigation 
technical 
assistance 
program 

(5) Under Water 
Efficient 
Landscape 
Rebate Program 
(WELRP) up to 
$10,000 in 
landscape 
rebates (or $75 
per 100 sq ft) 

 
(1) $400 rebate for old 

timer based 
commercial water 
softeners 
(switched to 
demand based 
devices) 
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Table C.3 Programs Implemented by Other Agencies 

State 

Name of 
Agency and 

Details Public Education 

Residential 
Toilet 

Rebate 
Residential 

Washer 
Residential 

Audits 
Multifamily 
Programs 

Commercial 
Cooling Towers 

Commercial 
Business 

(ICI) Audits 

Commercial 
Toilet 

Rebate 
Commercial 

Washer Landscape Other 

California 

Metropolitan 
Water District 

 
Wholesaler 
26 cities/ 

water 
districts 

18 million 
people in 

parts of Los 
Angeles, 
Orange, 

San Diego, 
Riverside, 

San 
Bernardino 
and Ventura 

counties. 

No 

 
$30-165 for 1.6 gpf  
Local agencies can 

give additional 
money 

Also give them 
away at events 
(starting Jan 1, 

2009 will be a flat 
$100 rebate for any 

kind of toilet 
replacement) 

 
$135 or more, this 
is paid in part by 
MWD and part by 
energy company 

No 

For housing with 5 
units or more, only 
available in some 
cities and districts: 
(1) $165 rebate for 
HET (dual flush or 1.3 
gpf) 
(2) $60 rebate for 
ULFT (1.6 gpf) 
(3)$135 rebate for 
high efficiency 
washers with water 
factor >5 

 
$625-1900 for 

conductivity or pH 
controller 

No 

 
(1) $165 for 1.3 gpf 

or $60+ for 
ULFT 

(2) $60-400 for 
urinal upgrade 

 
$100 rebate 

 
(1) Interactive 

garden website 
(2) Watering tips 

called “Water 
Index” 

(3) Weather based 
irrigation 
controllers 

(4) Synthetic turf at 
$0.3/ square 
foot 

(5) Rotating 
sprinkler 
nozzles starting 
at $4/nozzle 

 
(1) $60 rebate for pre-

rinse nozzle 
(2) $3,120 rebate for 

X-ray film 
processor 
recirculating 
equipment in 
Hospital 

(3) $150 rebate for 
water pressure 
broom  

(4) $125 for dry 
vacuum pump 

(5) $485 for food 
steamer 

(6) $1,900 for steam 
sterilizer retrofit 

California 

East Bay 
Municipal Utility 

District 
 

Retailer 
1.3 million 

people 
325 square 

miles 

 
 

$150 for HET (Jan 
1-Dec 31, 2008 

only) 

 
$125-200 (with 

PG&E) 
 $150 for HET (Jan 1-

Dec 31, 2008 only) No  
 

$150 for HET (Jan 1-
Dec 31, 2008 only) 

 
$125 for business or 
$250 coin laundry 

washer rebate 

 
(1) Periodically offer 

rebates to single 
family homes to 
change 
landscape  

(2) Large landscape 
audits 

(3) Irrigation audits 
for ET 
Controllers, drip 
irrigation, 
moisture 
sensors, 
sprinkler heads, 
sub-meters, 
pressure 
regulators 

(4) Commercial 
rebate of 50% of 
landscaping 
costs 

 
(1) Free shower heads 

& aerators 
(2) Free self survey 

audit kit 
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Table C.3 Programs Implemented by Other Agencies 

State 

Name of 
Agency and 

Details Public Education 

Residential 
Toilet 

Rebate 
Residential 

Washer 
Residential 

Audits 
Multifamily 
Programs 

Commercial 
Cooling Towers 

Commercial 
Business 

(ICI) Audits 

Commercial 
Toilet 

Rebate 
Commercial 

Washer Landscape Other 

California 

San Francisco 
Public Utilities 
Commission 
2.3 million 

people; 
Wholesaler  
29 member 
agencies; 
Retailer 
775,000 
residents 

 
(1) Water Play Day 
(2) Gardening Tips 
(3) Free practical 

plumbing 
guidebook 

 
In 2001 sold 1,000 
1.6 gpf toilets for 

$10 each 
Currently, $125 
rebate for HET 
(Free for low 

income families) 

$125-200 (with 
PG&E) 

(Free for low 
income families) 

 No No No 

No 
(Website says they 

will soon be 
available) 

No No 

(1) Free kitchen/basin 
aerators  

(2) Free low flow 
showerheads 

(3) Free flappers 
(4) Free toilet dye 

tablets 
(5) Free garden hose 

meter 
(6) Free garden spray 

nozzle 

California 

Contra Costa 
Water District 
 
Retailer 

 
(1) Demonstration 

Gardens  
(2) Video and book 

library 

 
FREE ULFT toilets 

 

 
$50 rebate 

 

 
 

 
 (1) FREE ULFT 
toilets 
(2)Audits 
(3)Washer rebates 

 
$500 for conductivity 
controller  

 
 

 
FREE ULFT toilets 

 
$350 rebate 

 
(1) Large landscape 

audits 
(2) Landscape tips 

on website 

 
(1) Free shower 

heads & kitchen 
and bath aerators 
& hose nozzle 

(2) Free spray valve 
replacement 

(3) Waterless urinals 
rebate 

California 

San Diego 
Water Authority 

 
Wholesaler  
22 member 
agencies 

 
(1) School education 

programs 
(2) Community 

speaker series 

 
$75 rebate 

 
$125 rebate 

 
 

 
 (1) Audit 

 
$500 for conductivity 
controller 

No  
$95 ULFT toilets 

 
$275 for business or 
$300 coin laundry 

washer 

 
(1) Large landscape 

audit called 
PALM 
(Professional 
assistance for 
landscape 
management) 1 
or more acre of 
irrigated land 

 
(1) Large agriculture 

audits 2 acres or 
more of crop or 
orchard 

(2) $95 for waterless 
urinals 

(3) $2,000 rebate for 
X-ray in Hospital 

(4) $100 rebate for 
water pressure 
broom  
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Table C.3 Programs Implemented by Other Agencies 

State 

Name of 
Agency and 

Details Public Education 

Residential 
Toilet 

Rebate 
Residential 

Washer 
Residential 

Audits 
Multifamily 
Programs 

Commercial 
Cooling Towers 

Commercial 
Business 

(ICI) Audits 

Commercial 
Toilet 

Rebate 
Commercial 

Washer Landscape Other 

California 

Orange County 
Water District 

 
Wholesaler 
27 member 
agencies 

Serve over 2 
million 

customers 

California Friendly 
Landscape Training 

(free) 

 
 

$100 for 
replacement, and 
$30 for upgrade 

 
 

$135 
rebate 

 

No 

 
$135 rebate for 

HECW 
• $165 for 

replaceme
nt and $30 
for upgrade 

$630 per irrigated 
acre for weather 
based irrigation 
controller 

No No No No 
 

(1) Landscape 
training for free 

 
(1) $4-$9 rebate for 

rotating nozzles for 
single family 
residential users  

(2) $0.3 per square 
foot rebate for 
synthetic turf 
available 

(3) $60 rebate for 
weather based 
irrigation controller 

(4) Hotel/Motel water 
conservation 
program (free 
towel racks and 
bed cards that ask 
hotel guests to use 
their towel and 
linens more than 
once 

California 

Regional Water 
Authority 

 
Joint Power 

Authority that 
represents 22 

member 
agencies 

Aided by $1.8 million in grant funds, the Water Efficiency Program is moving forward with an aggressive agenda to implement programs designed to help area water providers fulfill Water Forum BMPS. 

California 

Sonoma 
County Water 

Agency 
 

Wholesaler 
7 member 
agencies 

Sonoma County Water Agency does not run their own programs, but instead provide funding to local agencies. Will spend $15 million to water conservation programs over the next 10 years, with the money going directly to assist the water contractors in implementing water 
conservation measures in their service areas 

 
 

Colorado 

Denver Water 
Department 

 
Wholesaler 
and Retailer 

No 
$125 for HET and 
$25 for low flow 

toilets 
$ 150 rebate No 

$125 for HET and 
$25 for low flow 

toilets 
No No   

(1) ET controllers 
for 25% of 
purchase price 

(2) Rain sensor 
rebate of $25 

(3) Wireless rain 
sensor rebate of 
$50 

No 
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Table C.3 Programs Implemented by Other Agencies 

State 

Name of 
Agency and 

Details Public Education 

Residential 
Toilet 

Rebate 
Residential 

Washer 
Residential 

Audits 
Multifamily 
Programs 

Commercial 
Cooling Towers 

Commercial 
Business 

(ICI) Audits 

Commercial 
Toilet 

Rebate 
Commercial 

Washer Landscape Other 

Oregon 

Portland Water 
Bureau 

  
Wholesaler 

Portland + 19 
member 
agencies 

Serves 1/3 pop 
of Oregon 

 
(1) Water conservation 

workshops run in 
partnership with 
Community 
Energy Project 

(2) Brochures  
(3) Hands-on 

activities during 
community events 

(4) Big Wave 
newsletter to 
commercial 
customers 

(5) Loan items if they 
want to try it and 
see if it works so 
they might invest 
in the technology 

No No 

 
Home audit kit 
available upon 

request 

No No  
 No No 

 
(1) Landscape tips 

on website 
 

Oregon 

Portland Water 
Bureau 

 
Wholesaler 

Portland + 19 
member 
agencies 

Serves 1/3 pop 
of Oregon 

NOTE: The Water Bureau’s conservation staff works closely with the Regional Water Providers Consortium to provide interesting hands-on activities and information at the Salmon Festival held at Oxbow Park each year in October and the Yard, Garden, and Patio Show, 
held at the Convention Center in February of each year. A variety of activities, including surveys about water use, peat pot planting, and magnet coloring have been offered in the past. 
The Water Bureau participates in the Fix It Fairs sponsored by the Office of Sustainable Development in targeted low-income communities each year. In the past, staff has provided a water use game for participants to play in exchange for various water conserving devices. 
The Bureau also participates in a variety of community events throughout the year, including the annual Iranian Festival held in the South Park Blocks each August, various neighborhood association events, and events sponsored by other agencies. 
Households eligible for financial assistance services are sometimes receive special conservation assistance. 

 

http://www.sustainableportland.org/
http://www.portlandonline.com/water/index.cfm?c=29417
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Table C.3 Programs Implemented by Other Agencies 

State 

Name of 
Agency and 

Details Public Education 

Residential 
Toilet 

Rebate 
Residential 

Washer 
Residential 

Audits 
Multifamily 
Programs 

Commercial 
Cooling Towers 

Commercial 
Business 

(ICI) Audits 

Commercial 
Toilet 

Rebate 
Commercial 

Washer Landscape Other 

Washington 

Seattle Public 
Utilities 

 
Wholesaler 
1.3 million 

people 
22 member 
agencies 

 
(1) School education 

with “Bert and Phil 
Waterbuster 
Games” and 
“Water Magic”, 
“The Story of 
Drinking Water”, 
“Be Water Smart” 

(2) Field trips for kids 
to a water 
treatment lab or 
Cedar River 
Watershed 
(4 hours) 

(3) Videos and CDs 
upon request 

No 
 

$25-100 
rebate 

No 

 
(1) $80 rebate-free 

per toilet for 
owners of 4 or 
more units 

(2) $50-100 rebate 
for washing 
machines 

No 

 
 Free audits and also 
(1) 50% of medical 

equipment cost 
(2) 50% of water 

tech. project 
costs 

 
(1) $60 rebate for 

toilets (2)$120 
for flush valves 
on toilets or 
urinals  

 

 
(1) $100-$125 

rebate for coin-
op machine or 
50% of other 
qualified 
machines 

 

 
(1) Landscape 

efficiency tips on 
website 

(2) Large landscape 
audits 

 
(1) $100 rebate for 

rain sensors 
(2) $200- $350 rebate 

on ET controllers 
(3) Financial 

incentives for 
water savings 
projects 

(4) $200 - $1,000 
rebate change 
from water cooled 
to air cooled ice 
machines 

(5) 50% of cooling 
system 
replacement cost 

(6) 50% cost rebate 
on medical 
equipment 

(7) 50% cost rebate 
for process water 
cooling systems 

(8) $1250 for food 
steamers 

TOTAL (number 
of agencies 
conducting 
particular 
program) 

16 agencies 
total 14 10 11 8 8 4 2 10 7 12 9 

Is Santa 
Barbara 

conducting this 
program? 

- Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

 
 = Agency has an existing program of the indicated type 
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City of Santa Barbara - Public Works Department 
Rates for City Water and Sewer Service 

Resolution No. 07-052 (for Fiscal Year 2008) 
1 hcf = 100 cubic feet = 748 gallons 

 
Customer Class Water Service Rates1 Sewer Service Rates 

Single Family 
Residential 

First 4 hcf @ $2.65 
Next 16 hcf @ $4.44 

All other @ $4.68 

$10.91 per month; plus $1.89 per hcf, 
 up to 10 hcf per month 

Multi-Family 
Residential, 

1-4 dwelling units 

First 4 hcf per dwelling unit @ $2.65 
Next 8 hcf per dwelling unit @ $4.44 

All other @ $4.68 

$10.91 per month per dwelling unit; 
plus $1.89 per hcf, up to 8 hcf per dwelling, 

per month 
Multi-Family 
Residential, 

5+ dwelling units 

First 4 hcf per dwelling unit @ $2.65 
Next 8 hcf per dwelling unit @ $4.44 

All other @ $4.68 

$10.91 per month per dwelling unit; 
plus $1.89 per hcf, up to 7 hcf per dwelling, 

per month 
Commercial 100% of base allotment2 @ $4.44 per hcf; 

All other @ $4.68 
$2.15 per hcf; subject to minimum charge 

by meter size (see table below) 
Industrial & High 

Strength Commercial 
100% of base allotment2 @ $4.44 per hcf; 

All other @ $4.68/hcf 
$2.60 per hcf; subject to minimum charge 

by meter size (see table below) 
Irrigation - Residential Billed as if used through associated residential 

meter, OR annual allotment3 of 654 hcf/acre @ 
$4.44; all other @ $4.66 

Not applicable 

Irrigation - 
Recreation/Parks/ 

Schools 

Annual allotment3 of 1,404 hcf/acre @ $2.09 
Next 240 hcf/acre/year @ $4.44 

All other @ $4.68 

Not applicable 

Irrigation  - 
Commercial 

100% of base allotment2 @ $4.44 per hcf; 
All other @ $4.68/hcf 

Not applicable 

Irrigation – Agriculture 
 

Annual allotment3 of 870 hcf/acre @ $1.51 
Next 240 hcf/acre/year @ $4.44 

All other at $4.68/hcf 

Not applicable 

Recycled Water All usage @ $1.68/hcf Charges based on type of use.  Not 
applicable for irrigation. 

Outside City Limits 130% of corresponding in-City rates Same as in-City rates, except that 
residential accounts not receiving City 
water are charged at maximum rate. 

    
Monthly Water Meter Service Charges By Meter Size1 

Meter Size  5/8"  3/4*  1"  1½"*  2"  3"  4"  6"  8"  10" 

Monthly Service 
Charge: $11.16 $16.76 $27.91 $55.82 $89.32 $178.64 $279.12 $558.24 $893.18 $1,283.95 

 
Minimum Monthly Sewer Charges by Meter Size for Non-Residential Customers 

Meter Size  5/8"  3/4" *  1"  1½" *  2"  3"  4"  6"  8"  10" 
Commercial $20.51 $30.76 $35.78 $61.42 $102.41 $204.73 $255.53 $511.81 $895.69 $1,407.52 
Indus/HS Com. $25.57 $38.34 $44.80 $76.95 $127.96 $255.87 $319.93 $639.75 $1,119.54 $1,759.39 

* These meter sizes no longer available for new installations. 
 

Typical City Water and Sewer Fees for Connection of a Single-Family Residence 
Water:  $1,897 (1" service connection, with 5/8" meter) + $2,805 (buy-in fee, per residence) = $4,702  

Sewer: $575 (4" sewer tap) + $290.70 (trench inspection) + $2,240 (buy-in fee, single-family residence)4 = $3,105.70  
 

For more information, contact the City's Water Hotline at (805) 564-5460 
 

1 Utility users tax of 6% added to metered water charges and monthly water meter service charges. 
2 Base allotment = average monthly consumption during most recent January - June period. 
3 Annualized allotments run July to June; new allotments available for the July water bill; unused allotments do not carry forward. 
4 Through 6/30/09, the sewer buy-in fee is reduced by 50% for conversions from septic tank to City sewer. 

 
[H:RATE TABLE.DOC]                 Revised: July 9, 2007  
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EXECUT I VE  SUMMARY  

Introduction 

This conservation technical analysis was conducted by Maddaus Water Management (MWM) for the City of 
Santa Barbara (City).  The purpose of the analysis is to: 

1. Evaluate current conservation measures and identify new conservation measures that will reduce 
future water demand. 

2. Estimate the costs and water savings of these measures. 
3. Combine the measures into increasingly more aggressive programs and evaluate the costs and water 

savings of these programs. 

Long-Term Conservation Program Analysis 

A list of 92 potential conservation measures was developed from known water saving technologies and 
services. Twenty-three conservation measures, selected by the City and local stakeholders during an evaluation 
workshop, were further analyzed by the Least Cost Planning Decision Support System Model (DSS Model).   
The DSS Model is a planning tool that assists water planners with evaluating alternative water conservation 
programs.  The model itself is an end use model that calculates water savings, costs and benefits from 
individual measures, and programs of a number of measures.  Projections of future water demand with and 
without water conservation programs are made for the City water service area.  Calculations are made for every 
year in the 30-year analysis period.  In addition, twenty one measures, both current and potential future 
measures, were put into a “Tool Kit” for further qualitative evaluation.  

Based on analysis by the model, conservation measures were grouped into alternative programs of increasingly 
higher water savings and implementation costs (Table ES-1).  Conservation Program A consists of 10 
measures that are part of the existing City water conservation program.  Conservation Program B includes all 
of Program A, plus those additional measures that have an individual benefit-cost ratio of 0.9 or greater, for a 
total of 17 measures.  Conservation Program C includes all measures evaluated, except for Measure 5 which is 
replaced with the enhanced Measure 6.  The measures included in Conservation Programs A, B, and C are 
identified in Table ES-1 in the columns at the right.  Figure ES-1 shows the projected demand without the 
effects of the plumbing code, with the plumbing code effects, and with the plumbing code and three 
conservation program alternates.  Water savings were evaluated and benefit-cost ratios computed for 20–year 
period of 2011 to 2030, coinciding with the City’s water supply planning period.  Savings were then calculated 
to the year 2030 for each of these programs (see Table ES-2).   

Table ES-3 shows the relative demand reductions in the year 2030, conservation program costs for the utility, 
present value economic information, and the utility cost of water saved for each of the alternate programs.  
Demand reduction by 2030 is measured from the 14,825 AFY projected 2030 demand without the effects of 
the plumbing code.  Additional resources and customer contacts as embodied in the conservation programs 
identified in this memorandum, are required to reach higher levels of potential water savings.  Utility costs 
include the cost to the City to run the program, including staff time, rebates, any contracted services, expense, 
etc.  While utility cost is the primary consideration, this memorandum also considers customer costs and 
community costs to some extent, as described in the body of the memorandum.  The plumbing code is 
included as passive baseline savings in addition to the long-term conservation program in Programs A-C.  
Most of the future program water savings consist of outdoor landscape improvements. 

 
A Benefit-Cost ratio, which is the ratio of the present value of benefits to the present value of costs, is the 
most accurate indicator of cost-effectiveness.  When the ratio of the Present Value of the benefits to the 
Present Value of the costs is greater than 1.0 for a particular program of measures, that program can be said to 
be cost-effective.   Benefits for the utility can also be expressed as the value to the utility of the saved water.  
For the City, the value of the saved water is the cost savings from not producing the water that is saved.  This 
could range from not treating pumped groundwater to not buying water from the State Water Project.  An 
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assessment was made by the City and the value of the saved water was determined to be $600 per acre-foot.  
This value is hereafter referred to as the City's "Avoided Costs".     
 
Program A reflects estimated water savings derived from the plumbing code and continuing the current 
program.  The additional measures that create programs B and C produce increasing incremental water savings 
and costs.  Figure ES-2 illustrates there are apparent diminishing returns when measures are added beyond 
Program B.  Demand reductions for year 2030 range from 920 to 1,919 AF/Yr.  As the plumbing code water 
savings do not cost the City any money, the graph starts at the plumbing code water savings in 2030. 
 

 
Table ES-1 

Conservation Measures Selected for Programs 

    Program 

No. 

Measure Name 

(ND = Requirements for New Development) A B C 

1 Promote Water Efficiency in Green Buildings  � � 

2 ND Require High Efficiency Toilets  � � 

3 ND Require High Efficiency Faucets and Showerheads  � � 

4 Fixture Replacement SB 407  � � 

5 Financial Incentives for Irrigation and Landscape Upgrades (Current) � �  

6 Financial Incentives for Irrigation and Landscape Upgrades   � 

7 Washer Rebates � � � 

8 Washer Rebates for High Efficiency Machines   � 

9 High Efficiency Toilet (HET) Rebates � � � 

10 Single Family Water Check Up  � � � 

11 Multifamily Water Check Up � � � 

12 Existing Commercial Washer Rebate � � � 

13 Cisterns/Rain Catchments   � 

14 Gray water Retrofit SF   � 

15 Current High Efficiency Urinal Rebate (<0.25 gallon) � � � 

16 ND Require 0.5 gal/flush or less urinals in new buildings  � � 

17 School Building Retrofit  � � 

18 Irrigation (Landscape) Water Budgets � � � 

19 Irrigation Water Surveys � � � 

20 Mulch Program   � 

21 CII Water Check Up Level 1   � � � 

22 CII Water Check Up Level 2  � � 

23 Customized CII Incentive Program   � 

  Total Measures in each Program 10 17 22 
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Figure ES-1 

Long Term Demands with Conservation Programs  
(Demand is measured by total water system production, including potable and recycled water) 
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Table ES-2 

Conservation Program Description and Future Water Savings 

Conservation 
Program 

Description 

2030 Demand 
Reduction 

(AF/Yr) 

- 
No Conservation Programs, Plumbing Code 

Only 
919 

A 
Continue Current Conservation Program 

(10 measures) and Plumbing Code 
1,308 

B 
Add 7 Cost-Effective Measures to Current 

Program A and Plumbing Code 
1,417 

C 
Add 5 More Measures to Program B and 

Plumbing Code 
1,919 
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Table ES-3 
Economic Summary of Long-Term Conservation Programs  

(Excluding Tool Kit Measures) 

 

Conservation 
Program 

Demand 
Reduction 
by 2030 
(AFY) 

Total 20-
Year 

Conservation  
Program 
Water 

Savings               
(AF) 

Average 
Annual 
Program 
Cost to 

Utility ($) 

Present 
Value of 
Utility 

Benefits ($) 

Present 
Value of 
Utility 

Costs ($) 

Utility 
Benefit -

Cost 
Ratio 

Utility 
Cost of 
Water 
Saved 
($/AF) 

Plumbing Code 
Only 919 11,085 NA NA NA NA NA 

Program A + 
Plumbing Code 1,308 16,419 $194,000  $2,455,000  $2,570,000  0.96 $482 

Program B + 
Plumbing Code 1,417 17,801 $233,200  $3,131,000  $3,089,000  1.01 $460  

Program C + 
Plumbing Code 1,919 23,193 $629,400  $5,867,000  $8,287,000  0.71 $684  
Notes: 

1. The DSS model is a 30-year model.  It was run for 2006 to 2036 to include the base year of 2006 and the 20-
year conservation program period of 2011 to 2030. 

2. Demand Reduction by 2030 is measured from the 14,825 AFY projected 2030 demand without the effects of 
the Plumbing Code. 

3. Average Annual Program Cost excludes any potential costs for the 21 measures in the Tool Kit 
4. Utility Cost of Water Saved somewhat undervalues the cost of savings because program costs are discounted to 

present value and the water benefit is not.  Utility Benefit-Cost ratio is the most accurate measure of cost 
effectiveness, because it accounts for the time value of money. 

Figure ES- 2 

Present Value of Utility Costs versus Cumulative (Total) Water Saved 
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1 .  I N TRODUCT ION  AND  PURPOSE  

The purpose of this Technical Memorandum is to present an overview of the conservation evaluation process 
which has been completed for the City of Santa Barbara (City).  The goal is to develop a plan that will optimize 
program cost and water savings.  The City has a current water conservation program, which includes the 
measures that comprise Conservation Program A, described below, in addition to additional qualitative 
measures.  This Technical Memorandum evaluates whether expanding existing efforts is a feasible and cost-
effective way to meet future water needs in comparison to using and/or developing other sources of water 
supply.  Based on the analysis of current water use patterns, and taking into account characteristics of the 
service area, a list of 92 potential conservation measures was compiled and reviewed with the City and key 
local stakeholders in a measure screening workshop.  Participants included: 

Goleta Water District 

Santa Barbara County Water Agency 

Arcadia Studio, Landscape Architecture 

All Around Landscape Supply 

Oasis Design 

Forester Publications Inc., publisher of “Water Efficiency” journal 

City Water Commission 

 

During the workshop 23 measures were selected for further detailed economic analysis.  

A water savings and benefit-cost evaluation was performed on all of the selected measures using the Least 
Cost Planning Water Demand Management Decision Support System (DSS Model) developed by MWM. The 
DSS Model is a planning tool that assists water planners with evaluating alternative water conservation 
programs.  The model itself is an end use model that calculates water savings, costs and benefits from 
individual measures and programs of a number of measures.  Projections of future water demand with and 
without water conservation programs are made for the City water service area.  Calculations are made for every 
year in the 30-year analysis period. 

In this report, demand management and water conservation are used interchangeably. The evaluation includes 
measures directed at existing accounts as well as new development measures to make new residential and 
business customers more water efficient.  Assumptions and results for each of the 23 individual measures and 
three programs will be described in detail in this memorandum. Based on a preliminary analysis of the 
individual measures,  three programs (Program A, B and C) were developed by MWM.  Each of the three 
programs are evaluated to determine the net effect of running multiple measures together over the 20-year 
period of analysis from 2011 to 2030.   

Separate from the measures evaluated by the DSS, 21 additional measures were placed in a “tool kit” for 
qualitative consideration by the City. 

Long Term Conservation Evaluation Process 

During the evaluation process, water savings were estimated and cost assumptions for the measures were 
developed by MWM and City staff.  Benefits and costs were compared in a formal present value analysis and 
conclusions were drawn about which measures produce cost-effective water savings.  This process can be 
thought of as a screening process shown in Figure 1.  Packaging the best measures into alternative programs 
allows City to consider what level of conservation is appropriate.  
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Figure 1 

Evaluation Process 

 

Benefit-cost analysis has been used by many water agencies to evaluate and help select a water conservation 
measure best suited to local conditions.  This analysis requires a locale-specific set of data, such as historical 
water consumption patterns by customer class, population projections, age of housing stock, and prior 
conservation efforts. 

The following eight steps were used to implement the methodology by expanding upon the same DSS Model 
used to prepare the demand projections. 

 
1. Generate water use projections with and without the state and national plumbing code.  

Projections cover each key customer category and are broken down into indoor and outdoor end uses.  
They include the impact of the plumbing code changes arising from the Federal Energy Policy Acts of 
1992 and 2005 and State Legislation relating to plumbing fixtures (requirement for high efficiency 
toilets and urinals in 2014) and building codes (such as Cal Green that takes effect in 2011).   

2. Identify possible water conservation measures and screen the measures qualitatively to 
identify those that are applicable to the service area.  Develop appropriate unit water savings and costs 
for each measure. 

3. Estimate the market penetration rate (or installation rate) for each measure by dividing the 
number of customers (or accounts) that would implement the measure each year by the total number 
of customers (or accounts) in the service area for which the measure applies.  This is typically 
expressed as the percent of customers participating for a specific class of customers. 

4. Estimate total annual average day water savings.  The water savings are computed by multiplying 
unit water savings, per measure, by the market saturation or installation rate [not clear-suggest delete 
this], and then multiplying by the number of units in the service area (such as dwelling units) targeted 
by a particular measure.  For example, if the measure saved 20 gallons per account per day, there is a 
saturation rate of 4% per year, and there are 12,300 accounts targeted by this measure,  then the total 
annual water savings would be  9,840 gallons per day after one year. The indoor and outdoor water 
savings were also calculated. 

5. Determine initial and annual costs to implement the measures based upon current conservation 
program data, local experience, and the costs of goods, services, and labor in the community.  Unit 
costs, $/measure, (separately for the utility and customer) are multiplied by the number of units 
participating each year to derive the total annual costs (utility and customer).  For the annual utility 
costs, an amount is added to cover overall administration and promotion costs.  

6. Compare costs of measures by computing the present value of program costs and water saved over 
the planning period. 

7. Compile three programmatic packages or programs containing various new and existing measures.  
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8. Evaluate the three programs for water savings and cost-effectiveness and identify the point of 
diminishing returns from further investments in conservation. 

For the conservation measure evaluation, the DSS Model performs economic analysis by using net present 

value and benefit-to-cost ratio as economic indicators.  The benefit-to-cost analysis is performed from various 

perspectives including the utility, customer, and community perspectives, as discussed in Section 3.  Figure 2 

shows the structure of the model.  Results are presented in subsequent sections. 

Figure 2 

Structure of the DSS Model 

Existing Conditions Data

Demographic Forecasts
• Population

• Connections
End Use Breakdown
End-Use Forecasts
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• Operational Costs
• Hot Water Savings

• Capital Works Schedules
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Fixture

Pricing

Water Loss

Evaluation

Program of 
Measures

Individual 
Measures

 
 

2 .  BASEL INE  WATER  DEMANDS  W I TH  AND  W I THOUT  P LUMB ING  
CODE   

Water demand projections were developed for the 20-year planning period of 2011-2030 using the DSS 
Model.  This model incorporates information from the: 

• City of Santa Barbara, Water Supply Planning Study, August 2009. 

• City of Santa Barbara Water Resources Division population forecasts February 2010. 

• Data provided by City of Santa Barbara staff including estimates for value of water saved, 
historical water use, past conservation efforts, and water system facilities. 

National Plumbing Code 

The Federal Energy Policy Act of 1992, as amended in 2005, requires that only fixtures meeting the following 
standards be installed in new buildings: 

• Toilet – 1.6 gal/flush maximum 

• Urinals – 1.0 gal/flush maximum 

• Showerhead - 2.5 gal/min at 80 psi 

• Residential Faucets – 2.2 gal/min at 60 psi 

• Public Restroom Faucets - 0.5 gal/min at 60 psi 

• Dishwashing pre-rinse spray valves – 1.6 gal/min at 60 psi 



October 20, 2010 Page 10 of 40    City of Santa Barbara   

Multi-Fam ily
S ingle  Fam ily

Residential
Industria lCommercial Institu tional

CUSTOMER  B ILLING  DATA

DEMOGRAPHIC  

DATA

U.S. CensusU .S . Census

F IXTURE  

MODELS

ACCOUNT  

GROWTH 

PROJECTIONS

USERS  PER  

ACCOUNT

INDOOR/OUTDOOR 

WATER  USAGE

FIXTURE  AND 

REPLACEMENT 

DATA

STANDARDIZED  WATER USE 

DATA BY  ACCOUNT  TYPE 

(NATIONAL  PUBLICATIONS)

FINAL DEMAND 

PROJECTIONS

WATER  USAGE  

BY  END USE

POPULAT ION  &  

EMPLOYMENT  

PROJECTIONS

C A L IB R A T IO N

LEG END

Inp ut D ata

M o d e l P ro c ess

O u tp ut/R esu lts

Ca lib ratio n

B aseB ase --Year C onditionsYear C onditions

D em and F orecastingD em and F orecasting

Replacement of fixtures in existing buildings is also governed by the Federal Energy Policy Act that requires 
only devices with the specified level of efficiency (shown above) can be sold today (2010).  The net result of 
the plumbing code is that new buildings will be more efficient and old inefficient fixtures will slowly be 
replaced with new more efficient models.  The national plumbing code is an important piece of legislation and 
must be carefully taken into consideration when analyzing the overall water efficiency of a service area.   

In addition to the plumbing code the U.S. Department of Energy regulates appliances such as residential 
clothes washers.  Regulations to make these appliances more energy efficient have driven manufactures to 
dramatically reduce the amount of water these efficient machines use.  Generally horizontal axis washing 
machines use 30-50 percent less water than conventional models (which are still available). In the analysis for 
City, the DSS Model forecasts a gradual transition to high efficiency clothes washers (using 19 gallons or less) 
so that by the year 2020 this will be the only type of machines purchased.  Given that machines last about 15 
years eventually all machines in the City area will be of this type.   

State Plumbing Code 

The Plumbing Code includes the recent California State law requiring High Efficiency Toilets and High 
Efficiency Urinals by 2014.  The 2010 Cal Green Building Standards (Cal Green), scheduled to take effect in 
2011 is treated as a conservation measure as it was not finalized until recently. It is accounted for in Measures 
1-3.  Cal Green requirements effects all new development in the State of California after January 1, 2011.  As 
this is a new development law, it was assumed actual water savings seen by the City would begin to occur in 
the year 2012. 

Potential new ordinances and laws are modeled as conservation measures.  For example the City’s Landscape 
Design Standards for Water Conservation was not selected as a specific measure to be modeled and is in the 
Tool Kit as well as embodied in Measure 1 - Promote Green Buildings.  

Figure 3 below describes conceptually how the above listed items are incorporated into the flow of 
information in the DSS Model.   

Figure 3 

DSS Model Overview Used to Make Potable Water Demand Projection 

 “With the Plumbing Code” 
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2.1 Key Inputs to the DSS Model 
 

Table 1 shows the key inputs used in the model.  The assumptions having the most dramatic effect on future 
demands are the natural replacement rate of fixtures, how residential or commercial future use is projected, 
and finally the percent of estimated real water losses.  Following are definitions of terms used in Table 1: 

• Base Year - This is the starting year for the analysis.  For this project, the City selected a base 
year of 2006 as the appropriate starting point.   It was the most recent year for which water 
billing data was available that appeared to have normal rainfall and not impacted by external 
factors such as a recession. 

• Average gal/day/acct - This is the amount of water in gallons that is used per day, per account.    

• Average gal/day/capita - This is the amount of water in gallons that is used per day, per capita.    

• Indoor/outdoor water use - This is the amount of water per account split into the percent that is 
used indoors and outdoors. 

• Consumption by customer class - This tabulates the annual amount of water used for an entire 
calendar year, broken down by customer class including Single Family, Multifamily, and Non-
Residential (includes Commercial, Institutional, Industrial). 

• Non Revenue Water (also known as Unaccounted for Water or Non-Revenue Water) - Is the sum of all 
water input to system that is not billed (metered and unmetered) water consumption, 
including apparent losses (metering inaccuracy) and real losses (leakage).  An average value of 
7.3 percent was used for future planning purposes.  

• Water Produced - This is the total amount of water produced by the City and put into the 
distribution systems to serve potable and recycled water demand.  

Figure 4 shows the water demand projection, as measured by potable and recycled water production..  The 
graph shows projections for demand with and without the plumbing code through 2035.  Demand projections 
are based on the population and employment projections provided by the City (February 2010)  Table 2 
presents the same water demand projections in table format, at 5-year increments. 

The plumbing codes and appliance standards will reduce 2030 demand approximately 920 AF/Yr or 6.2 
percent of demand without the plumbing code.  Further reductions in demand due to voluntary and regulatory 
conservation measures are calculated from an end user version of the demands “with plumbing code.”  That 
is, the demand “with plumbing code” is used as the baseline from which to calculate water savings from City 
sponsored conservation measures.  
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Table 1 

List of Baseline Demand Projection Assumptions for DSS Model 

 

Parameter Model Input Value, Assumptions, and Key References 
Base Year 2006 

Non Revenue Water, % of Water Production 
Non Revenue Water 7.3% assumed from billing and production 
data 

Population and Employment Projection, 
 2006 to 2036 

City of Santa Barbara Water Resources Division, February 2010 
 

Number of Water Accounts for Base Year 2006 Billing Data 
Distribution of Water Use Among Categories 2006 Billing Data 
Indoor/Outdoor Water Use Split by Category, % 
of Total 

Estimated from Billing Data and Rainfall Records 

Residential End Uses, % AWWARF Report “Residential End Uses of Water” 1999 

Non-Residential End Uses, % 
Professional judgment and AWWARF Report “Commercial and 
Institutional End Uses of Water” 1999 

Efficient Residential Fixture Current Installation 
Rates 

Census 2005-2007, Housing age by type of dwelling plus natural 
replacement plus rebate program (if any).   
Reference "High Efficiency Plumbing Fixtures - Toilets and 
Urinals" Koeller & Company July 23, 2005.   
Reference Consortium for Efficient Energy (www.cee1.org) 

Water Savings for Fixtures, gal/capita/day AWWARF Report “Residential End Uses of Water” 1999  
Non-Residential Fixture Efficiency Current 
Installation Rates 

Census 2005-2007, assume commercial establishments built at 
same rate as housing, plus natural replacement 

Residential Frequency of Use Data, Toilets, 
Showers, Washers, Uses/user/day 

Estimated based on AWWARF Report “Residential End Uses of 
Water” 1999 

Non-Residential Frequency of Use Data, Toilets 
and Urinals, Uses/user/day 

Estimated based on AWWARF Report “Commercial and 
Institutional End Uses of Water” 1999   

Natural Replacement Rate of Fixtures per year 

Residential Toilets 3% (post-1992 toilets), 4% (pre-1992)  
Commercial Toilets 3% (post-1992 toilets), 4% (pre-1992)  
Commercial Urinals 3% (less than 1gpf), 4% (greater than 1 gpf)   
Residential Showers 4% 
Residential Clothes washers 6.67% 
Basis of assumptions: 
A 3% replacement rate corresponds to 33 year life of a new 
fixture.    
A 4% replacement rate corresponds to a 25 year life of a new 
fixture.  4% replacement rate is a CUWCC number from the 2002 
MOU. 
A 6.67% replacement rate corresponds to 15 year washer life 
based on “Bern Clothes Washer Study, Final Report, Energy 
Division, Oak Ridge National Laboratory, for U.S. Department of 
Energy, March 1998, Internet address:  www.energystar.gov 

Future Residential Water Use Increases Based on Population Projection 

Future Non-Residential Water Use Increases Based on Employment Projection 

Future Recycled Water Use Increases Based on Total Population 
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Figure 4 

Baseline Annual Demand Projections for City of Santa Barbara 
(Potable and Recycled Production) 
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 Table 2  

Baseline Annual Demand  Projections for City of Santa Barbara 

  

Annual Water Demand, (AF/Yr)* Data Source for 
Population Projection 

 

Plumbing 
Code  2006 2010 2015 2020 2025 2030 2035 

City of Santa Barbara, Water 
Resources Division, 2010 

Not 
Included 

     
13,623  

     
13,816  

     
14,071  

     
14,322  

     
14,574  

     
14,825  

     
15,077  

City of Santa Barbara, Water 
Resources Division, 2010 Included 

     
13,623  

     
13,719  

     
13,772  

     
13,789  

     
13,824  

     
13,906  

     
14,023  

*Baseline demand projection assumes no conservation of any type is implemented.  Plumbing code only assumes that the 
national and State of California plumbing code is implemented over time.  Water Demand is total system input including 
potable plus recycled water.  



October 20, 2010 Page 14 of 40    City of Santa Barbara   

 

3 .  COMPAR I SON  OF  I ND I V IDUAL  CONSERVAT ION  MEASURES  

3.1 Selecting Conservation Measures to be Evaluated 

(Conservation Measure Screening) 

An important step in updating the water conservation program is the review and screening of new water 
conservation measures.  A list of 92 potential conservation measures considered potentially appropriate for the 
City service area was developed by MWM.  The list was comprised of known technology and services that 
included water saving devices or programs (e.g., such as a new high-efficiency toilet).  Descriptions of the 
potential conservation measures were developed to address the methods through which a device or program 
would be implemented, including the distribution method that would be used to activate the device or 
program.  The full list of conservation measures was provided in the “Results of Demand Management 
Measure Screening Workshop” Technical Memorandum dated March 26, 2010. 

A screening process was undertaken to reduce the number of measures and eliminate those measures that 
overlap each other to avoid double counting, or are not as well suited to the Santa Barbara service area.  
Potential new measures were screened based on the workshop participants’ evaluation of each individual 
measure.  The screening was completed by the City and  selected local stakeholders at a workshop that was 
facilitated by Maddaus Water Management.  The following criteria were used: 

• Technology/Market Maturity – Is the necessary technology available commercially and supported by the local 
service industry?  For example, a device may be screened out if it is not yet commercially available in the 
region. 

• Service Area Match - Is the technology appropriate for the area’s climate, building stock, or lifestyle?  
For example, promoting Water Wise gardens for high density multifamily or commercial sites may not 
be appropriate where water use analysis indicates little outdoor irrigation. 

• Customer Acceptance/Equity - Are customers willing to implement measures?  If not, the market 
penetration rates (and thus the water savings) would be too low to be of value.  Measures should also 
be equitable (i.e. one category of customers should not benefit while another pays the costs without 
receiving benefits).  Customer acceptance may be based on: 

o Convenience 

o Economics 

o Perceived fairness 

o Aesthetics 

• Systemic Benefit - A qualitative ranking taking account of (non quantifiable) benefits external to those 
considered in the economic evaluation.  

The Screening Workshop attendees were provided a copy of the table of all 92 measures.  The rating was 
completed as a group.  Maddaus Water Management (MWM) described each measure prior to the rating and 
answered questions about its applicability, potential savings and costs.  MWM did not recommend that any 
measure be included or excluded.   

The results of the screening process and the measures selected for the cost-benefit analysis were provided to 
the City for a final review.    The list of measures was further reviewed by City staff, where additional measures 
were added and others adjusted to reflect the City service area demographics.  As a result of the screening 
process, 23 measures were selected for quantitative cost benefit evaluation with the DSS Model, and an 
additional 21 measures will be evaluated qualitatively.  The 21 qualitative measures are both ongoing and 
potential future measures and have been placed into a “Tool Kit” for considerations by the City.  Table 3 
describes the 23 conservation measures evaluated in the DSS Model by MWM.  Table 3A describes the 21 
measures in the Tool Kit.  Assumptions for the individual quantifiable measures are described in the next 
section and Appendix A.  
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SB 407:  MWM has included the new California Law SB 407 as Measure 4 in the measure description table.  It 
is not part of the State Plumbing Code, so it is modeled as a measure.  It requires that, beginning in 2017 new 
building owners be notified if the building does not have high efficiency fixtures. In the model we have 
worked carefully such that SB 407 takes into account the overlap with the plumbing code (natural 
replacement), Cal Green and rebate programs.  SB 407 begins from the year 2017 in residential and 2019 in 
commercial properties.  SB 407 program length continues until the model determines that all the older high 
flush toilets and urinals have been replaced in the service area.  The model shows that combined with the 
plumbing code only 4 years of implementation is needed to ensure that all older toilets and urinals will have 
been replaced by the end of the analysis period. 

Table 3   

Conservation Measures Evaluated in the DSS Model  
(ND: “New Development”) 

 

Measures to be quantitatively evaluated 

No. 

Measures, 
Device or 
Program 

Applicable 
Category Measure Description 

1 

Promote Water 
Efficiency in 
Green Buildings 

 New SF, 
MF, CII 

All staff time to work with local Green Building associations, 
City Building Division, developers, designers, vendors to 
promote incorporating water efficiency into building design.  
Co-sponsor award program.   

2 
ND Require High 
Efficiency Toilets 

 New SF, 
MF, CII 

Revise City’s Building Code to require high efficiency toilets 
(HET) in advance of 2014 state plumbing code requirement. 
HETs are defined as any toilet to flush 1.28 gpf or less.  HETs 
would be required if a customer needs to get a permit for a 
remodel or new development. 

3 

ND Require High 
Efficiency Faucets 
and Showerheads 

 New SF, 
MF, CII 

Revise City’s Building Code to require lavatory faucets that 
flow at no more than 1.5 gpm and showerheads at no more 
than 2.0 gpm.   Plan to require this measure in the year July 
2013 before the State Law requiring HETs and HEUs goes into 
effect in the year 2014. Would be required if a customer needs 
to get a permit for a remodel or new development. 

4 

Toilet and Urinal 
Retrofit prior to  
Name Change on 
Water Account  
(SB 407)  

Pre-1994 
Existing 

Accounts 

Measure will start in the year 2017 (SF) and 2019 (CII) to 
coincide with the California State Law SB 407. Work with the 
real estate industry to require a certificate of compliance be 
submitted to the City that the property and efficient fixtures 
where either already there or were installed at the time of sale, 
before close of escrow.  Consider allowing this certification to 
be made as a part of the conventional private building 
inspection report process.  

5 

Financial 
Incentives for 
Irrigation and 
Landscape 
Upgrades (current 
program) 

SF, MF, CII, 
IRR 

For SF, MF, CII, and IRR customers with landscape, provide a 
Smart Landscape Rebate Program with rebates towards the 
purchase and installation of eligible irrigation equipment 
upgrades including smart controllers, Water Wise plants and 
mulch, rain sensors, turf removal, hardscape surfaces (material 
only) etc.  Rebate is up to $1,000.  
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Measures to be quantitatively evaluated 

No. 

Measures, 
Device or 
Program 

Applicable 
Category Measure Description 

6 

Financial 
incentives for 
Irrigation and 
Landscape 
Upgrades 

SF, MF, CII, 
IRR 

Same program as Measure 5, but increased penetration due to 
increased rebate amounts for CII categories only.  CII 
increased up to $5,000 maximum.  Values of $2,500 shown in 
Appendix A for CII is the average value are based on current 
program data assuming that each participant does not use the 
maximum rebate value. 

7 Washer Rebates 

SF, MF (in 
unit 

washers) 

Homeowners would be eligible to receive a $150 rebate on a 
new high efficiency clothes washer.   It is assumed that the 
rebates would remain consistent with relevant state and federal 
regulations (Department of Energy, Energy Star) and only offer 
the best available technology.  Program would continue to run 
until CUWCC programs are no longer available.  City plans to 
possibly run high efficiency program after the CUWCC 
Program ends. Concern over too many free riders for this 
program.  Administration percentage is based on $33 per rebate 
issued paid to the CUWCC to administer the program. 

8 

Washer Rebates 
for High 
Efficiency 
Machines 

SF, MF (in-
unit 

washers) 

Same as above, except that a higher rebate is offered for higher 
efficiency machines.  Assume 2% of accounts take rebates per 
year.  Less of a free rider concern with the higher efficiency 
machines. 

9 

High Efficiency 
Toilet (HET) 
Rebates 

Existing 
Customers 

SF, MF 

Provide a $100 rebate or voucher for the installation of a high 
efficiency toilet (HET). HET’s are defined as any toilet flushing 
at 1.28 gpf or less and include dual flush technology.  Program 
will be shorter lived as it is intended to be a market 
transformation measure and eventually would be stopped as 
1.28 gpf units reach saturation.  City would continue program 
for 4 years even after CUWCC programs is no longer available.  
Low annual market penetration of 0.07% is due to possible 
high level of saturation of 1.6 gpf toilets.   The new California 
Law will require HETs starting in the year 2014.  The program 
is assumed to run until the year 2015 such that it gives the 
customers 1 year to adapt to the new law and HET 
requirement.  Note: HET toilets for CII customers are included 
under measure 23. 

10 
Single Family 
Water Check Up  SF 

Conventional indoor and outdoor water surveys for existing 
single-family residential customers.  Normally those with high 
water use are targeted and provided a customized report to the 
homeowner on how to save water in their home.   

11 
Multifamily Water 
Check Up MF 

Indoor and outdoor water surveys for existing multifamily 
residential customers.  Those with high water use are targeted 
and provided a customized report to owner.  Average cost is 
$150 per MF account. There is an average of 4 dwelling units 
per MF account, so cost for an average MF account is $150 for 
all 4 dwelling units. 
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Measures to be quantitatively evaluated 

No. 

Measures, 
Device or 
Program 

Applicable 
Category Measure Description 

12 

Existing 
Commercial 
Washer Rebate CII 

Provide a $400 rebate to commercial laundries and apartment 
complexes with 5 or more units for efficient washing machines 
with a common laundry room.  It is assumed that the rebates 
would remain consistent with relevant state and federal 
regulations (Department of Energy, Energy Star) and only offer 
the best available technology.   Plan to phase out this program 
as it has been running for 4 years and there is concern over 
high saturation levels.  CUWCC grant program funds 50% of 
rebate. 

13 
Cisterns/Rain 
Catchments SF, MF 

Provide a rebate ($100) to assist a assumed percentage of single 
family homeowners per year with installation of rain barrels or 
cisterns. 

14 
Gray water 
Retrofit SF SF 

Provide a rebate (up to $200) to assist a certain percentage of 
single family homeowners per year to install gray water systems.  
Parts cost approx $200, installation would not be included. 

15 

Current High 
Efficiency Urinal 
Rebate (<0.25 
gallon) Existing CII 

Provide a rebate of $300 for high efficiency and waterless 
urinals to existing high use CII customers (such as restaurants).  
Discontinue program in 1 year or after CUWCC programs are 
no longer available.  City plans to possibly run high efficiency 
program after the CUWCC Program ends.  

16 

ND Require 0.5 
gal/flush or less 
urinals in new 
buildings New CII 

Revise City’s Building Code to require that new buildings are 
fitted with 0.5 gpf or less (or one liter) urinals rather than the 
current standard of 1.0-gal/flush models. This measure also 
includes waterless urinals, or 1 pint (0.125 gpf) urinals.  This 
code revision would be in advance of 2014 State of California 
plumbing code requirements. 

17 
School Building 
Retrofit CII 

Run a program patterned after MWD of Southern California's 
school retrofit program wherein school receives a grant to 
replace fixtures and upgrade irrigation systems.  City would like 
to formalize the process.  The schools lack funding, so possibly 
set this up as a Pay for Performance Program.   The $3,000 cost 
assumes an average of 6 HETs installed at $300 each (parts and 
labor) and one $1,200 irrigation controller installed per school. 

18 

Irrigation 
(Landscape) Water 
Budgets IRR 

Irrigators of landscapes with separate irrigation account (meter) 
can utilize the California Landscape Budgets Program (CLBP): 
provides monthly water use reports via 
www.landscapebudget.com for the properties served by 
dedicated irrigation meters and compares the usage to a 
weather-based water allocation calculation.  Assume 10% of 
large accounts receive utilize website tool per year.  The current 
cost is approximately $16,000 per year. 

19 
Irrigation Water 
Surveys CII 

All public and private irrigators of landscapes would be eligible 
for free landscape water surveys and customized report upon 
request.  Normally those with high water use would be 
targeted. Assume 10 percent of large turf areas are surveyed per 
year.  
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Measures to be quantitatively evaluated 

No. 

Measures, 
Device or 
Program 

Applicable 
Category Measure Description 

20 Mulch Program SF, MF, CII 

Free mulch program.  City will subsidize delivery charges 
(currently $25 or $40 dollars) for mulch currently offered for 
free by the County and other sources, so as to make it 
completely free to customers.  Goal would be to keep irrigation 
and storm water on site and reduce runoff and keep water from 
evaporating.  The water savings benefit would be to keep the 
soil moist for 2 to 3 weeks per year in the spring and fall and 
increase water conservation throughout the year. 

21 
CII Water Check 
Up Level 1   CII 

All CII customers would be offered a free water 
survey/evaluation, i.e. "water checkup" that would evaluate 
ways for the business to save water and money.   The Level 1 
CII surveys (accounts that use less than 5,000 gallons of water 
per day) would be for the simpler CII such as hotels, 
restaurants, and small schools conducted by City staff.    

22 
CII Water Check 
Up Level 2 CII 

For Level 2, the 100 highest CII water users would be offered a 
free water survey/evaluation, i.e. "water checkup" that would 
evaluate ways for the business to save water and money.   The 
Level 2 audits would be performed by a trained technical 
professional.  Marketing would be focused to target the high 
water using accounts (complex sites with higher than 10,000 
gallons of water use per day). This may include sights such as 
hospital, zoo, and commercial laundries.  These Level 2 sites 
would most likely be done by a contractor and would include a 
high level of follow up communication and assistance to 
encourage use of rebates.  Program would work with the 
business individually to build relationships. Goal would be to 
encourage business to continue to take actions even after the 
survey to improve site water use efficiency. Publish success 
stories on City website and in papers.  For hotel laundries can 
recommend things such as adjusting the programming on 
laundry machines. 

23 
Customized CII 
Incentive Program CII 

Provides financial incentives for CII accounts that have 
participated in the City’s free “Water Check Up” Program.  
After the free water use assessment has been completed at site, 
the City will analyze the recommendations on the findings 
report that is provided and determine if site qualifies for a 
financial incentive. Financial incentives will be provided after 
analyzing the cost benefit ratio of each proposed project. 
Incentives are tailored to each individual site as each site has 
varying water savings potentials. Incentives will be granted at 
the sole discretion of the City while funding lasts.  The 
program is intended to provide financial incentives for unique 
or site specific items (for example localized recycling systems 
for commercial laundries and high efficiency toilets for hotels).   
Assume half of sites that participate in a water check up will 
request financial assistance. 
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Table 3A – “Tool Kit” Conservation Measures Not Included in DSS Model  
(Reserved for qualitative consideration) 

 

Measures to be qualitatively considered by the City of Santa Barbara 

No. 

Measures, 
Device or 
Program 

Applicable 
Category Measure Description 

TK-1 Media Campaign:  ALL 

Determine appropriate media campaign message with 
marketing study/focus groups/customer phone survey and 
revise media campaign and marketing of measures based on 
study and revisions to WC Program. 

TK-2 
Prohibit Water 
Waste and Practices CII 

City Ordinance No. 4558, adopted on February 1989, 
prohibits the waste of water defined as gutter flooding and 
failure to repair leaks in a timely manner. 

TK-3 
Public Information 
Program SF 

Public information programs are used to raise awareness of 
conservation measures available to customers.  Programs 
could continue efforts including school programs, poster 
contests, speakers to community groups, conservation hotline, 
website, video loan, radio and television time, demonstration 
gardens and printed educational material such as bill inserts, 
etc. Could also consider increasing current City efforts 
possibly adding cell phone apps, Face book, interactive kiosk 
with view screen, etc. Program would continue indefinitely.  

TK-4 

Efficient Outdoor 
Use Education and 
Training Programs SF 

City would continue to offer, organize and sponsor a series of 
educational workshops or other means for educating 
homeowners in efficient landscaping and irrigation principals. 
Utilize guest speakers, demonstration gardens, incentives, such 
as a nursery plant coupon. Current programs include Green 
Gardener Program, SBCC Adult Ed workshops, Garden Wise 
Guys television show, and participation in other 
organizations’/business’ events. Consider increasing current 
program. 

TK-5 

ND Require 
Plumbing for 
Future Gray Water 
Use  SF 

Require that the drain lines in new single-family homes be 
plumbed for future installation of gray water systems. City 
recommends further research before establishing a full 
program.   

TK-6 

Water Wise 
Demonstration 
Gardens ALL 

City would continue funding and coordinating demonstration 
gardens on City property displaying living examples of water 
wise gardens.  The City would continue to provide signs and 
brochures to educate those people visiting the garden. 

TK-7 
Distribute Retrofit 
Kits SF 

Provide owners of pre-1992 homes with retrofit kits that 
contain easy-to-install low flow showerheads, faucet aerators.  
Update kits with 1.25 gpm or 1.75 gpm showerheads. 
Research saturation of current showerheads. 



October 20, 2010 Page 20 of 40    City of Santa Barbara   

Measures to be qualitatively considered by the City of Santa Barbara 

No. 

Measures, 
Device or 
Program 

Applicable 
Category Measure Description 

TK-8 
Toilet Leak 
Detection SF 

Distribute leak detection tablets for homeowners to test toilets 
for leaks; offer advice on toilet leak repair. 

TK-9 

ND Enforce 
Landscape and 
Irrigation 
Requirements ALL 

Enforce current City of Santa Barbara Landscape Design 
Standards for Water Conservation Resolution No. 08-083. 
Standards specifies that development projects subject to 
design review be landscaped with water wise plant, appropriate 
turf ratios, plant selection, efficient irrigation systems and 
smart irrigation controllers.   Enforcement is the key. 

TK-10 

Landscape Watering 
Calculator and 
Watering Index ALL 

Increase marketing and promoting on Landscape Watering 
Calculator and Watering Index. Consider cell phone app with 
Watering Index, following up in person with large landscape 
customers on a frequent basis to encourage use of WI.  Need 
to increase number of weather stations.  Upgrade CIMIS 
stations to get better coverage. Possibly finance a weather 
station. 

TK-11 

Train Landscape 
Maintenance 
Workers (Green 
Gardener Program)  CII 

City would continue to sponsor bilingual training for 
gardeners in landscape maintenance methods that will save 
irrigation water, which is the Green Gardener Program of 
Santa Barbara www.greengardener.org.  Consider requiring 
this with business licenses as a short course of required classes.  
This element needs additional research. 

TK-12 
MLS Listing for 
water efficiency SF 

Require real estate MLS listing service to have a blank list to 
include items such as a water efficient rating of homes.  This 
could list a scoring system where showerheads are listed in 
gallons per minute (gpm), toilets in gallons per flush (gpf), and 
washers in gallons per load (gpl) 

TK-13 

ND Require Hot 
Water on 
Demand/Structured 
Plumbing SF 

Require developers to equip new homes or buildings with 
efficient hot water on demand systems such as structured 
plumbing systems.  These systems use a pump placed under 
the sink to recycle water sitting in the hot water pipes to the 
water heater or to move the water heater into the center of the 
house and/or reduce hot water waiting times by having a an 
on-demand pump on a recirculation line. City recommends to 
promote this item but not require.  Use LEED building 
requirements. 

TK-14 

Require or Rebate 
Swimming Pool 
Covers SF, MF 

Provide a $100 rebate through pool equipment supply stores 
for purchase of a swimming pool cover.  Require on new 
residential homes. 

TK-15 

Require Irrigation 
Designers/Installer 
be Certified by IA CII 

Require design and installation of irrigation systems that are 
efficient and installed by trained/certified contractors. 
Certification to be done by Irrigation Association (IA).  Model 
after Cary North Carolina’s program. 
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Measures to be qualitatively considered by the City of Santa Barbara 

No. 

Measures, 
Device or 
Program 

Applicable 
Category Measure Description 

TK-16 

New Home Award 
Programs 
(Patterned after 
WaterSense) SF 

Provide annual awards to developers that are “Green 
Builders” and offer homes for sale that meet certain criteria 
such as EPA's new Water Sense program for new homes. This 
could be combined with energy efficient homes. Provide 
awards to homeowners for existing homes as well. Highlight 
awards with ceremony with Mayor, press release, customer 
profile in news sources, etc. Support this measure with 
permits.  Fast track the permit process. 

TK-17 

Award Programs 
for Water Savings 
by Businesses CII 

Providers would sponsor an annual awards program for 
businesses that significantly reduce water use.  They would 
receive a plaque, presented at a lunch with the mayor. Possibly 
join together with existing Looking Good SB Awards 
Program. Continue to participate in the Green Business 
Program. 

TK-18 

Ordinance to allow 
for a pilot test for 
innovative water 
generating systems    

Model after Seattle program to reduce hurdles to customers 
who want to develop innovative buildings that may include a 
self generation of water on site. 

TK-19 
Green Building 
State Support  ALL 

Consider supporting the State legislation on Green buildings 
introduced in January 2010. 

TK-20 
Survey water utility 
customers SF 

Conduct a brief 2 page written or electronic survey of 
customers that asks what they currently have in their homes.  
Goal would be to collect saturation data.  The survey would be 
passed out during farmer's markets, during site surveys for CII 
or SF and MF, and on the website, and via mailers.  The data 
would be entered into a database that would automatically 
generate a customize savings letter.  The customers would be 
provided a copy of the "customized letter" that would list 
current City opportunities for programs and rebates.  Would 
help with the following (a) communication with customers (b) 
program design to reflect customer needs (c) gathering 
saturation data from historical programs 

TK-21 ND Install AMS ALL 

Fully install Automatic Meter System (AMS ) capable of 
providing hourly consumption data back to City and purchase 
means of viewing daily consumption inside customers 
home/business either through the Internet (if available) or 
separate device.   The AMS would, on demand, indicate to the 
customer and City where and how their water is used thereby 
facilitating water use reduction. Consider phasing AMS with 
target customer groups; start with pilot study and/or 
consultant analysis of options.  Installation of meters would be 
phased over time.  Possible investigation of a Wi-Fi system 
network connection.  Also investigate data being available 
inside homeowner’s homes.  The AMS system could help to 
benefit programs such as SF and MF water checkups, CII 
Surveys updating irrigation water budgets and leak detection. 
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3.2 Perspectives on Benefits and Costs 
 
The determination of the economic feasibility of water conservation programs involves comparing the costs of 
the programs to the benefits provided.  This analysis was performed using the DSS Model.  The DSS Model 
calculates savings at the end-use level; for example, the model determines the amount of water a toilet rebate 
program saves in daily toilet use for each single family account.   

Present value analysis using constant 2010 dollars and a real discount rate of 3% is used to discount costs and 
benefits to the base year.  From this analysis, benefit-cost ratios of each measure are computed.  When 
measures are put together in programs, the model is set up to avoid double counting savings from multiple 
measures that act on the same end use of water.  For example, multiple measures in a program may target 
toilet replacements. The model includes assumptions to apportion water savings between multiple measures.   

Economic analysis can be performed from several different perspectives, based on which party is affected.  
For planning water conservation programs for utilities, the perspectives most commonly used for benefit-cost 
analyses are the “utility” perspective and the “community” perspective.  The “utility” benefit-cost analysis is 
based on the benefits and costs to the water provider.  The “community” benefit-cost analysis includes the 
utility benefit and costs together with account owner/customer benefits and costs.  These include customer 
energy and other capital or operating cost benefits plus costs of implementing the measure, beyond what the 
utility pays. 

The utility perspective offers two advantages.  First, it considers only the program costs that will be directly 
borne by the utility.  This enables the utility to fairly compare potential investments for saving versus supplying 
water.  Second, because revenue shifts are treated as transfer payments, which means program participants will 
have lower water bills and non-participants will have slightly higher water bills so that City revenue needs 
continue to be met.  Therefore, the analysis is not complicated with uncertainties associated with long-term 
rate projections and retail rate design assumptions. It should be noted that there is a significant difference 
between the utility’s savings from the avoided cost of procuring water and the reduction in retail revenue that 
results from reduced water sales due to conservation.  This budget impact occurs slowly, and can be accounted 
for in water rate planning.  Because it is the water provider’s role in developing a conservation plan that is 
paramount in this study, the utility perspective was primarily used to evaluate elements of the plan.   

The community perspective is defined to include the utility and the customer costs and benefits.  Costs 
incurred by the aggregate of all  customers striving to save water while participating in conservation programs 
are considered, as well as the benefits received in terms of reduced energy bills (from water heating costs) and 
wastewater savings, among others.  Water bill savings are not a customer benefit in the aggregate for reasons 
described above.  Other factors external to the utility, such as environmental effects, are often difficult to 
quantify and are not necessarily under the control of the utility. They are therefore frequently excluded from 
economic analyses, including this one. 

3.3 Present Value Parameters  

The time value of money is explicitly considered.  The value of all future costs and benefits is discounted to 
the first year in the DSS Model (the base year, which in this case is 2006), at the real interest rate of 3.0%.  The 
DSS Model calculates this real interest rate, adjusting the current nominal interest rate (assumed to be 
approximately 6.1%) by the assumed rate of inflation (3.0%).  Cash flows discounted in this manner are herein 
referred to as “Present Value” sums. 

3.4 Assumptions about Measure Costs 

Costs were determined for each of the measures based on industry knowledge, past experience and data 
provided by the City.  Costs may include incentive costs, usually determined on a per-participant basis; fixed 
costs, such as marketing; variable costs, such as the costs to staff the measures and to obtain and maintain 
equipment; and a one-time set-up cost.  The set-up cost is for measure design by staff or consultants, any 
required pilot testing, and preparation of materials that will be used in marketing the measure.  The model was 
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run for 30 years, (each year between 2006 and 2036) to encompass the 20-year planning period of 2010 to 
2030.  Costs were spread over the time period depending on the length of the implementation period for the 
measure and estimated voluntary customer participation levels.   

Lost revenue due to reduced water sales is not included as a cost because the conservation measures evaluated 
herein generally take effect over a span of time that is sufficient to enable timely rate adjustments, if necessary, 
to meet fixed cost obligations.   

3.5 Assumptions about Avoided Costs  

Future benefits from program water savings can be considered to be future costs that are avoided because the 
water conservation program makes these expenditures unnecessary or delayed in time (creating a savings in the 
present value of future costs).  The City provided the information shown in Table 4 in February 2010 for use 
in this study. The table shows that the City has many sources of water supply that vary in marginal cost, which 
is the basis for the avoided costs.    
 

Table 4 
Avoided Cost Tabulation - City of Santa Barbara 

 
For Use in the Water Conservation Technical/Economic Evaluation   
      
Assumed Base Supplies (not affected by 
conservation savings):     
SWP Exchange Water as required by agreement 
Groundwater as needed for peak demand, distribution water quality, and utilizing safe yield of the basins 
Mission Tunnel & Gibraltar as available 
Cachuma (including carryover) as needed 
Recycled water to meet connected demand 

 $ 100   = Variable cost of treatment at Cater Water Treatment Plant ($/AF)   

 $ 500   = Variable cost of treatment at Ortega Groundwater Treatment Plant ($/AF)  

Additional supplies as needed, per below:     

    
Acquisition 

Cost 

Delivery/ 
Production 

Cost 

Cater 
Treatment 

Cost 

TOTAL 
AVOIDED 

COST 
($/AF) 

A Groundwater (wellhead treatment only)   $120   $120 

B State Water Project- Table A Deliveries   $290 $100 $390 

C 
Groundwater (Ortega Groundwater 
Treatment Plant)   $610   $610 

D 
SWP deliveries other than City Table A 
water (Non-Critical Drought Period) $300 $300 $100 $700 

E 
SWP deliveries other than City Table A 
water (Critical Drought Period) $600 $300 $100 $1,000 

F 
Desalination (amortization of $18 million 
reactivation cost not included here)   $1,470   $1,470 

      
Avoided Cost Conclusion:  
Item A is likely to occur regardless of conservation savings; Items E & F are relatively infrequent.  Therefore, 
avoided cost is assumed to be an average of Items B, C, & D. 

$600  = Avoided cost of water saved through conservation    
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For this conservation evaluation it is assumed that the above avoided cost of water will apply to all water 
saved.  Future benefits are discounted to the base year as stated above to compute the Present Value figures 
reported in this memorandum.   
 

3.6 Measure Assumptions including Unit Costs, Water Savings, 

and Market Penetrations 

In using the DSS model to evaluate the water conservation measures selected by the City, assumptions 
regarding the following variables were made for each measure:   

• Targeted Water User Group; End Use – Water user group (e.g., single-family residential) and end use (e.g., 

indoor or outdoor water use). 

• Utility Unit Cost – Cost of rebates, incentives, and contractors hired (by the utility) to implement measures. 

• Retail Customer Unit Cost – Cost for implementing measures that is paid by retail customers (i.e., the 

remainder of a measure’s cost that is not covered by a utility rebate or incentive). 

• Utility Administration and Marketing Cost – The cost to the utility for administering the measure, including 

consultant contract administration, marketing, and participant tracking.  The mark-up is sufficient (in total) 

to cover local agency conservation staff time and general expenses and overhead. 

The unit costs vary according to the type of account and implementation method being addressed.  For 
example, a measure might cost a different amount for a residential single family account, than a residential 
multifamily account, and for a rebate versus an ordinance requirement or a direct installation implementation 
method.  Typically water utilities have found there are increased costs associated with achieving higher market 
saturation, such as more surveys per year.  Appendix A shows the unit costs and other measure assumptions 
used in the study for each measure analyzed.  The model calculates the annual costs based on the number of 
participants each year. The general formula for calculating annual utility costs is: 

Annual Utility Cost = Annual market penetration rate x total accounts in category x unit cost per account x 
(1+administration and marketing markup percentage)  

Annual Customer Cost = Annual number of participants x unit customer cost 

Annual Community Cost = Annual utility cost + annual customer cost 

3.7 Comparison of Individual Measures  

Table 5 presents how much water the measures would save over 20 years, how much they would cost, and 
what cost of saved water per unit volume if the measures were implemented on a stand-alone basis (i.e. without interaction 
or overlap from other measures that might address the same end use(s).  Only the net water savings for overlapping 
conservation measures was included in each program.  Savings from measures which address the same end 
use(s) are not additive.  The model uses impact factors to avoid double counting in estimating the water 
savings from programs of measures.  For example if two measures are planned to address the same end use 
and both save 10% of the prior water use then the net effect is not the simple sum (20%). Rather it is the 
cumulative impact of first measure reducing the use to 90% of what is was without the first measure in place 
and then reducing the use another 10% to result in the use being 89% of what it was originally.  In this 
example the net savings is 19%, not 20%.  Using impact factors the model computes the reduction as follows 
0.9 x 0.9 = 0.89 or 19% water savings. 

Since interaction between measures has not been accounted for in Table 5, it is not appropriate to include 
totals at the bottom of the table.  However, the table is useful to give a close approximation of the cost 
effectiveness of each individual measure. 
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Cost categories are defined below: 

• Utility Costs - those costs that the City as the water utility would incur to operate the Water Conservation 

Program, including administrative costs.  

• Utility Benefits -  the avoided cost of purchasing water at the identified rate of $600/AF.  

• Customer Costs - those costs customers would incur to implement a measure in the City’s Conservation 

Program and maintain its effectiveness over the life of the measure. 

• Customer Benefits -  the savings other than from reduced water/sewer utility bills, such as energy savings 

resulting from reduced use of hot water.  Reduced water and sewer bills are not included because they are a 

transfer payment among water users and any lost revenue would be made up with an overall rate increase.  

Conservation program participants would see lower water and sewer bills but overall there would be no net 

customer benefit. 

• Community Costs and Benefits - Community Costs and Benefits include Utility Costs plus Customer 

Costs, and Utility Benefits plus Customer Benefits, respectively. 
 

The column headings in Table 5, as well as those used later in Table 7, are defined as follows: 

• Demand Reduction by 2030 = the reduction in 2030 annual water demand (as measured by water system 

production) attributable to implementation of a given measure (for Table 5) or a given program (for Table 

7) over the 20-year planning period.  Expressed either as an AFY reduction or a percentage reduction from 

the “Without Plumbing Code” baseline demand projection. 

• 20-Year Water Savings (AF) = the volume of water in acre-feet that is the sum of the annual demand 

reductions in each of the 20 years in the planning period. 

• Average Annual Program Cost to Utility ($) = the sum of the annual Utility Costs (undiscounted) divided 

by the 20 years in the planning period. 

• Present Value of Utility and Community Costs and Benefits ($) = the present value of the 20-year time 

stream of annual costs or benefits, discounted to the base year.  

• Utility Benefit-Cost ratio = PV of Utility Costs divided by PV of Utility Benefits over 20 years. 

• Community Benefit-Cost ratio = PV of Utility Benefits plus PV of customer energy savings) divided by 

(sum of PV of Utility Costs plus PV of Customer Costs), over 20 years 

• Utility Cost of Water Saved ($/AF) = PV of Utility Costs over 20 years divided by the 20-Year Water 

Savings. This value is compared to the utility’s avoided cost of water as one indicator of the cost 

effectiveness of conservation efforts.  It should be noted that the value somewhat undervalues the cost of 

savings because program costs are discounted to present value and the water benefit is not. 
 

From Table 5 the following observations about the measures can be made: 

• There is a considerable range in demand reduction from very small amounts to over 300 AFY in 2030. 

• Ten of the 23 measures are cost-effective (BC ratio > 1.0) from the utility perspective. 

• Eight of the 23 measures are cost-effective (BC ratio > 1.0) from the community perspective.   

• Four of the measures have a utility cost of water saved that is less than the avoided cost of water for the 

City.  

• The measures with the highest water savings target landscape water use. 
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• The top five measures in terms of demand reduction in 2030 (third column of Table 5) are existing 

programs or a modification of an existing program (demand reduction by measure ranges from about 40 

AFY to over 300 AFY in 2030): 

• Customized CII Incentive Program (Measure 23) 

• Financial incentives for irrigation upgrades (Measure 6) 

• CII Level 1 Checkups (Measure 21) 

• CII Level 2 Checkups (Measure 22) 

• Irrigation Water Surveys (Measure 19) 

 

The three most expensive measures for the utility (last column in Table 5) over the study period (2011-2030, i.e.,  20 

years) are:  

1. Financial incentives for irrigation upgrades (Measure 6) 

2. Customized CII Incentive Program (Measure 23) 

3. Washer Rebates for High Efficiency Machines (Measure 8) 
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Table 5 
 

Conservation Measure Costs and Savings 

No. Measure 

Demand 
Reduction in 
2030 (AFY) )1 

Present Value 
of Utility 
Costs ($) 

Utility 
Benefit 

Cost 
Ratio 

Community 
Benefit Cost 

Ratio 

Utility Cost 
of Water 

Saved 
($/AF)2 

Average 
Annual Cost 
to the Utility 

1 
Promote Water Efficiency in Green 
Buildings 30.92  $        191,015  0.87 0.25  $           374   $         14,469  

2 
ND Require High Efficiency 
Toilets 2.66  $            2,342  10.69 1.50  $             34   $              142  

3 
ND Require High Efficiency 
Faucets and Showerheads 23.60  $            8,359  15.21 10.76  $             21   $              633  

4 Fixture Replacement SB 407 34.16  $          18,540  10.96 0.85  $             29   $           1,351  

5 
Financial Incentives for Irrigation 
and Landscape Upgrades (Current) 31.11  $        607,907  0.27 0.12  $        1,190   $         46,201  

6 
Financial Incentives for Irrigation 
and Landscape Upgrades 129.90  $     2,749,478  0.25 0.10  $        1,292   $       209,219  

7 Washer Rebates 1.49  $          18,229  0.92 1.77  $           408   $           1,057  

8 
Washer Rebates for High 
Efficiency Machines 41.65  $        786,236  0.29 0.88  $        1,118   $         60,704  

9 
High Efficiency Toilet (HET) 
Rebates 1.75  $          22,736  0.71 0.40  $           510   $           1,179  

10 Single Family Water Check Up  28.36  $        339,647  0.61 0.91  $           595   $         25,758  

11 Multifamily Water Check Up 17.38  $        152,262  0.81 1.24  $           446   $         11,616  

12 
Existing Commercial Washer 
Rebate 6.44  $          15,739  3.90 10.33  $             94   $              913  

13 Cisterns/Rain Catchments 11.65  $        278,395  0.22 0.05  $        1,453   $         17,893  

14 Gray water Retrofit SF 44.71  $        165,715  1.44 0.82  $           225   $         10,610  

15 
Current High Efficiency Urinal 
Rebate (<0.25 gallon) 0.88  $          14,635  0.70 0.21  $           541   $              849  

16 
ND Require 0.5 gal/flush or less 
urinals in new buildings 0.14  $                 99  14.68 0.48  $             25   $                  6  

17 School Building Retrofit 22.17  $          73,880  2.37 2.83  $           147   $           4,745  

18 
Irrigation (Landscape) Water 
Budgets 34.03  $        539,376  0.46 0.46  $           814   $         41,009  

19 Irrigation Water Surveys 44.72  $        656,500  0.49 0.33  $           754   $         49,914  

20 Mulch Program 6.87  $        234,795  0.22 0.07  $        1,747   $         17,819  

21 CII Water Check Up Level 1   80.33  $        228,108  1.88 2.12  $           173   $         15,678  

22 CII Water Check Up Level 2 67.62  $        253,451  1.43 1.62  $           228   $         17,420  

23 
Customized CII Incentive 
Program 327.49  $     1,641,249  1.06 0.60  $           306   $       124,786  

Notes: 
1. Demand Reduction by 2030 is measured from the 14,825 AFY projected 2030 demand without the effects of the Plumbing Code. 
2. Utility Cost of Water Saved somewhat undervalues the cost of savings because program costs are discounted to present value and 

the water benefit is not. 
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4 .  RESULTS  OF  CONSERVAT ION  PROGRAM  EVALUAT ION  

4.1 Selection of Measures for Programs 

Table 6 provides a summary of which measures are included in each of the three alternative programs. The 
three packages are designed to illustrate an increasing level of water savings for the City, with the third level 
(Program C) representing the maximum theoretical level of water savings.  The decision of which measures go 
into each program will be reviewed and finalized by the City staff. 

These programs are not intended to be rigid programs but rather to demonstrate the range in savings that 
could be generated if selected measures were run together.  This step of the process accounts for a percent 
overlap in water savings (and benefits) and estimates combined savings and benefits from packages of 
measures that form programs.   

Each program builds on the prior program.  Program A is the least intensive, approximating a continuation of 
the current City program, and contains 10 measures.  Program B includes Program A measures and 7 
additional measures.  The selection criterion for new measures added to Program B was to include all new 
measures that had an individual utility benefit to cost ratio equal to or greater than 0.9.  Program C has 22 of 
the 23 measures evaluated. Measure 5 would be replaced by an enhanced version represented by measure 6.   

Table 6 
Conservation Measures Selected for Programs 

    Program 

No. Measure Name A B C 

1 Promote Water Efficiency in Green Buildings  � � 

2 ND Require High Efficiency Toilets  � � 

3 ND Require High Efficiency Faucets and Showerheads  � � 

4 Fixture Replacement SB 407  � � 

5 Financial Incentives for Irrigation and Landscape Upgrades (Current) � �  

6 Financial Incentives for Irrigation and Landscape Upgrades   � 

7 Washer Rebates � � � 

8 Washer Rebates for High Efficiency Machines   � 

9 High Efficiency Toilet (HET) Rebates � � � 

10 Single Family Water Check Up  � � � 

11 Multifamily Water Check Up � � � 

12 Existing Commercial Washer Rebate � � � 

13 Cisterns/Rain Catchments   � 

14 Gray water Retrofit SF   � 

15 Current High Efficiency Urinal Rebate (<0.25 gallon) � � � 

16 ND Require 0.5 gal/flush or less urinals in new buildings  � � 

17 School Building Retrofit  � � 

18 Irrigation (Landscape) Water Budgets � � � 

19 Irrigation Water Surveys � � � 

20 Mulch Program   � 

21 CII Water Check Up Level 1   � � � 

22 CII Water Check Up Level 2  � � 

23 Customized CII Incentive Program   � 

  Total Measures in each Program 10 17 22 
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4.2 Results of Program Evaluation 

Figure 5 shows projected annual water demand with no plumbing code effects, plumbing code only, and the 
three conservation programs. The plumbing code reduces water production (demand) 6.2 percent by 2030.  
The alternate programs reduce production in 2030 as follows:  

• Program A savings are 2.6 percent or, including the plumbing code, 8.8 percent.  

(2.6% Program A+ Plumbing Code 6.2% = Total Savings 8.8%) 

• Program B savings are 3.4 percent or, with the plumbing code, 9.6 percent 

(3.4% Program B+ Plumbing Code 6.2% = Total Savings 9.6%) 

• Program C savings are 6.7 percent or, with plumbing code,  12.9 percent 

(6.7% Program C+ Plumbing Code 6.2% = Total Savings 12.9%) 

The lines in Figure 5 depict the projected demand with the alternative conservation programs and the 
plumbing code effects. 

Figure 5  

Long Term Demands with Conservation Programs  
(Demand is measured by total water system production, including potable and recycled water) 
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Table 7 presents key evaluation statistics compiled from the DSS Model.  Assuming all measures are 
successfully implemented, projected demand reduction for 2030 in AF is shown, as are the costs of achieving 
this reduction. These cost values are derived from the annual time stream of utility, customer and community 
costs, and are expressed two ways: 

1. Present value derived benefit-to-cost ratios for the period of analysis, from both the utility and 
community perspectives,  

2. The utility cost of water saved.   

The water savings are also expressed two ways: 

1. As a percentage reduction of the projected 2030 demand (as measured by total production) compared 
to the base line demand projection without the effects of the plumbing code, 

2. Total volume of water saved over the 20-year period of analysis.   

Figure 6 graphically depicts the three programs.  Program A reflects continuing the 10 measures that are part 
of the current program, plus the effects of the plumbing code.  The additional measures that create programs 
B and C produce increasing program costs and savings. After program B the curve flattens, indicating that 
there are diminishing marginal returns when measures are added to form Program C.  That is not to say that 
extending the water savings to Program C, the theoretical maximum determined in the study, is a poor 
investment.  Whether it is economical to spend the extra money depends on the need to reduce water demand 
and the cost of the other options to obtain additional water for the City service area, if needed.   

 

Figure 6 

Present Value of Utility Costs versus Cumulative Water Saved 

0

500

1,000

1,500

2,000

2,500

D
em

an
d 

R
ed

uc
ti

on
s 

in
 2

03
0 

(A
cr

e-
F

ee
t/

Y
r)

Present Value of Utility Costs ($1,000s)

Cost - Effectiveness Graph

Plumbing 
Codes

Program 
A

Program 
B

Program 
C



 

October 20, 2010   Page 31 of 40       City of Santa Barbara 
 

Table 7 

Economic Summary of Long-Term Conservation Programs 
(Excluding "Tool Kit" Measures) 

 

Conservation 
Program 

Demand 
Reduction 

by 2030 
(AFY) 

Demand 
Reduction 

by 2030 
(%) 

Total 
Conservation  

Program 
Water 

Savings  in 
2030               
(AF) 

Average 
Annual 

Program 
Cost to 

Utility ($) 

Present Value 
of Utility 

Benefits ($) 

Present 
Value of 

Utility Costs 
($) 

Utility 
Benefit -

Cost Ratio 

Community 
Benefit -

Cost Ratio  

Utility 
Cost of 
Water 
Saved 
($/AF) 

Plumbing Code 
Only 919 6.20% 11,085 NA NA NA NA NA NA 

Program A + 
Plumbing Code 1,308 8.80% 16,419 $194,000  $2,455,000  $2,570,000  0.96 0.96 $480  

Program B + 
Plumbing Code 1,417 9.60% 17,801 $233,200  $3,131,000  $3,089,000  1.01 0.92 $460  

Program C + 
Plumbing Code 1,919 13.00% 23,193 $629,400  $5,867,000  $8,287,000  0.71 0.53 $680  

Notes: 
1. The DSS model is a 30-year model.  It was run for 2006 to 2036 to include the base year of 2006 and the 20-year conservation program period of 2011 

to 2030. 
2. Demand Reduction by 2030 is measured from the 14,825 AFY projected 2030 demand without the effects of the Plumbing Code. 
3. Average Annual Program Cost excludes any potential cost associated with the 21 measures in the Tool Kit. Cost is calculated for the years 2011 to 2030. 

4. Utility Cost of Water Saved somewhat undervalues the cost of savings because program costs are discounted to present value and the water benefit is 
not. 
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5 .  CONCLUS IONS   

5.1 Relative Savings and Cost-Effectiveness of Programs  

The City service area has a relatively high proportion of residential water use and a significant amount of 
outdoor water use.  Consequently, residential conservation programs produce significant savings.  However, 
due to lack of historical conservation program penetration in the commercial sector, there are attractive 
opportunities for savings here as well..  Despite the relatively low avoided cost of new water, water 
conservation programs are or close to being cost-effective. Overall conclusions are:  

• Total savings from Program A + Plumbing Code (continuing the current program) would save 
approximately 8.8 percent of demand in 2030 (1,308 AF) as shown in Table 7.   

• The theoretical maximum savings from the measures analyzed would be that of Program C + 
Plumbing Code or 1,919 AF in 2030.  This equates to a 13.0 percent reduction in 2030 water 
demand, as shown on Table 7. 

• The average utility cost of water saved  (present value basis) for all programs ranges from a $460 to 
$680 per AF.  Program A and B  costs are less than the $600/AF avoided cost of water used in this 
analysis, as shown in Table 7. 

• The average community cost of water saved ranges from $594 to $1,005 per AF. 

• Program B appears to optimize the investment in water conservation, as costs and savings are at the 
point of diminishing marginal returns, as seen in Figure 6. 
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Appendix A - Assumptions for Water Conservation Measures Evaluated in the DSS Model 

1 2 3

Measure Name Promote Water Efficiency in Green Buildings ND Require High Efficiency Toilets

ND Require High Efficiency Faucets and 

Showerheads

Applicable Customer Classes  New SF, MF, CII  New SF, MF, CII  New SF, MF, CII

Applicable End Uses Indoor Toilet end use Faucet and shower end use

Market Penetration by End Of Program (%) 10% 75% 75%

Annual Market Penetration (% of accounts) 0.5% 75% of new 75% of new

Water Use Reductions For Targeted End Uses 10% 20% 15%

Evaluation Start Year 2011 2011 2011

Evaluation End Year 2030 2014 2030

Program Length, years 19 3 19

Measure Life, years Permanent Permanent Permanent

Utility Unit Cost for SF accounts, $/unit 75$                                                                              10$                                                                              10$                                                                              

Utility Unit Cost for MF accounts, $/unit  $                                                                           150 10$                                                                              10$                                                                              

Utility Unit Cost for non-Res accounts, $/unit  $                                                                           200 15$                                                                              15$                                                                              

Customer Unit Cost. $/SF unit  $                                                                           250 75$                                                                              50$                                                                              

Customer Unit Cost. $/MF unit  $                                                                           500 75$                                                                              50$                                                                              

Customer Unit Cost. $/CII unit  $                                                                           500 75$                                                                              50$                                                                              

Annual Utility Admin & Marketing Cost 25% 15% 15%

Affected Units (used for Cost calculations) Accounts Toilets Per Fixture

Measure Description

All staff time to work with local Green Building 

associations, City Building Division, developers, 

designers, vendors to promote incorporating water 

efficiency into building design.  Co-sponsor award 

program.  

Revise City’s Building Code to require high 

efficiency toilets (HET).  HETs are defined as any 

toilet to flush 1.28 gpf or less.  HETs would be 

required if a customer needs to get a permit for a 

remodel or new development.

Revise City’s Building Code to require lavatory 

faucets that flow at no more than 1.5 gpm and 

showerheads at no more than 2.0 gpm. Currently 

encourage WaterSense labels in stores.  Plan to 

require this measure in the year July  2013 before 

the State Law requiring HETs and HEUs goes into 

effect in the year 2014. Would be required if a 

customer needs to get a permit for a remodel or new 

development.

Basis of Water Savings 50% as effective as Water Sense for New Homes

Calculated based on flush volume HET vs. ULFT 

(1.6gal per flush - 1.28 gallons per flush/1.6gallons 

per flush)

Based on reduced flow volume when in use; not at 

maximum flow and a pressure of (60-80 psi).

Basis of Utility Costs

Staff Cost to Promote-Follow-up; Check projection 

for adequacy.

Cost is for set up of code.  Assume inspection done 

by building department permitting process. Random staff inspection costs

Basis of Customer Costs

Incremental cost: $75 per toilet, $25 per shower, 

$25 per lavatory faucet (2 bathrooms totals $250) Assumed incremental cost of HET vs. ULFT Incremental costs per sink and shower.  

SF = Single Family MF = Multi Family (greater than 2 units) CII= Commercial, Institutional, Industrial   
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4 5 6

Measure Name Fixture Replacement SB 407

Financial Incentives for Irrigation and Landscape 

Upgrades (Current)

Financial Incentives for Irrigation and Landscape 

Upgrades

Applicable Customer Classes Pre-1994 Existing Accounts SF, MF, CII, IRR SF, MF, CII, IRR

Applicable End Uses Toilet, urinal, shower, lavatory faucet Irrigation Irrigation

Market Penetration by End Of Program (%) 4% SF, 2% MF and CII 4.0% 4% SF and MF; 22% Other

Annual Market Penetration (% of accounts)

1% 2017-2020 SF, 1% 2019-2020 MF,1% CII 2019-

2020 0.2% 0.2 SF, 1.1% Other

Water Use Reductions For Targeted End Uses Varies 15% 15% all catergories, 30% for COM

Evaluation Start Year 2014 2011 2011

Evaluation End Year 2020 2030 2030

Program Length, years 7 19 19

Measure Life, years Permanent Permanent Permanent

Utility Unit Cost for SF accounts, $/unit  $                                                                             25  $                                                                           560  $                                                                           560 

Utility Unit Cost for MF accounts, $/unit  $                                                                             25  $                                                                           840  $                                                                           840 

Utility Unit Cost for non-Res accounts, $/unit  $                                                                             25  $                                                                        1,000  $                                                                        2,500 

Customer Unit Cost. $/SF unit  Varies  $                                                                           200  $                                                                           200 

Customer Unit Cost. $/MF unit  Varies  $                                                                        2,500  $                                                                        2,500 

Customer Unit Cost. $/CII unit  Varies  $                                                                        2,500  $                                                                        2,500 

Annual Utility Admin & Marketing Cost 25%

$150 per rebate, or 3 hours of staff time at $75 per 

hour

$150 per rebate, or 3 hours of staff time at $75 per 

hour

Affected Units (used for Cost calculations) Dwelling unit or CII account Accounts Accounts

Measure Description

Measure will start in the year 2017 (SF) and 2019 

(CII) to coincide with the California State Law SB 

407. Work with the real estate industry to require a 

certificate of compliance be submitted to the City 

that the property and efficient fixtures where either 

already there or were installed at the time of sale, 

before close of escrow.  Consider allowing this 

certification to be made as a part of the 

conventional private building inspection report 

process. 

For SF, MF, CII, and IRR customers with landscape, 

provide a Smart Landscape Rebate Program with 

rebates towards the purchase and installation of 

selected types of irrigation equipment upgrade 

including smart controllers, water wise plants and 

mulch, rain sensors, turf removal, hardscape 

surfaces (material only) etc.  Rebate is up to $1,000 

for residential accounts and up to 50% more for 

commercial customers.  Increase rebate for large 

non-residential customers as a percent of overall 

project.

Same program as Measure 5, but increased 

penetration due to increased rebate amounts for CII 

categories only.  CII increased up to $5,000 

maximum.  Values shown of  $2,500 for CII is the 

average value are based on current program data 

assuming that each participant does not use the 

maximum rebate value.

Basis of Water Savings

Calculated based on current flow volumes vs. 

required

 Assumed based on average of technologies savings 

percentages.  Average includes technolgies with 

significant upgrade in system (new sprinkler heads, 

new controller, etc.) 

 Assumed based on significant upgrade in system 

(new sprinkler heads, new controller, etc.) 

Basis of Utility Costs Random staff inspection costs  City cost experience for existing program  City cost experience with increase for CII accounts 

Basis of Customer Costs

Use unit costs: HET $150; shower $25, lavatory 

faucet $25, urinal $400; self installed.  Assumed installation cost of equipment upgrade  Assumed installation cost of equipment upgrade  
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7 8 9

Measure Name Washer Rebates Washer Rebates for High Efficiency Machines High Efficiency Toilet (HET) Rebates

Applicable Customer Classes SF, MF (in unit washers) SF, MF (in-unit washers) Existing Customers SF, MF

Applicable End Uses Laundry Laundry Toilets

Market Penetration by End Of Program (%) 0.75% SF, 0.25% MF 14.25% SF, 4.75% MF 0.35%

Annual Market Penetration (% of accounts) 0.75% SF, 0.25% MF 0.75% SF, 0.25% MF 0.07%

Water Use Reductions For Targeted End Uses 35% 50% 63%

Evaluation Start Year 2011 2012 2011

Evaluation End Year 2011 2030 2015

Program Length, years 1 17 4

Measure Life, years Permanent Permanent Permanent

Utility Unit Cost for SF accounts, $/unit 75$                                                                              200$                                                                             $                                                                           100 

Utility Unit Cost for MF accounts, $/unit 75$                                                                              200$                                                                             $                                                                           100 

Utility Unit Cost for non-Res accounts, $/unit -$                                                                            -$                                                                            -$                                                                            

Customer Unit Cost. $/SF unit 200$                                                                            250$                                                                             $                                                                           100 

Customer Unit Cost. $/MF unit 200$                                                                            250$                                                                             $                                                                           100 

Customer Unit Cost. $/CII unit -$                                                                            -$                                                                            -$                                                                            

Annual Utility Admin & Marketing Cost $33 per rebate fee + $900/yr staff time 65% $33 per rebate fee + $900/yr staff time

Affected Units (used for Cost calculations) Clothes Washer Clothes Washer Toilet

Measure Description

Homeowners would be eligible to receive a $150 

rebate on a new high efficiency clothes washer.   It 

is assumed that the rebates would remain 

consistent with relevant state and federal 

regulations (Department of Energy, Energy Star) and 

only offer the best available technology.  

Discontinue program in 1 year or after CUWCC 

programs are no longer available.  City plans to 

possibly run high efficiency program after the 

CUWCC Program ends. Concern over too many free 

riders for this program.  Administration percentage 

is based on $33 per rebate issued paid to the 

CUWCC as they run the program.  CUWCC grant 

program funds 50% of rebate.

Same as above, except that a higher rebate is 

offered for higher efficiency machines.  Assume 2% 

of accounts take rebates per year.  Less of a free 

rider concern with the higher efficiency machines.

Provide a $100 rebate or voucher for the installation 

of a high efficiency toilet (HET). HET’s are defined 

as any toilet flushing at 1.28 gpf or less and include 

dual flush technology. Rebate amounts would reflect 

the incremental purchase cost.  Program will be 

shorter lived as it is intended to be a market 

transformation measure and eventually would be 

stopped as 1.28 gpf units reach saturation.  City 

would continue program for 4 years even after 

CUWCC programs is no longer available.  Low 

annual market penetration of 0.07% is due to 

possible high level of saturation of 1.6 gpf toilets.   

The new California Law will require HETs starting in 

the year 2014.  The program is assumed to run until 

the year 2015 such that it gives the customers 1 

year to adapt to the new law and HET requirement.

Basis of Water Savings CUWCC Cost and Savings Study, 2005, pg 2-14.

CUWCC Cost and Savings Study, 2005, pg 2-14 + 

allowance for more efficient machines (40% lower 

water factor)

Calculated based on current flush volumes vs. HET 

(3.5 gallons per flush-1.28 gallons per flush/3.5 

gallons per flush)

Basis of Utility Costs Rebate cost Rebate cost Rebate cost

Basis of Customer Costs Assumed incremental cost of HEW Assumed incremental cost of higher efficiency HEW

Use unit costs: HET $150 + $50 installation minus 

rebate = $100.  
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10 11 12

Measure Name Single Family Water Check Up Multifamily Water Check Up Existing Commercial Washer Rebate

Applicable Customer Classes SF MF CII

Applicable End Uses Internal and External Internal and External Laundry

Market Penetration by End Of Program (%) 7% 10% 20%

Annual Market Penetration (% of accounts) 1% 1.5% 0.5%

Water Use Reductions For Targeted End Uses 5% indoor, 10% outdoor 5% indoor, 10% outdoor 35%

Evaluation Start Year 2011 2011 2011

Evaluation End Year 2030 2030 2011

Program Length, years 19 19 1

Measure Life, years 7 7 Permanent

Utility Unit Cost for SF accounts, $/unit  $                                                                           150 -$                                                                            -$                                                                            

Utility Unit Cost for MF accounts, $/unit  $                                                                              -    $                                                                           150 -$                                                                            

Utility Unit Cost for non-Res accounts, $/unit  $                                                                              -   -$                                                                            200$                                                                            

Customer Unit Cost. $/SF unit  $                                                                             30 -$                                                                            -$                                                                            

Customer Unit Cost. $/MF unit  $                                                                              -    $                                                                           100 -$                                                                            

Customer Unit Cost. $/CII unit  $                                                                              -   -$                                                                            200$                                                                            

Annual Utility Admin & Marketing Cost 0% 25% 25%

Affected Units (used for Cost calculations) Accounts Accounts Clothes Washer 

Measure Description

Conventional indoor and outdoor water surveys for 

existing single-family residential customers.  

Normally those with high water use are targeted and 

provided a customized report to the homeowner on 

how to save water in their home.  Currently ~450 per 

year completed.

Indoor and outdoor water surveys for existing 

multifamily residential customers.  Target those 

with high water use are targeted and provided a 

customized report to owner.  Average cost is $150 

per MF account. There is an average of 4 dwelling 

units per MF account, so cost for an average MF 

account is $150 for all 4 dwelling units.

Provide a $400rebate to apartment complexes and 

commercial laundry facilties (5 or more units) for 

efficient washing machines in buildings over a 

certain size that has a common laundry room.  It is 

assumed that the rebates would remain consistent 

with relevant state and federal regulations 

(Department of Energy, Energy Star) and only offer 

the best available technology.   Plan to phase out 

this program as it has been running for 4 years and 

there is concern over high saturation levels. CUWCC 

grant program funds 50% of rebate.

Basis of Water Savings

CUWCC Cost and Savings Study, 2005, pg 2-47,48 + 

reduction due to less indoor fixture savings 

opportunity since water savings evaluated in 1994.

CUWCC Cost and Savings Study, 2005, pg 2-47,48 + 

reduction due to less indoor fixture savings 

opportunity since water savings evaluated in 1994. CUWCC Cost and Savings Study, 2005, pg 2-14.

Basis of Utility Costs

 Use current SB Costs (1 hour survey + .5 hr travel 

time + set-up, .5 hr admin & follow-up) 

 Use current SB Costs (1 hour survey at $50 per hour 

for an average of 4 units + $75 for travel time and 

set-up, follow-up for an average of 4 MF dwelling 

units) Rebate cost

Basis of Customer Costs

 Assumed average cost of recommended equipment 

not covered by other conservation programs. 

 Assumed installation cost of recommended 

equipment. Assumed incremental cost of HEW
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13 14

Measure Name Cisterns/Rain Catchments Gray water Retrofit SF

Applicable Customer Classes SF, MF SF

Applicable End Uses Irrigation Irrigation

Market Penetration by End Of Program (%) 5% 5%

Annual Market Penetration (% of accounts) 0.5% 0.25%

Water Use Reductions For Targeted End Uses 4.4% 40%

Evaluation Start Year 2011 2011

Evaluation End Year 2030 2030

Program Length, years 19 19

Measure Life, years Permanent Permanent

Utility Unit Cost for SF accounts, $/unit 100$                                                                             $                                                                           200 

Utility Unit Cost for MF accounts, $/unit 200$                                                                            -$                                                                            

Utility Unit Cost for non-Res accounts, $/unit -$                                                                            -$                                                                            

Customer Unit Cost. $/SF unit 500$                                                                             $                                                                           200 

Customer Unit Cost. $/MF unit 750$                                                                            -$                                                                            

Customer Unit Cost. $/CII unit -$                                                                            -$                                                                            

Annual Utility Admin & Marketing Cost 25% 30%

Affected Units (used for Cost calculations) Accounts Accounts

Measure Description

Provide a rebate ($100) to assist a certain 

percentage of single family homeowners per year 

with installation of rain barrels or cisterns.

Provide a rebate (up to $200) to assist a certain 

percentage of single family homeowners per year to 

install gray water systems.  Parts cost approx $200, 

installation would not be included.

Basis of Water Savings

SB County Estiamte of savings are 720 

gal/account/year or ~2 gpd/account.  This level of 

saving is  2.2% of irrigation use of a typical home.  

Then we assume added behavioral change by 

homeowner doubles the savings to 4.4%

Assume reduces summer irrigation 25% and 

spring/fall irrigation 60%; overall annual 40% 

reduction.

Basis of Utility Costs Rebate cost Cost of rebate for storage, filters, pump.

Basis of Customer Costs

 Assumed added purchase and installation cost of 

needed equipment. Installation cost  
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15 16 17

Measure Name

Current High Efficiency Urinal Rebate (<0.25 

gallon)

ND Require 0.5 gal/flush or less urinals in new 

buildings School Building Retrofit

Applicable Customer Classes Existing CII New CII CII

Applicable End Uses Urinals Urinals Indoor and Outdoor use

Market Penetration by End Of Program (%) 20% 75% of New

 Plan to do an average of 3 schools per year (3 

schools per year based on data from City)

Annual Market Penetration (% of accounts) 2% varies varies

Water Use Reductions For Targeted End Uses 88% 75% 15%

Evaluation Start Year 2011 2011 2011

Evaluation End Year 2011 2014 2030

Program Length, years 1 4 19

Measure Life, years Permanent Permanent Permanent

Utility Unit Cost for SF accounts, $/unit -$                                                                            10$                                                                              -$                                                                            

Utility Unit Cost for MF accounts, $/unit -$                                                                            -$                                                                            -$                                                                            

Utility Unit Cost for non-Res accounts, $/unit  $                                                                           150  $                                                                             10 3,000$                                                                         

Customer Unit Cost. $/SF unit -$                                                                            -$                                                                            -$                                                                            

Customer Unit Cost. $/MF unit -$                                                                            -$                                                                            -$                                                                            

Customer Unit Cost. $/CII unit  $                                                                           400  $                                                                           400 3,000$                                                                         

Annual Utility Admin & Marketing Cost $33 per rebate fee + $900/yr staff time 15% 30%

Affected Units (used for Cost calculations) Urinal Urinal Accounts

Measure Description

Provide a rebate of $300 for high efficiency and 

waterless urinals to existing high use CII customers 

(such as restaurants).  Discontinue program in 1 

year or after CUWCC programs are no longer 

available.  City plans to possibly run high efficiency 

program after the CUWCC Program ends. 

Revise City’s Building Code to require that new 

buildings are fitted with 0.5 gpf or less (or one liter) 

urinals rather than the current standard of 1.0-

gal/flush models. This measure includes waterless 

urinals, or 1 pint (0.125 gpf) urinals.

Run a program patterned after MWD of Southern 

California's school retrofit program wherein school 

receives a grant to replace fixtures and upgrade 

irrigation systems.  City would like to formalize the 

process.  The Schools lack funding $, so possibly set 

this up as a Pay for Performance Program.   The 

$3,000 cost assumes an average of 6 HETs installed 

at $300 each (parts and labor) and one $1,200 

irrigation controller installed per school.

Basis of Water Savings

Calculated based on current flush volumes vs. HEU 

(2 gal-0.25 gal/ 2 gal)

Calculated based on current flush volumes vs. HEU 

(1 gal-0.25 gal/ 1 gal)

5% of total use due to replacing high use toilets + 

10% of total use for irrigation system upgrade.

Basis of Utility Costs Rebate cost Rebate cost

Rebate cover 6 HETs for staff restrooms (6 @ $300 

installed) + new irrigation controller ($800 + $400 

installation cost)

Basis of Customer Costs

Use unit costs: HEU $400 + $100 installation minus 

rebate = $400.

Use unit costs: HEU $400 + $100 installation minus 

rebate = $400.

Assumed incremental cost of 6 additional HETs for 

staff restrooms (6 @ $300) + other irrigation 

upgrades (sprinklers, drip systems, etc.)  
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Measure Name Irrigation (Landscape) Water Budgets Irrigation Water Surveys Mulch Program

Applicable Customer Classes IRR CII SF, MF, CII

Applicable End Uses Irrigation Irrigation Irrigation

Market Penetration by End Of Program (%) 90% 19% 19%

Annual Market Penetration (% of accounts) 10% 1% 1%

Water Use Reductions For Targeted End Uses 10% 15% 10%

Evaluation Start Year 2011 2011 2011

Evaluation End Year 2030 2030 2030

Program Length, years 19 19 19

Measure Life, years 5 5 2

Utility Unit Cost for SF accounts, $/unit -$                                                                             $                                                                              -    $                                                                             40 

Utility Unit Cost for MF accounts, $/unit -$                                                                             $                                                                              -   75$                                                                              

Utility Unit Cost for non-Res accounts, $/unit 500$                                                                             $                                                                        1,500 75$                                                                              

Customer Unit Cost. $/SF unit -$                                                                             $                                                                              -    $                                                                           100 

Customer Unit Cost. $/MF unit -$                                                                             $                                                                              -   200$                                                                            

Customer Unit Cost. $/CII unit -$                                                                             $                                                                        1,000 300$                                                                            

Annual Utility Admin & Marketing Cost 15% 30% 30%

Affected Units (used for Cost calculations)  Large Landscape Accounts  Large Landscape Accounts Accounts

Measure Description

Irrigators of landscapes with separate irrigation 

account (meter) can utilize the California Landscape 

Budgets Program (CLBP): provides monthly water 

use reports via www.landscapebudget.com for the 

properties served by dedicated irrigation meters and 

compares the usage to a weather-based water 

allocation calculation.  Assume 10% of large 

accounts receive utilize website tool per year.  The 

current cost is approximately $16,000 per year.

All public and private irrigators of landscapes would 

be eligible for free landscape water surveys upon 

request.  Normally those with high water use would 

be targeted and provided a customized report. 

Assume 10 percent of large turf areas are surveyed 

per year. Increase cost is for more outreach and 

marketing efforts to increase participation.

Free mulch program.  City will subsidize delivery 

charges which are currently $25 or $40 dollars for 

free mulch currently offered by the County and other 

sources, so it is completely free to customers.  Goal 

would be to keep irrigation and storm water on site 

and reduce runoff and keep water from evaporating.  

The benefit water savings would be to keep the soil 

moist for 2 to 3 weeks per year in the spring and fall 

and increase water conservation throughout the 

year.

Basis of Water Savings

CUWCC Cost and Savings Study, 2005, pg 2-102-105 

+ Tampa Bay Water pilot project for SWFWMD 

(2000). CUWCC Cost and Savings Study, 2005, pg 2-102-105.

Assume savings of 20 days of irrigation in spring 

and fall out of an irrigation season of 200 days or 

10% savings.

Basis of Utility Costs

Total cost was $32K, half for $16K for consultant + 

Staff budget preparation cost and follow-up every 

five years.

Assume 3 acres at $500/acre cost; repeated every 

five years (CUWCC Cost and Savings Study, 2005, pg 

2-102-105). Free delivery cost (one load).

Basis of Customer Costs

 Assume simple adjustments to irrigation schedules 

made by landscape contractor at no extra cost. 

 Assume adjustments to irrigation system to improve 

uniformity + scheduling at $1,000/site. Installation costs by homeowner or contractor.  
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Measure Name CII Water Check Up Level 1  CII Water Check Up Level 2 Customized CII Incentive Program

Applicable Customer Classes CII CII CII

Applicable End Uses All All Process water use

Market Penetration by End Of Program (%) 30.0% 2.0% 14%

Annual Market Penetration (% of accounts) 1.5% 0.1% 0.75%

Water Use Reductions For Targeted End Uses 10% 10% 20%

Evaluation Start Year 2011 2011 2011

Evaluation End Year 2030 2030 2030

Program Length, years 19 19 19

Measure Life, years Permanent Permanent Permanent

Utility Unit Cost for SF accounts, $/unit -$                                                                            -$                                                                            -$                                                                            

Utility Unit Cost for MF accounts, $/unit -$                                                                            -$                                                                            -$                                                                            

Utility Unit Cost for non-Res accounts, $/unit 300$                                                                            5,000$                                                                         5,000$                                                                         

Customer Unit Cost. $/SF unit -$                                                                            -$                                                                            -$                                                                            

Customer Unit Cost. $/MF unit -$                                                                            -$                                                                            -$                                                                            

Customer Unit Cost. $/CII unit 300$                                                                            5,000$                                                                         5,000$                                                                         

Annual Utility Admin & Marketing Cost 15% 15% 30%

Affected Units (used for Cost calculations) Accounts Accounts Accounts

Measure Description

All CII customers would be offered a free water 

survey/evaluation, i.e. "water checkup" that would 

evaluate ways for the business to save water and 

money.   The Level 1 CII surveys (accounts that use 

less than 5,000 gallons of water per day) would be 

for the simpler CII such as hotels, restaurants, and 

small schools.   

The top 100 CII customers would be offered a free 

water survey/evaluation, i.e. "water checkup" that 

would evaluate ways for the business to save water 

and money.   The Level 2 CII surveys (accounts that 

use more than 5,000 gallons of water per day) would 

be for the simpler CII such as hotels, restaurants, 

and small schools.   The Level 2 audits would be 

performed by a trained technical professional.  

Marketing would be focused to target the high water 

using accounts (complex sites with higher than 

10,000 gallons of water use per day). This may 

include sights such as hospital, zoo, and commercial 

laundries.  These Level 2 sites would most likely be 

done by a contractor and would include a high level 

of follow up communication and assistance to 

encourage use of rebates.  Program would work with 

the business individually to build relationships. Goal 

would be to encourage business to continue to take 

actions even after the survey to improve site water 

use efficiency. Example of a Level 2 survey can be  

the zoo or ice cream factory.  Publish success stories 

on City website and in papers.  For hotel laundries 

can recommend things such as adjusting the 

programming on laundry machines.

Provides financial incentives for CII accounts that 

have participated in the City’s free Water Use 

“Check Up” Program.  After the free water use 

assessment has been completed at site, the City will 

analyze the recommendations on the findings report 

that is provided and determine if site qualifies for a 

financial incentive. Financial incentives will be 

provided after analyzing the cost benefit ratio of 

each proposed project. Incentives are tailored to 

each individual site as each site has varying water 

savings potentials. Incentives will be granted at the 

sole discretion of the City while funding lasts.  The 

program is intended to provide financial incentives 

for unique or site specific items (for example 

localized recycling systems for commercial 

laundries).   Assume half of sites that participate in 

a water check up will request financial assistance.

Basis of Water Savings

Assume 30% potential and 35% compliance, CUWCC 

Cost and Savings Study, 2005, pg 2-66-68.

Assume 30% potential and 35% compliance, CUWCC 

Cost and Savings Study, 2005, pg 2-66-68.

Assume participants who take rebate use it to 

achieve savings identified in surveys or by CII site 

manager.

Basis of Utility Costs Average Level I survey ($300) Average Level II survey ($3,000) Rebate cost.

Basis of Customer Costs Assumed customer implementation costs. Assumed customer implementation costs.

Added installation cost for substantial equipment 

such as ice machine, steamer, toilets, etc.  
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